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Dr. Turel and I wish to say thanks to the people involved in getting
this book done.

To our patients

With this work, we hope to create and continue an open forum for honest
discussions of one’s complications in neurosurgery and what can be learned
from each of them. This should result in improvements in care for the next
patients, but this process rests on the courage and willingness of our
colleagues to share with others the pitfalls, management errors, and surgical
failure that can occur.

We hope this is more than an exercise in reflection and humility, but an
opportunity that allows us to transmit a lesson to the next generation of
health care professionals, should a similar situation occur in the future. We
firmly believe that learning from failure and appropriate management in the
face of adverse events is the best strategy for prevention.



Complications can be unfortunate parts of surgery, making the consequences of treatment at
times worse than the original disease, possibly bringing great suffering to the patient and their
family, and tarnishing the reputation of the surgeon, the hospital, and the specialty at large.

Neurosurgery is an intricate field of medicine, demanding not only exemplary surgical
skills with many years of diligent training but also pre-, intra-, and postoperative decision-
making, all of which can have profound impacts on patients’ lives. It is a vast specialty with a
myriad of subspecialties, and it often features the early application of rapidly evolving technol-
ogy. Though the fundamentals of anatomy, physiology, pathology, and meticulous microsur-
gery remain the same, the modes of modern imaging and surgical treatment paradigms are ever
changing and becoming progressively more sophisticated and minimalistic.

Complications may arise from numerous factors, such as inadequate preoperative clinical
and radiological assessment, case setup, or an error in execution; they may be related to the
technology, the tools employed, or simply an insurmountable or dangerously located disease.
In the United States alone, an estimated 200,000 preventable medical deaths occur every year,
which amount to the equivalent of almost three fatal airline crashes per day. In attempts to
minimize the occurrence of such devastating events, the field of aviation has developed strict
and elaborate safety guidelines, protocols, and checklists. Even in aviation, complications now
occur more often because of human error than because of technical snags or “accidents,” such
as bird strikes or abrupt and adverse changes in weather.

Medicine and surgery are “uncertain” fields of practice, and complications may occur
because of a variety of avoidable and unavoidable factors. Surgery is risky and dangerous, and
it carries a 6—12% overall complication rate. As surgeons, we too would have significantly bet-
ter outcomes if we promulgated and assiduously followed rigorous guidelines. Dr Atul
Gawande, the author of The Checklist Manifesto, emphasized that “checklists, when followed
appropriately, have helped reduce complications by 36%, deaths by 47% and infections by
50%.”

All this makes deliberating on the subject of complications very encompassing. While most
medical conferences deal with staid and conventional discussion of diseases, both common
and uncommon, with speakers extolling their superb management and results and with a slide
on complications occasionally rushed in toward the end, only very few have shown the forti-
tude to highlight only the pitfalls of management or the confessions of errors and mistakes. As
was said earlier, medicine is an uncertain field, and errors in judgement (besides ability and
skill) are inevitable. Having encountered or committed a “mistake,” we have a moral obliga-
tion to not forget it and to pass the lessons learned on to our colleagues and to the next genera-
tion of learners, lest they go through them again, at great and repetitive cost to humanity.

With this ideology and hope of having an open forum of unabashed declaration of one’s
failures and what one has learned and is willing to share with others on level ground, the first
International Conference on Complications in Neurosurgery (ICCN) was held on 3-5 March
2017 in Mumbeai, India. The speakers were clearly instructed to present only those complica-
tions experienced at their own hands or in their own facility. One had to refrain from presenting
complications encountered by a surgeon at another service that one eventually happened to
correct or salvage. That would be putting our colleagues down and would leave a bad taste
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behind. In fact, no one needed to talk about their own success, except for how they were able
to achieve it, having encountered an unexpected disaster in their own patient. Such delibera-
tions on complications proved to be far more humbling and enriching than those indulging in
boastful competition.

Attended by 383 delegates from across the globe, and with 218 presentations made by 139
speakers from 24 countries, the first ICCN was a thumping success and vindicated our belief
in discussing complications on an open platform. For the first time, the barrier was broken, and
the image of complications was transformed from being the ghost that haunted to an experi-
ence that would make one wiser (and humble). Each case encounter was accepted as a teacher
that would give out the most important career lessons. Subsequent conferences, national, con-
tinental, and international, have now begun dedicating a session or two to the discussion of
complications. I was invited by most organizers to prepare such sessions with participation
from colleagues from across the world. Indeed, we have inadvertently sown the seeds of a new
concept—of a new era in neurosurgery.

The selected papers of first ICCN were edited and compiled in the first book of a series,
Complications in Neurosurgery, and published by Springer. Simultaneously, appreciating the
concept and acknowledging the worldwide response, the then president of the World Federation
of Neurosurgical Societies (WFNS), Prof. Franco Servadei introduced, for the first time in the
history of WENS, a committee on complications in neurosurgery, appointing me as its chair.

Bolstered by the success of first ICCN and supported by various International Societies, the
second ICCN was held in Mumbai 2 years later, in January 2019. This 3-day conclave was
attended again with great enthusiasm, as we coursed through one neurosurgical subspecialty
after another, discussing the prevention and management of common and uncommon compli-
cations. As at the first ICCN, we had all the presentations in a single grand ballroom because
running parallel sessions would have denied the delegates the opportunity to participate in the
entire proceedings of all the subspecialties of neurosurgery. The conference was inaugurated
by the legendary and internationally revered guru of meditation and founder of “Art of Living,”
Sri Sri Ravi Shankar, who extolled the virtues of meditation in the avoidance of complications
and conducted a mass meditation. An equally fascinating talk was given by Commander
Rustom Palia of Air India, who spoke on how simulation exercises are regularly conducted for
pilots and who narrated an extraordinary real-life experience of how the crew salvaged their
aircraft carrying 350 passengers, when at the end of their 15-hour nonstop Delhi—JFK flight,
they encountered the most unforeseen combination of bad weather, extremely poor visibility,
the total malfunction of all three landing instruments, and the near total consumption of fuel.
Presence of mind, quick thinking, and experience with manual landing in the face of failed
electronics saved hundreds of lives.

The second ICCN was attended by nearly four hundred neurosurgeons and spine surgeons
from more than 35 countries and received a warm reception. Like the first ICCN, this confer-
ence too ended with loads of lessons to carry home and with a pledge not only to continue with
such conferences but also to create a platform for regular communication on complications in
neurosurgery, on which one can chronicle the confounding or complicated cases that one has
encountered and share with peers and other colleagues and thus learn on a regular basis.

This book, the second on the same theme—i.e. complications in neurosurgery—is a tribute
to the concept and the incredible contributors who were brave enough to share their complica-
tions for colleagues to learn from and future patients to benefit from. Again, the emphasis of
such an undertaking is on the anticipation/avoidance of complications and being prepared to
anticipate and manage them. Equally illuminating are the presentations on allied issues such as
ethics, morals, and the legal implications of complications, which are seldom discussed. We
are confident that the selected chapters of the second ICCN, presented herein, are absorbing
and true sources of education.

Mumbai, India Keki Turel
Boston, MA, USA Ekkehard M. Kasper
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Abstract

Importance: Wrong-level spine surgery (WLSS), a med-
ical error in which a surgeon operates at an unintended
vertebral level, is considered a “never event.” However, it
continues to be a problem in spine surgery today despite
the implementation of preventive measures such as the
Universal Protocol. The consequences of this event are
severe for both the afflicted patient and the treating physi-
cian and may result not only in physical harm but also in
costly medicolegal proceedings.

Observations: While WLSS incidence varies with the
patient population and practice setting, large studies gen-
erally report rates below 1%. Given the ubiquity of spine
surgery, this remains a concerning number. Risk factors
for WLSS can be categorized into three domains: patient
factors, imaging issues, and technical issues. Awareness
of risk factors allows surgeons to plan for difficulties in
level localization. Many techniques for preventing WLSS
have been developed, including invasive preoperative
marking strategies. Intraoperative radiography or fluoros-

copy is necessary but not sufficient for WLSS prevention,
in that many errors occur after imaging. The evidence for
prevention methods remains of low quality, necessitating
future prospective comparison studies.

Conclusions and relevance: Consensus has been
reached in professional societies: All spine surgeons
should implement WLSS prevention protocols. We assess
the reported techniques for safer surgery and emphasize
one crucial time-out element: the time-out for level local-
ization (TOLL). Addressing WLSS as a problem specific
to spine surgery, we show that by using specially tailored
prevention strategies, such measures will allow WLSS to
become a true never event.

Keywords

Wrong-level spine surgery - Wrong-site spine surgery
Localization - Level error - Wrong-site surgery
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Introduction

Mistakes in healthcare do happen, but certain medical errors
are considered preventable and should rarely, if ever, occur.
The National Quality Forum has developed a list of 29 such
“never events” or “serious reportable events,” and the first of
those listed is “surgery or other invasive procedure per-
formed on the wrong site” [1]. This category includes
wrong-level spine surgery (WLSS), a “never event” specific
to spine surgery [2] that has been particularly refractory to
prevention methods.

WLSS occurs when the surgeon operates at a vertebral
level that was not the intended surgical target. It is a rare
but serious scenario with negative consequences for the
patient and physician [2-7]. WLSS fails to alleviate the
patient’s symptoms and causes additional surgical trauma
to the patient at an unintended level, which may have detri-
mental effects on the biomechanical or neural elements of
the vertebral column, particularly in cases of fusion sur-
gery. If the mistake is not detected and corrected in the
operating room, it often requires further surgery. In addi-
tion to physical harm, the patient may suffer emotional
trauma and lose trust in the medical system. The surgeon
may experience guilt and shame, ostracization among
peers, and a stained reputation, leading to decreased refer-
rals. Furthermore, WLSS may lead to medicolegal action
(Appendix 3) [5, 7].

The aims of this study were to assess the reported inci-
dence of WLSS, to define contributing factors, and to evalu-
ate preventive methods. Because WLSS is a unique problem
related to localizing a vertebral level of the spine, this review
focuses specifically on WLSS, excluding other types of
wrong-site surgery or wrong-patient surgery. WLSS is dis-
tinguished from wrong-level exposure (WLE), which
denotes a surgical approach that is unintentionally executed
to the wrong level of the spine and yet recognized before
significant instrumentation and corrected intraoperatively
[8]. Best thought of as a “near miss” of WLSS, WLE is com-
paratively common and likely does not affect patient out-
comes [4, 5, 9-11]. (However, WLE with the introduction of
a marking needle into the wrong disc may be associated with
degenerative changes [12].) While broader reviews of wrong-
site spine surgery (WSSS, which may include wrong-side or
wrong-level spine surgery) [4, 5, 13] and wrong-site surgery
(WSS, which can take place at any anatomical site in the
body) [14] have been conducted, only two reviews have
focused specifically on WLSS [2, 15], and neither has been
comprehensive in scope.

The authors undertook this review as part of a growing
international focus on complications in neurosurgery, for
which the World Federation of Neurosurgical Societies
(WENS) decided to establish a committee on complications
and national organizations host courses on complications.

J.P.Agolia etal.

Short conference presentations on the topic were given at the
first International Conference on Complications in
Neurosurgery in Mumbai in 2017 and 2019 by the senior
author, which will appear in published form as part of the
conference proceedings [16].

Discussion/Observations
Incidence

The reported incidence of WLSS varies considerably
(Supplementary Table 1). In large studies with a general
patient population, the rate of WLSS is generally less than
1%, with more recent studies reporting lower rates. In
national surveys of spine surgeons, the estimated rate of
WLSS varies between 0.11% and 0.032% [7, 9, 17, 18].
While these estimates have the advantage of being obtained
from a larger sample size, they can be skewed by response
rates. Rather than estimating the incidence of WLSS as a
fraction of total surgeries performed, researchers may esti-
mate the proportion of spine surgeons who have performed
it. For example, two surveys reported that about 50% of
spine surgeons have performed at least one WLSS during
their career [7, 19]. Another survey reported that 36% of
spine surgeons had performed at least one WLSS that was
not recognized intraoperatively [20]. According to raw inci-
dence rates, WLSS may seem rare, but surveys show that the
experience of WLSS is rather common among spine
surgeons.

Estimating the incidence of WLSS is difficult for several
reasons [2,4,5, 13, 15, 21]. First, the low incidence of WLSS
requires a large denominator of fully assessed surgical cases.
Second, there may be a bias toward underreporting in that
surgeons may be ashamed to publish “failures” or may be
advised not to publish them for fear of litigation. Third, the
incidence of WLSS may vary with procedure type, patient
characteristics, and practice setting. Fourth, studies may
have been conducted to determine the incidence of WLE,
WSSS, or WSS in general, instead of focusing on
WLSS. Different definitions of the problem compromise
study interpretation.

Contributing Factors

Though the quality of available evidence is low, many stud-
ies have described the risk factors contributing to WLSS
(Supplementary Table 2), and many of these factors have
been reviewed elsewhere [2, 4, 5, 15]. Predisposing factors
can generally be grouped into three categories: [1] patient-
specific risk factors, [2] issues with intraoperative imaging,
and [3] problems related to surgical technique.
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Patient Characteristics

While some risk factors are inherent to the patient or pathol-
ogy, identifying them allows for tailored prevention. These
risk factors include anomalous or variant anatomy and the
characteristics of a patient’s pathology.

Many authors have suggested that anatomical variants
such as lumbosacral transitional vertebrae (LSTV) may be
precipitating factors for WLSS [10, 22-25]. Kwaan et al.
found that LSTV was present in 5/10 cases of WLSS [26]. In
a national survey, spine surgeons indicated that anomalous
anatomy could be a factor in 38% of WLSS events [17],
while in a more recent but smaller survey, 15% of surgeons
stated that anatomical variants contributed to WLSS events
[20]. If LSTV or other anatomical variants are not recog-
nized, vertebral numbering may vary when counting crani-
ally versus caudally [20, 25].

Studies have consistently shown a higher incidence of
WLSS in lumbar than in cervical procedures. Jhawar et al.
found that WLSS occurred in 0.13% of lumbar cases but
0.076% of cervical cases [17]. Marquez-Lara et al. found
that WLSS occurred at a rate of 0.026% in lumbar cases but
only 0.010% in cervical cases [27, 28]. In a prospective
study, the two variables independently associated with WLE
were older age (age >55) and levels above L5-S1 [29].
Furthermore, the rate of WLE appears to increase as one
ascends the lumbar spine; in one study, the rates of WLE at
L5-S1, L4-L5, and L3-L4 were 0.04%, 4.0%, and 6.9%,
respectively [30].

Intraoperative Imaging Issues

This category includes the lack of any intraoperative imag-
ing, poor image quality, misinterpretations of the images, or
failure to reconfirm the level with intraoperative imaging
after exposure has occurred. Older studies have noted that
intraoperative radiography or fluoroscopy was not performed
in some cases of WLSS [7, 26], and authors have identified
the lack of WLSS as a major contributor to WLSS occur-
rence [17, 31].

When intraoperative imaging has been performed, poor
image quality may hinder proper level identification [10,
20, 22, 32, 33]. Errors in interpretation include inconsistent
numbering, the use of different anatomical landmarks in
different images, and confusion due to LSTV and other
anatomical variants [9, 20, 31, 32]. In some cases of WLSS,
radiography was performed at the start of the case to deter-
mine the location of the incision, but the level was not
radiographically confirmed after exposure. This was identi-
fied in a national survey as the foremost reason for WLSS
[20].

Technical Contributors
Even when intraoperative radiographs are taken, the retrac-
tors or another radiopaque marker can be moved without per-
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manently marking the intended level, allowing WLSS to
occur [9, 31, 32]. In microsurgical approaches, movement of
the tubular retractor can contribute to WLSS [9], and when
one group implemented a protocol to prevent the movement
of the tubular retractor, they saw a decrease in WLSS inci-
dence [34].

A posterior approach is associated with an increased inci-
dence of WLSS [27, 28]. McCulloch asserts that the “lami-
nar trap,” in which surgeons are guided by an overhanging
lamina toward the wrong disc space, is a major technical
cause of WLSS [35]. Increasing surgeon experience appears
to be associated with a decreased incidence of WLSS, sug-
gesting that more-experienced surgeons may be more skilled
at level localization [7, 30].

Prevention

While techniques to prevent WLSS are abundant, evidence
to support these interventions is generally of low quality, and
how disparate interventions can be integrated into a unified
approach remains unclear. Prevention measures include site
verification checklists, intraoperative imaging, preoperative
marking procedures, and more-advanced interventions
(Supplementary Table 3).

Preoperative Checklists and System Approaches
Integrating initiatives from the Canadian Orthopedic
Association, the American Academy of Orthopedic Surgeons,
and the North American Spine Society (please see
Supplementary Table 3 for references and reviews of this
topic), the Joint Commission for the Accreditation of
Healthcare Organizations promulgated the Universal
Protocol (UP) in 2004. The UP requires (1) preoperative
verifications of the patient, site, and procedure; (2) preopera-
tive site marking; and (3) a pre-incision time-out [36].

Despite these advances in patient safety, only very limited
evidence indicates that the UP has reduced WLSS incidence
[4, 13, 15]. Two systematic reviews found no evidence that
the UP was effective in preventing WLSS [4, 15]. In a retro-
spective review of wrong surgery events in the Veterans
Health Administration between 2004 and 2013, 10 WLSS
events would have occurred despite flawless implementa-
tions of the UP [31]. One single-center retrospective study
did find a significant decrease in WLSS events after the UP
was instituted [37]. However, a reanalysis of the data showed
that the decrease in WLSS began before UP implementation,
making it less likely that the introduction of the UP was the
sole contributor to the decline [13, 38]. While the effective-
ness of the UP in preventing WLSS remains unclear at best
[2], the UP in its current form is clearly insufficient as a sole
prevention strategy [13, 39] given that WLSS continue to
occur.



The UP aims to reduce WSS in general through preproce-
dure verification, site marking, and a time-out, but it does not
do enough to address the unique anatomical challenges of
the spine [21] that can lead to WLSS [4, 5, 13, 40]. While
James et al. found no significant difference in WSS incidence
after UP promulgation, they did find a nonsignificant
decrease when spine cases were excluded, suggesting that
WLSS is uniquely intractable to the UP [2, 9]. Unlike other
types of WSS, many errors leading to WLSS are made after
the incision—that is, after the required elements of the UP
have been completed. Thus, WLSS might be a problem more
with intraoperative level localization than with preoperative
preparation [37]. The UP does suggest that “special intraop-
erative imaging techniques may be used for locating and
marking the exact vertebral level”’; however, intraoperative
imaging is not specifically mandated [36].

As WLSS differs from other types of WSS, it requires
unique solutions that should be bundled into one coherent
process. For example, two hospitals audited their respective
experiences of WLSS, conducted root-cause analyses, and
developed their own WLSS prevention checklists, both of
which included intraoperative radiography with a fixed level
marker [41, 42]. One hospital was able to strengthen its
WLSS prevention protocol by analyzing each WLSS event,
instituting a protocol change, and tracking the outcomes
after each change [43]. Another example is the intraoperative
radiography and confirming exclamation (IRACE) method,
in which a wire is preoperatively inserted into a spinous pro-
cess, fluoroscopy is performed to plan the incision, and the
circulating nurse confirms the procedure and side.
Fluoroscopy is repeated intraoperatively. In 818 such cases,
only one instance of WLE was corrected with intraoperative
fluoroscopy [44].

Intraoperative Radiography or Fluoroscopy

Intraoperative imaging is the most critical part of any
WLSS prevention protocol, and multiple convergent lines
of evidence support its efficacy. Large surveys have shown
that most spine surgeons perform intraoperative radiogra-
phy or fluoroscopy. Mody et al. found that 80% of spine
surgeons performed intraoperative radiography [7], and
Jhawar et al. found that 64% of spine surgeons believed that
intraoperative radiography should be the standard of care
[17]. More recently, 100% of spine surgery fellows per-
formed intraoperative radiography routinely and planned to
do so in their future practices [45]. Mayer et al. found that
86—89% of surgeons perform intraoperative fluoroscopy to
localize the level, while 54-58% use intraoperative radiog-
raphy [20]. A focus group of spine-deformity surgeons put
forth intraoperative radiography or fluoroscopy with a radi-
opaque marker in the disc space as a consensus recommen-
dation [46]. Intraoperative imaging for level localization
thus appears to be a widespread practice, as expected
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according to North American Spine Society recommenda-
tions [3].

While a randomized controlled trial of intraoperative
radiography for WLSS prevention is not feasible [4], sev-
eral lesser-quality studies have shown its benefit. The stron-
gest of these is a prospective study that attempted to expose
the intended level via the palpation of anatomical land-
marks alone, with subsequent intraoperative fluoroscopy to
correct any WLE. A 15% rate of WLE was observed; all
instances were corrected after intraoperative fluoroscopy
revealed the error [29]. One retrospective study noted that
intraoperative radiography or fluoroscopy was instituted
after the failure of the UP to prevent WLSS [31], and two
retrospective studies noted a decrease in the rate of or the
elimination of WLSS after intraoperative radiography or
fluoroscopy was adopted [34, 47]. While these nonrandom-
ized studies could be limited by unknown confounders or
confirmation bias for a widely used technique, they support
the routine use of intraoperative radiography or fluoroscopy
for level localization.

However, WLSS has occurred even in cases in which
intraoperative radiography or fluoroscopy was performed [7,
9, 15, 22, 26, 32, 37, 48]. For example, in a retrospective
analysis of neurosurgical malpractice cases, 16 cases of lum-
bar WLSS had “localizing X-rays in the operating room”
[49]. The definitions in the literature on what constitutes an
intraoperative localizing image may be inconsistent; true
confirmatory intraoperative imaging occurs after exposure—
not before incision—with a marker at the level to be operated
on [4]. Instead of a single instance of intraoperative imaging,
perhaps a sequence of intraoperative radiographs should be
performed, with one before incision, one after exposure but
before discectomy or decompression, and one after instru-
mentation [50], as supported by the results of two retrospec-
tive studies of the “British protocol” [51, 52]. Having
intraoperative radiography or fluoroscopy available at all
points of the operation, to minimize uncertainly in level at
any point intraoperatively, might be necessary [50]. However,
the literature also points to problems in interpreting and
communicating the results of intraoperative imaging.

Image Interpretation and the Communication

of Imaging Results

Interpreting intraoperative radiographs may be difficult in
cases of LSTV or other variant anatomy. Implementing a
standardized method of counting vertebrae, with a consistent
reference point that is defined preoperatively, would be the
best way to prevent confusion [23, 25]. Recognizing this, a
focus group of spine surgeons recommended using an estab-
lished method of vertebral counting, which includes using
C2 as the reference point [46]. In difficult cases, such as in
patients with LSTYV, surgeons should seek the assistance of a
radiologist [32]. Though 98% of spine surgery fellows do not
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ask for assistance in interpreting intraoperative films [45],
spine surgeons agree that a radiologist should be involved in
image interpretation in cases where level localization is
unclear [46]. Communication about the surgical level among
all members of the surgical team is critical, and an intraop-
erative time-out may facilitate this [43].

Invasive Preoperative Marking

Under fluoroscopic or CT guidance, the percutaneous place-
ment of a marker (e.g., needle, wire, fiducial, or coil) at the
intended spinal level can be performed preoperatively, mak-
ing localization with intraoperative fluoroscopy or radiogra-
phy a simple task. While more-promising techniques have
been described than can be cited here (Supplementary
Table 3), evidence that they prevent WLSS is generally of
low quality.

Inserting a needle or wire preoperatively under CT or
fluoroscopic guidance into the bone or adjacent soft tissue
has been a relatively successful and well-studied technique
to mark the spinal level [53—57]. One version of this tech-
nique was used in a large case series, consisting of 1986
patients, which demonstrated only six WLE events and no
WLSS events; notably, intraoperative fluoroscopy with one
or two needles in facet joint capsules was performed to cor-
rect any exposure errors [8]. Other case series have suggested
that preoperative needle or wire insertion is an accurate
localization strategy [44, 58—60]. This technique may have
the beneficial side effect of decreasing radiation exposure to
operating room personnel [55, 57, 60]. However, the needle
or wire can be inserted nonperpendicularly, which could lead
the surgeon into the incorrect level [58, 60]. Thus, this tech-
nique is best used in conjunction with intraoperative imaging
after exposure [54, 58].

The percutaneous image-guided placement of coils at the
surgical level is another successful technique. While coils
can be inserted endovascularly in cases of dural arteriove-
nous fistulae [61, 62], coils can also be placed into the pedi-
cle of the surgical level [63—67]. In an excellent retrospective
controlled study, Marquardt and colleagues showed that the
insertion of a coil into a dural arteriovenous fistula decreased
the incidence of WLE, decreased operative time, and
decreased radiation exposure in the coil marking group com-
pared to the control group [61].

Like coil insertion, the percutaneous placement of fidu-
cials has also been described as a successful technique for
level localization, particularly in difficult cases [68-71].
Upadhyaya and colleagues conducted a retrospective study
showing that fiducial placement into the pedicle at the appro-
priate level could reduce intraoperative fluoroscopy time,
though no WLSS occurred in either the experimental group
or the historical control group [72].

As noted by many authors, invasive preoperative marking
may be most useful for patients in whom intraoperative
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localization is anticipated to be difficult, including in patients
who have aberrant anatomy [55, 64, 66-70, 72]. Many of
these methods were developed for use in the thoracic spine,
where localization may be particularly challenging [56, 57,
59, 60, 63, 64, 68-72].

Other Methods

Automated image processing may help reduce human error
in image interpretation. The LevelCheck algorithm was
designed to label an intraoperative radiograph with spinal
levels, using a preoperative CT or MRI scan as input [73,
74]. Lab studies have shown that LevelCheck performed as
well as manual level numbering, and initial clinical studies
have been promising, with accurate localization in all sub-
jects and no WLSS [75, 76]. In a retrospective study of 20
patients, LevelCheck identified spinal levels with 100%
accuracy [77]. This algorithm could be a valuable decision
support tool for preventing WLSS.

Intraoperative spinal navigation, intraoperative CT, intra-
operative MRI, and intraoperative ultrasound could be effec-
tive means of preventing WLSS, though they may not be
available in low-resource settings. These methods and asso-
ciated references are discussed further in Supplementary
Table 3.

Education

The education of spine surgeons on WLSS is lacking. A sur-
vey of spine surgery fellows found that only 33% of trainees
had formal didactics on WSS prevention, though 61% were
interested in having them. The 30% of respondents who had
experienced WSS were significantly more likely to be inter-
ested in formal education on preventing it [45]. Particularly
because of this substantial interest in WLSS prevention
among trainees, specific didactics should be included in
spine surgeon training [13, 45].

Conclusion

When proper precautions are taken, nearly all WLSS is pre-
ventable. For the sake of patient safety, the medical community
should not rest until WLSS has been eliminated. In addition to
following the UP, each institution should have a process to pre-
vent WLSS that should be followed in every spine case.

Recommendations

1. There must be a consistent and specific definition for the
problem to be eliminated. We echo DeVine and col-
leagues’ [13] recommendation that WLSS be considered
a unique type of WSS, as its causes and prevention strate-
gies differ from those of other types of WSS. We believe



that the term WLSS should be used because it points to the
unique anatomical issue in spine surgery [2]. In reporting
WSS data, the Joint Commission and other monitoring
organizations should report separate data for WLSS. This
will help to evaluate prevention strategies by comparing
WLSS incidence before and after implementation. Rates
of WLE and other near misses could aid research and
should be reported separately.

2. Intraoperative radiography or fluoroscopy following
exposure, with a radiopaque marker at the level of inter-
est, should be mandatory in all cases of spine surgery, and
image quality should be optimized by using the strategies
mentioned above. Every hospital policy should require
this step, and it should be documented in the medical
record. However, intraoperative imaging is insufficient as
the sole prevention strategy.

3. To prevent the misinterpretation of intraoperative imag-
ing, a second time-out, the time-out for level localization
(TOLL), should be jointly performed by the entire operat-
ing room team after intraoperative imaging. This time-out
would be similar to that in WLSS prevention protocols
described previously [16, 41-43, 78]. TOLL should
include confirmation that the images are of the correct
patient and date, the imaging quality is sufficient, and the
intended surgical level is reliably and clearly marked with
a radiopaque marker. Automated level identification could
be performed to verify manual counting. Preoperative
images should be available on-screen for direct compari-
son to intraoperative imaging. TOLL should be docu-
mented in the medical record. In particular, the reference
point for counting should be documented and must be
consistent between preoperative and intraoperative
images. Postinstrumentation intraoperative imaging
should be performed, followed by a third time-out to con-
firm that surgery was performed at the correct level.

4. When the anatomy is abnormal or difficult to visualize,
a radiologist should be called for an intraoperative con-
sultation, and imaging repeated if necessary. A two-part
confirmation—counting from cranial to caudal and then
from caudal to cranial—can be employed to reduce mis-
counting. Most importantly, the visible reference points
used to determine the level in preoperative imaging and
intraoperative imaging must be consistent [23, 39].

5. Invasive marking or more-advanced intraoperative navi-
gation should not be a routine WLSS prevention approach,
as these methods are likely less cost-effective and may
not be available in some settings [66]. However, they
should be used in patients with multiple risk factors for
WLSS [39, 66, 67, 72].
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Abstract

Carotid artery rupture is a worrisome complication that
sometimes occurs during microsurgical or endoscopic
skull base procedures. Many identifiable aspects are
related to prevention, intraoperative management, and
immediate postoperative endovascular treatment. This
article deals with microsurgical and endoscopic cases in
which the carotid artery or its branches have been dam-
aged in the context of a resection of skull base lesions.
Factors related to the anatomy of the skull base and the
arteries and their variations are considered, along with
intraoperative measures to control the bleeding. Finally,
depending on the case, recommendations for immediate
postoperative endovascular management are made.

Keywords
Skull base surgery - Carotid rupture

Introduction

Surgery on the skull base carries a comparatively high risk of
potential complications. About one in every three publica-
tions about skull base surgery is related to complications and
one in 15 skull base publications is related to major vascular
injury. Among them, carotid injury is one of the most worri-
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some complications that may lead to disastrous conse-
quences from either open microsurgical operations or
endoscopic approaches [1-5]. In this article, four cases of
intraoperative carotid artery rupture are presented, along
with special considerations related to prevention and intraop-
erative management, which differ depending on the individ-
ual scenario.

Case 1

A 45-year-old male patient complained of a progressive
loss of vision in their right eye that was due to a menin-
gioma’s invading the optic canal. A previous left side cli-
noidal meningioma had been treated with surgery &
radiosurgery due to recurrence 5 years ago. A right pteri-
onal approach was performed to achieve optic nerve
decompression (Fig. 1). Anterior clinoidectomy was car-
ried out with an ultrasonic drill, and the perioptic infil-
trated dura was cut and progressively removed with
microscissors. When the lateral aspect of the dural sleeve
was cut, brisk bleeding from the lateral aspect of carotid
artery emanated because an aberrant ophthalmic artery
coming from the duramater had been damaged. The tear
was, fortunately, small enough to be coagulated with
bipolar after it had been substantially reduced and almost
stopped with cottonoids and suction.
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Fig. 1 Right optic nerve invasion via meningioma (a). Right pterional
approach with clinoidectomy and optic sheath exposure (b). A resection
of infiltrated dura: cutting with scissors immediately before the damage

Case 2

A 24-year-old female patient underwent two skull base pro-
cedures in 2004 at the age of 14 for the resection of a clival
chordoma (via an extended transmaxillary approach and a
right far-lateral approach). These surgeries were followed by
Sterotactic Radiosurgery. In 2014—i.e., 10 years later—a
recurrent chordoma located at the left petroclival and retro-
parapharyngeal space was diagnosed (Fig. 2). The tumor
encased the carotid artery in three segments, including the
petrous region. A transnasal transmaxillary-transpterygoid-
transclival endoscopic approach was undertaken. During the
drilling of the involved petrous bone, the carotid artery was

of the ophthalmic artery, with anomalous origin arising from infiltrated
dura (c). Bleeding (d) and the bipolar coagulation of the bleeding point
(white arrow, e)

damaged. Initial hemorrhage control attempts via tamponade
were not effective, as the artery had not been exposed enough
at that point of the operation, and a Foley catheter balloon
was inflated inside the resection cavity in an attempt to stop
the bleeding. The patient was then expeditiously transferred
to the angiography room. Conventional digital subtraction
angiography showed leakage at the injured point and some
small distortion in the artery, which were effectively con-
trolled by the balloon. The arteriogram showed good collat-
eral circulation through the posterior communicating (PCom)
artery, which allowed the internal carotid artery to be sacri-
ficed. The patient was successfully treated by the interven-
tional neuroradiologists (INR) team and awoke without
neurological deficit.
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Fig.2 Recurrent chordoma
at the left parapharyngeal
space and petrous apex (a, b).
Angiography after the
laceration of the internal
carotid artery at the petrous
segment and intraoperative
tamponade with Foley ballon,
showing blood leakage and a
slight distortion (arrow) in the
carotid wall (c¢). Carotid
sacrifice without neurological
deficit as flow from left
PCom did fill the anterior
circulation (d)

Case 3

A 19-year-old female patient was diagnosed with a pituitary
lesion that grew under magnetic resonance imaging (MRI)
surveillance. One of the remarkable findings on preoperative
MRI was a flat sella, as illustrated on the sagittal and coronal
views (Fig. 3). An endoscopic endonasal approach was taken.
After drilling the sellar floor, the dura was opened with the aid
of a sharp hook, and brisk bleeding gushed from the left

carotid artery. Floseal and compression were applied, and
afterwards, the bleeding stopped. A Foley balloon was inflated
inside the sphenoid sinus, and surgery was aborted. The patient
underwent emergent angiographic exploration, which revealed
a small intraluminal hematoma. Subsequent MRI showed the
narrowing of the carotid artery and small ischemic lesions
scattered in the white matter. The patient recuperated well and
was discharged neurologically intact. A follow-up MRA done
1 year later showed patency in the intracranial vessels and no
change in the caliber of the left.



M. A. Arraez et al.

Fig.3 Incase 3, a 19-year-old patient with pituitary lesion and flat sella. MRI with coronal view (a) and sagittal view (b). After left intraoperative
carotid tear, angiography showing a reduction in the lumen due to wall hematoma (c¢). No postoperative neurological deficit

Fig.4 In case 4, sagittal section through the right cavernous sinus in a recurrent GH invasive macroadenoma showing intense scarring and tumor
(a). Angio-CT (b). after intraoperative carotid bleeding showing pseudoaneurysm formation (arrow) at the cavernous segment of the carotid artery

Case 4

A 42-year-old female with acromegaly was operated on
because of a recurrent pituitary tumor adjacent to the right
cavernous sinus. The procedure was carried out without
neuronavigation as originally planned, because of technical
problems. Very firm scar tissue from the previous pituitary
surgery, which had been performed 6 years prior, was
encountered. The resection was carried out with ring

curettes and included blindly scraping the paracavernous
aspect of the tumor. At this point, arterial bleeding was
encountered, which could be controlled with Floseal and
Surgicel. A postoperative angio-CT was urgently per-
formed, revealing a traumatic carotid intracavernous aneu-
rysm, which could be uneventfully coiled during the same
hospital admittance. There were no neurological sequelae
from this incident (Fig. 4).
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Discussion

Major vascular injury is one of the most problematic situa-
tions during skull base surgeries, irrespective of the modality
of approach (microsurgical or endoscopic). This complication
may lead to the death of the patient or severe disability. This
worrisome scenario presents important considerations for
prevention, intraoperative management, and immediate post-
operative management [5].

The first important aspect that needs to be considered in
this setting is related to the topographic anatomy of the
carotid artery and its branches. Case 1 illustrates a traumati-
cally ruptured ophthalmic artery at some unexpected site at
the lateral aspect of the right carotid artery, which was
encased in a tumor. Many publications are available on the
anatomical variations of the intracranial ICA and the respec-
tive developmental aspects, which are related to three embry-
ological arterial branch systems (phylogenetically called the
branchial arteries): the carotid system, the stapedial system,
and the ventral pharyngeal system [6—8]. These may appear
as only two branches [9]. The concomitant embryologic
development of the ophthalmic artery and middle meningeal
artery explains important variant anastomosis seen between
these two arteries and also explains the presence of various
dural branches arising from the ophthalmic artery [7], which
likely represents the condition found in case 1. The ophthal-
mic artery can separate from the carotid at different positions
along the optic canal interior: 40% leave the carotid from the
upper internal part, 30% arise from the internal part, 20%
arise from the upper central part, and 10% emerge at the end
of the cavernous segment of the middle of the carotid artery
at a steep angle (according to Ganiusmen; 7). In our case, no
full postoperative angiographic examination was carried out,
might may have helped to clarify the exact nature of the ana-
tomical variation, but dura mater was in proximity to the ori-
gin of the afflicted vessel.

Regarding the enormous relevance of the anatomy in
cases of major vascular injuries, we must not only consider
the anatomy of the vessels themselves and all their variants
but also assess the anatomy of the skull base proper. In case
3, a flat sella (as depicted on the coronal and axial views)
contributed to the inappropriate opening that led to left
carotid laceration. This unfortunate complication could most
likely have been avoided with the use of intraoperative neu-
ronavigation because the lack of three-dimensional viewing
is well known in endoscopy. This is usually not a problem,
but in this setting, it may have led to the misperceived spatial
relationship between bone and vessels, and if that is the case,
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then it resulted in carotid or cavernous sinus bleeding. In the
past, we have not been using neuronavigation in “de novo”
pituitary cases. Normally, we advocate for the use of this
intraoperative technology only in the setting of reopera-
tions—but from this case, we learned that a radiographically
flat sella is a morphological indicator of complex anatomical
relationships, which warrant the use of this technology.

Case 4 is a good example of how recurrent pituitary
tumors benefit from neuronavigation when trying to avoid
complications. The scarred and distorted anatomy in such
recurrent cases may lead to carotid injury, especially when
the tumor is involving the cavernous sinus and encasing the
respective carotid artery segment. The combination of tech-
nical failure from the neuronavigation system and a scared
surgical field created a complex setting, and our maneuvers
provoked marked bleeding from the right cavernous sinus.
With some luck, that was easily controlled. Despite this suc-
cessful intraoperative management, a postoperative angio-
CT showed a traumatic pseudoaneurysm that needed to be
coiled.

Case 2 illustrates the risk of carotid damage from a com-
bination of factors: the involvement of two or more seg-
ments of the internal carotid artery because of a tumor,
previous radiation therapy, and the carotid’s being encircled
with tumor tissue by more than 120° [10]. The carotid lac-
eration was caused during the drilling of an infiltrated
petrous bone portion, so the artery had not been exposed
enough yet. Possibilities for effective surgical maneuver-
ability in such acute situations are very limited in endo-
scopic skull base surgery, and the placement of a Foley
balloon seems to be a very good choice as an effective tem-
porary tamponade when classical local hemostatic agents
fail to control the bleeding, as was the case in our patient.
Also, in these moments, considering what the best agent
could be to repair the affected vessel is important if the
opportunity arises. Macerated muscle appears to be the most
effective way to patch a hole, according to many [11].
Bipolar coagulation, on the other hand, must be restricted
to the tear of a very small vessels or a small laceration
[1,3,12].

A crucial aspect of postoperative management in carotid
artery damage at the skull base is the role of angiography
and endovascular therapy. The availability of a biplane 24
h/day is paramount when taking on complex skull base
cases with the potential of vascular complications. Cases 2
and 3 were taken immediately to the INR suite after we had
realized that the carotid was seriously injured. In case 2, the
initial angiographic study showed leakage at the petrous
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bone segment of the ICA, and it also showed the effect of
the Foley balloon’s supporting the wall adjacent to the tear.
Good collateral flow from the posterior circulation through
the PCom artery was seen, so the carotid artery could be
sacrificed (via coiling), fortunately without neurological
deficit. Current endovascular techniques of stenting (flow
diverters) may avoid needing to sacrifice an injured vessel
[4], depending on the site of damage and the characteristics
of the vessels involved. However, this was not possible in
our patient, because the technology was not yet available at
that time. Some authors have tried to avoid sacrificing the
carotid artery by means of emergency bypass surgery or
even in other settings by practicing prophylactic bypass
placements (e.g., ECA to MCA) in case of high-risk lesions
[5].

In case 3, angiography showed an intraluminal hema-
toma without compromising the carotid flow. However,
some of the ischemic or embolic event had happened intra-
operatively: Postoperative MRI displayed an altered
FLAIR signal in the ipsilateral hemisphere, which was not
expected in a 19-year-old patient. Again, endovascular
procedures/stenting can be helpful in such cases—that is,
when a risk of occlusion follows the luminal compromise.
Our patient was under antiplatelet therapy, and 1 year later,
angio-MRI showed patency at the point of previous vessel
damage without a marked reduction in the caliber of the
artery.

Conclusions

Major vascular injury is a potentially life-threatening com-
plication of microsurgical and endoscopic approaches to the
skull base. Many factors increase the risk of its occurring:
alterations in the anatomy of the vessels and/or skull base,
previous treatments (surgery, radiation) for tumoral lesions,
the length of involvement and/or the needed exposure of the
carotid artery segment, and a lack of appropriate intraopera-
tive technology. Intraoperative steps to control the bleeding
include applications of classic and modern hemostatic
agents, and a muscle patch is considered the best biological
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repair tissue for a damaged vessel wall. Bipolar coagulation
must be restricted to small vessels and/or small tears.
Endovascular management is crucial for the accurate assess-
ment of vascular damage and allows for immediate treatment
(coiling, stenting) when needed.

References

1. Chin OY, Ghosh R, Fang CH, Baredes S, Liu JK, Eloy JA. Internal
carotid artery injury in endoscopic endonasal surgery: a systematic
review. Laryngoscope. 2016;126(3):582-90.

2. Ganiusmen O, Citak G, Samancioglu A, Korkmaz H, Binatli
AO. Anatomic evaluation of the ophthalmic artery in optic canal
decompression: a cadaver study of 20 optic canals. Turk Neurosurg.
2017;27(1):31-6.

3. Gardner PA, Tormenti MJ, Pant H, Fernandez-Miranda JC,
Snyderman CH, Horowitz MB. Carotid artery injury during endo-
scopic endonasal skull base surgery: incidence and outcomes.
Neurosurgery. 2013;73(2):261-9.

4. Martinakis VG, Dalainas I, Katsikas VC, Xiromeritis
K. Endovascular treatment of carotid injury. Eur Rev Med
Pharmacol Sci. 2013;17(5):673-88.

5. Rangel-Castilla L, McDougall CG, Spetzler RF, Nakaji P. Urgent
cerebral revascularization bypass surgery for iatrogenic skull base
internal carotid artery injury. Neurosurgery. 2014;10(4):640-7.

6. Bonasia S, Bojanowski M, Robert T. Embryology and ana-
tomical variations of the ophthalmic artery. Neuroradiology.
2020;62(2):139-52.

7. Bonasia S, Smajda S, Ciccio G, Robert T. Anatomic and embryo-
logic analysis of the dural branches of the ophthalmic artery. AINR
Am J Neuroradiol. 2021;42(3):414-21.

8. Toma N. Anatomy of the ophthalmic artery: embryological consid-
eration. Neurol Med Chir. 2016;56(10):585-91.

9. Bracard S, Liao L, Zhu F, Gory B, Anxionnat R, Braun M. The
ophthalmic artery: a new variant involving two branches from
the supracavernous internal carotid artery. Surg Radiol Anat.
2020;42(2):201-5.

10. AlQahtani A, London NR, Castelnuovo P, et al. Assessment of fac-
tors associated with internal carotid injury in expanded endoscopic
endonasal skull base surgery. JAMA Otolaryngol Head Neck Surg.
2020;146(4):364-72.

11. Wang WH, Lieber S, Lan MY, Wang EW, Fernandez-Miranda JC,
Snyderman CH, Gardner PA. Nasopharyngeal muscle patch for the
management of internal carotid artery injury in endoscopic endona-
sal surgery. J Neurosurg. 2019;133:1382-7.

12. AlQahtani A, Castelnuovo P, Nicolai P, Prevedello DM, Locatelli
D, Carrau RL. Injury of the internal carotid artery during endo-
scopic skull base surgery: prevention and management protocol.
Otolaryngol Clin N Am. 2016;49(1):237-52.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.
org/licenses/by/4.0/), which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropri-
ate credit to the original author(s) and the source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's Creative Commons license, unless indicated otherwise in
a credit line to the material. If material is not included in the chapter's Creative Commons license and your intended use is not permitted by statu-
tory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Vladimir Benes

Abstract

A case report of a 68-year-old otherwise-healthy female
patient with Spetzler-Martin (SM) grade I arteriovenous
malformation (AVM) in her left frontal region is pre-
sented. After an uneventful surgery, cerebral venous
infarction developed, and the patient was rendered hemi-
paretic with motor aphasia. After bony decompression,
slow improvement was seen, and 3 months after surgery,
the patient was neurologically intact. Six months after
AVM resection, cranioplasty was performed. Infarction
was caused by the thrombosis of a long primary draining
vein, which finished its course in the normal cortical
venous system. The case supports the venous origin of
postoperative bleeding after AVM resection instead of the
normal perfusion pressure phenomenon.

Keywords
Cerebral arteriovenous malformation - venous occlusive
disease

Case Report

The patient was a 68-year-old healthy right-handed woman.
She was treated and well compensated for arterial hyperten-
sion, and dyslipidemia was also well compensated by diet.
One month before admission, she collapsed without convul-
sions on several occasions. Magnetic resonance (MR) per-
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formed elsewhere showed a Spetzler-Martin (SM) grade I
arteriovenous malformation (AVM) in her left frontal lobe
(Fig. 1). Angiography performed at our hospital confirmed
the diagnosis (Figs. 2, 3, and 4). The AVM was drained via a
long draining vein running laterally and terminating in the

Fig.1 Left frontal AVM
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cortical veins of the left hemisphere. A short minor vein
drained the nidus into the superior sagittal sinus, and another
small vein drained anteriorly. The therapeutic options were
explained to the patient, and she opted for surgery.
Uneventful surgery (Figs. 5 and 6) was followed by angi-
ography under anesthesia in the same instance (Fig. 7), and
the patient was transferred to the intensive care unit (ICU).
The patient awoke with hemiparesis and complete motor
aphasia. Computed tomography (CT) performed before
awakening showed bleeding in the vicinity of the resection
cavity consistent with venous infarction (Fig. 8). Over the
next 3 days, the patient became sleepy but remained arous-
able and oriented. CT was performed, showing the enlarge-
ment of the infarcted hemorrhagic area, resulting in a marked
cerebral shift (Fig. 9). Bony decompression was performed
/ (Fig. 10). After the decompression, the patient’s status
improved, and she was fully awake, yet with persistent hemi-
paresis and with motor aphasia. Early rehabilitation and
logopedic therapy and re-education were initiated. Over the
next 3 months, the patient fully recovered from her neuro-
Fig.2 SM grade I AVM fed by middle cerebral artery branches logical deficits, and at about 5 months after the initial sur-
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Fig. 3 Long main AVM vein draining into the normal cortical venous
system

Fig.4 3D angiogram shows main draining vein, secondary vein entering
the superior sagittal sinus, and another vein running anterosuperiorly
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Fig.5 AVM. Venous varix in the middle. To the left runs the secondary
vein into the superior sagittal vein, and the main draining vein runs to
the right

Fig. 7 Angiography 20 min after resection. The original vein is miss-
ing (thrombosed?), engorged veins are in the vicinity of the resection
cavity. Superior sagittal sinus purely opacified

Fig. 6 Resection cavity and the stumps of the veins. At the anterior
aspect of the cavity, already thrombosed secondary AVM vein

Fig. 8 CT 3 h after surgery. Venous infarction in the left frontal lobe



Fig. 9 CT 4 days after surgery. Enlargement of the venous infarction
and pronounced brain shift

Fig. 10 CT after decompression

V. Benes

Fig. 11 Final MR 6 months after surgery and cranioplasty

gery, cranioplasty was performed (Fig. 11). After the
cranioplasty, the patient returned to all her original activities
without any restrictions.

Discussion

Four possible causes of postoperative bleeding in AVM sur-
gery are known: postsurgical insufficient hemostasis, bleed-
ing from an AVM remnant, normal perfusion pressure
breakthrough (NPPB), and the venous occlusive phenome-
non. The first is insufficient hemostasis at the end of the pro-
cedure. The second is bleeding from any overlooked AVM
remnant. These causes are considered common surgical
complications, both nonspecific and specific to AVM sur-
gery. Two further causes are still subject to some debate. One
cause is a phenomenon described by Spetzler as “normal
perfusion pressure breakthrough” (NPPB) [1]. Briefly, the
arteries in the AVM vicinity are paralyzed in the vasodilated
state by the long-standing steal caused by the AVM shunts.
After AVM resection, these vessels cannot contend with the
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sudden rush of blood under normal perfusion pressure, lead-
ing to edema and bleeding. In the 1990s, the author tried to
develop a model of NPPB. Various shunts between the
carotid artery and the jugular vein were constructed in rab-
bits. Even with the occlusion of the contralateral carotid
artery and unilateral vertebral artery occlusion, the occlusion
of the shunt did not produce any cerebral bleedings 6 months
after the procedure. All experimental animals survived shunt
occlusion without incident [2]. Lastly, Yasargil suggested the
problem to be on the venous side of the AVM: The so-called
venous occlusive phenomenon is enhanced by the length or
stenoses of the veins and sinuses draining the AVM. Venous
thrombosis is then the cause of regular venous infarction in
the region of the given vein [3]. The presented case supports
venous thrombosis as being the cause of postoperative
bleeding.
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Abstract

A 39-year-old man received empiric treatment for pulmo-
nary tuberculosis (TB). After developing sensory seizures
he was restarted on anti-TB drugs when a brain MRI showed
a4.3 cm left parietal enhancing lesion with extensive edema.
After TB treatment, imaging showed a reduction in size and
edema. Later, he developed headache and seizures, and
MRI showed recurrent edema and an enlarging lesion.
Neurosurgery decided to biopsy the lesion to obtain a diag-
nosis. At craniotomy, a frozen section was reported as gran-
ulomatous inflammation. However, he returned postOP
with a new right hemiparesis and MRI showed a cystic
lesion under the motor cortex, with no enhancement.
Craniotomy was performed and the lesion was excised and
exploration revealed that one of the dural stitches had lacer-
ated the brain as a cause of the cyst formation. The case
differential and management is discussed in detail.

Keywords

Tuberculoma - Cyst - Pial laceration - Complication

Case Report

A 39-year-old man elsewhere received 9 months of empiric
treatment for pulmonary tuberculosis (TB) in 2012. After
developing sensory seizures in January 2016, he was restarted
on three anti-TB drugs when a brain MRI showed a 4.3 cm
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left parietal enhancing conglomerate lesion with extensive
cerebral edema (Fig. 1a, b). With anti-TB treatment, serial
imaging showed a reduction in the lesion size and the brain
edema (Fig. 1c—f). In April 2018, he went to our infectious
disease unit with a headache and seizures, and the MRI
showed increased perilesional edema and an enlarging lesion
(Fig. 1g, h). Neurosurgery was called for a consultation, and
we decided to biopsy the lesion to obtain a diagnosis because
of the resurgence of symptoms and the progression of disease
on anti-TB therapy. At craniotomy, we mapped the sensorim-
otor cortex with intraoperative monitoring (somatosensory
evoked potentials), and we saw a yellow discoloration of the
postsensory gyrus from where a frozen section was obtained.
It was reported as granulomatous inflammation. No further
dissection was performed, but because the brain was full, a
duraplasty was performed and the bone replaced. He did well
after surgery and was discharged on the third postoperative
day (POD) without any deficits. On the fifth POD, he returned
with a new right hemiparesis, but no drowsiness, headache,
seizures, or fever. We considered cortical venous thrombosis,
hematoma, cerebritis, or subclinical seizures as possible eti-
ologies. No hematoma was found on plain computed tomog-
raphy (CT), but a thin extradural collection (Fig. 2a) was
found. The contrast CT showed a suspicious hypodensity
anterior to the residual tuberculoma (Fig. 2b). He was treated
with mannitol, steroids, intravenous hydration, and a higher
dose of anticonvulsants. An emergent MRI showed no corti-
cal/dural venous thrombosis but a definite 3.5 cm cystic lesion
was under the motor cortex, anterior to the tuberculoma, with
no enhancement of the wall (Fig. 2c). During emergency
recraniotomy, we removed a thin extradural hematoma that
was not very remarkable: no subdural hematoma. We saw the
surface of the tuberculoma on the sensory gyrus and excised
it completely at this time, but we did not find any communica-
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Fig. 1 Brain MRI in January 2016 showing (a) a 4.3 cm conglomerate
lesion with significant perilesional edema in the left parietal lobe, enhanc-
ing brilliantly on the T1w contrast image (b). After 18 months of anti-TB
treatment, the edema and the lesion size have decreased (¢, d). The anti-

TB treatment was continued, and at 24 months after treatment, the lesion
had remained about the same size (e, f). At 27 months, the patient had a
headache and seizures, and the T2w and contrast images showed an
increase in edema and in the size of the lesion, to 3.1 cm (g, h)
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Fig. 2 The patient returned to us on postoperative day 6 with new
onset right hemiparesis, at which time a plain CT revealed a thin extra-
dural collection (a, b) and a contrast CT revealed a suspicious
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o :

hypodensity anterior to the residual tuberculoma (¢, d). This was char-
acterized by the MRI (e) as a cystic lesion under the motor cortex

(white arrow)




Pial Laceration from a Dural Suture Causing Devastating Neurological Deficits 23

tion at the depths with the cyst. In fact, the sensory gyrus
bulged into the cavity previously occupied by the tubercu-
loma. Upon extending the previous dural opening further
anteriorly, we found that one of the Prolene dural stitches had
lacerated the pia and cortex. From here, we entered the cyst
through which we evacuated thin yellow fluid under pressure.
Ten days after the re-exploration, significant function had
been restored for the patient, they were walking, and they had
regained some power in their upper limb. The biopsy was
reported as “granulomatous inflammation suggestive of
tuberculosis”; however, all cultures were negative. At follow-
up 16 months later, he had recovered grade 5/5 power but
continued to have mild difficulty with rapid finger tapping.

Discussion

Tuberculomas: Controversies in Diagnosis
and Management

The diagnosis of intracranial tuberculoma is often presump-
tive, based most often on radiological features, coupled with
evidence of TB elsewhere and a response to treatment [1]. In
our case, the prior history of pulmonary tuberculosis and brain
MRI features of a lobulated, T2w hyperintense, homogenous
contrast-enhancing lesion was consistent with a solid noncase-
ating TB granuloma, and empiric anti-TB therapy was there-
fore started [2, 3]. Over the course of 18 months, a decrease in
edema and a decrease in the size of the lesion were noted. A
satisfactory radiological response of lesions occurs in 20—-80%
[4-7] of cases and is defined as a reduction in perilesional
edema, lesion size, and calcification, supporting the presump-
tive diagnosis [1, 8]. The subsequent recurrence of symptoms
and increase in the size of the lesion raised the possibility of
drug resistance, a fungal granuloma, or a malignant lesion.
Paradoxical response to anti-TB therapy is common, including
an increase in the size of tuberculomas or the development of
new tuberculomas [4, 5, 9, 10], and usually occurs within the
first 3—6 months of initiating therapy. This phenomenon is best
explained by inflammatory host reactions rather than a failure
of treatment [11-13], an observation that is supported by the
development in lesions with documented sensitivity to first-
line drugs [12]. Despite the evidence of granulomatous inflam-
mation in the excised tissue, no tuberculous bacilli were
detected on acid-fast staining, cultures, or Gene Xpert PCR
assay—a feature reported in 60% of cases [7, 14].

Surgery in Tuberculomas

Clear indications for surgical intervention include life-
threatening mass effects and a pathological confirmation of
the diagnosis when the clinicoradiological picture suggests
other pathologies [10, 15]. In this case, we opted for a crani-

otomy and open biopsy with the use of cortical mapping,
instead of a stereotactic biopsy, as the lesion was located
very superficially. Because a frozen section from the excised
tissue confirmed the presence of granulomatous inflamma-
tion and because it appeared in an eloquent area, we did not
proceed with radical excision [10].

Pathogenesis of Early Postoperative Cysts

When our patient returned to us with hemiparesis on POD 5,
we noted that the cause of his symptoms was an intraparen-
chymal cystic collection anterior to the original lesion just
under the motor cortex. Tuberculomas are usually not associ-
ated with cysts, and the early radiographic appearance of the
cystic lesion was unlike an abscess. We hypothesize that the
inadvertent pial laceration from the dural suture created a
channel for the ingress of cerebrospinal fluid (CSF) into the
motor cortex, rapidly forming a cyst. The brain swelling,
hemostatic material, blood, and inflammation from the sur-
gery likely cordoned off the subdural and subarachnoid
spaces around the laceration, inhibiting the free flow of CSF
over the convexity and forcing it through the pial laceration
into the parenchyma of the motor cortex proper. We were
unable to reach the cyst after completely excising the tuber-
culoma and therefore drained the cyst of its clear fluid
through the laceration and found no hematoma or xantho-
chromia. Symptomatic postoperative cystic lesions are rare
occurrences indeed, and to our knowledge, this is the only
reported case of an early parenchymal symptomatic cyst not
connected to the resection cavity of the primary lesion. Prior
reports of early postoperative symptomatic cysts describe
clinical deterioration due to a cyst’s forming in resection
cavities of tumors as early as the third postoperative day [16,
17]. Authors have hypothesized that the pathogenesis of
these cysts usually involves communication with the ventri-
cles [18], the rapid decompression of intracranial pressure
[19], or a flap-valve mechanism allowing the one-way
ingress of CSF [17, 20]. In addition to a ball-valve mecha-
nism, arising either from scar tissue or the roof of the resec-
tion cavity, CSF may be forced into such spaces because of
the increased pressure of respiratory inspiration and cardiac
systole [21]. In cases where additional factors come into
play, such as the absence of bony counterpressure, these
cysts have been shown to grow into extracranial compart-
ments, as in one report of an iatrogenic cyst following the
excision of a juvenile nasal angiofibroma that grew through
the bony defect in the middle cranial fossa to form a pulsatile
parapharyngeal swelling [22]. In lesions where the ventricles
were opened at surgery, an endoscopic visualization of the
cyst has revealed the presence of a slit-valve mechanism,
representing an iatrogenic version of an arachnoid cyst [20].
In other cases, inflammation induced via adjuvant chemo-
therapeutic wafers containing 1,3-bis(2-chloroethyl)-1-



24

nitrosourea (BCNU) used in glioma surgery has been
implicated in the formation of postoperative cysts, though
they occur later in the postoperative period (6 days to 6
weeks) [23, 24]. All described cases have been shown to
respond poorly to medical therapy (such as treatment with
hyperosmolar agents) and ultimately required some form of
surgical intervention, ranging from an external drain to cra-
niotomy and evacuation. While the best modality to manage
these cysts remains subject to debate, where some authors
have recommended fenestration in favor of permanent CSF
shunting devices [21], surgical intervention is acceptable in
all symptomatic cases.

Avoidance of Complications

Attention to detail is vital during dural closure, ensuring that
the tip of the needle is always within view, to avoid brain
injury. The dogma regarding watertight dural closure has
been questioned for supratentorial surgeries where the inci-
dence of subdural and subgaleal effusions requiring surgical
intervention was not different in a series comparing primary
or secondary watertight closures and the mere approxima-
tion of the dura with a few interrupted sutures [25].

Conclusion

Acute changes in sensorium and the new recruitment of defi-
cits following neurosurgery must be taken seriously and
evaluated diligently, including the use of imaging. Acute
postoperative cysts developing at or adjacent to the site of
surgery are probably secondary to a ball-valve mechanism
and must be managed operatively. This complication may
have been avoided by performing careful dural suturing, by
effecting a complete excision of the lesion at primary sur-
gery, and by opting for dural approximation rather than
watertight dural closure.

References

1. Marais S, Van Toorn R, Chow FC, Manesh A, Siddiqi OK, Figaji A,
Schoeman JF, Meintjes G. Management of intracranial tuberculous
mass lesions: how long should we treat for? Wellcome Open Res.
2020. https://doi.org/10.12688/wellcomeopenres.15501.3

2. Azeemuddin M, Alvi A, Sayani R, Khan MK, Farooq S, Beg
MA, Awan S, Wasay M. Neuroimaging findings in tuberculo-
sis: a single-center experience in 559 cases. J Neuroimaging.
2019;29(5):657-68.

3. Bernaerts A, Vanhoenacker FM, Parizel PM, Van Goethem JW,
Van Altena R, Laridon A, De Roeck J, Coeman V, De Schepper

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

A. Goyal-Honavar et al.

AM. Tuberculosis of the central nervous system: overview of neu-
roradiological findings. Eur Radiol. 2003;13(8):1876-90.

. Anuradha HK, Garg RK, Sinha MK, Agarwal A, Verma R, Singh

MK, Shukla R. Intracranial tuberculomas in patients with tubercu-
lous meningitis: predictors and prognostic significance. Int J Tuberc
Lung Dis. 2011;15(2):234-9.

. Gupta M, Bajaj BK, Khwaja G. Paradoxical response in patients

with CNS tuberculosis. J Assoc Physicians India. 2003;51:257-60.

. Harder E, Al-Kawi MZ, Carney P. Intracranial tuberculoma: con-

servative management. Am J Med. 1983;74(4):570-6.

. Poonnoose SI, Rajshekhar V. Rate of resolution of histologically ver-

ified intracranial tuberculomas. Neurosurgery. 2003;53(4):873-8.

. van Toorn R, du Plessis A-M, Schaaf HS, Buys H, Hewlett RH,

Schoeman JF. Clinicoradiologic response of neurologic tuber-
culous mass lesions in children treated with thalidomide. Pediatr
Infect Dis J. 2015;34(2):214-8.

. Machida A, Ishihara T, Amano E, Otsu S. Late-onset paradoxi-

cal reactions 10 years after treatment for tuberculous menin-
gitis in an HIV-negative patient: a case report. BMC Infect Dis.
2018;18(1):313.

Rajshekhar V. Surgery for brain tuberculosis: a review. Acta
Neurochir. 2015;157(10):1665-78.

Nicolls DJ, King M, Holland D, Bala J, del Rio C. Intracranial
tuberculomas developing while on therapy for pulmonary tubercu-
losis. Lancet Infect Dis. 2005;5(12):795-801.

Schoeman JF, Fieggen G, Seller N, Mendelson M, Hartzenberg
B. Intractable intracranial tuberculous infection responsive to tha-
lidomide: report of four cases. J Child Neurol. 2006;21(4):301-8.
Walker NF, Stek C, Wasserman S, Wilkinson RJ, Meintjes G. The
tuberculosis-associated immune reconstitution inflammatory syn-
drome: recent advances in clinical and pathogenesis research. Curr
Opin HIV AIDS. 2018;13(6):512-21.

Arseni C. Two hundred and one cases of intracranial tuber-
culoma treated surgically. J Neurol Neurosurg Psychiatry.
1958;21(4):308-11.

Akhaddar A. Surgical therapy. In: Turgut M, Akhaddar A, Turgut
AT, Garg RK, editors. Tuberculosis of the central nervous system:
pathogenesis, imaging, and management. Cham: Springer; 2017.
p. 173-91.

Talacchi A, Corsini F, Gerosa M. Expanding cerebrospinal fluid
cyst in the operative cavity: an unusual postoperative complication.
Br J Neurosurg. 2011;25(5):641-3.

Yu J, Xiong W, Qu L, Huang H. Reoperation as a result of raised
intracranial pressure associated with cyst formation in tumor cavity
after intracranial tumor resection: a report of two cases. Case Rep
Med. 2010. https://doi.org/10.1155/2010/634839.

Korinth MC, Weinzierl] MR, Krings T, Gilsbach JM. Occurrence
and therapy of space-occupying cystic lesions after brain tumor
surgery. Zentralbl Neurochir. 2001;62(3):87-92.

Fujimori T, Shindo A, Ogawa D, Okada M, Hatakeyama T, Okauchi
M, Kawanishi M, Miyake K, Tamiya T. A rare case of postopera-
tive symptomatic cyst formation after resection of a large convexity
meningioma. World Neurosurg. 2019;127:160-4.

Beez T, Remmel D, Steiger H-J. Endoscopic visualization of an
iatrogenic valve mechanism: elucidating the pathogenesis of post-
operative tumor bed cysts. World Neurosurg. 2018;115:213-5.
Bhaskara Rao M, Radhakrishnan K, Radhakrishnan VV, Gupta
AK. Expanding cyst following temporal lobectomy: an unusual
complication of epilepsy surgery. Clin Neurol Neurosurg.
1999;101(2):141-4.

Kutlay M, Colak A, Demircan N, Akin ON. Iatrogenic arach-
noid cyst with distinct clinical picture as a result of bone defect
in the floor of the middle cranial fossa: case report. Neurosurgery.
1998;43(5):1215-8.


https://doi.org/10.12688/wellcomeopenres.15501.3
https://doi.org/10.1155/2010/634839

Pial Laceration from a Dural Suture Causing Devastating Neurological Deficits 25

23. Della Puppa A, Rossetto M, Ciccarino P, Del Moro G, Rotilio A, therapeutic wafer implantation: report of four cases. J Neurosurg.
Manara R, Paola Gardiman M, Denaro L, d’Avella D, Scienza 2002;96(5):941-5.
R. The first 3 months after BCNU wafers implantation in high-  25. Barth M, Tuettenberg J, Thomé C, Weiss C, Vajkoczy P, Schmiedek
grade glioma patients: clinical and radiological considerations on a P. Watertight dural closure: is it necessary? A prospective ran-
clinical series. Acta Neurochir. 2010;152(11):1923-31. domized trial in patients with supratentorial craniotomies. Oper
24. McGirt MJ, Villavicencio AT, Bulsara KR, Friedman HS, Neurosurg. 2008;63:352-8.

Friedman AH. Management of tumor bed cysts after chemo-

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.
org/licenses/by/4.0/), which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropri-
ate credit to the original author(s) and the source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's Creative Commons license, unless indicated otherwise in
a credit line to the material. If material is not included in the chapter's Creative Commons license and your intended use is not permitted by statu-
tory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

l')

Check for
updates

Benedicto Oscar Colli, Carlos Gilberto Carlotti Junior,

Ricardo Santos de Oliveira,

and Guilherme Gozzoli Podolski Gondim

Abstract

We are reporting the case of JB, a 28-year-old male who
presented to our hospital in 2009. The patient reported a
progressive increase in a known mass that had been
deforming their head since 2005. He had suffered from a
first-time seizure four years later (in 2009). Neurological
examination revealed a large tumor protruding in the pari-
etal region, which was confirmed by CT. A subsequent
MRI demonstrated a hyperostotic contrast-enhancing
parasagittal tumor occluding the middle third of the supe-
rior sagittal sinus, with cortical veins joining the sinus
adjacent to the tumor.

The patient was taken to the OR for a craniotomy and
a resection of the tumor with cranioplasty in the same set-
ting. The tumor was exposed by using a straight incision
on the scalp. A craniotomy was performed around the
tumor by using multiple burr holes; now the bone could
be separated from the dura and removed. The intradural
tumor was exposed, and a cortical vein draining into the
tumor could not be preserved. Some residual tumor was
left close to the anterior part of the superior sagittal sinus.
The dura was reconstructed with pericranium, and the
bony defect was closed with titanium mesh. The patient
woke up initially paraplegic, but 7 days later, he started
with proximal movements in both legs. Unfortunately, he
died suddenly in the second postoperative week, due to
pulmonary embolism. The case is reviewed in this manu-
script to analyze the contributing factors of the complica-
tions that were observed and to suggest management
strategies to avoid them.
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Introduction

Meningiomas are the most common tumors among the
central nervous system (CNS) tumors, accounting for
35.8% of primary cranial tumors [1]. Parasagittal menin-
giomas comprise between 21% and 31% of these intracra-
nial meningiomas, and the distribution of meningiomas
along the superior sagittal sinus (SSS) ranges from 14.8%
to 33.9% in the anterior third, from 44.8% to 70.4% in the
middle third, and from 9.2% to 29.6% in the posterior
third of the sinus [2-5]. Surgical treatment is usually the
method of choice for the management of most symptom-
atic meningiomas. Researchers have long noted [3, 4, 6,
7] that these tumors are associated with an increase in the
incidence of deep venous thrombosis (DVT) and pulmo-
nary embolism (PE) in bedridden postoperative patients
[8—11]. Surgical treatment for parasagittal meningiomas
is challenging because of the spatial proximity to motor
areas and because the SSS and cortical veins drain into the
sinus, especially for tumors in the middle third of the
sinus [3, 4, 6, 11].

Here, we present the case of a 28-year-old patient who
underwent the resection of a parasagittal hyperostotic menin-
gioma. The patient sustained profound postoperative lower
extremity paraplegia and developed DVT, which was fol-
lowed by PE, which unfortunately resulted in death.

Case Report

A 28-year-old male patient presented to our department with
a progressively enlarging tumor that had been noted for
about four years. He had suffered a single seizure event fours
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year prior to the current presentation. The physical examina-
tion at admission revealed a large tumor protruding from the
central parietal region. Neurological examination was
unremarkable. Computed tomography (CT) scans showed a
central parietal, extra-axial hyperostotic tumor. Magnetic
resonance imaging (MRI) showed contrast-enhancing bilat-

Fig. 1 (a) Preoperative
computed tomography scout
showing a huge parietal bone
tumor protruding into the
scalp. (b—d) Postcontrast
T1-weighted MRI in sagittal
(b), coronal (c¢), and axial (d)
planes, showing a middle
third hyperostotic parasagittal
tentorial tumor occluding the
superior sagittal sinus (b, ¢)
and showing a posterior
cortical vein draining into the
sinus (d)

eral parasagittal tumor components with a broad-based bilat-
eral dural attachment and with a significant hyperostosis of
the parietal bone, both suggestive of meningioma. The tumor
occluded the blood flow in middle third of the superior sagit-
tal sinus (SSS), and cortical veins were joining the sinus in
the anterior part of the tumor (Fig. 1).
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Surgery

The patient was extensively counseled, and he wished to pro-
ceed with resection. He was operated on in the supine posi-
tion with his head partially flexed. A transverse straight scalp
incision was carried out, which was centered on the midpoint
of the osseous protrusion. The lesion was completely exposed

Fig.2 Intraoperative views.
(a) Exposure of the tumor
through a transverse straight
scalp incision centered in the
tumor. (b) Multiple burr holes
were made around the tumor.
(c) Circular craniotomy done
around the tumor. (d) Dural
exposure after the removal of
the bone flap. (e) Bone flap
removed en bloc. (f)
Parasagittal tumor exposed
after bone flap removal,
revealing a posterior cortical
vein entering the tumor
(yellow circle)

by taking this approach (Fig. 2). A craniotomy was planned;
it was performed around the tumor perimeter by using mul-
tiple burr holes; and the infiltrated bone could be separated
from the dura and removed in toto. The intradural compo-
nent of the tumor was now exposed for resection, during
which a cortical vein draining posteriorly to the tumor could
not be preserved. Some residual tumor was left close to the
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anterior part of the SSS. The dural defect was reconstructed
with pericranium, and the missing bone was replaced with
titanium mesh.

Postoperative Course

The patient woke up well, then the patient was extubated.
However, upon neurological examination, the patient dis-
played bilateral lower extremity paraplegia. The immediate
postoperative CT showed no surgical complication. He
received standard postoperative care, and he was discharged
on the fifth postoperative day to rehabilitation. As per the
report from the rehabilitation facility, the patient began to
show neurological recovery on the seventh postoperative
day, with some proximal movements in both lower limbs.
During the second postoperative week, however, the patient
was readmitted in a nearby hospital after a period of acute
respiratory distress. Unfortunately, the patient died suddenly
in the hospital, and the probable diagnosis was a PE second-
ary to DVT.

Discussion

Planning surgery for parasagittal meningiomas requires a
precise assessment of the main cortical veins around the
tumor. These vessels are essential in draining normal brain
parenchyma to the SSS, and the patency of the sinus is para-
mount. These veins are crucial when making a final decision
about the extent of resection [3, 4, 6, 11]. Although the goal
of most surgeries should be gross total tumor resection,
sometimes leaving some residual tumor around draining
veins or where they lead into the sinus is necessary to pre-
serve normal venous drainage and outflow from adjacent
eloquent brain areas. This is especially relevant for tumors in
elderly patients, and it may be the best decision to avoid
postoperative transient or permanent neurological deficits [4,
11, 12].

Our patient was a young male who presented with a
hyperostotic meningioma with an occlusion of the middle
third of the SSS and with a cortical vein draining to the SSS
near the posterior margin of the tumor. We left a small resid-
ual tumor around a cortical vein that was found entering the
tumor. Despite our best efforts to preserve the vessel, the
patient presented with a dense postoperative paraplegia
attributed to venous compromise at the surgical site. We con-
sider this likely a technical problem that arose during tumor
dissection, one that might be avoided with better skill or by
deciding to resect even less tumor in this location. The
dilemma of total vs. subtotal resection for these tumors thus
remains unsolved for neurosurgeons.

B.O. Colli et al.

The neurological deficit started to improve at the end of
the first postoperative week. However, a second complica-
tion stopped the promising resolution of the neurological
deficit: sudden respiratory distress and arrest, most likely
from a fatal PE due to a DVT.

Preventing deep venous thrombosis in general neurosur-
gery can be accomplished intra- and postoperatively, by
employing intermittent sequential pneumatic compression
boots plus compression stockings and via early postoperative
mobilization. In addition, the administration of low-
molecular-weight heparin [8—10, 13-16] appears to effec-
tively support these measures.

The incidence of deep venous thrombosis without the
use of intermittent pneumatic compression boots was as
high as almost 9.9%, which is significantly worse than the
3.5% seen in patients using intermittent pneumatic com-
pression. This translates to a relative risk reduction in 64%
and 52% of patients for DVT and PE, respectively, when
using intermittent pneumatic compression [14]. African/
Black genetic ancestry, older age, the location of the tumor
in the skull base, overweight, inpatient status, impaired
sensorium, nonelective cases, steroid use, ventilator use,
and time from admission to surgery greater than 4 days are
reported as preoperative risk factors for venous thrombo-
embolism. Being in class 4 or higher among the American
Society of Anesthesiologists (ASA) classes; cumulative,
postoperative ventilation for longer than 48 h; returning to
the operating room; and infection are also reported as addi-
tional intraoperative and postoperative risk factors for the
development of thromboembolic complications [13, 17,
18].

Specifically for meningioma surgery, comparing the
use of purely mechanical measures (compression stocking
and intermittent pneumatic compression) and mechanical
measures in combination with the application of heparin
after surgery (unfractionated or low-molecular-weight
heparin) has resulted in reduced DVT and PE rates for
those patients in whom heparin was used, with better
results from low-molecular-weight heparin [17-19]. Of
note, this has not led to the introduction of pharmacologi-
cal prophylaxis as a standard of care, because several
studies have suggested that the use of prophylactic hepa-
rin increases the incidence of intracranial hemorrhage
[8-10, 16]. Therefore, prophylactic heparin should be
used with care, balancing the pros and cons individually
for each patient.

In the patient in our case report, early mobilization was
impossible because of his profound paraparesis, and the
other mechanical measures for prophylaxis were used, but
no low-molecular-weight heparin. Whether the addition of
medical prophylaxis would have prevented this tragic com-
plication remains an open question.
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Conclusion

A preoperative assessment of the cortical veins around para-
sagittal tumors and the use of meticulous microsurgical tech-
niques when operating at this site and when cortical veins are
involved are essential for avoiding postoperative neurologi-
cal deficits in patients with parasagittal meningiomas.
Options for complication avoidance include the decision to
leave a small residual tumor on parasagittal vessels or the
habit of not employing rigid retractor systems during dissec-
tion. The intraoperative use of intraoperative corticogram
(ICG) is also an option to monitor the patency of parasagittal
vessels during microdissection.

The intra- and postoperative use of intermittent pneumatic
compression, the use of compression stockings, and postop-
erative early mobilization are recommended as the most
effective measures for preventing DVT and PE. Eventually,
low-molecular-weight heparin may be used in certain cases
after balancing the pros and cons for individual patients.

Conflict of Interest Statement The authors have no conflict of interest
concerning the reported materials or methods.
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Abstract

Neuroendoscopy complications can be divided into three
categories: vascular, neural, and technical failures.
Moreover, cognitive sequelae can be considered as
delayed complications of neuroendoscopic surgery. The
purpose of this manuscript is to report the experiences
published in the current literature in order to identify the
causes of complications in neuroendoscopy and methods
to manage and avoid them.

Keywords
Neurosurgery - Neuroendoscopy - Endoscopic ventricu-
lar surgery - Complications - Management - Avoidance

Abbreviations

ETV  Endoscopic third ventriculostomy
MRI  Magnetic resonance imaging

Introduction

Neuroendoscopy, understood as endoscopic intracranial sur-
gery, has made progress in recent decades thanks to advances
in optics, illumination, miniaturization, and computer tech-
nology, which allow surgeons to approach some pathologies
with reduced parenchymal exposure, manipulation, and
trauma. The intracranial endoscopy’s field of interest
includes disorders such as hydrocephalus, cysts, and neo-
plasms. Among these, ventricular endoscopy is a minimally
invasive procedure that can be both diagnostic and therapeu-
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tic, but it is not risk-free, and the reported complications—
intraventricular hemorrhage, parenchymal contusions, and
technical failures—can be significant.

Materials and Methods

A bibliographic search of PubMed/Medline was performed
using the following keywords: “endoscopic surgery complica-
tions,” “neuro-endoscopy complications,” and ‘“ventricular
surgery complications.” Medline, Scopus, PubMed publish-
ers, and DiscoverySapienza were searched as well. As inclu-
sion criteria, we selected the original clinical studies that
covered ventricular neuroendoscopy surgery. Papers referring
to endoscopic endonasal transsphenoidal surgery were
excluded, as were literature reviews. We identified one guide-
line document, published as “Complications in Neurosurgery”
in 2018 in Elsevier. Relevant sections from works in the pub-
lished literature and the guidance document were then assessed
in full in two stages: the first aimed to determined key method-
ological steps, and the second aimed to reduce biases and
eliminate irrelevant and low-quality studies.

Results

Rehder et al. [1] distinguished three orders of surgical com-
plications: vascular injury, neural injury, and technical fail-
ure. Vascular injury is the most common complication
presenting as intraventricular bleeding—often due to injur-
ing small subependymal vessels. This can simply be man-
aged via irrigation: choosing the endoscope (flexible or rigid)
that is most suitable for the given type of procedure to be
performed can largely avoid the occurrence of this type of
complication. On the other hand, hemorrhage from a larger
vessel can significantly impair operative visibility, and copi-
ous irrigation with Ringer’s lactate solution will help treat
the injury proper. However, leaving an external drainage and
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ending the procedure may be necessary. During an intraven-
tricular hemorrhage, irrigation must be carried out via the
exit port of the endoscope, which must be open to allow the
washout to occur without increasing the intracerebral pres-
sure. The most feared bleeding is the one that occurs from
injuring the basilar artery during endoscopic third ventricu-
lostomy (ETV) while fenestrating the floor of the third ven-
tricle. This catastrophic complication is reported in 1% of
cases [2, 3]. How can this complication be avoided? Begin
the fenestration of the floor of the third ventricle closer to the
dorsum sellae, anteriorly in the third ventricle floor. Neural
damage can occur along the endoscope trajectory, with an
incidence ranging from 3% to 4% [4], and this can include
damaging deep neural structures such as the fornices, mam-
millary bodies, hypothalamus, thalamus, brain stem, and cra-
nial nerves, which could result in significant new neurological
deficits. Lastly, technical failure occurs when procedural

Fig. 1 (left, right) 55-year-
old female patient. Anaplastic
astrocytoma (III WHO) of the
third ventricle: (left)
T2-weighted MRI scan shows
a hyperintense mass without a
clear cleavage to the right
diencephalon, which moves
the lateral wall of third
ventricle to the other side;
(right) a sagittal T1-weighted
gadolinium scan shows the
continuity of the tumor with
the hypothalami and the high
vascularity around it

Fig.2 (left, right) 55-year-
old female patient. Anaplastic
astrocytoma (III WHO) of the
third ventricle: (left) during
neuroendoscopic biopsy,
severe bleeding was coming
from the vascularity of the
tumor, and the procedure
needed to be interrupted and a
ventricular drainage left;
(right) MRI scan of
T1-weighted gadolinium on
the left and FLAIR-weighted
on the right, during
hospitalization, shows
ependymitis and the residual
tumor left

A. Delitala and B. Fazzolari

interruption is necessary to treat complications or life-
threatening injuries (Figs. 1, 2, and 3).

Parenchymal tumors, as gliomas or oligodendrogliomas, are
often associated with a higher than most metastatic tumors hem-
orrhage rate: copious warm lactate Ringer solution irrigation
may allow for the visualization of the site of bleeding for the
subsequent bipolar cautery of the site. Alternatively, a small cot-
ton patty can be carried down the endoscope cannula and used
for tamponade; in most cases, warm irrigation will cause the
cessation of the bleeding. In cases of residual oozing, a ventricu-
lar drain is left in the endoscopy tract on completion.

Neurocognitive sequelae are likely underreported because
of intraoperative damage caused to the fornix, mamillary
bodies, anterior thalamus, hypothalamus, or hippocampal
formation and fibers. The most common neurocognitive
complication after ventricular neuroendoscopy is memory
impairment, specifically anterograde amnesia, along with
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Fig.3 (left, right) 36-year-
old female patient. Fourth
ventricle neurocysticercosis:
(left) MRI T1-weighted scan
of gadolinium in axial plane
shows the rounded edge of the
cyst. The patient has been
submitted to endoscopic third
ventriculostomy, but the
ventricular walls were
covered with a hard fibrous
layer that did not allow for the
correct recognition of the
floor structures. An attempt
was made to perforate the
ependyma, but the peripontine
cistern still could not be
reached. A ventricular
drainage was left. (right) MRI
T1-weighted scan of
gadolinium after six months,
from ventricular peritoneal
shunt positioning

psychiatric disorders and an associated decline in executive
function. The fornix is the major tract connecting the hippo-
campal formation to the mamillary bodies, from which the
projection goes to the hypothalamus, the thalamus, and the
medial temporal regions—all these structures being involved
in memory circuits and other important cognitive skills, such
as executive functions [5]. Indeed, lesions in these structures
are often associated with temporal lobe and diencephalic
amnesia beyond executive function disorder. Furthermore,
the fibers of the limbic system (fornix-hippocampus-
mamillary bodies) are connected with the amygdala complex
and the orbitofrontal cortex, both key areas involved in con-
trolling emotions, decision-making, and social cognition.

Discussion

According to Rehder et al., “Unexpected events can be pre-
vented by understanding the underlying causes of the pathol-
ogies. Overall, many complications can be avoided by
selecting the right candidate for the procedure, having the
most appropriate instrumentation, and having a thorough
knowledge of the anatomy and pathology” [1]. The compo-
nents of a distorted ventricular anatomy can thus be risk fac-
tors resulting in complications. Furthermore, patients with
hydrocephalus or myelomeningocele can present with a
number of anatomic variations: vertically oriented third ven-
tricular floor, thickened massa intermedia, and hindbrain
descent [6]. A careful preoperative analysis of magnetic res-
onance images (MRIs) should help to prevent a significant
number of intraoperative complications. We strongly suggest
using neuronavigation for intraoperative guidance by obtain-
ing T1 gadolinium and T2 three-dimensional MRI sequen-
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cies, which are then loaded onto a surgical navigation system
to guide the surgeon through the anatomy of the procedure.
Chowdhry et al. [7] suggested “routinely” using neuronavi-
gation for a more accurate selection of the entry point and
trajectory; on the other hand, these authors stated that they
did not use the pneumatic arm of the endoscope for every
procedure but rather only in selected (usually lengthy) cases.
Pneumatic device drift requires adjusting the position of the
device at the beginning of each step during surgery to com-
pensate for its downward drift.

Intraventricular neuroendoscopy permits the inspection
of the ventricular system, tumor biopsy and resection, intra-
ventricular cyst fenestration or resection, the irrigation and
removal of hemorrhage, and the treatment of hydrocephalus.
It is particularly useful for taking a biopsy of obstructive
lesions within the posterior third ventricle because it allows
for the concomitant treatment of the associated hydrocepha-
lus with a third ventriculostomy. Employing endoscopic
approaches in neurosurgery is optimal for tumors with an
exophytic intraventricular component. Biopsy or tumor
removal is suitable through cupped biopsy forceps, which
can be rotated to free the tissue sample; tumor resection can
be undertaken for small, low-vascularized lesions with a fri-
able consistency. We suggest using neuronavigation strictly
for the planning of a safe trajectory and for choosing the best
entry site. For tumors extending below the ependymal sur-
face, neuronavigation can be used to identify the location of
the tumor through the ventricular ependyma.

A classic indication for endoscopic surgery is when
patients present with third ventricle colloid cysts. These
benign tumors are difficult to surgically remove because of
their deep position, where they are surrounded by critical
tributaries, veins, hypothalami, and fornices. Ventricular
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shunt placement alone has historically been used for the
treatment of colloid cysts in patients who could not tolerate a
craniotomy for many morbidities. Today, the endoscopic
removal or aspiration of such a colloid cyst is considered the
standard of treatment by many authors and can also be
offered to patients with multiple comorbidities. A single
intervention for only the aspiration of cysts has been found to
be associated with a high rate of recurrence, and nowadays,
the best option of treatment is total or subtotal endoscopic or
microsurgical removal, which is curative. This leaves ven-
tricular shunt placement as a temporary treatment for cases
presenting with acute hydrocephalus. Alternatively, open
microsurgical removal can be performed via a
transcortical-transventricular route or via a classic
transcallosal-transventricular approach with transforaminal/
interforniceal or subchoroidal access to the third ventricle.
However, neuroendoscopy has the advantage of being the
fastest surgery by providing a small access corridor through
the parenchyma and the ventricular cavities to reach the col-
loid cyst. This minimizes the dimension of the cortical and
subcortical dissection and has been shown to reduce overall
morbidity, reduce operative time, and decrease the duration
of a patient’s hospital stay. Many centers employ both endo-
scopic and microsurgical techniques, reserving microsurgery
for the larger cysts or for complex cases. According to a lit-
erature review of large surgical series by Margetis and
Souweidane [8], a comparison of microsurgery with the neu-
roendoscopy technique shows that endoscopic cases have a
minor complication rate of 8.5%, whereas microsurgical
cases have a rate of 10.5%—a difference that is not statisti-
cally significant. According to Gronding’s system of classi-
fying complications, resection is associated with a lower rate
of major complications in endoscopic cases (ca 5%) than in
microsurgical cases (ca 14%). However, the recurrence rate
and subtotal resection rate were significantly higher in the
endoscopically treated patient cohort.

During sharp dissection and electrocautery, the aspiration
of cyst contents should be performed under the direct visual-
ization of the cyst wall: During this step of the procedure,
gauging the strength of the applied suction is very helpful in
that it enables one to act swiftly if the choroid plexus is inad-
vertently aspirated. With a partial or complete evacuation,
the cyst membrane can be carefully drawn into the foramen
with grasping forceps. This maneuver positions the lesion
into the line of sight for continued aspiration and further
coagulation. Frequently, the cyst is entirely evacuated of
contents, leaving only a cyst wall/adherent membrane. At
this stage, sharp dissection may not always be safe, because
of cyst membrane bleeding or dense adherences.

Moreover, some studies have analyzed the iatrogenic
compromise of cognitive and emotional deficits following
neuroendoscopy procedures. Despite the notion that neuro-
endoscopy has been considered as a minimally invasive sur-
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gery, some neurocognitive complications after ventricular
neuroendoscopy are difficult to assess—e.g., hydrocephalus
and lesions within the ventricles might be the cause for neu-
rocognitive impairment. In a relevant study, Soleman et al.
[5] reported a rate of 2% for transient cognitive impairment
and 1% for permanent cognitive impairment after various
ventricular neuroendoscopic surgeries. The most common
complication during neuroendoscopic procedures with a
rigid endoscope is a contusion of the fornix, which can be
avoided by using a flexible endoscope. However, navigating
within the ventricle by using a flexible endoscope requires
some experience, and light intensity and optics are inferior in
this setting. Endoscopic working channels are also more
restricted than those available in a rigid endoscope.

Lastly, according to Agrawal et al. [9], the complication
rates for any procedure decrease as the experience of the sur-
geon increases. The need to include formal training programs
in neuroendoscopy is due to the longer learning curve for
endoscopic surgery than the one for conventional microneu-
rosurgery: Here, the use of the endoscope requires dexterity
and hand-eye coordination, which some surgeons consider
the main pitfalls of neuroendoscopy. Laboratory training
should become an integral part of any super-specialty course.
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Abstract

Cerebrospinal fluid (CSF) rhinorrhoea is a well known
complication following skull base surgery. Identifying the
site of leak is the most important determinant for the
appropriate approach in the further management of the
case. Either transcranial or transnasal approaches may be
used, alone or in combination, as deemed appropriate.
The success of the repair depends on the site of the fistula,
the timing of surgery, and patient factors. Discussion of
two illustrative cases is presented here to describe the
challenges faced by the neurosurgeon in the recognition
and the immediate and definitive management of postop-
erative CSF rhinorrhoea and various strategies for a suc-
cessful outcome in their repair.

Keywords
CSF rhinorrhoea - Endoscopic endonasal skull base
repair - Clivectomy - Nasoseptal flap

Introduction

CSF leak remains a common complication of neurosurgical
procedures with dural transgression, ranging from a simple
burr hole for ventricular access to major craniospinal proce-
dures. This has the potential to not only increase the morbid-
ity but also to cause mortality, due to increased risk of
infection. Some regions, in particular the skull base and the
posterior fossa, appear more susceptible than others to devel-
oping a CSF leak [1-5].

Apart from the choice of a particular surgical procedure,
patient factors such as accompanying hydrocephalus or per-
sistent raised intracranial pressure (ICP) also influence the
outcome. Like many postoperative complications, CSF leak
is best anticipated and prevented rather than treated. This is
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especially true for skull base surgical procedures because
any leak in direct communication with the paranasal sinuses
translates into a greater chance of developing meningitis.
Recently, increasing use of extended endoscopic skull base
procedures involving the excision of large areas of dura and
bone has amplified this issue, which has led to descriptions
of several innovative reconstruction techniques.

In this report, we present two representative cases to illus-
trate the etiopathology of this complication for its timely rec-
ognition and management, and to emphasize adhering to the
principles of preventive and prompt corrective measures.

Case 1

A 67-year-old male patient presented with generalized weak-
ness, emotional lability, and short-term memory loss over the
preceding few weeks. Examination revealed no sensorimotor
or cranial nerve deficits. Contrast-enhanced MRI (CEMRI)
revealed a large right frontal lesion across the midline, with
solid and cystic areas and areas of patchy contrast enhance-
ment. A high-grade glioma was suspected and, the patient
was advised to undergo surgery for decompression and his-
topathological confirmation.

A bicoronal flap was raised and a right frontal craniotomy
performed, with care taken to avoid opening the frontal
sinus. Tumour decompression was carried out via the right
middle frontal gyrus, and a maximal safe resection was per-
formed. Large thrombosed vessels and necrotic areas were
encountered, further confirming the diagnosis of glioblas-
toma (GBM). A radical decompression was -carried
out while avoiding opening of the ventricle. The dura was
closed with monofilament absorbable sutures and augmented
with a pericranial flap. The bone was replaced and fixed to
the native bone. The wound was closed in layers.
Histopathology confirmed the GBM.

The patient was mobilized the next day, and he developed
clear nasal discharge after initial mobilization. A postopera-
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Fig.1 (a) Preop CEMRI heterogeneously demonstrating an enhancing
intra-axial lesion in the frontal midline that reaches the skull base. (b)
Postop CT brain. No evidence of CSF collection in the frontal sinus,

tive computed tomography (CT) scan did not reveal any
pneumocephalus, any bony defect either in the posterior wall
of the frontal sinus or in the skull base, or any local CSF
pooling (Fig. 1). The patient was advised conservative man-
agement consisting of bed rest with slow mobilization and
antibiotics for a total of 7 days. No further episode of rhinor-
rhoea took place after his initial mobilisation in the follow-
ing week, and he was discharged.

Radiotherapy was instituted two weeks after surgery.
During the last week of fractionated radiotherapy, the patient
developed another episode of CSF rhinorrhoea, which set-
tled with conservative management, consisting of per oral
(PO) acetazolamide to decrease CSF production and pres-
sure. One month later, the patient presented with fever and
signs of meningitis. A CT scan at this point in time revealed
the possibility of a frontal abscess. Upon surgical explora-
tion, a small opening in the frontal sinus was revealed, which
was repaired after the abscess was drained. Postoperative
antibiotic therapy was implemented, but unfortunately, the
patient succumbed to the infection.

Case 2

A 28-year-old woman presented with complaints of tingling
and numbness in all four limbs and imbalance while walk-
ing, for a duration of about 1 year. Examination revealed
hyperreflexia in all limbs with bilateral extensor plantar
responses. Hoffman’s sign was present. Contrast-enhanced
MRI revealed a lobulated lesion involving the clivus and
anterior craniovertebral junction (CVJ) that reached the
anterior arch of C1. There was considerable lateral exten-
sion as well as significant mass effect on the brain stem. The

nasal cavity, or extradural space. The red arrowhead points to a possible
injury to the superolateral recess of the right frontal sinus

patient underwent a transoral surgery for biopsy at another
centre and was subjected to fractionated radiotherapy. As
the patient continued to worsen even 3 months after the
completion of radiation, they were referred to us for further
management.

The patient underwent, as a first step, an occipitocervical
fusion up to the C3 lateral masses to treat the instability due
to condylar and facetal erosion. This was followed by an
endonasal endoscopic resection of the tumour, which
required significant clivectomy and resection of the anterior
arch of the C1 and dens. During surgery, considerable dural
erosion and an intradural extension of the tumour were
noted. Fragments of the tumour adherent to the vertebral
arteries and in the extreme lateral recesses of the exposure
were not aggressively removed. Because of considerable
dural resection along with the tumour, a CSF fistula was cre-
ated in the process. This defect was plugged with autologous
fat, the dural defect was bridged with fascia lata. Lastly, a
pedicled nasoseptal flap was placed and glued over the bony
edges to create a three-layered reconstruction (Fig. 2). A
nasal pack was placed to keep the graft in place.

The patient experienced CSF rhinorrhoea on postopera-
tive day 5 after the removal of the nasal packs. She was taken
back to the operating room (OR) the next day. The original
repair was taken apart because a small leak from one of the
graft corners was observed (at about the 1 o’clock position)
with slight displacement off the flap. The arachnoid defect
was further plugged with a larger blob of autologous fat, and
sealed with fibrin glue. The dural defect was again covered
with fascia lata, and then the entire construct was overlaid
with readjustment of the same pedicled nasoseptal flap.

The patient recovered well, and oral feeding was resumed
on postoperative day 5 of the second surgery. The patient was
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Fig.2 (a) Preop CEMRI showing the lesion in the lower clivus extend-
ing to the CVIJ. Its appearance is suggestive of a chordoma. (b) X-ray
showing the instrumented fusion of CVJ performed before surgery. (c)
Intraoperative view of the excision of the intradural component of the
tumour. CSF fistula can be seen (black arrowhead). (d) Left vertebral

referred for proton beam therapy. She has responded well
and has remained disease-free for over 6 years, at last
follow-up.

Discussion

The phenomenon of CSF rhinorrhoea was first described by
Greek physician Galen in the second century CE [6] in post-
traumatic cases, and he postulated that fluid leaked into the
nose through the pituitary and ethmoid regions. In 1826,
Miller reported a case of CSF rhinorrhoea in a hydrocephalic
child and described the communication between nasal and
cranial cavities at autopsy. In 1926, Walter Dandy was the
first surgeon to describe the intradural repair of a CSF fistula.

artery seen cleared of tumour. (e) Dural opening repaired by using fas-
cia lata graft and sealed with fibrin glue. (f) CSF leak repair using fat
graft and sealed with fibrin glue. (g) Fascia lata graft laid over fat graft.
(h) Pedicled nasoseptal flap placed over the fascia and sealed with fibrin
glue

The techniques were further developed and refined through
the efforts of Dandy et al. [6].

In the context of surgical results, CSF neither forgives nor
forgets, and a tardy or dural closure will frequently result in
a CSF leak. This can become a frustrating, potentially recur-
rent problem for the surgeon, resulting in unanticipated mor-
bidity and mortality and in the escalation of treatment costs
[7]. The rates of postoperative meningitis may rise almost
15-fold because of a CSF leak [3].

More recently, a number of materials have been described
for dural closure, including biological, semisynthetic, and
synthetic dural substitutes as well as sealing glues. Such
materials have been used individually and also in combina-
tion. The use of various techniques is frequently reported in
the literature [8].
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Postcraniotomy leaks can be classified according to their
location: supratentorial, posterior fossa, or skull base. These
differ in terms of incidence and difficulty in management [8].
The CRANIAL study sought to evaluate the incidence and
determinants of postoperative CSF rhinorrhoea in endoscopic
endonasal transsphenoidal and extended skull base surgeries,
and the study also attempted to evaluate the techniques of
CSF leak repair [9]. A preliminary analysis implicates the fol-
lowing factors: the size of the defect, the volume of the intra-
operative CSF leak, the nature and size of the tumour/
pathology, previous irradiation, systemic factors, a high body
mass index (BMI), surgeon experience, and most importantly,
the technique used for the reconstruction of the skull base
defect. A survey conducted by the authors of the study
revealed significant heterogeneity in the use of repair tech-
niques by various neurosurgeons; however, most centres use
a staged approach in constructing the repair, depending on the
presumed probability of postoperative CSF fistula formation.

Planned or accidental frontal sinus opening during bifron-
tal craniotomy is rather common, especially when the lower
edge of the craniotomy has to be flush with the floor of the
anterior cranial fossa (ACF) [10]. The superior and lateral
recesses of the frontal sinus are also susceptible to injury
during unifrontal or pterional craniotomy [11]. The usual
strategy to repair this type of opening is to exenterate the
mucosal lining of the sinus, plug the frontonasal duct, per-
form the cranialization or obliteration of the frontal sinus
proper, and carry out meticulous dural repair. To separate the
intracranial compartment from the paranasal sinus environ-
ment, an autologous vascularised tissue layer is added, and
the dura is usually overlaid with a pedicled galeopericranial
flap as a buttress. When this is not available—because of a
previous surgery, radiotherapy, or trauma—alternatives such
as a pedicled temporalis fascia graft or a free tissue graft may
be used. Adjuvant chemotherapy and radiotherapy have been
known to impair healing and predispose patients to CSF
leaks, at times even in place not close to the original site of
the surgery [5, 12].

In cases (such as case 1 in this article) where the commu-
nication is not realized at surgery and only later discovered
postoperatively when the leak occurs; he first task then is to
localize the site—either the cribriform plate or the frontal
sinus. This is most readily achieved by using a combination
of high-resolution CT and MR cisternography. A cribriform
leak is more amenable to conservative therapy, including
diuretics, bed rest, and lumbar drainage, and its repair may be
carried out through an extracranial approach, namely the
endoscopic endonasal route, without having to reopen the
craniotomy. A frontal sinus leak, on the other hand, is less
likely to settle with conservative measures and therefore more
likely to result in meningitis. It is also exceedingly difficult to
approach endoscopically, especially in cases when the sur-
geon needs to reach the superior and lateral recesses [13].
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Such a case would thus demand an immediate re-exploration
of the craniotomy, with the formal opening and obliteration of
the frontal sinus. In the case described above, the suspected
leak stopped within a day, and a repair was not deemed neces-
sary, especially because the surgery had been intraparenchy-
mal without infringing the skull base dura, and the access site
was repaired with adequate dural closure and galeopericranial
flap augmentation. No frontal sinus opening was noted during
surgery, and no pneumocephalus or paranasal sinus fluid col-
lection was observed on the postoperative CT scan. Later, the
repair was postponed at the local centre because the patient
was nearing the end of his radiotherapy regimen for the GBM.

Clival region surgery is known to be prone to leaks owing
to the high propensity of CSF to leak out of the posterior
fossa [3, 7, 14] in surgeries involving dural opening or resec-
tion, as in case 2 in this report. The higher CSF pressure and
direct communication with basal CSF cisterns exerts more
pressure on any reconstruction and predisposes it to the for-
mation of brain stem encephaloceles posterior to the pharynx
[2]. The healing of midline mucoperiosteal incisions in the
posterior nasopharyngeal wall is poorer than that of the rest
of the nasal cavity [4]. Adding to this the contaminated
nature of the corridor and constant pooling of secretions in
transnasal/transoral approaches, such a setting makes post-
operative CSF leak a potentially dangerous complication.
Conservative management is therefore untenable in such cir-
cumstances, and an immediate revision of the surgical clo-
sure must be performed. The following steps may be taken
during primary closure or secondary repair to minimize the
possibility of a CSF leak:

e Use a fat graft to plug the arachnoid defect and obliterate
dead space.

e Perform dural augmentation with a fascia lata graft.

* Seal the edges with fibrin glue.

* Close the pharynx in layers, where muscle and mucosa
are closed separately.

* Use local pedicled flaps based on the sphenopalatine, eth-
moidal, septal or pharyngeal arteries to close the defect.

We therefore recommend to create a nasoseptal flap for
all skull base defects, and add a U-shaped pharyngeal flap for
lower clival tumours, and overlap them [1].

Conclusion

CSF leak is a frustrating complication in neurosurgery, best
managed by meticulous repair for prevention. This is espe-
cially important in patients who have undergone or who are
likely to undergo radiation therapy for management of their
disease. The contemporary neurosurgeon has many choices
to augment the repair. Anterior skull base CSF leaks may be
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managed via endoscopic endonasal repair, except for frontal
sinus leaks, which need urgent transcranial repair. Clival sur-
gery is highly prone to CSF leaks. Any patient presenting
with a postoperative leak must be managed with urgent
definitive reconstruction, preferably using vascularized ped-
icled flaps to buttress the repair.
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Abstract

In our practice at our department, we have encountered
two clinical cases involving the complete loss of vision
and ophthalmoplegia after craniotomy on the vascular
pathology of the brain. Both patients underwent micro-
surgery via bifrontal skin incision. In the first case, the
subfrontal craniotomy on the right side was made, and
then microsurgical resection of an arteriovenous malfor-
mation of the right frontal lobe was performed. In the sec-
ond case, a fronto-basal interhemispheric craniotomy was
made for aneurysm surgery. This surgery included an
intracranial anastomosis in a side-to-side fashion between
the A3 segments of both anterior cerebral arteries, and a
clip was applied proximal to a fusiform aneurysm located
in the A2 segment of the anterior cerebral artery. The
intracranial part of the procedure was uneventful.
However, upon awakening from anesthesia after surgical
treatment, both patients developed bilateral amaurosis
and ophthalmoplegia.

A thorough morbidity and mortality (M&M) analysis
of these cases was performed, including a retrospective
analysis of the clinical condition of patients and their oph-
thalmological status prior to surgery. Video recordings of
the surgery and of anesthesia management and its records
were carried out. Intraoperative iatrogenic direct damage
to the cranial nerves and arteries was excluded.

From the data obtained, a putative intraoperative
explanation of the decisive causative factor was high-
lighted: direct pressure on the eyeballs from the retracted
skin flap during both surgeries.

A. V. Dubovoy (<)
FSBI (Federal Neurosurgical Center), Ministry of Healthcare of
Russia, Novosibirsk, Russia
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Introduction

The loss of vision or the deterioration of vision after a crani-
otomy is rarely discussed in the literature, and many neuro-
surgeons are not even familiar with this potential
complication. In neurosurgical practice, even doctors who
performed an adequate surgical treatment of the indicated
pathology without causing any intraoperative damage to the
involved brain tissue and cranial nerves can encounter this
complication in rare cases during the perioperative period.
Comparable complications are known in spinal and cardiac
surgery [1].

Materials and Methods

This chapter describes two cases featuring a complete loss of
vision and ophthalmoplegia after surgical treatment for vas-
cular pathologies of the brain.

Casell

A female patient, 27 years of age, was admitted to the
Department of Vascular Neurosurgery of the Federal Center of
Neurosurgery in Novosibirsk in February, 2016. She had been
diagnosed with an arteriovenous malformation of the left fron-
tal lobe (grade II according to Spetzler-Martin classification).
As a concomitant medical condition, the patient was diag-
nosed with mild anemia. The patient had undergone repeated
surgical treatments for high-grade myopia in 2009, 2012, and
2014. According to the data from an ophthalmological exami-
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nation that took place prior to her neurosurgical intervention,
no pathological changes of the eyeballs or pathways of vision
were revealed. Visual acuity at the time of admission to the
hospital was VIS = 0.7/0.7 Oculus Sinistra (OS) and
Oculus Dextra (OD) (equivalent to 20/20 in other systems).
The patient presented with a history of long-lasting headaches,
for which she was examined and worked up with radiology
(we performed MRI and DSA). This revealed a typical arterio-
venous malformation (AVM) of the frontal lobe.

The patient was scheduled for admission, and a day later,
standard surgical treatment was performed: A bifrontal (cor-
onal) skin incision was made, the skin flap was retracted to
the base of the skull, and a parasagittal frontal craniotomy on
the left side was performed. After that, the arteriovenous
malformation embedded in the left frontal lobe was resected
uneventfully.

The intraoperative course was unremarkable: no intraop-
erative complications. The duration of the surgery was 5 h
30 min. In the early postoperative period, after emerging
from anesthesia, the patient complained of a profound
decrease in vision in both eyes to the level of mere light per-
ception. Physical examination revealed reactive swelling of
the upper eyelids, hyperemia of the eyelid skin in both eyes,
an objective bilateral decrease in vision to the level of the
light perception, and bilateral total ophthalmoplegia were
noted (Fig. 1). Immediately after this physical compromise
was identified, emergency CT and MRI scans of the brain
and an angio-CT of the brain vessels were performed. The
images revealed swelling in the retrobulbar and periorbital
soft tissues on both sides, and significant enlargement of the
veins in the upper half of the face.

After immediate conservative treatment measures (gen-
eral and local hormone therapy with dexamethasone, anti-
platelet agents, hemodilution, and anticholinesterase drugs),
no clear sign of any recovery of visual functions was detected
on clinical examination. In this setting, the patient underwent
a formal assessment of the intracranial vasculature via

Face and eyes of the patient
after surgery

DSA—which revealed that venous drainage through the
orbital veins of both eyes into the cavernous sinus was
reduced, whereas drainage through the facial veins was fully
preserved. Unfortunately, the patient did not show any sig-
nificant improvement in neurological function during her
hospital stay. The patient was discharged from the hospital
on the fifth day after surgery with persistent bilateral amau-
rosis, a progressive resolution of the swelling and hyperemia
of the eyelid skin, and only an insignificant range of motion
in both eyeballs (complete ophthalmoplegia).

Casell

A 39-year-old female patient was admitted to the Department
of Vascular Neurosurgery of the Federal Center of
Neurosurgery in Novosibirsk in July 2017 with a diagnosis
of a fusiform aneurysm of the A2 segment of the right ante-
rior cerebral artery. This patient also had mild anemia.
According to an angio-CT scan, a fusiform aneurysm of the
A2 segment of the right anterior cerebral artery was identi-
fied, and an incidental small en plaque meningioma in the
anterior third of the falx, without compression on the brain,
was also noted. Before surgery, imaging was reviewed, and
the presence of a small intrinsic tumor in the intraorbital seg-
ment of the right optic nerve was diagnosed. Ophthalmologic
examination demonstrated decreased vision in the right eye:
VIS = 0.02 OD/1.0 OS, with some atrophy of the optic disc
on the right side.

On the day after admission, the patient underwent surgi-
cal treatment, beginning with a standard bifrontal (coronal)
skin incision, followed by retraction of the skin flap to the
base of the skull. In this case, we took the fronto-basal inter-
hemispheric approach. During surgery, the meningioma of
the anterior third of the falx was removed. After adequately
exposing the anterior circulation we created an intracranial
side-to-side anastomosis between the matching A3 segments

Fig. 1 Postsurgical upper eyelid swelling, scleral injection, bilateral ophthalmoplegia, and mydriasis
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of the left and right anterior cerebral arteries. Afterward, a
surgical clip was applied just proximal to the fusiform aneu-
rysm of the right A2 segment.

The intraoperative course was without any intraoperative
complications. The duration of the surgical case was 6 h
25 min. In the early postoperative period, after the patient
recovered from anesthesia, the patient complained of a loss
of vision in both eyes. On examination, she had hyperemia
and swelling in the upper eyelids of both eyes, bilateral
mydriasis, the bilateral absence of a pupillary light response,
bilateral total ophthalmoplegia, and bilateral amaurosis.

After the examination revealed blindness, we immedi-
ately performed CT and MRI on the brain, as well as angio-
CT on the brain vessels. Upon a review of the images, all
cerebral arteries appeared patent, the intracranial anastomo-
sis was functioning well, the aneurysm was no longer filling,
and there were no foci of cerebral ischemia. However, there
was swelling in the soft periorbital and retrobulbar tissues in
both orbits. Accordingly, general and local pharmacological
therapy with dexamethasone, antiplatelet agents, and hemo-
dilution was started.

A study on the visual evoked potentials was urgently per-
formed, which revealed signs of dysfunction in the optic

Fig.2 Measurement of the
physiological exophthalmos

Patient with AVM

tracts on both sides, with a complete loss of conduction on
the right side. After conservative treatment, a slight change
in neurological status was noted: the appearance of minimal
movements of both eyeballs. Unfortunately, the visual func-
tion did not recover, and the patient was discharged from the
hospital on the 11th day after surgery with bilateral
amaurosis.

A thorough M&M analysis of these two cases was per-
formed, and the general clinical condition of both patients
before surgery was assessed. Attention was initially drawn to
preoperatively pre-existing compromised vision in both
cases: in the first case, repeated surgical treatment for high-
grade myopia had been recorded, though the visual acuity
was preserved; in the second case, a baseline impairment in
vision on the right side was documented and due to the pres-
ence of a small tumor in a intraorbital segment of the right
optic nerve. Also, mild anemia was identified as a comorbid-
ity in both cases. To be thorough, the anatomical features of
the skull shape of patients were studied. We paid particular
attention to the prominence of the orbital ridges at the level
of the eyebrow and the nasal bridge, as well as to the degree
of physiological exophthalmos (Fig. 2). The intraoperative
anesthesia management of both patients was studied from

Degree of the
physiological exophthalmos

P

Patient with A2 aneurysm

17.88 mm

18.39 mm

18.75 mm 18.33 mm
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the medical records. However, no hemodynamic disturbance
(e.g., a drop in blood pressure), significant blood loss, or
heart arrhythmia was revealed during surgery. Video record-
ings of the surgical steps in each case were studied, and intra-
operative iatrogenic damage to the cranial nerves and arteries
was excluded. Taken together, these observations pointed to
a different pathomechanism for the sustained damages.

Results and Discussion

In 1937, Holmes described two cases of vision loss after the
removal of brain tumors. One case showed blindness after
the removal of a vestibular schwannoma. In the other, blind-
ness occurred after the removal of a tumor in the frontal
region. Unfortunately, the author did not give any specific
explanation in the article for the occurrence of this compli-
cation [2].

In 1962, Rinaldi et al. described five clinical cases of
postoperative vision loss that occurred after ventricular
puncture in order to create internal decompression in patients
with brain tumors [3]. The authors explained that the devel-
opment of this complication was due to an intraoperative
ischemia of the occipital region, which was a result of com-
pression on the posterior cerebral arteries against the tento-
rial notch, due to a rapid drop in intraventricular pressure.

In 1985, Beck and Greenberg coined the term postdecom-
pressive optic neuropathy [4]. These authors described five
clinical cases of postoperative vision loss after craniotomy
and the removal of brain tumors of various localizations. A
sudden intraoperative decrease in the perfusion pressure of
the eyeball supplying arteries, due to a tissue shift from a fast
decrease in intracranial pressure, was assumed as the cause
of this complication.

Fig. 3 Blindness progression
mechanism

Prolonged
mechanical
compression
on the
eyeballs

The literature also describes cases of postoperative vision
loss as a result of direct external pressure on the eyeball with
a skin flap during surgical treatment, leading to the occur-
rence of orbital infarction syndrome with subsequent blind-
ness [5-8].

Takahashi, in his article, describes the development of such
perioperative vision loss as being due to the development of an
orbital compartment syndrome, which may be caused by
excessive pressure on the eyeballs from a skin flap [8].

According to Payman, and as a result of prolonged
mechanical compression on the eyeball, intraorbital pressure
increases, whereas venous outflow from the eyeball
decreases, resulting in a drop in perfusion pressure in the
vascular system of the optic nerve at the level of the short
posterior ciliary arteries, which leads to the development of
posterior optic neuropathy and the atrophying of the optic
nerve [9] (Fig. 3).

The reasons for the development of this complication can
also be the result of complex effects—e.g., intraoperative
hypotension, anemia with various origins, and embolism in
the vessels feeding the eyeball, among others.

In our above-described clinical cases, the most probable
factor that led to this complication was excessive external
pressure exerted on the eyeballs by the retracted bicoronal
skin flap during surgical treatment [10]. This could also be
further influenced by certain anatomical features of the skull
shape in patients, such as the prominence of the eyebrow
ridges, the shape of the nasal bridge, and a high degree of
physiological exophthalmos.

To prevent the development of this devastating complica-
tion, all the possible risk factors that can result in the loss of
visual functions must be carefully assessed: the presence of
concomitant diseases (anemia, atherosclerosis, or arterial
hypertension); the anatomical features of the skull shape (the
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degree of physiological exophthalmos or the
underdevelopment of the brow ridges and the nasal bridge);
and the planned flap anatomy itself.

During surgery, carefully monitoring all the possible
functions of the organ systems of the patient is important.
Preventing a sudden drop in blood pressure and preventing
massive blood loss are also important. Most relevant, though,
is the opening step during craniotomy, when direct compres-
sion on the patient’s eyeballs by a retracted skin flap must be
avoided. These measures can prevent the development of
postoperative vision loss in patients with neurosurgical
pathologies.
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Abstract

We describe the case of a 72-year-old man who presented
with signs of increased intracranial pressure, right-sided
motor deficit, and repeated episodes of epilepsy due to a
left frontal arteriovenous malformation (AVM) with a
large superficial draining vein. Despite great efforts to
protect the vein from the start, it ruptured shortly after we
removed the bone flap. This required rigorous hemor-
rhage control, which in turn led to profuse bleeding from
the nidus throughout the process of the dissection and
coagulation of the arterial feeders. The postoperative
course was initially uneventful; however, the patient
declined neurologically and became unresponsive on the
second day after surgery. Emergent CT revealed a signifi-
cant hematoma occupying the space where the AVM
nidus had been resected. The patient was taken back to the
OR for emergency evacuation of the hematoma. Despite
these efforts, the neurological status remained poor, and
the patient was transferred to a territorial hospital after
spending 3 weeks in the ICU.

An early rupture of the venous drainage represents a
dreaded complication of AVM surgery, which can com-
promise the intervention before the start of the definite
resection. We discuss our experience of and strategy for
preventing and managing the intraoperative venous rup-
ture of AVMs by describing our seven rules of “Don’t.”
We also provide a brief overview of the relevant
literature.

Ioan Stefan Florian and Ioan Alexandru Florian contributed equally
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Introduction

Arteriovenous malformations (AVMs) are entanglements of
abnormally developed brain vessels that shunt arterial blood
directly into the venous system [1]. The surgical results of
AVM resection are determined by a series of intrinsic char-
acteristics of the lesions themselves: the larger and more-
diffuse malformations, those with a deep-seated location or
found in the posterior fossa, and the ones already presenting
with hemorrhage are usually associated with poorer proce-
dural outcomes [2]. Additionally, patient-related factors such
as an age below 20 or above 40 years, significant comorbidi-
ties, and any compromise to the neurological status upon
admission are also linked to less-favorable results [3]. An
element that is less widely disputed is the influence of the
experiences of surgeons themselves, which can be decisive
even in the event that all other variables are favorable.
Moreover, the rate of intraoperative AVM rupture, whether
due to arterial bleeding or premature venous occlusion,
appears to be influenced by the proficiency of the neurosur-
geon [4].

The preservation of the draining vein until the very end of the
dissection is critical to prevent intraoperative AVM rupture [5].
Yet this condition may prove more challenging than it would
seem at first, in no small part due to the size of the draining ves-
sels and their inherent brittleness. Herein, we present the illus-
trative case of a 72-year-old man with a left frontal AVM and its
main draining vein, which had ruptured during surgery because
of an accidental injury to the draining vein, leading to a severely
compromised neurological outcome.
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Case Report

A 72-year-old man, who had been previously diagnosed with an
unruptured intracranial AVM and managed with surveillance
imaging, was admitted in our department in an emergency set-
ting for signs of increased intracranial pressure and unremitting
seizures. Upon admission, he was uncooperative, deeply som-
nolent, and nauseous; hada GCS of 10 M =5,V =2,0=3) and
severe speech difficulty; and showed signs of mild motor deficit
and accentuated osteotendinous reflexes on the right side. The

Fig. 1 Preoperative MRI angiography, approx. 1 week prior to rupture.
(a—c) Gadolinium-enhanced T1 MRI angiography showing the left fron-
tal arteriovenous malformation (AVM), with a prominent superficial vein

1. S. Florian and I. A. Florian

pupils were normal in diameter, and his sensory function could
not be properly evaluated. The preoperative cerebral magnetic
resonance angiogram (MRA), which had been performed about
a week prior, revealed a Spetzler-Martin grade Il AVM located
in the left motor area, with a relatively focal nidus and a large
superficial draining vein just underneath the dura mater (Fig. 1).
He showed no signs of intracranial hemorrhage at this time. The
emergency computed tomography (CT) scan demonstrated a
panventricular hemorrhage and a calcified area within the AVM
nidus (Fig. 2). After explaining to the family of the patient the

(magenta star). (d) MRI angiography time-resolved imaging of contrast
kinetics (TRICKS) displaying the AVM in relationship with neighboring
vascular structures. The draining vein is also visible here (magenta star)

Fig. 2 Preoperative CT scan at the time of hemorrhagic stroke. (a—d)
Axial nonenhanced sections displaying tetraventricular hemorrhage in
the absence of parenchymal hematoma, as well as a spontaneously
hyperdense area in the subcortical portion of the arteriovenous malfor-

mation (AVM) nidus (red circle). (e, f) The bone window demonstrates
an osseous density of the previously described area, suggesting a calci-
fied intranidal mass (red circle)
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benefits and risks of surgery and after detailing the other treat-
ment options available for such as endovascular embolization,
they consented to surgery. He was taken into the operating room
(OR) the day after admission.

Surgery

We performed a large frontoparietal craniotomy, and the
superficial draining vein began to bleed profusely imme-
diately after we lifted the bone flap off. The dura mater
was immediately opened to allow us to pursue proper con-
trol of the bleeding. The hemorrhage was difficult to con-
tain, barely manageable with suction and cottonoid
patties, and it steadily continued before it was reduced via
careful dissection and coagulation. After cutting off all
arterial supply, the nidus was removed, and the draining
vein was ligated and cut. Definitive hemostasis was per-
formed with bipolar coagulation and Surgicel, and an
external ventricular drainage (EVD) was placed in the left
lateral ventricle. The dura mater was suspended and
sutured, the bone flap was placed back and fastened with
multiple sutures, and the skin was sutured in multiple lay-
ers above a subaponeurotic draining tube.

Postoperative Course

The postoperative course during the first 24 h in the intensive
care unit (ICU) was unremarkable; however, the patient dete-
riorated later that day, becoming significantly more somno-
lent, experiencing increasing difficulty in moving the right
side of the body, and ultimately becoming unresponsive. As
the control cerebral CT scan demonstrated, he sustained a
focal hemorrhage, most likely due to venous infarct (Fig. 3).
This required a reintervention on the second postoperative
day for the evacuation of the hematoma, when the EVD was
also replaced. The final CT angiography revealed no traces
of intraventricular or intraparenchymal hemorrhage and
revealed the complete removal of the AVM nidus (Fig. 4).
Afterward, the patient’s clinical recovery stalled. He was
maintained in the ICU, where the ventilator and EVD were
removed 48 h after the second surgery. He was transferred to
a territorial hospital 3 weeks later in a conscious state and
able to speak, but he had a marked neurological deficit on his
right side and a Glasgow Outcome Score (GOS) of 3.
Unfortunately, the patient died while still hospitalized at the
outside hospital, after having suffered from a deep venous
thrombosis and a subsequent pulmonary embolism, despite
being under daily treatment with subcutaneous prophylaxis.

Fig. 3 Postoperative CT scan at 48 h after surgery. (a—c) A large intraparenchymal hematoma is clearly visible in the region where the arteriove-
nous malformation (AVM) resided. The external ventricular drainage (EVD) catheter can also be observed
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Fig. 4 Post-reinterventional CT angiography. (a—c) The arteriovenous
malformation (AVM) has been completely removed. Furthermore, this
shows no remaining trace of intraventricular or intraparencymal hema-

Discussion

Avoiding an accidental injury to the AVM draining veins
seems simple enough in theory, yet it may sometimes be
difficult to put into practice, especially when the vein itself
has a caliber comparable to those of the feeding arteries. To
this end, we recommend using the intraoperative micro-
scope as soon as the bone flap has been lifted. Through it,
the direction of the blood flow can be better recognized,
and the surgeon can more easily differentiate between the
vessel types. Remember that the blood inside the draining
veins is arterialized; therefore, the difference in color
between the two vessel types may be insignificant. If the
draining vein also collects blood from functional areas of
the brain, then a mixture between arterial and venous blood
may be visible within its lumen. These subtle clues can be
extremely helpful when considering which vessel to coagu-
late and which to preserve until the very end. While the
feeders are progressively taken down, the mixed arterial
and venous blood within a draining vein will steadily turn
more toward a darker venous color. Once it is largely free
of oxygenated blood, the draining vessel is hypothetically
safe to coagulate, and any bleeding would at least be con-
trollable. Alternatively, intraoperative fluorescein or indo-
cyanine green (ICG) video microscopy/angiography,
despite being invasive, can significantly simplify the iden-
tification process of feeders and drainers [6—8].

Intraoperative color Doppler ultrasonography can be uti-
lized to accurately distinguish the vessels and differentiate
between malformed arteries and veins [9—11]. Neuronavigation
may also prove useful in identifying the components of the
AVM in real time [10, 12]. With these two methods, by them-
selves or in combination, identifying the vein from the very
start could be easier and much less frustrating.

toma, and a minor amount of pneumocephalus can be noticed. A
replacement external ventricular drainage (EVD) can also be seen

Even when employing neuronavigation, one must also take
into account possible brain shift, which might displace vessels
by a few millimeters in whichever direction. Once the draining
vein has been correctly identified, it needs to be protected and
preserved until the very end of the dissection, when it is safe to
ligate. As these AVM veins are fragile, preventing venous
stretching is imperative. Do not use brain retractors exces-
sively, as these might strain the veins and cause catastrophic
bleeding. If the veins are in the way of proper dissection, the
strategy is to always perform a dissection around them first
and with great care. Using constant irrigation with saline or
Ringer’s lactate solution, or cottonoid patties imbued with
either, will lessen the risk of venous stretching. Nevertheless,
the most important aspect in preventing draining vein rupture
is to utilize a fine and gentle microsurgical technique.

As Lawton pointed out in one of his seminal works, and
our own experience can also attest to this, every surgery has
a few specific moments when the rupture of the AVM drain-
ing veins might occur [13]. In case the veins are superficial
and prominent and corrode the inner table of the skull vault,
they can be notched or sheared when performing the crani-
otomy. This is possibly the worst-case scenario because it
might compromise the entire surgery before it has even prop-
erly started. If a cortical vein is closely adherent to the dura
mater, it may also be damaged during durotomy. Another
possible moment when these veins may break is during the
dissection of the AVM when the brain is being retracted too
forcefully. Therefore, avoid applying too much strength
while using the aspirator or spatula. In short, a surgeon
should anticipate that the draining veins may rupture at any
given point during the intervention and take precautions.

The first sign of an accidental or premature coagulation of
the vein is the rapid enlargement of the nidus, which becomes
firm and starts to pulsate intensely. Immediately afterward, pro-
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fuse bleeding may ensue from any part of the AVM. If, despite
the best efforts to preserve it, the vein breaks or leaks, one might
be tempted to coagulate or clip it. This should never be done,
because reducing venous outflow will only worsen the hemor-
rhage. The bleeding may be controlled via direct gentle pressure
or by using patties and mild suction with the aspirator. The bipo-
lar can also be used in remodeling the vein around the point of
rupture to reduce the diameter of the leak, but not so much as to
completely occlude the vessel. More importantly, the arterial
inflow of the AVM needs to be reduced urgently. This can be
achieved by identifying and temporarily clipping the major
feeders, inducing arterial hypotension, or by asking the anesthe-
siologist to perform an ipsilateral carotid artery compression.
Once the bleeding has been reduced, both the amplitude and
force pulsations within the nidus steadily decrease and the AVM
becomes soft and easy to mobilize. The neurosurgeon must then
quickly ensure the coagulation of all feeders, the complete cir-
cumferential dissection of the nidus, and proper hemostasis.

When faced with this dreaded intraoperative complica-
tion, we propose following our seven rules of “Don’t” so that
control can be swiftly regained:

1. Don’t worry: It will bleed regardless. The risk of supra-
tentorial AVMs to rupture during surgery is slightly
higher than that of posterior fossa lesions [4]. Regardless,
intraoperative bleeding is lower for AVMs than it is for
intracranial aneurysms. The experience of the surgeon is
valuable not only in precluding intraoperative bleeding
but also in managing it. Having a second suction on hand
is always helpful in ensuring that the excessive amount of
blood does not compromise surgical field visibility.

2. Don’t rush it: You will waste more time. Indiscriminately
coagulating every visible blood vessel in an attempt to
control the bleeding as soon as possible will only lead to
more neurological damage because the arteries surround-
ing the AVM usually supply functioning parenchyma.
Nor is mildly or quickly cauterizing the feeding arteries
of the AVM a solution, because the high blood flow will
reopen them. Take your time when identifying the feed-
ers, and thoroughly coagulate them one by one.

3. Don’t panic: Surgery on living patients means that some-
times intraoperative hemorrhage is inevitable. One should
use this both as a gentle reminder that the patient is still alive
and an incentive to keep them that way. For precluding heavy
losses of blood, intraoperative perfusions and transfusions are
invaluable. In AVM surgery, intraoperative blood-saving
devices and procoagulants such as recombinant factor VIla
are both potential game changers that can reduce the neces-
sity of transfusion [14, 15]. Consider preoperative emboliza-
tion with N-butyl cyanoacrylate (NBCA) or Onyx, which can
also prevent a catastrophic intraoperative bleed, particularly
for higher grade lesions [16-19]. Single-stage embolization
and resection has also shown promising results, being associ-
ated with a lower intraoperative bleeding and favorable out-
comes in both the short term and the long term [20].

4. Don’t allow the AVM to take the lead: You are and should
always be in charge. With each feeder coagulated, the goal
of hemostasis comes closer. Continue trying to control the
hemorrhage, and if possible, do not attempt to immediately
remove the nidus (the so-called commando resection).
Otherwise, the bleeding will become even more severe,
possibly recurring after the surgery is over. For the deeper
feeders, the Thulium laser has been proven effective in
controlling hemorrhages [21]. “Dirty coagulation,” or the
practice of coagulating the small vessels and the thin layers
of surrounding brain tissue, may help [22] because it safe
as long as the surgeon does not delve too deeply into the
parenchyma. Nevertheless, we advise against overusing
this technique so as not to induce a permanent focal deficit
if the lesion is located in an eloquent area.

5. Don’t lose your patience: Otherwise, you will lose your
patient. Seeing that the hemorrhage is unremitting despite
the numerous feeders already cauterized may seem daunt-
ing, yet this is merely a result of simple physics: The
same amount of blood is rushing out of fewer and fewer
abnormal vessels. Do not worry that this is a sure sign of
normal perfusion pressure breakthrough (NPPB); this
only rarely occurs after AVM resection, and its reported
offshoots are inconstant or debatable [23-25]. After a
while, the last remaining feeders will not be able to carry
as much blood, and the hemorrhage will slow down. All it
takes is patience and perseverance.

6. Don’t abuse your power (coagulator) or force (aspirator):
You will only worsen the damage if you do. Again, cau-
terizing every visible vessel with increased bipolar
intensity will only lead to cortical damage and potential
neurological deficit. Nor do we recommend using exces-
sive pinching force at the tip of the coagulating bipolar
forceps, because it has been demonstrated to injure the
more fragile vessels [26]. At times, coagulation can prove
even more difficult to achieve, especially in AVMs with
intensely calcified vessels [27]. On the other hand, using
the aspirator too vigorously may result in drawing in
some of the fragile vessels or, in a worst-case scenario,
the functioning brain parenchyma. The aspirator should
be kept neatly in place, as close as possible to the source
of bleeding without being actually in contact with it.

7. Don’t hesitate to ask for help: You always have a team
behind you. The anesthesiologist is arguably the most
vital player in the operating room, and you can ask them
to provide temporary hypotension or ipsilateral carotid
compression, which might limit the intensity of the hem-
orrhage. In turn, this would grant the surgeon the oppor-
tunity to identify what is acting on the AVM feeders.
Additionally, the anesthesiologist can compensate for the
patient’s blood loss, including transfusions with whole
blood or red blood cells in case the arterial pressure drops
too much. Although not widely studied, transient pharma-
cological asystole induced via adenosine administration
could be a safe and efficient method of expediating the
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surgical resection of complex AVMs [28]. Moreover, Conclusions
intraoperative adenosine practically decreases the need to
place temporary clips on crucial parent arteries, markedly
diminishing their associated complications. When feasi-
ble, rapid ventricular pacing (RVP) during cerebrovascu-
lar surgery can also assist in achieving flow arrest and
facilitating the dissection and resection of AVMs [29],
although this has to be planned beforehand and should

not be attempted once surgery has begun (Table 1).

An intraoperative venous rupture of a brain AVM is a dreaded
complication that can be avoided with sufficient experience.
It may happen at any given moment during or after craniot-
omy. In the event that it does occur, surgery must resume
with the standard steps, albeit at a more alert pace. We rec-
ommend following the seven rules of ‘Don’t’ to ease the pro-
cedure and ensure optimal surgical results.

Table 1 The seven rules of “Don’t” Acknowledgments None.
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Abstract

A 43-year-old man was admitted into the emergency
room at our hospital after presenting with a tonic-clonic
seizure. MRI showed a right-side operculo-insular tumor.
This was treated by performing a craniotomy under gen-
eral anesthesia with intraoperative monitoring. Tumor
resection was started by exploring the temporal and fron-
tal opercula without problems. However, during the resec-
tion of the insular compartment, a sudden loss of MEPs
was observed. Surgery was stopped immediately, and all
the relevant anesthetic parameters, vital signs, anesthetic
drugs were reviewed. No retractors had been used at that
time, so vasospasm was suspected as the underlying cause
of the signal change. An ICG bolus injection confirmed
vasospasm in one of the M2 branches running over the
insula. A direct vessel massage was performed yet resulted
in no apparent improvement in the appearance of the ves-
sel when ICG was injected. Therefore, repeated massage
with nimodipine was performed, which resulted in the
resolution of the vasospasm. MEPs progressively recov-
ered to base line levels, and surgery could then be finished
without further incident. During the postoperative recov-
ery period, no focal deficit was identified, and the postop-
erative MRI showed a planned subtotal resection without
apparent ischemia. The goal of this report is to review the
potential causes of such a loss of intraoperative MEPs and
its best management in order to prevent postoperative
motor deficit and to manage the situation should it occur.
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Introduction

The insular cortex is a common location for gliomas and is
involved in 25% of all low-grade gliomas and 10% of all
high-grade gliomas [1]. Insular gliomas were traditionally
considered inoperable because of their deep location, sur-
rounded by highly eloquent cortical and subcortical areas
and vascular structures [1, 2]. These include the speech-
related cortex (e.g., frontal and temporal opercula), the motor
cortex and corticospinal tract, and key cerebral vessels (len-
ticulostriate arteries and M2 branches) [3] (Fig. la—c).
However, ever since Yasargil published his surgical results
after dealing with lesions in this area [4], insular glioma sur-
gery has become popular, with good neurological and onco-
logical results. We cannot ignore that the extent of resection
is the most important prognostic factor of recurrence-free
survival. However, the preservation of function is of equal
importance, so in the modern era, a risk—benefit analysis
must occur before any attempt to resect such tumors [2].

One should always include intraoperative neurophysio-
logical monitoring in the surgeon’s armamentarium to dimin-
ish the risk of postoperative neurological deficits, and the
options are either awake surgery (especially in the dominant
hemisphere) or continuous motor monitoring via motor-
evoked potentials (MEPs) in asleep surgery. This strategy
allows the surgeon to detect changes in the motor pathways’
response, before a permanent deficit is caused when working
around relevant motor-related structures, such as the precen-
tral region and the M2 branches, or working close to the cor-
ticospinal tract [5, 6]. Most cases of postoperative paresis are
caused by vascular complications. Therefore, when a prob-
lem is detected intraoperatively, one needs to check the pres-
ervation and integrity of all the vessels in the field and also
rule out any potential vasospasm [7, 8].

In this report, we present the case of a 43-year-old man who
displayed a sudden intraoperative loss of MEPs from a vaso-
spasm of a distal segment of the M2 superior division, which
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Fig. 1 Anatomical images of
insular vascular relationships:
(a, b) M2 branches running
over the insular surface (a)
and lenticulostriate arteries
crossing the anterior
perforated substance and
entering the basal ganglia that
have been removed from this
image to improve
understanding (b). (¢)
Coronal cut of a right
hemisphere that shows the
lenticulostriate arteries
entering through the anterior
perforated substance to the
basal ganglia and the middle
cerebral artery branches: M2
over the insula with its
perforating branches, M3 over
the opercula, and M4
corresponding with the
cortical vessels. (d, e). Axial
(d) and coronal (e)
T2-weighted preoperative
MRIs: hyperintense T2 lesion
involving the insula, frontal
opercula, and temporal
opercula and extending to the
temporal pole and temporo-
mesial structures (Yasargil
type 5B)

was successfully resolved after direct nimodipine massage.
We aim to use this case to further analyze the differential diag-
nosis of MEP loss during glioma surgery, especially in revers-
ible scenarios, to aid surgeons in increasing the chances of
recovery from this severe intraoperative complication.

Case Report

An otherwise-healthy 43-year-old man was referred to our
department after a brain tumor had been discovered during
the work-up for tonic-clonic seizures. He had experienced no
episodes of headache or vomiting and had no other symp-

toms of intracranial hypertension. No focal deficits were
found during his physical examination, and neither sensory-
motor affection nor verbal alterations (aphasia or dysarthria)
were identified. Brain MRI showed a T2-hyperintense lesion
centered in the right insula, also involving the frontal opercu-
lum and the temporal lobe, including temporo-mesial struc-
tures and the parahippocampal gyrus (Yasargil type 5B).
Imaging showed well-defined planes with normal paren-
chyma medial to the lesion at the level of the basal ganglia.
The lesion showed no contrast enhancement after a standard
application of intravenous (IV) gadolinium. Therefore, a
low-grade glioma was suspected, and surgery was consid-
ered (Fig. 1d, e).
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Surgery

Because the location of the tumor was on the right side (non-
dominant hemisphere) and because extensive frontotemporal
involvement reached the lateral aspect of the basal ganglia,
the whole insular lobe, and the temporo-mesial structures,
we decided to carry out the surgery as an asleep craniotomy
with intraoperative monitoring. Intraoperative monitoring
included somatosensory evoked potentials (SSEPs) and
motor-evoked potentials (MEPs). Direct monopolar subcor-
tical white matter stimulation was also part of the surgical
plan to be employed when getting close to the deepest and
posteromedial part of the insular component of the tumor
(Fig. 2a).

The patient was positioned supine, with the head rotated 20
degrees to the left. A right pterional craniotomy was per-
formed, and the primary motor area was identified by using
the N20 wave-inversion technique. A flat grid was placed over
the motor area to register the motor response (Fig. 2b). Tumor
resection started at the level of the temporal lobe, performing
a 2/3 anterior temporal lobectomy, followed by the resection
of the amygdala and hippocampal. The upper surface of the
temporal lobe (in the depth of the Sylvian fissure) was subpi-
ally resected, trying to maintain the integrity of the arachnoid
layers to protect the middle cerebral artery (MCA) branches.
Once the temporal aspect of the lesion had been anatomically
resected, the frontal component was removed without any
issues. Lastly, the insular part was approached subpially from
both the frontal and temporal windows through the anterior
and inferior periinsular sulci where MCA branches were run-
ning (Fig. 2¢). The insular resection was carried out satisfacto-
rily when a progressive loss of the contralateral superior limb
motor responses was noticed. This signal loss lasted for 3 min
(Fig. 3a, b), and resection was immediately stopped. The posi-
tion of the subdural grid that had been placed over the motor
area was checked first, and no displacement had been noted

since the beginning of the resection. No changes in the blood
pressure parameters or any unwanted alterations in anesthesia
drugs were noted. No retractors were used in this case, so no
direct damage to the motor area during dissection was sus-
pected. Another possible explanation that was considered was
any potential direct damage to the internal capsule with its
corticospinal tract component; however, subcortical white
matter stimulation showed that there was no concern of prox-
imity, as demonstrated by 15 mA subcortical stimulation in
the closest area.

After some of the most common causes of an intraopera-
tive loss of MEPs were thus analyzed and ruled out, a vascu-
lar problem was suspected. To assess this further, an
indocyanine green (ICG) injection was performed, which
revealed a clear stop to intraluminal blood flow in a distal
segment of the superior division of M2 at the level of the
insula, which was most likely caused by vasospasm (Fig. 3c).
A direct microscopic massage of the vessel segment was per-
formed to increase the blood flow, but it did not work (Fig.
3d). The maneuver was repeated with a cottonoid embedded
in nimodipine (Fig. 3e), finally resulting in the resolution of
the vasospasm, being confirmed after a new ICG injection
(Fig. 3f). After this had been accomplished, MEPs progres-
sively improved over the next few minutes until their base
line level had been reached. The surgical resection continued
without further troubles.

Postoperative Course

The patient was extubated in the operating room without inci-
dent. Initially, a mild left hemiparesis was found, which
showed complete recovery after 3—4 h. The postoperative MRI
performed on the next day showed a near total resection with-
out signs of ischemia (Fig. 3g, h). The patient was discharged
on the eighth postoperative day without motor deficits.

Fig. 2 Surgical planning: (a) White matter dissection specimen show-
ing direct subcortical stimulation that was used when getting close to
the deepest part—the posteromedial part—of the insular compartment
of the tumor (yellow asterisk). (b) The primary motor area was identi-
fied by using the N20 wave-inversion technique. (¢) Anatomical dissec-

tion showing how the insular approach is limited by the limitans sulcus
of the insula (red asterisk for the superior sulcus; blue for the anterior;
and black for the inferior): subpially from both the frontal window
(white arrow) and the temporal window (yellow arrow)
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Discussion

When facing tumors in the insular region, three important
questions must be answered: (1) Is surgery feasible with only
minor risks of postoperative deficits? (2) How must the pro-
cedure be carried out in terms of anesthesia and intraopera-
tive monitoring (awake vs. asleep and which modality of
intraoperative monitoring is to be used)? (3) Last but not
least, how will the surgeon address any case of an intraopera-
tive neurological deficit if one is detected?

Although the resectability and determination of extent of
resection (EOR) is the shortest and clearest question, it is also
probably the most difficult one to answer. To know whether a
complete excision is possible in cases of insular gliomas, one
must check its medial radiographic extent and limit, as most
authors have recommended, with the intention to stop the
resection at the level of the white matter layer just lateral to the
putamen (external capsule). This avoids potentially compro-
mising the lenticulostriate arteries (LSAs) and therefore avoids
causing ischemic damage to the internal capsule [6]. Moreover,
a poorly delineated medial limit was correlated with partial
resections and an increased risk of vascular complication due
to a lesion of the LSAs, especially on its basal aspect, near the
anterior perforated substance [9] (Fig. 1a—c). In our case, the
tumor had a distinct border lateral to the basal ganglia, and no
involvement of the anterior perforated substance was noted.
Given the age of our patient, his good neurological status, and
the fact that he presented with seizures only in the setting of a
well-demarcated tumor in his nondominant hemisphere,
microsurgical resection was offered. In cases where these fac-
tors are not favorable and a safe resection cannot be achieved
(especially in high-grade gliomas), some authors have pro-
posed pursuing only a biopsy, followed by chemotherapy and
radiotherapy, which appears to offer a good alternative [10].

When deciding on the type of surgery, one should seri-
ously consider the available intraoperative tools such as the
use of intraoperative monitoring in cases of insular gliomas.
Some authors have considered performing awake surgery for
lesions in both hemispheres regardless of dominance as
appropriate [1]. Our policy is to undertake awake procedures
for lesions that are involving or near eloquent brain regions
and that cannot be tested while the patient asleep. That is
why diligent preoperative neuropsychological assessment is
crucial. Our case turned out to be an extensive glioma of the
nondominant hemisphere, in which the motor and sensory

A

fibers were those at the highest risk of damage. On the other
hand, the size and extension of the tumor influenced our
decision to perform the procedure asleep, aiming to avoid the
tiredness of the patient from a prolonged case under awake
conditions. In these cases, monitoring is performed via
MEPs to continuously check the integrity of the corticospi-
nal tract, and surgery is further aided by subcortical stimula-
tion as the resection gets closer to the posteromedial limit of
the insula, where corticospinal motor fibers are located.

The use of direct subcortical stimulation, provides the
advantage of allowing the surgeon to realize how close the
resection is getting to the relevant fibers. However, this tech-
nique is not sufficient for a complete monitoring, as it cannot
provide direct information about a potential vascular com-
promise [11]. However, the use of MEPs allows the surgeon
to detect complications that might happen “’far away” from
the operative field, which is specially relevant when dealing
with operculo-insular gliomas as most of the complications
are caused by vascular injuries to the white matter tracts that
may be far away from th working area.

Although different criteria have been suggested, the most
widely accepted “alarm criterion” consists of a decrease in
MEP amplitude of 50% from the base line levels (the poten-
tial acquired before opening the dura) [12, 13]. This situation
usually represents a reversible problem affecting the cortico-
spinal tract, while a complete loss of MEPs is usually irre-
versible in most cases because it correlates mostly to an
ischemic lesion that will be visualized on postoperative MRI
[9, 11, 14].

To answer our last question, what the surgeon needs to
consider in cases of intraoperative signal loss, we have to
keep in mind a clear scheme to check all the possibilities that
may apply in this situation to especially not forget any of the
reversible causes. That requires drawing a clear diagram of
checks and decisions in our mind. First of all, we have to
make sure that all the intraoperative monitoring equipment is
working properly. From the surgical point of view, the cor-
rect position of the electrodes should be checked. Afterward,
other causes outside the direct surgical field should be ruled
out. Changes in anesthesia can interfere with the correct
reading of MEPs [13]. Also, changes in blood pressure
(especially hypotension) can decrease the MEP amplitudes.
Therefore, when a decrease in the MEPs is observed, the
anesthesiologist should increase the blood pressure and
check whether this improves the affected responses [14].

Fig.3 Intraoperative findings: (a—f) Insular resection was started with-
out problems (a) until a loss of the contralateral superior limb MEPs
was found (b). A vascular lesion was suspected, so an ICG injection
was performed, showing a vasospasm in one M2 branch over the insula
(c; green square). A direct massage was performed to increase the ves-

sel flow, but it had no effect (d), so it was repeated with nimodipine (e),
finally resolving the vasospasm (f; green square). (g, h). Axial cuts of
postoperative MRI showing near total resection without ischemic
lesions
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Some authors have even considered performing bilateral
stimulation or checking specific parameters to differentiate
this general alteration from real problems in the surgical field
[15]. Finally—or, even better, while these checks are taking
place—the surgeon must think about the latest surgical steps
that have been performed and reassess the area in which the
resection is actually being carried out. Most importantly, this
will require considering which structures were and are at risk
in this surgery and what could have occurred: damage to the
lenticulostriate arteries, a direct lesion of the precentral
region, a disruption in the internal capsule, or an alteration of
the MCA branches.

As said at the beginning of the discussion, an extended
resection at the inferomedial limit of the tumor might disrupt
the lenticulostriate arteries. For this reason, the resection
must be stopped at the level of the white matter external to
the basal ganglia (external capsule) and especially medial to
the limen insulae, which lies just lateral to the anterior perfo-
rating substance, assuming that a subtotal resection in a neu-
rologically intact patient is much better than a total resection
in a hemiparetic patient or an aphasic patient [6, 7].

In certain circumstances, the precentral region can be
altered by an intense retraction of the frontal opercula, espe-
cially when facing a purely insular glioma (Yasargil type 3A)
when approached via a transylvian route [16]. Therefore,
releasing all the retractors is one of the first maneuvers to be
performed by the surgeon [7, 16]. In this sense, in our minds,
dynamic retraction (using large cottonoids and surgical
instruments) appears more suitable. Also, because of the
excessive manipulation, some edema may be found, so an
extra bolus of corticosteroids has been recommended by
some authors [8].

A direct lesion of the corticospinal tract is rare and diffi-
cult to assume owing to its medial position, which is pro-
tected by the basal ganglia. However, at the most
postero-superior part, down to the posterior insular point,
where the corona radiata converges and forms the corticospi-
nal tract, it runs over the basal ganglia, and this is a risky
point for damaging this tract [5]. Moreover, we can have a
vascular lesion of the corona radiata, which is supplied by
three types of arteries: lateral striated arteries, long insular
arteries, and medullary arteries (branches of M3 and M4) [5,
10].

Finally, a vasospasm of the M2 branches can also lead to
an ischemic event of the corticospinal tract. This might be
due to a compromise of the long insular arteries (LIA) that
are perforating the M2 branches that supply the corticospinal
tract [3, 6]. These arteries constitute approximately 3—5% of
all insular branches and are in the posterior region of the
insula. For this reason, special care should be taken when
working near the postero-superior limiting sulcus [5, 7, 10,
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17]. Although rare in subpial dissection, close manipulation
near the distal MCA branches, as happened in the case that
we are presenting, increases the risk of this phenomenon.

Our case proved that this kind of vasospasm can be con-
firmed via ICG injection and that—when this complication
is suspected—irrigation with nimodipine can help to dimin-
ish the degree of vascular spasm. To reduce the possibility of
this complication, a subpial dissection is widely recom-
mended, although it does not entirely protect the sylvian ves-
sels against blood products and direct manipulation [7, 14],
as seen in our case.

Conclusion

In the modern era, surgery on the insular gliomas should not
be carried out without intraoperative neurophysiological
monitoring to detect compromise to the distal corticospinal
tract early. When any alteration in MEPs is found during the
case, the surgeon should have a clear scheme in mind on how
to rapidly assess all the potential causes. This should espe-
cially include a mental review of all the anatomical struc-
tures that can be at risk in this approach: lenticulostriate
arteries, the corticospinal tract, the prefrontal cortex, and the
M2 branches.
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Abstract

A high-speed drill is an essential tool for any skull base
surgery. However, if not appropriately used, it may cause
serious inadvertent complications. Here, the authors pres-
ent one case of surgery for a paraclinoid aneurysm of the
internal carotid artery, in which tissue grabbing occurred
during the drilling of the anterior clinoid process. This
resulted in venous injury to the vessels of the nearby
Sylvian fissure. Fortunately, the injury was manageable
and caused no significant problems. The authors discuss
the basic and other important points for the safe use of a
high-speed drill. Discussion includes basic ways of drill
handling, the appropriate selection of burrs, and so on.
Bone curettage is also mentioned as a safe alternative
tool.

Keywords
Burr - Complication - Grabbing - High-speed drill -
Surgery

Introduction
When taking a skull base approach under an operating

microscope, bone removal near the critical neural structure is
an important part of the procedure. Currently, nonrotating
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tools, such as bone curettes, are available for bone removal.
However, high-speed drills are also still widely used.
Employing a high-speed drill is efficient, but knowing its
appropriate use is mandatory to ensure safety during the pro-
cedures. If not, the drill may cause tissue damage through a
direct injury, soft tissue grabbing, a heat injury, and so on.
Several recommendations have been on how to safely use a
high-speed drill. In this manuscript, the authors present a
case in which intraoperative complications were caused by
the inappropriate handling of the drill. We review the perti-
nent steps and discuss how to safely use a high-speed drill to
avoid such complications.

Case Presentation

A 43-year-old woman was incidentally found to have a para-
clinoid aneurysm arising from her left internal carotid artery
(Fig. 1). Open microsurgical repair was planned, as requested
by the patient. After the proximal internal carotid artery was
exposed and secured to be prepared for any premature rup-
ture of the aneurysm at the neck, a standard left pterional
approach was carried out. The anterior clinoid process was
intradurally drilled away under the operating microscope to
expose the proximal neck of the aneurysm, which included
unroofing the optic canal. All the cottonoid patties were
removed from the operating field, and the adjacent cerebral
cortex was covered with rubber sheets. When the lateral edge
of the anterior clinoid process was being drilled away
(Fig. 2a), the burr slightly slipped off the bone and instanta-
neously grabbed the rubber sheet (Fig. 2b), causing a slash
injury to nearby vessels. Venous bleeding occurred from a
nearby Sylvian vein; however, venous injury was rather lim-
ited, and normograde venous flow was confirmed with a
Doppler flowmeter after controlling the field. Hemostasis
was obtained in this instance with cottonoid patty placement,
and aneurysm clipping was carried out as usual without any
problems.
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Fig.1 MR angiograms of the
case. Left: Anterior posterior
view of the left internal
carotid artery. An aneurysm is
confirmed in the paraclinoid
portion. Right: Magnified and
oblique view showing the
aneurysm

Fig. 2 Intraoperative photos
at the time of drilling the left
anterior clinoid process. (a)
The drilling of the lateral edge
of the anterior clinoid process.
(b) Immediately after tissue
grabbing

Discussion

Neurosurgeons should know the basic characteristics of
high-speed drilling in order to use the device safely and with-
out causing inadvertent complications. This requires their
having detailed knowledge of the tool because various shapes
of burr tips are available, and one therefore needs to select
the most suitable burr. Basically, two types of burr tips can be
employed: diamond burrs and cutting burrs (Fig. 3). The effi-
ciency of bone removal is superior when using a cutting burr;
however, it has a higher risk of grabbing tissue. Heat genera-
tion and heat dissipation are higher when using a diamond
burr, which can cause adjacent tissue injury too. When a cut-
ting burr is used, the spinning direction of the burr rotation
(usually clockwise = right-side rotation) should be kept in
mind. The most efficient site of burr action during bone
removal is at the level of the equator of the burr (the maximal
diameter), whereas the very tip (pole) of the burr has the least
efficiency (Fig. 4a, b). When the lateral edge (equator site) of
the burr is in use, bone working can be efficiently carried out
just with “soft holding” and by applying minimal pressure;
however, when the other sites are being used (including the
pole), one needs to employ some additional power to the
drill, and these are the moments that have a higher chance of
damaging the surrounding critical structures (Fig. 5). The
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direction of burr handling is also important. Burr handling
should be carried out in a direction that points away from the
critical tissue and toward the safer side of the surgical field in
order to avoid tissue grabbing (Fig. 6).

Given the aforementioned characteristics of a high-speed
drill, mainly those relevant to the burr and its proper use, drill
operators must abide by the following list of the important
points of safely handling a high-speed drill:

1. Remove all the cottonoid patties from the operative field.
This is to avoid grabbing the cottonoid patties, which eas-
ily damages the brain, vessels, and/or nerves.

2. Protect the cerebral surface with rubber sheets. Rubber
sheets are safe in that they protect against grabbing and
are also helpful to protect the brain surface from a direct
injury to a critical structure.

3. Hold the drill shaft gently and steadily with minimal
pressure. Gently holding the shaft is recommended. When
the shaft is held firmly, the maneuverability of the burr
handling is reduced.

4. Switch the drill on or off only at the operating field. The
burr should be on/off at the site of the bone work in the
operative field. When drilling is to be finished, after con-
firming that a burr has stopped its rotation, the shaft
should be moved out of the operative field.



The Safe and Appropriate Use of a High-Speed Drill

Fig. 3 Comparison of characteristics: diamond burr
and cutting burr

Fig.4 Schemas showing that
the drilling efficiency of burrs
depends on the site of the
work. (a) Schema showing
the equator works the most
efficiently. (b) Schema
showing the tip and pole work
the least efficiently

equator: most efficient

tissue damage

Fig. 5 Schemas showing the appropriate angle of burr handling. Left:
The correct way to handle a burr. Right: The incorrect way to handle a
burr, which may damage the surrounding structures

5. Adequately irrigate the drill burr with saline to prevent
causing a heat injury. A heat injury to nearby structures,
such as the optic nerve or other cranial nerves, depending
on the site of the bone work, may occur when the field has
not been irrigated well. One may see that the drilled bone
dust changes to yellow, which indicates that the tempera-
ture is too high. This situation should be avoided.

6. Select the appropriate burr size (in mm), tip design (round
vs. matchstick), and material (sharp steel vs. diamond
splits). To efficiently and safely conduct bone work, the
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Fig. 6 Schemas showing the appropriate direction of burr handling.
Left: The correct and safe way. Right: The incorrect way, which may
grab and damage the tissue ahead

selection of a suitable burr is important. When no critical
structures are in proximity or when the work happens far
enough away from critical structures, a cutting burr can
be selected, which is more efficient. On the other hand,
when critical structures are nearby, a diamond burr should
usually be selected. As mentioned above, the efficiency of
bone removal is reduced when using a diamond drill, so it
needs more time to complete this task. One should not
hold the shaft firmly or work in haste, because this may
cause inadvertent complications.
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7. Apply a protective dural flap method. Another safe and
useful method for a high-speed drill is to use the so-called
protective dural flap method, as has been proposed else-
where. [1] This is a safe procedure for drilling the anterior
clinoid process and porus acusticus internus that avoids
injury. Briefly, the semicircular dural flap is pulled out
with a thread over the anterior clinoid process. The flap is
extended over the underlying structures with a tapered
spatula to create adequate space for bone drilling.

In the case presented here, at the time of drilling the ante-
rior clinoid process, the aforementioned points were all kept
in mind, and drilling was performed cautiously. However, an
inadvertent move by the surgeon caused a slip of the burr tip,
and soft tissue from the Sylvian vessels was grabbed. In
hindsight, we suspect that the direction of burr handling
might not have been appropriate, and the edge of the rubber
sheet might not have fit well—it apparently was too near to
the working site at the bone’s edge. One alternative method
for bone removal could have been to use a bone curette [2].
Its tip works via high frequent vibration and torsion without
any rotation. Although limited in its application by the bone’s
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consistency, no grabbing occurs with this tool, which also
needs adequate irrigation. This needs to be explored further.

Conclusions

A case of paraclinoid aneurysm surgery is presented, in
which the grabbing of a protective rubber sheet occurred
when drilling the anterior clinoid process. To safely use a
high-speed drill, neurosurgeons need to know the basic char-
acteristics of the drill in use. When a bone curette is avail-
able, it is an alternative tool for safer bone drilling.
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Abstract

The most common pathophysiological etiology of trau-
matic subdural hematoma is the rupture of bridging veins
that drain the venous blood from the brain parenchyma
into the superior sagittal sinus. Treatment of choice for
such a hematoma would be craniotomy and evacuation.
Opening dura in a stellate fashion during in acute trau-
matic subdural hematoma surgery might decrease the risk
of added injury to bridging veins and decrease possible
morbidity due to brain edema.

Keywords

Subdural hematoma - Complication - Dura

Acute Traumatic Subdural Hematoma
(ASDH)

The most common pathophysiological etiology of traumatic
subdural hematoma is the rupture of bridging veins [1].
Bridging veins normally drain the venous blood from the
brain parenchyma via the surface veins of the cerebral cortex
into the superior sagittal sinus (SSS), and in doing so, they
traverse (bridge) the subdural space when they come close to
the SSS in the parasagittal space. Here, the cranial end of the
bridging veins is firmly anchored and fixed to the dura mater,
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whereas the cerebral end of the emerging vein is fixed to the
surface of the movable hemispheres. The subdural space
proper provides no additional structural support to the bridg-
ing veins. Lateral movements of the brain are minimized by
the presence of the falx. However, it has no protection against
antero-posterior movement. Therefore, any severe impact to
the head causing such an antero-posterior translocation or
significant rotation can lead to the rupture of the bridging
veins [2]. Once the bridging vein has broken, the blood
extravasates and fills the surrounding cerebrospinal fluid
(CSF) space with hemorrhage, forming an acute subdural
hematoma. This bleeding must stop spontaneously (via clot-
ting and obliteration of the bleeding site). However, once a
surface vein is lost from the index trauma or surgical treat-
ment (see below), significant brain swelling can occur.
Lastly, the hematoma that now resides over the hemisphere
can cause significant mechanical/chemical irritation and the
compression of the underlying brain and cause profound
symptoms, which often depend on the location of the clot. In
such cases, surgical decompression and clot evacuation are
indicated.

Brain Swelling

Although the terms brain swelling and cerebral edema are
frequently used interchangeably, they do have different
meanings. Brain swelling refers to an increase in brain vol-
ume, whereas cerebral edema refers to an abnormal accumu-
lation of water within the brain tissue. Thus, brain swelling
can be a result of hemorrhage, tumor, or cerebral edema [3].
Cerebral edema, on the other hand, is a more gradual pro-
cess, due to some form of injury, that can lead to the forma-
tion of cytotoxic, ionic, or vasogenic edema.

The first, cytotoxic edema, is defined by the disrupted
transmembranous transport of osmolytes due to the deple-
tion of cellular adenosine triphosphate (ATP), which occurs
in the setting of stroke. Cell death therefore results in an
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increase in intracellular Na* and water thanks to osmosis,
which results in cell swelling [4]. Cytotoxic edema occurs
because of the disruption of the actively maintained (and
energy-dependent) transendothelial Na* gradient. Loss of
oxygen supply leads to the breakdown of the energy supply,
preventing the accumulation of electrolytes and water in the
extracellular compartment of brain parenchyma, which now
follows the movement of water from the intravascular to the
extracellular spaces. This process is termed ionic edema and
represents the state of extracellular edema with an intact
blood-brain barrier (BBB) [5].

Second, any brain injury caused by inflammatory media-
tors and oxidative stress damages the blood—brain barrier,
causes an increase in the permeability of the astrocytic BBB,
and will permit the extravasation of water and plasma pro-
teins, ultimately resulting in extracellular edema, commonly
also known as vasogenic edema [6].

Lasty, direct brain tissue trauma causes damage in two
stages. In the first stage, primary mechanical deformation
leads to altered membrane permeability and disturbances in
ion fluxes, which, if sustained, lead to edema and brain
swelling. The edema specific to traumatic brain injury (TBI)
has generally been considered to be of vasogenic origin, sec-
ondary to a traumatic opening of the BBB. However, as the
brain injury evolves, these three forms of cerebral edema are
likely to overlap significantly, instead of evolving in a
sequential manner, and contribute to brain swelling [7].

Once the hematoma resides over the hemisphere, its mass
effect exerts compression on the underlying brain, and the
venous outflow obstruction may exacerbate an already-swol-
len brain. This supports the indication for surgical decom-
pression and clot evacuation in these cases.

Surgery for the Decompression
and Evacuation of Hematoma

Commonly used surgical techniques for the evacuation of
acute traumatic subdural hematoma (ASDH) include osteo-
plastic craniotomy, large decompressive hemicraniectomy,
focal trephination/craniostomy, or a combination of these
procedures. The choice of surgical procedures may depend
on the surgeon’s expertise and training, the neurological sta-
tus of the patients, the duration of deterioration, the preop-
erative radiological findings, and the degree of intraoperative
brain swelling.

In principle, the purpose of surgery is to alleviate brain
compression and intracranial hypertension, and both aspects
help to avoid secondary injury [8]. As postulated by the
Monro—Kellie doctrine, the sum of all intracranial compo-
nents is defined by the compartments for brain tissue, brain
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blood volume, and the CSF space. Once the physiological
reserve to compensate for any increase in any of the three
components in these compartments has been exhausted, any
further intracranial components or brain swelling will cause
an increase in intracranial pressure (ICP) because of the pre-
determined and fixed total volume of the enclosed cranial
cavity. Given the inherent limitation of brain tissue (it has no
“compressibility”), the pressure will increase steeply once
the compressible (shiftable) compartments have been used
up and can no longer act as available spaces for the accom-
modation of further volume. The resulting raised ICP in turn
forces a reduction in capillary perfusion and leads to tissue
hypoxemia [9]. Thus, a large craniotomy with hematoma
evacuation may be the principal procedure of need. When
intra- and/or postoperative brain swelling is strongly
expected, decompressive craniectomy may be suitable [8].
However, taking the bone off alone will not suffice. The con-
striction that is caused by the meninges also needs to be
addressed, and the dura must be rapidly opened to release the
pressure of the intradural compartment.

Dura

The dura can be opened in several ways, and we often do not
think much about this step of the surgery. The most common
one is cutting the dura parallel to the craniotomy edges. Other
common alternatives are cruciate, four flap, fish mouth, slit,
and stellate openings [10, 11]. Although opening the dura
parallel to the craniotomy line seems to provide the fastest
and largest opening, and the one that least obstructs the reach
of the surgeon in any other required step, it has significant
drawbacks: As mentioned above, brain swelling is very com-
mon in traumatic brain injury cases. In addition, some “‘chem-
ical” irritation is caused by the blood products in the subdural
space as well as some blocking of the Virchow—Robin spaces,
which provide extracellular clearance pathways to the brain
parenchyma, and intraoperative brain swelling will thus be
expected intra- and/or postoperatively. Even if the dura is left
open to accommodate brain swelling, the veins over the swol-
len brain will often end up compressed against the free dural
margin. This may lead to venous stasis or thrombosis, venous
blockage, and subsequently the further worsening of cerebral
edema or hemorrhagic infarct [12], thus aggravating a vicious
cycle of increased ICP and decreased cerebral perfusion.
Another key aspect of this seemingly very simple step of
rapid durotomy is the profound problem that can be inflicted
with this opening via an iatrogenic injury to the bridging
veins. Since the flow of these veins is mainly toward the SSS,
the use of surgical scissors as an opening move carried out
perpendicular to their course may cause iatrogenic injury.
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Fig. 1 Bridging veins at risk from trauma (arrows) are at further risk
from iatrogenic injury during dural opening via trauma flap (arrow
heads)

This occurs especially when a large hemicraniectomy is
planned and carried out and when the superior margin of the
craniotomy is close to the SSS. Here, any further injury/loss
of bridging veins has highly detrimental effects on the
already-compromised venous flow: When a large bridging
vein is cut (or cauterized), then a significant part of the corti-
cal drainage pathway is disrupted or completely taken away,
and—in the absence of suitable collateral flow—the venous
outflow backs up like a traffic jam, where high venous pres-
sure affects the parenchyma, which can lead to significant
venous hemorrhage (Fig. 1).

To avoid this often-devastating complication, which can
occur from a rushed and somewhat careless durotomy under
often-stressful conditions, we prefer to open the dura in a
way that does not run parallel to the superior craniotomy
edges. Instead, we aim for a much smaller central durotomy
or a cruciate durotomy with “relaxing” incisions that widely
extend high up toward the midline and SSS at a right angle to
the bone margins. Variants of this pattern look like an open-
ing in a stellate fashion (Fig. 2). This will not only avoid the
loss of larger dural bridging veins from an iatrogenic injury

Fig.2 Complication avoidance: By switching from a classic C-shaped
durotomy to a stellate durotomy in trauma cases, the iatrogenic risk to
the bridging veins can be avoided

but also mitigate any venous compression—which is caused
by conventional dural margins seen in cuts running parallel
to the craniotomy border.

For dural closure, some authors prefer to perform an
expansile duraplasty by adding some form of dural onlay
graft or by inserting and watertight suturing autografts or
allografts [13].

Lastly, vascularized pedicled pericranial flaps can be uti-
lized to form a suitable layer of closure and protection. This
step is more important in case with the large anterior crani-
otomy flaps, which open into the frontal sinus; in cases
where the surgeon violates air cells rather low in the access
corridors to the middle fossa; and in cases contaminated by a
penetrating injury because these cases have increased risks
of delayed meningitis and subdural empyema. However, in
most cases, dura leaves can be left folded back on the brain
and can be supported with artificial or biological dura substi-
tutes without any increase in the rate of postoperative com-
plications [14]. This idea is supported by emerging evidence
that watertight duraplasty may not be necessary in standard
supratentorial craniotomies [15] (Figs. 3 and 4).
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Fig. 3 Pre-OP computed tomography (CT) scan of a 69-year-old
female patient who had sustained head trauma in a motor vehicle acci-
dent, causing a large hyperacute right frontal subdural hematoma with

Fig. 4 Post-OP CT scan of the same patient with matching cuts:
Despite the excellent evacuation of the extra-axial acute subdural hema-
toma, a new significant right-side intraparenchymal hematoma devel-

Conclusion

The development of brain swelling following a traumatic
brain injury is the most significant predictor of outcomes and
accounts for up to 50% of mortalities [16]. Hence, any modi-
fication in surgical technique that can alleviate brain swell-
ing should be pursued.

Opening dura in a stellate fashion in acute traumatic
subdural hematoma cases appears a simple yet very

a 1.3 cm midline shift; note the second focus of the right-side deep-
seated parenchymal hemorrhagic contusion (arrow)

oped (double arrow); although the contusion might blossom, it is more
consistent with venous outflow obstruction and back bleeding from a
bridging vein that was taken during surgery

effective way of gaining access to the site of clot
evacuation without introducing any procedural delay.
More importantly, though, it is a very safe move that will
help decrease the chances of iatrogenic cerebral venous
injury, and it does not pose any additional risk that might
compromise the already-precarious scenario of brain
swelling. We think that this simple maneuver deserves
further consideration within the neurosurgical
community.
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Abstract

We report herein the case of a 41-year-old man operated
on for a small inferior parietal lobule ganglioglioma with
a sleep-awake-sleep protocol and language mapping to
avoid major speech disorders. Postoperatively, however,
writing disturbance was characterized by persistent gra-
phemic errors that lasted for about 8 months. The topic is
discussed in light of recent literature, exploring the pos-
sible relationship between writing difficulties and discon-
nections produced by a combination of resecting
supramarginal gyrus components and interrupting arcuate
fasciculus fibers. Awake mapping of eloquent structures is
typically done using direct brain stimulation to maximize
the extent of the resection while minimizing permanent
neurological deficits. However, most intraoperative lan-
guage tests focus on language skills such as oral and read-
ing skills. Therefore, the detection of dysgraphia requires
a high degree of attention from the surgical team and
direct examination intra-and perioperatively. To this end,
employing an intraoperative writing test during awake
surgery may be considered. Advances in this field may aid
in increasing the accuracy during parenchymal dissec-
tions, influencing the extent of the resection, improving
the patient’s functional prognosis and long-term quality
of life.
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Introduction

Surgery on the temporoparietal junction in the dominant
hemisphere is a neurosurgical challenge because of the prox-
imity to eloquent brain areas, which requires that surgeons
have an accurate knowledge of functional neuroanatomy at
both the cortical and subcortical levels. Mapping these elo-
quent structures can be performed via direct brain stimula-
tion with the patient awake, which maximizes the extent of
the resection while minimizing permanent neurological
deficits.

At the cortical level, Wernicke’s area is located in the pos-
terosuperior portion of the temporal lobe, which often cor-
responds to the lower portion of the exposed cortex if a
temporoparietal or frontotemporoparietal craniotomy is
undertaken. As the definition of Wernicke’s area is func-
tional, its precise delineation has considerable individual
variability. In the anterior portion of the surgical field, the
surgeon deals with the sensory and motor cortices in the
postcentral gyrus and the precentral gyrus separately.

At the subcortical level, the white matter of the inferior
parietal lobule (IPL) is traversed by important fasciculi. This
is the case for the ventral (opercular) component of the supe-
rior longitudinal fasciculus (SLF-III) and, more deeply, the
posterosuperior portion of the arcuate fasciculus (AF) [1, 2].
Numerous studies on subcortical mapping have pointed out
the importance of the SLF-III and the AF for articulatory and
phonological functions, respectively [3-6]. Both fasciculi
have been considered important anatomical correlates of the
dorsal stream of the language network. In this context, the
use of speech and naming tests has been deemed important
for “safe” surgical resections, though not only during corti-
cal mapping but also as the surgeon progresses into the depth
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of the parenchyma. Transient speech disorders are relatively
common after the surgical manipulation of these structures,
but when the structural integrity of these functional areas is
properly preserved, medium-term recovery is usually excel-
lent [7].

In this manuscript, we report the case of a 41-year-old
man who underwent surgery for a small inferior parietal lob-
ule ganglioglioma, where we employed a sleep-awake-sleep
protocol and intraoperative language mapping to avoid major
speech impairment. Postoperatively, however, the patient
was surprised by the presence of writing disturbances char-
acterized by persistent graphemic errors lasting for about 8
months. This case draws attention to the fact that common
examination protocols during awake surgery are less sensi-
tive to this kind of problem because they focus mostly on
language skills such as oral and reading skills. The topic is
discussed in the context of recent literature, as is the possible
relationship between such writing difficulties and the surgi-
cal manipulation of the AF in the depth of the supramarginal

gyrus.

Case Report
History, Clinical Examination, and Imaging

A 41-year-old male accountant who was also a law school
student presented himself for consultation, referred from
another service. The man played guitar, spoke two languages
(Portuguese and English), and was studying a third one
(Mandarin). The patient did not present with any cognitive,
sensory, or motor neurological deficits. Two secondarily
generalized seizures had prompted magnetic resonance
imaging (MRI). The MRI showed an intraparenchymal

tumor of small volume intrinsic to the supramarginal gyrus
and invading the white matter at its depth (Fig. 1).
Radiographic appearance was compatible with a tumor of
glial origin. Surgical removal including awake brain map-
ping was proposed.

The patient was evaluated by three examiners trained in
the surgical protocol: a neurosurgeon, an anesthesiologist,
and a speech therapist. No signs or symptoms other than the
preceding seizure were identified. At the time of the initial
assessment, he was instructed on the procedure and trained
to perform the language tests in the awake phase. He was
also asked to report abnormal sensations such as paresthesia
or dysesthesia along with their specific locations. The neuro-
logical examination was normal, as were the mini-mental
status, counting, verbal fluency, spontaneous speech, picture-
naming, and line bisection tests.

Surgical Procedure

The patient was placed in the right lateral decubitus position
and underwent general anesthesia, which used a laryngeal
mask and an anesthetic scalp block. The head was placed in
a Mayfield holder. A frontotemporoparietal craniotomy was
performed, which was centered on the left parietal promi-
nence, allowing the exposure of the IPL, part of the temporal
lobe, and the postcentral gyrus. An intraoperative ultrasound
helped to delineate tumor boundaries as well as sulci and
gyri. After the craniotomy, the patient was awoken, and elec-
trical stimulation was used to map eloquent areas and to
guide neurosurgical resection. A Ojemann-style bipolar elec-
trode (Micromar, Diadema, Brazil) with 5 mm spacing
between tips was used to apply electrostimulation with a cur-
rent intensity between 1.0 and 6 mA (60 Hz pulse frequency,

Fig. 1 Preoperative MRI examination showing a left parietal tumor
suggestive of low-grade glioma. (a) Coronal T1-weighted image after
an intravenous injection of gadolinium. No contrast enhancement was
observed. (b) Axial T2-weighed image allowing the study of the sulcal

and gyral anatomy. The tumor infiltrated the supramarginal gyrus, in the
inferior parietal lobule. (¢) Axial fluid attenuated inversion-recovery
image showing a zone of hypersignals corresponding to the infiltration
of the adjacent white matter. *postcentral gyrus
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Fig.2 Postoperative MRI
after tumor resection that was
assisted by awake brain
mapping and used the
asleep-awake-asleep
technique. (a) Coronal
T2-weighted image. (b) Axial
fluid attenuated inversion-
recovery image

1 ms pulse width). The intraoperative examination included
repetitive counting, motor function, sensory examination,
spontaneous speech, a DO-80 picture-naming test, line
bisection, and a dual task composed of simultaneous upper
limb movements and picture naming. Stimulation was sys-
tematically alternated with tumor resection, which was pro-
gressively carried further until the limits of resection were
reached, at the depth of the IPL. Reproducible phonological
paraphasias were triggered by stimulating the white matter
in the depth of the operative cavity in topographical proxim-
ity to the arcuate fasciculus. The occurrence of these para-
phasias delineated the functional limit that surgical resection
should not exceed. Dysarthria and anomia were not observed
during white matter stimulation. The patient underwent gen-
eral anesthesia again, for closure.

Follow-Up

The awakening from anesthesia was uneventful. A postop-
erative MRI examination was performed shortly after the
procedure and repeated after 3 months (Fig. 2). It showed
complete tumor removal and confirmed that the floor of the
operative cavity was in proximity to the AF topography
(Fig. 3). From the first day after the surgical procedure, the
patient displayed numerous phonological paraphasias that
became progressively less frequent and less impactful on
speech. The evolution of these paraphasias was typical of the
transient language disturbances often seen after awake sur-

gery, most likely related to transient postoperative edema.
The patient was then discharged on corticosteroid therapy
and was reassessed at 15 days after the surgery. At this time,
he began to show his recovery from his impairment.

At the next follow-up visit, carried out 1 month after the
procedure, speech was very much improved. Although less
frequent, his phonological paraphasias were still present, but
the patient presented with fluid and very understandable
speech. Because he was also a musician, the neurological
examination was completed by testing his instrumental inter-
pretation and singing. No difficulty in playing guitar was
reported or perceived. Interestingly, the phonological para-
phasias were completely absent during singing. The patient’s
main complaint, however, was not related to oral language
but rather to writing. He reported that he noted (retrospec-
tively) that texts that he had written after the surgery con-
tained numerous spelling mistakes. This description by the
patient encouraged us to undertake a written picture-naming
test to better characterize the impairment. No motor difficulty
was observed; the handwriting was legible and corresponded
to his usual handwriting. However, the words were often
wrong in that they featured either substituted or omitted let-
ters (Fig. 4). These mistakes made in written language were
much more impactful than the phonological paraphasias in
oral language (Table 1). The patient was meanwhile followed
by a speech therapist. While his speech has become practi-
cally normal at about 3 months, the dysgraphia lasted for a
total of about 8 months, with significant effects on his daily
and professional life during that period.
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Fig. 3 Result of a written
naming test performed

—
postoperatively. Dysgraphia Ta m b O r

was observed, suggesting
damage to the graphemic

buffer, characterized by letter P a Vé O >
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Fig. 4 Relevant white matter anatomy in the depth of the operative
cavity. (a) Sagittal T1-weighted image after an injection of gadolinium-
based contrast medium. The depth of the operative cavity is located on
the white matter, in contact with the postero-superior portion of the

arcuate fasciculus. At this point, direct cerebral stimulation triggered
reproducible pholonogical paraphasias. (b) Anatomical specimen
showing relevant anatomy for the case. Fiber dissection of arcuate fas-
ciculus (arrow), around the limitant sulcus of the insula
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Table 1 Summary of results of picture-naming test (DO-80) 1 month
after the surgical resection, showing graphemic errors and less-frequent
phonological paraphasias

Errors Nb
Written

Spelling errors 26
Ommission 1
Substitution 19
Insertion 2
Mixed 4
Visual paraphasia 1
Oral

Phonological paraphasias 10
Perseveration 7
Anomia 2
Discussion

We report herein the case of a young right-handed male adult
who presented with long-lasting dysgraphia after surgery
that involved superficial and deep portions of the dominant
IPL.

Written language impairment has previously been
reported in the context of acute brain damage, especially
stroke [8]. These disabilities occur more frequently after
damage to the left cerebral hemisphere. In the context of a
cerebral intraparenchymal tumor, the slowly infiltrating
character of the disease, which leaves room for adaptations
and brain plasticity, seems to be the main explanation for the
rarity of this phenomenon in treatment-naive patients [9]. It
may, however, manifest prominently after surgical treatment.
Frontal, parietal, and temporal structures have been related
to the occurrence of spelling mistakes after glioma surgery,
although properly documented evidence of postoperative
deficits is remarkably scarce [10].

Theories on the topographical distribution of linguistic
functions were strengthened by the studies of Broca and
Wernicke. In addition to describing one more language-
related brain area, Wernicke reinforced the concept of the
further existence of connections between the two areas, for
which the AF is the main anatomical correlate [11]. Other
routes, shorter but highly robust, indirectly connect these
regions. The inferior parietal lobe, more specifically the
supramarginal gyrus, is an area of convergence for fiber
pathways originating from these two language areas and
serves as an intermediate relay station [12]. This peculiarity
is why this zone is referred to as the Geschwind territory in
studies on structural connectivity, in honor of Norman
Geschwind and his studies on disconnection syndromes.
Modeling language brain circuits, Hickok and Poeppel
(2004) proposed that language would be organized in at least
two parallel integration pathways [13]. According to this
model, the dorsal pathway is preferentially articulatory-
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phonological, while the ventral pathway is semantic. The
dorsal pathway appears to correspond to the elements of the
connective system comprising the superior longitudinal fas-
ciculus and the AF [2, 6].

Different forms of dysgraphia have been recognized, but
cognitive models propose two basic mechanisms for writing
words: writing with phonological mediation (the conversion
of phonemes into graphemes) and the lexical route with
access to words as a whole [14, 15]. The latter is faster and
used for writing familiar words. This mechanism allows the
correct spelling of irregular words. After damage to the gra-
phemic buffer has been sustained, difficulties in lexical
access and phoneme-grapheme conversion are observed.
The patient usually writes well-formed graphemes, but the
replacement, omission, or addition of words happens, as in
the present case [8, 10]. In another scenario, so-called periph-
eral dysgraphia involves errors in converting orthographic
information into movement. In this situation, the patient usu-
ally has spatial, perceptual, or apraxic difficulties with writ-
ing tasks.

In the specific case of our patient, the absence of motor
disturbances (in writing and fine gestures of the upper
extremities) makes apraxia or a disturbance in motor func-
tion an unlikely underlying mechanism. The absence of
articulatory disturbances during speech and the presence of
concomitant phonological paraphasias makes us hypothesize
that a relationship may exist between the observed distur-
bances and the partial disconnection of the AF (Fig. 4).
Added to the resection that was carried out in the supramar-
ginal gyrus, this dual impact probably functionally discon-
nected the frontal and temporal language areas. Letter-level
errors after glioma resection with damage to the AF has been
reported by classic and contemporary studies [16, 17].
Nevertheless, a clear relationship with this topography is dif-
ficult to establish given that this clinical impairment has also
been observed in patients with cerebral lesions in other loca-
tions and given that it has not been reported as a constant
finding after AF damage. A more extensive discussion on the
clinical observation is further complicated by the fact that
data on the phenomenon remain scarce.

The occurrence of dysgraphia after surgery on the tempo-
roparietal junction leads us to rethink the sensitivity of the
current clinical examination protocols during awake surgery
to detecting this phenomenon. Most tests focus on language
skills such as oral and reading skills. Therefore, to detect
dysgraphia in this setting, a high degree of attention is
required on the part of the team involved in surgery, and an
intra-and perioperatively conducted examination is needed.
To this end, the use of a writing test during the awake phase
of the surgical mapping and resection may be considered.
Advances in this field, particularly concerning white matter
procedures, may contribute to increasing the precision of
parenchymal surgeries, thus positively affecting the extent of
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resection, the prognosis for functional status after surgery,
and, lastly, patients’ long-term quality of life.
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Abstract

Surgical procedures carry certain risks of complications,
which need to be considered and discussed when any pro-
cedure is suggested to a patient. In this article, some ethi-
cal problems will be discussed concerning the
communication of problems after they have occurred.
Some clinical case studies will serve to clarify the need
for having standards of ethical behavior, even in difficult
situations. Further information will be given from experi-
ence gained from a medicolegal commission for malprac-
tice complaints.

Keywords
Ethical behavior - Complication - Surgical error -
Medicolegal issue - Arbitration

Introduction

Behavior as a doctor caring for patients should follow the
ethical principle of primum nil nocere—which translates
into English as “first do no harm.” Under this rule and the
rule of the self-determination of the patient, medical treat-
ment and surgical procedures are allowed only if they have
been clearly indicated, the patient has been well informed
about the risks and benefits, and the patient has consented to
the intervention. As can be seen across centuries and various
cultural backgrounds, modifications have been made to these
rules. Still, the most important rules certainly mean taking a
patient-centered approach in which the patient is considered
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the partner of the doctor in fighting the disease. This approach
should aim to benefit neither the doctor nor the patient’s rela-
tives in specific and must include a vigorous consideration of
how the physician would feel about undergoing whatever
diagnostics and treatment they recommend to the patient if
they were in that patient’s place. With this in mind, good
doctor—patient relationships could develop over centuries,
both overall in society and among individuals. This should
be kept in mind despite the changing sociocultural environ-
ments and financial rules governing neurosurgical practice
[1]. The increasing number of court rulings, litigation pro-
ceedings, and even aggressive behaviors by relatives against
doctors in various countries may contradict the old saying
“trust me; I’'m a doctor,” which might have turned into “the
doctor—while needed—is rather the enemy.” Is the doctor
today rather conceived as a moneymaking individual or still
as a well-educated and well-trained person? Are they honest
with their patients, and do they teach their patients and their
staff such that progression along a learning curve and good
clinical judgment are evident?

A PubMed search was carried out to help answer the pre-
ceding question, yet it showed only an increasing number of
publications in recent years when the two search phrases
“ethics and complications” (5983 in 2019 vs. 22.284 in June
2021) and “ethics and complications and neurosurgery” (181
vs. 799) were used, while a query for “the ethical implica-
tions of complications and neurosurgery” yielded only 22
hits, which did not help to further define this problem. The
increasing number of retrieved studies is influenced partly by
referring to “ethics committee involvement” in those studies.
However, the way that healthcare is delivered to an individ-
ual patient within a given framework obviously influences
the doctor—patient relationship [1].

Therefore, in this chapter, this problem is extensively dis-
cussed on the basis of the personal neurosurgical experience
of nearly 50 years, covering a neurosurgical career that has
been burdened by a number of complications from which the
senior author has tried to learn throughout his life, as well as
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the lessons learned from the problems of other surgeons,
which he as a member of the medicolegal college for arbitra-
tion learned about over many years.

Ethical issues may be derived from the financial implica-
tions of increasingly expensive modern medicine, the further
development of modern (neuro-)surgery, and the application
of evidence-based medicine. Especially the latter has con-
tributed to, for example, the routine use of prophylactic anti-
biotics, the postoperative adjudication of intensive care unit
(ICU) beds for otherwise-healthy patients (the need of which
has been discussed recently on the basis of single center
studies), the length and quality of survival under conserva-
tive therapy for indications for surgery in world health orga-
nization (WHO) grade II glioma patients, and the further
reductions in the length of hospital stay and in costs thanks
to performing awake craniotomy for most intrinsic brain
tumors [2], to name only a few. However, the topic extends
into organizational problems—e.g., when or whether to send
patients only to high-volume centers, which might make
sense for specific diseases like movement disorders or cere-
brovascular problems requiring an interdisciplinary approach
to achieve the best possible results. Further suitable exam-
ples are the application of intraoperative indocyanogreen
(ICG) fluorescence for intracranial vascular surgery and the
modern extended use of neuronavigation and/or intraopera-
tive computed tomography (CT) or magnetic resonance
(MR) imaging. Do these technologies need to be used, or are
they just gadgets? Would continuing to perform surgeries
without these adjuncts (which are often not scientifically
evaluated in multicenter randomized double-blind studies,
given that this may not even be possible) be ethical?

Such organizational problems might also be touched on
when a patient or their relative is confronted with a compli-
cation that occurred in an individual case recently treated by
a responsive (neuro-)surgeon.

Yet the focus of this article should be more on individual
patient care than on discussing problems of hospital
organization.

Defining the Problem

A patient usually seeks help from a specific individual doctor
and therefore usually considers a doctor a partner whom the
patient can trust—because they (unfortunately) had no other
choice depending on an emergency or referral situation. From a
legal point of view, obtaining a correct indication of treatment
according to the present standard of care and obtaining informed
consent for elective interventions are the two primary prerequi-
sites for a good discussion with the patient and their relatives.
However, when something goes wrong—that is, when the
patient is not satisfied with the result—it has one of three major
explanations:
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1. The optimal results of a procedure could not be achieved,
because of the preoperative situation.

2. Inherent complications have occurred.

3. A mistake has been made.

With the personal experience of the senior author as a
member of a large medicolegal board of arbitration covering
northern Germany (dealing with approx. 2000 arbitrations
every year), we reviewed 205 consecutive complaints
brought forward in the years 2014 and 2015 against spine
surgeons. These complaints were filed mostly because of
persistent or worsened pain or the postoperative deteriora-
tion of the patient’s neurological/functional status. After a
careful review of the materials, we found that in 26.3% of
cases, some damage indeed occurred that could have been
prevented if treatment (including postoperative care) would
have been performed properly (according to the rules), while
most cases with alleged damages (65.7%) were not due to
malpractice induced by treatment but rather remaining con-
sequences from the original disease. Lastly, noncompensable
iatrogenic damage occurred in 7% of cases. This means that
slightly more than a quarter of all malpractice complaints in
spine care brought forward to the arbitration board were con-
sidered justified—after a written case-testimony by an inde-
pendent peer expert was evaluated by a group of lawyers and
surgeons—and resulted in reasons for patients to be finan-
cially compensated. This is a relevant number given the high
number of spine surgeries performed by neurosurgeons,
orthopedic surgeons, and trauma surgeons in the area cov-
ered by this committee. Fortunately, in our experience, the
total number of cases brought forward for review seems to
have decreased over recent years. Yet this number does not
include the patients who immediately went to court or who
failed to complain and instead accepted their fate.

After these arbitration institutions had been created by the
regional Medical Chambers in Germany in the mid 1970s,
we evaluated all cases from a large region in Germany
(industrial North Rhine—Palatine, centered on Duesseldorf)
for the years 1976-1988 [3]. Neurosurgical cases were con-
sidered by the arbitration panel as due to wrongdoing in
15.6% of all claims brought forward against neurosurgeons
(1.65% out of all claims brought to the arbitration panel),
and this number could be divided into spinal cases (18.4%)
vs. cranial cases (10.2%), which compared favorably to the
22.9% seen in the entire study group (Mehdorn et al., 1990).
Most neurosurgical mistakes were due to a delay in the diag-
nostic or therapeutic intervention once a postoperative wors-
ening of the neurological status had occurred, and this is true
for spinal surgery, the treatment of peripheral nerves, and
trigeminal neuralgia cases.

Over the course of the assessment, we also contacted the
11 hospitals in the area under review to possibly find local
variations in error frequencies among the approx. 4500 spi-
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nal and 2400 brain tumor operations every year. This would
correspond to a requested independent evaluation of 0.13%
of the total volume of spinal cases, and only 0.024% of the
total number of rendered treatments were considered as
indicative of wrongdoing. The respective figures for brain
tumor surgery were 0.035% (alleged wrongdoing) and
0.0032% (actual treatment mistakes made). In conclusion,
brain tumor surgeries had remarkably small numbers of
alleged wrongdoings and factual wrongdoings.

Individual Cases and Personal Experience

These percentages may suggest a very low relevance of the
problem. However, each case of alleged wrongdoing has a
profound psychological impact on the doctor and should
encourage the surgeon to prevent the next one by optimizing
their treatment algorithms and their communication with
patients. Some personal experiences should help to clarify
this need:

1. When still a resident in the early 1980s, the senior author
(MM) had to operate—assisted by a staff member—on a
frontal meningioma diagnosed by CT scan. At this time,
marking the laterality on CT scans was not yet standard-
ized which was implemented only shortly after, and posi-
tioning of the patient for surgery was performed by an
experienced nurse assistant. In those days, the surgeons
would come in to start the skin incision—after a booking
denoted as “simple, for frontal meningioma.” After the
craniotomy, the dura was incised but no meningioma
found. Looking carefully at the CT scans it became evi-
dent that the wrong side had been operated on.
Consequently, the dura was closed and the bone flap fix-
ated before craniotomy was performed on the correct side
and the meningioma was completely removed. When fin-
ishing the case, the assisting staff member discussed with
me that I should have to compensate the patient for my
wrongdoing. I went to see the patient the afternoon after
surgery and on the following days, and I explained to
him, “we had also looked on the other side and had not
found another tumor.” No issue was raised even when he
developed a meningioma a few years later that was con-
tralateral to the primary surgery, its origin obviously
being at the level of the falx.

Was the excuse/explanation that I gave to the patient a
lie? At least it did calm him, and we did not do any harm.
After this occurrence, we changed the hospital policy, and
from then on, the surgeon had to be in the operating room
(OR) starting from the introduction of anesthesia—which
is very rapid these days—and the surgeon was responsi-
ble for positioning the patient’s head as the first step of
the procedure.
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2. As the head of the Neurosurgery Department at the
University in Kiel/Germany, I had to operate, in the early
1990s, on a recurrent lumbar vertebral body tumor via a
retroperitoneal approach, and access to the spine was pro-
vided by the head of the general surgery department.
After having removed the tumor and performed stabiliza-
tion as required, we jointly closed the access wound.
Later that afternoon, the X-ray control panel showed that
we had left an abdominal swab inside that required our
redoing the surgery. The patient, a locally well-known
pharmacist, accepted my immediate explanation and
apology, but he wondered in an angry fashion why the
abdominal surgeon—whom I had asked/urged to do the
same—had not shown up to apologize himself.

‘Who was to be blamed, and who would have been held
legally responsible for leaving the swab inside?

3. When performing an implantable pulse generator (IPG)
exchange in a Parkinson’s patient who had undergone a
successful deep brain stimulation (DBS) operation a few
years earlier, which is considered a minor surgery and
which I did alone with a nurse, hemostasis was usually
achieved by inserting sponges soaked with H,O,. A few
days post-OP, one small swab was discovered to have
been left behind, and I had to take the patient back to
surgery, which I had to explain to the patient, a high-
ranking business executive. I apologized and explained
everything carefully. The patient fully understood my
mistake and accepted my reason because he had not suf-
fered any harm; he even volunteered to discuss his excel-
lent surgical results from DBS on a TV show a few days
later. Formal discussion at our departmental morbidity
and mortality (M&M) conference and the implementa-
tion of a rule to repeat swap counting were the procedural
consequences aiming to prevent this from happening
again.

4. The misplacement of pedicle screws—which itself is an
inherent possiblity of surgery and not itself to be
considered a mistake—may lead to neural damage or
long-lasting pain. In such a setting hardware misplace-
ment should be revised when safely possible and when
openly discussed with the patient. The discussion is not
always easy, particularly after a difficult surgery has
exhausted the surgeon, but it can help to prevent arbitra-
tion or a court proceeding. Instead of informing the
patient, would it be better for the patient to suffer from
radicular pain or an unstable spine, potentially causing
further harm—in which case the patient would learn
about the mistakes later on from another surgeon?

5. In a 77-year-old female patient, the posterior third of her
superior sagittal sinus was injured by a younger staff
member during craniotomy when the staff member gained
access to a tentorial notch meningioma. Hemorrhage
from the site of injury could not be stopped, and she died
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on the table. As I was the head of the department and was
the one who had finalized the indication for surgery, I felt
responsible for this case, so I called her husband immedi-
ately and explained everything to him by phone. In addi-
tion, I immediately wrote a letter to the hospital chair the
very same day explaining the details, and I had the young
staff member present his case in detail at the next M&M
conference for all neurosurgeons and OR personnel, to
prevent gossiping. No lawsuit was filed by the patient’s
family, and official persecution by the coroner’s office
was not pursued, because none of details of the events
had been hidden in this case. Being transparent—yet not
accusatory—in the department’s M&M conference and
drawing conclusions on the handling such cases in the
future relieved much of the psychological pressure that
had affected the young staff member and should help to
prevent such events in the future.

Conclusions from these Cases

Because a patient suffering from complications will usu-
ally—sooner or later—realize what occurred or learn about
the problems that were encountered during surgery or the
delivery of care, their surgeon needs to explain what pre-
cisely happened and why. A patient would never consider a
doctor to be without fault but would expect that they would
deliver all care to the best level possible, and this is what we
should strive to do every day.

The best way of dealing with a complication in surgery is
for the performing surgeon to frankly inform the patient
about the complication without blame. Doing so is a much-
needed learning process for young surgeons, which they also
have to be taught—nowadays possibly through recorded ses-
sions with informed actors.

Problems that occur during surgery should be discussed
in the presence of a witness or a few witnesses, with at least
one on the side of the doctor, and such disclosure conversa-
tions must be documented afterward. If major problems
(such as in the last case presented above) have occurred,
involving the head of the department in the explanation of
the unfortunate situation may be helpful.

Above all, when the patient or their relative requests an
appointment with the chairperson of a unit in which a com-
plication occurred, I believe that this should be freely
arranged because many of the allegations brought to the arbi-
tration counsel have come from the patient’s or their rela-
tive’s understandable perception of not being heard by senior
personnel.

The timing of when to provide the information to a
patient experiencing significant pain or a patient who may
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be overwhelmed by a newly diagnosed deficit is also cru-
cial: This should be done very early on so that the patient
understands the need for additional surgical or conservative
therapy to improve the final outcome. In these discussions,
many urgent questions will be brought up from the patient
and their family concerning functional deficits that might
influence the patient’s life for a long time or permanently.
Since the final result of many neurosurgical complications
(surgical errors) may not be predictable early on in the
course of a disease, the answers should weigh the possibil-
ity of a major deficit yet mitigate this perspective by point-
ing to the potential for natural healing, especially
improvement via rehabilitation.

These ethical guidelines are considered helpful in simi-
larly difficult situations and might be used irrespective of the
specific situation of malpractice liability. A good and indi-
vidualized doctor—patient relationship should be preserved
even in a busy neurosurgical practice in a large department
structure, and this will help to ensure the best possible patient
care.

Many arbitration processes, court rulings, and unsatisfac-
tory clinical courses resulting in unhappy patients could be
prevented by following an appropriate preoperative informed
consent process where the information is given in nonmedi-
cal language. This way, the patient has an idea of what might
happen and what might be expected without scaring them.
Spending considerable time talking to the patient before sur-
gery is definitely better than sitting in court.

Furthermore, a doctor incurs quite a psychological burden
by sitting in court in front of a patient whom that doctor
wanted to help yet failed to achieve the best possible out-
come for—e.g., by not considering and discussing the pos-
sibility of making the patient paraplegic with a procedure in
spine surgery. Every possible step needs to be taken before
surgery to professionally address such concerns to prevent
patients or relatives from finding reasons to sue doctors for
an outcome that was not anticipated or discussed.
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Abstract

Advances in endoscopic technology have made the endo-
scopic transsphenoidal approach the preferred approach
for most surgeries of pituitary adenoma. The goal of these
surgeries is to achieve cure, efficacy, and safety. Ample
research has deliberated on the complications of cerebro-
spinal fluid (CSF) leak, meningitis, visual deterioration
and nasal crusting after endoscopic transsphenoidal sur-
gery. Among these, injury to the internal carotid artery
(ICA) is not common in transsphenoidal pituitary surgery
and has an incidence that ranges from 0.1% to 1%.
Though it is rare, the effects are devastating and associ-
ated with a high risk of mortality and morbidity. As a
result, iatrogenic ICA injury is every neurosurgeon’s
nightmare. Available literature primarily consists of case
reports on these injuries. The literature is lacking on pre-
ventive and management options. We present an unusual
case of a patient who had a nonfunctioning pituitary mac-
roadenoma and an unexpected injury to the internal
carotid artery (ICA) during endoscopic transsphenoidal
surgery. We share our successful experience with its man-
agement via emergency endovascular treatment with par-
ent vessel occlusion for an iatrogenic ICA injury. We
present the article to address the pragmatic questions and
challenges faced by neurosurgeons experiencing this
complication for the first time.

R. Mishra (I)
Department of Neurosurgery, National Institute of Mental Health
and Neurosciences, Bangalore, India

Department of Neurosurgery, All India Institute of Medical
Sciences, Bhopal, Bhopal, India

S. K. Konar - D. P. Shukla

Department of Neurosurgery, National Institute of Mental Health
and Neurosciences, Bangalore, India

e-mail: dhavalshukla@nimhans.ac.in

© The Author(s) 2025

Keywords

Tatrogenic ICA injury - Transsphenoidal surgery -
Pituitary adenoma - Endosinus surgery - Endoscopic
pituitary surgery - Endovascular management - Parent
vessel occlusion

Introduction

An iatrogenic injury of the ICA is one of the most dreaded
complications of endoscopic pituitary surgery. ICA injury
leads to mortality and significant morbidity. Careful preop-
erative planning and meticulous surgical techniques are
essential to avoid this complication. Iatrogenic ICA injury in
endoscopic pituitary surgery can have an early or delayed
manifestation. Such an injury can lead to overwhelming
blood loss, creating an imminent risk to life as well as pseu-
doaneurysm formation, vasospasm, thrombosis, embolism
with subsequent cerebral insult, the formation of carotid-
cavernous fistula, and haematoma formation in the tumour
cavity with subsequent vision compromise [1-4].

We present a patient with a nonfunctioning pituitary
macroadenoma who had an unexpected injury to the inter-
nal carotid artery (ICA) during endoscopic transsphenoidal
surgery. The senior author has operated on more than 800
consecutive large or giant pituitary adenomas (PAs). This
article describes our successful experience with using par-
ent vessel occlusion as an emergency endovascular treat-
ment for an iatrogenic ICA injury and the clinical course,
and the article retrospectively analyses the critical manage-
ment issues that could have reduced the unexpected pro-
longed hospital stay. Additionally, we systematically
searched the literature to inform our discussion on avoid-
able and unavoidable causes and other responsible factors
as we review the management options for ICA injury dur-
ing transsphenoidal surgery for PA.
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Clinical Scenario

A 55-year-old male patient presented with complaints of
decreased vision in the left eye and nonspecific headaches
for 1 year. He had no pre-existing medical or surgical comor-
bidities. General and systemic examination was within nor-
mal limits. His preoperative visual acuity was 6/9 in the right
eye and 6/12 in the left eye, with bitemporal visual field
defects. The rest of the neurological examination was nor-
mal. No abnormalities were noted in the laboratory investi-
gations at admission. MRI showed a pituitary macroadenoma
about 2 cm x 1.7 cm x 2.2 cm in size. The lesion extended
bilaterally into the cavernous sinus with the encasement of
the ICA on each side (180° for the right ICA and 90° for the
left ICA). The clinical and radiological working diagnosis
was nonfunctional pituitary macroadenoma, Knosp grade 4
and Hardy grade 4 E (Fig. 1).

Fig. 1 (a) Coronal and
sagittal CT brain contrast
images depicting sellar
hyperdense sellar suprasellar
lesion. (b) Showing tumour
margin in yellow and
proximity to artery outline in
red

Surgery

We planned an endoscopic endonasal transsphenoidal
approach for the excision of the lesion. We encountered brisk
arterial bleeding while making a cruciate opening on the left-
side dura mater at the level of the sellar floor. As we were
able to visualize the bleed site and identify rent in the ICA,
we alerted the anaesthetist immediately, and blood transfu-
sion was started. We attempted carotid artery compression at
the neck to prevent exsanguination; however, the bleeding
was not significantly reduced. We could reduce the bleeding
and achieve adequate intraoperative haemostasis by using
oxidized regenerated cellulose to directly pack the sphenoid
sinus and nasal cavity. We hemodynamically stabilized the
patient and immediately moved him out of the operating
room to the neurointerventional suite as the blood continued
to ooze out from the access site. Total blood loss was approx-
imately 2.5 L at this time.
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Neurointervention

Digital subtraction angiography (DSA) was performed,
which revealed that the left ICA injection showed active con-
trast extravasation from the cavernous segment of the ICA at
the anterior genu (Fig. 2). Good crossflow was seen involv-
ing the left posterior communicating (PCOM) artery, left
ACA and MCA (Fig. 3). We deployed two coils in the left
cavernous ICA across the rent site. An immediate postproce-
dure angiogram showed a lack of antegrade flow in the left
ICA with the normal filling of the left MCA and ACA. No
contrast leak appeared on the right ICA and left vertebral
artery (VA) angiogram. No perfusion deficit was in the left
ACA and MCA territory. The retrograde filling of the left
ophthalmic artery with patent left ophthalmic choroidal
blush was seen on the left VA angiogram.

Fig.2 AP and lateral
projection of left ICA
angiogram showing the site of
rent in cavernous segment of
left ICA and extravasation of
dye

Follow-Up Course

After the intervention, a delayed computed tomography (CT)
brain scan was obtained, which showed no ischaemic
changes or infarcts (Fig. 4). The patient then underwent sur-
gical re-exploration, including nasal pack removal and the
near-total removal of the lesion 3 days later. Histopathology
was consistent  with nonfunctioning pituitary
macroadenoma.

Condition at Discharge

At discharge, he was conscious, alert and active and had no
limb weakness. However, his vision had deteriorated to
complete blindness in the left eye, whereas no deteriora-

Fig.3 Showing good cross circulation from PCOM, poor crossflow from contralateral ICA, and post-coiling; left ICA angiogram showing parent
vessel occlusion
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Fig. 4 Delayed postoperative
CT brain scan showing no
infarcts or haematomas

tion appeared in the right eye’s vision. At the eight-month
follow-up, the patient was independent and able to do his
occupational work and activities of daily living with per-
sistent blindness in the left eye. He showed no change in
his functional status during the last follow-up, at 20 months.
Deterioration in vision in the left eye could have been due
to the inadvertent sacrifice of the ophthalmic artery during
the parent vessel occlusion given that a native postopera-
tive CT brain scan revealed no haematoma or tumour
bleed.

Discussion

A pituitary adenoma is one of the most familiar pathologies
treated by neurosurgeons and ear, nose and throat (ENT) sur-
geons. Over time, the technological advances in neurosur-
gery have made PA surgery much safer. Endoscopic
transsphenoidal surgery (ETS) has replaced microscopic and
transcranial surgery in most the cases. Though ETS is con-
sidered a routine and very safe surgical procedure, iatrogenic
ICA injuries during endoscopic pituitary macroadenoma sur-
gery do occur at times and are the most dreaded
complication.!

How Common Is Internal Carotid Artery Injury
During Transsphenoidal Pituitary Surgery?

ICA injury during transsphenoidal pituitary surgery is very
infrequent. However, it is challenging and potentially dis-
abling and may have fatal consequences [1]. Injury to the
ICA may be shown by a torrential haemorrhage that occurs
intraoperatively or that manifests later as a pseudoaneurysm
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due to a vessel spasm or an infarct due to thrombosis. In
endoscopic endonasal pituitary surgeries, the incidence of
injury to the ICA is estimated to be between 0.2% and 2.0%,
according to available studies [2, 5, 6]. The incidence appears
to vary depending on the type of surgery. This complication
seems to be rare in endoscopic sinus surgery (only 29 cases
reported, with higher numbers in transsphenoidal pituitary
surgery), with an incidence of 1.1%, and this incidence is
higher in extended endonasal surgeries—e.g., procedures for
craniopharyngiomas, clival chordomas and chondrosarco-
mas—at 5-9% [5, 7, 8].

May et al. [9] reported only one patient with an intraop-
erative ICA injury in their institutional experience, which
was a pooled series of 2108 cases that was combined with
2583 patients from another 11 series—a total of 4691 cases.
Among the 16,000 endoscopic sinus surgeries conducted
over a span of 30 years, Weidenbecher et al. [10] had four
encounters of ICA injury following sphenoidectomy. These
figures indicate the rarity of iatrogenic ICA injury in endo-
scopic sinus and transsphenoidal surgeries. However, when
we look at the mortality and severe disability due to this
complication, we realize that it merits more attention. The
mortality rate of iatrogenic ICA injury in endoscopic skull
base surgeries is up to 14%, and the incidence of severe dis-
ability among survivors is up to 24% [5].

What Are the Risk Factors of latrogenic ICA
Injury During Transsphenoidal Surgeries?

Many factors increase the risk of inadvertent ICA injury.
Two subgroups of patients are at increased risk [11, 12]. The
first group consists of patients with pre-existing vascular
malformations hidden by an intact mucosa of the sphenoid
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sinus. ICA injuries in these cases have been fatal in all pub-
lished cases [13]. The second group consists of cases featur-
ing the direct penetration of the vessel. The chance of survival
is higher in this subgroup of patients than in the first [14].
The risk factors for ICA injury have level 4, grade C evi-
dence for anatomic relationships that are predisposed to sur-
gical difficulties. These structural features include carotid
dehiscence, sphenoid septal attachment to ICA, midline
ICA, revision surgery, prior radiotherapy, prior bromocrip-
tine treatment and acromegaly [12, 14—19].

Nonmodifiable Risk Factors

Nonmodifiable risk factors include tumour characteristics
and anatomical variation in the sella or in the ICA course.
Important tumour characteristics are the location, nature,
consistency and functional status of the lesion. Large and
invasive PAs often invade the cavernous sinus or ICA and
increase the risk of ICA injury. Our patient had a higher
Knosp and Hardy grade of PA. The functional status of the
PA also affects the risk of ICA injury, with a higher risk in
cortisol- and GH-secreting PAs [15, 18]. Liu et al. [20]
reported a patient with prolactinoma on bromocriptine ther-
apy who had an injury of the Al emanating from a left ICA
during transsphenoidal surgery. The authors attributed the
injury to the firmness and adhesion of the tumour secondary
to fibrosis induced by bromocriptine. The risk of ICA injury
is more significant in recurrent PA because previous surgery
creates anatomical variation in the sellar region, which may
predispose the region to injury [21, 22].

Modifiable Risk Factors

Modifiable risk factors include inadequate preoperative plan-
ning and surgical expertise. The occurrence of ICA injury
has been linked to intraoperative experience. For surgeries
performed in the sphenoid sinus, the rate of ICA injury was
inversely proportional to the surgeon’s experience: an ICA
injury rate of 1.4% for the least experienced surgeons (200
cases of TSS), 0.6% for intermediately experienced surgeons
(200-500 cases) and 0.4% for the most experienced surgeons
(> 500 cases) [23].

Which Segment of ICA Is Vulnerable to Injury?

Knowing which segment of ICA is most vulnerable to injury
during PA transsphenoidal surgery is crucial for decision-
making. This knowledge helps in deciding on the course of
action to take and how to appropriately manage the neurosur-
gical intervention. The ICA, which is at most risk during sur-
gery on the paranasal sinuses, is the rostral wall of the
infraophthalmic cavernous segment [3, 24]. Interestingly,

Table 1 Anatomical landmarks for various segments of the internal
carotid artery [26, 27]
Anatomic landmarks for various segments of the internal carotid
artery
Segment
Paraclinoid

Anatomic landmark
Medial clinoid
Anterior genu Medial pterygoid

Horizontal segment Vidian nerve

Ascending carotid Eustachian tube

some studies have reported that injury occurred more fre-
quently on the cavernous segment of the left ICA than on the
right side in endoscopic procedures [7, 24]. In our case, we
also had an injury on the cavernous segment of the Left
ICA. Renn and Rhoton found ICA bulges into the sphenoid
sinus in 71% of cases, and these authors observed that the
artery may be as close as 4 mm from the midline [25]. Table 1
shows the anatomical landmarks of ICA segments from the
endoscopic perspective, which are crucial in preventing these
injuries.

What Are the Immediate Challenges
in the Management of latrogenic ICA Injury?

Significant vessel injury may create panic in operating room
(OR) staff, resulting in rapid blood loss that may result in the
exsanguination of the patient. Controlling bleeding via vig-
orous packing with a variety of materials requires a calm
mind set and tremendous technical ability. Haemostasis is
difficult because of the ample space created during surgical
exposure in the endonasal transsphenoidal approach. We
faced this challenge and found controlling the bleeding to be
very difficult. We used multiple manoeuvres like compres-
sion on the external carotid at the neck and the injection of a
haemostatic agent (Floseal) at the bleeding site. However,
the bleeding reduced only after the complete packing of the
sinus with oxidized cellulose. Crossflow from the VA ren-
dered the compression of the external carotid at the neck
ineffective.

Because the endoscope has its viewing port on the very
tip of the instrument, Cavallo et al. [28] have recommended
withdrawing the endoscope to the level of the middle turbi-
nate and inserting cottonoids or haemostatic substances into
the sella and the sphenoid sinus [28]. Important steps for sur-
gical field control include two-surgeon techniques working
as a team; endoscope navigation to keep the tip free from the
jet of blood is a key element at this stage of the procedure
[13]. Haemostatic agents like Surgicel and Floseal were inef-
fective against high-flow, high-pressure leaks and are effec-
tive against high-flow, low-pressure leaks.
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What Is the Role of Preoperative Neuroimaging
in Preventing latrogenic Injury?

A detailed study on neuroimaging helps to prevent iatro-
genic ICA injuries. Preoperative CT evaluation can show
whether the bony wall of the canal of the cavernous
carotid artery is very thin or completely dehiscent. A
high-resolution spiral CT on the paranasal sinuses
revealed a bony septum inserting into the canal wall in
16.3% of cases and an ICA protrusion of >50% of its
diameter into the sphenoid sinus in 18.8% of cases [29].
The part of the ICA that is at most risk during surgery on
the paranasal sinuses is the rostral wall of the infraoph-
thalmic cavernous segment [3, 24, 29]. Fujii and col-
leagues demonstrated that the bony wall overlying the
ICA is not sufficient to protect the artery if it is less than
0.5 mm thick [30]. Additionally, in 4-22% of cases, the
lateral sphenoid wall is dehiscent over the carotid, where
only the dura and the sphenoid sinus mucosa separate the
ICA from the sphenoid [30]. On axial computed tomogra-
phy (CT), the protrusions of the ICAs into the sphenoid
often resemble teddy bears, according to Vescan et al. [31]
In cases with an absent “teddy bear sign” or “grade O
teddy bear sign,” these authors have suggested using navi-
gation systems or Doppler ultrasound for the intraopera-
tive localization of ICA [31].

What Is the Role of Adjuncts in Preventing
latrogenic ICA Injury?

Dusick et al. [4] have suggested using in-field Doppler
explorations to identify the location of the ICA before open-
ing the dura of the sellar floor. Damage to the internal carotid
artery may be associated with the wrong orientation in the
surgical wound or excessively aggressive manipulations in
the cavernous sinus [32]. The surgeon must remain in the
midline and accurately localize the ICA by using a neuro-
navigation system and Doppler ultrasound.

What Are the Surgical Options
for the Management of latrogenic ICA Injuries?

The following options are available after an accidental injury
to the ICA:

1. Suturing appears time-consuming and ineffective to us
and can lead to more blood loss

2. Bipolar coagulation is suitable for perforator injuries,
injuries to the sphenopalatine artery and minor lacera-
tions in the ICA (measuring 2-3 mm) [7].

3. Vessel ligation is a viable option.
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4. Although vessel reconstruction is theoretically an option,
it has never been successfully performed
endoscopically.

5. Surgical packing is the first step to immediately control
bleeding [33]. It is the most effective method to control
acute bleeding and maintain hemodynamic stability.
Donaldson et al. [34] reported a case featuring the com-
plete occlusion of contralateral ICA thanks to sphenoid
packing in the setting of a pseudoaneurysm. However,
this is a rare complication with surgical packing.

What Emergency Endovascular Treatment
Options Are Available?

Sacrificing the ICA by using endovascular coiling is the most
durable and definite option for management in cases of acute
uncontrolled bleeding [5]. The decision to perform DSA for
ICA sacrifice is determined primarily on the basis of good
collateral filling demonstrated via angiography. Because tor-
rential blood loss occurred during surgery in our case and
because we found good cross circulation from PCOM, we
decided to go ahead with ICA sacrifice at the region of ICA
rent. Covered stents in such cases are not desirable, because
of the tortuosity of the anterior genu of the ICA and because
surgeons to avoid any occlusion of the branch vessels. A
pipeline embolization device (PED) was also not desirable as
a solution to the problem, because packing material needed
to be removed after a few days, and the patient planned for a
re-exploration for definite tumour excision. We have pro-
posed an algorithm based on our clinical experience to man-
age accidental ICA injury during transsphenoidal pituitary
surgery, which is shown in Fig. 5. Romero et al. reported that
the safest way to manage arterial injury is vessel sacrifice,
and the authors argued that the incidence of pseudoaneurysm
formation is too high to recommend any approach other than
vessel sacrifice [5].

Lessons Learned

The difficulties that we faced in our case management were
due to a number of factors affecting the situation: We used
the uninostril approach, we had difficulty maintaining ade-
quate visualization because of the significant rent in ICA,
and we found that the pressure on the cervical carotid was
inadequate because of good collateral flow. In our case, the
contributing factors for the ICA injury included a deviation
from normal anatomy in the midline due to the bony septum,
the honeycomb configuration of the oblique sphenoid sep-
tum, the anatomical variation in the ICA, and a lateral to
medial trajectory for the incision of the dura, with our inci-
sion lateral to the cavernous sinus.
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Careful assesment of preoperative imaging, with 3D
thin Bone cuts CT mmaging, CT Angiography,
Neuronavigation, Ultrasound doppler

Accidental Injury to the
ICA at any stage of surgery

Mild bleeding

Control with nasal
packing and
coagulation under

vision

*L Not Controlled

Controlled

removing nasal pack

Follow up
Angiogram after 1
month

Localisation of
source of bleeding
possible

Small bleeder —|~ Large rent

Repeat angiogram \\ _ ,
after 1 week when Nasal packing and

vessel coagulation

|

Profuse bleeding

l Source of Bleeding

not seen due to poor

visibility andblood
in the field

Sphenoid, nasal and
pharyngeal packing
witth immediate
transfer to

Balloon test
occlusion of ICA

If good collateral flow
present, Parent vessel
Occlusion with detachable
balloons and/or coils

If good collateral

circulation absent,

perform ECA-ICA
bypass

Fig. 5 Proposed algorithm for the management of accidental ICA injuries in transsphenoidal pituitary surgery

The use of a Doppler ultrasound can locate the presence
of the ICA and prevent its injury. Having control of the surgi-
cal field with two surgeons working as a team is essential.
The expeditious bilateral packing of the nose and epipharynx
is the primarily life-saving step of treatment. Carotid ligation
at the neck is also not feasible, because it will remove all the
possible therapeutic options for neurointervention. The man-
agement options for ICA injury at different stages of surgery
are essentially the same and consist of the same steps in the
algorithm depicted earlier. We provide an algorithm for the
management of iatrogenic ICA injury during endosinus sur-
gery, as shown in Fig. 5.

the neurointervention suite is critical to the successful man-
agement of these injuries. Lastly, all centres should have all
forms of endovascular treatment modalities available to
manage such an unexpected event.
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Conclusion

Tatrogenic ICA injury is a severe and catastrophic complica-
tion that occurs at a low incidence in endoscopic pituitary
surgeries. The successful management of these injuries
requires careful preoperative planning and meticulous
surgical skills. Dynamic two-surgeon/two-handed tech-
niques with an extra suction devise are essential to maintain
visibility. Coordination between the neurosurgery suite and
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Abstract

An experience with two rare complications during surgery
of vestibular schwannomas (VSs) is presented, and mea-
sures to avoid and manage the complications are discussed.

Case A: Spinal cord ischemia in semi-sitting posi-
tion: A 47-year-old with a giant vestibular schwannoma
(VS) underwent surgery through a retrosigmoid approach
in the semi-sitting position. The intraoperative phase was
uneventful, except for an episode of moderate hypoten-
sion. Postoperatively, the patient woke up with quadripare-
sis. MRI on the cervical spine revealed restricted diffusion
from C4 to C7 suggestive of cord ischemia. Complete neu-
rological recovery occurred over the following 3 months.
Awareness of this potential complication, preoperative
screening for degenerative spine disease, avoiding exces-
sive intraoperative cervical flexion, using sensory & motor
evoked potentials, and diligently avoiding intraoperative
hypotension can prevent such occurrences.

Case B: High-riding jugular bulb (HRJB) injury: A
42-year-old male patient underwent a retrosigmoid
approach for a right-sided VS in the lateral position.
During internal auditory canal (IAC) drilling, there was
an injury to the HRJB, resulting in torrential bleeding. It
was managed successfully with the sequential application
of Gelfoam, fibrin glue, and Surgicel. The drilling was
carefully continued by using a diamond drill, and the
complete excision of VS was achieved with no injury to
cranial nerve 7 (CN7) while maintaining normal facial
symmetry. Awareness of an HRJB reduces the risk, and in
case of injury, sequential hemostatic measures ensure
adequate IAC drilling and the total excision of the tumor.
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Introduction

The retrosigmoid approach is a “workhorse” in vestibu-
lar schwannoma (VS) surgery. However, it is not without
its fair share of complications [1, 2]. Cerebrospinal fluid
(CSF) leak, meningitis, wound infection, and cranial
nerve palsies are commonly encountered complications
that neurosurgeons are well versed in managing [3]. The
rarer complications are the ones with devastating conse-
quences that pose significant clinical challenges. We
report our experience with and insights into avoiding/
managing two such complications, namely spinal cord
ischemia in the semi-sitting position and high-riding
jugular bulb (HRJB) injury during internal auditory
canal (IAC) drilling.

One of the earliest reports of spinal cord ischemia in the
semi-sitting position in VS surgery was published in 1980 by
Hitselberger and House [4]. Several large VS surgical case
series have confirmed its incidence to be in the range of
0-1.2% [5-8]. Cervical or upper thoracic segments are most
commonly affected, often leading to quadriparesis or parapa-
resis. The hyperflexion of the cervical spine (positioning
related) and intraoperative hypotension (anesthesia related)
are the two commonly associated factors [9].

The drilling of IAC is an important step in the surgi-
cal excision of VS as it facilitates the complete excision
of the tumor and the early identification of the facial
nerve. Because the reported incidence of HRJB varies
from 6% to 65%, depending on the anatomical land-
marks used, the efficient management of HRJB injury
while TAC drilling is a skill that every skull base sur-
geon should possess [10].

99

K. Turel, E. M. Kasper (eds.), Complications in Neurosurgery II, Acta Neurochirurgica Supplement 133,

https://doi.org/10.1007/978-3-031-61601-3_16


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-61601-3_16&domain=pdf
https://doi.org/10.1007/978-3-031-61601-3_16
mailto:dr_bmisra@hindujahospital.com

100

Case Reports

(A) Spinal Cord Ischemia in Semi-Sitting
Position

A 47-year-old female patient presented with complaints of
decreased right-sided hearing for 1 year, imbalance while
walking for 6 months, and occasional holo-cranial headache
for 2 months. On neurological examination, her right ear was
functionally deaf, accompanied by severe right-sided cere-
bellar signs and an absent right corneal reflex. The remaining
neurological examination was normal. The clinical picture
was suggestive of right cerebellopontine angle (CPA) syn-
drome. Gadolinium-enhanced MRI brain revealed a hetero-
geneously enhancing 41.6 mm x 36.8 mm x 41 mm right
CPA lesion with IAC extension—suggestive of right giant
VS (Fig. 1a).

Following informed consent for microsurgery, a detailed
preanesthetic workup and a two-dimensional (2D) echocar-
diogram (echo)—plus a saline agitation test to rule out pat-
ent foramen ovale—confirmed the patient’s fitness for
surgery in the semi-sitting position. Because the patient did

Fig. 1 (a) Preoperative contrast T1-weighted axial MRI image show-
ing a giant right-sided vestibular schwannoma with significant com-
pression on the brainstem. (b) Postoperative T1-weighted axial MRI
image showing the near total excision of the tumor with a sliver of
residual tumor stuck to the brainstem. A bright fat graft can also be seen
plugging the internal auditory canal. (¢, d) Postoperative T2-weighted
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not have any symptoms or signs suggestive of cervical
spondylosis, no screening evaluation was carried out for
this. Somatosensory evoked potentials (SSEPs)/motor-
evoked potentials (MEPs) were not employed in this case.
The patient underwent microsurgery via the retrosigmoid
approach in the semi-sitting position (Fig. 2), under facial,
transesophageal echo, ETCO2, and intra-arterial pressure
monitoring. A jugular central 3-lumen intravenous (IV) line
was in place. The intraoperative phase was uneventful,
except for an episode of moderate hypotension (mean pres-
sure of about 90 mm Hg) lasting for around 5 min. The near
total excision of the tumor with IAC drilling was carried
out. A sliver of tumor that was stuck to the brainstem was
left behind (Fig. 1b). Postoperatively, the patient woke up
with right-sided House-Brackmann (HB) grade 2 facial
function and, much to our surprise, with quadriparesis (legs
2-3/5 > arms 4/5; left > right). The patient also had approx-
imately 50% sensory loss in their right leg and 20-30%
sensory loss in their left leg. The patient underwent an
expedited diagnostic MRI of the cervical spine with whole
spine screening on postoperative day 1. MRI on the cervi-
cal spine revealed a swollen spinal cord with a diffuse

sagittal MRI image (c) and axial diffusion weighted images (d) of cer-
vicodorsal spine showing diffuse signal abnormality with restricted dif-
fusion from C4 to C7. Diffuse posterior disc bulges with the effacement
of the anterior subarachnoid space are also noted at the C5/C6 and C6/
C7 levels
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intrinsic signal abnormality extending from C4 to C7 with
restricted diffusion suggestive of ischemia/infarct (Fig. lc,
d). Diffuse posterior disc bulges with an effacement of the
anterior subarachnoid space were also noted at the C5/C6
and C6/C7 levels. The patient was managed with a tapering
dose of steroids for 3 weeks and simultaneous rigorous
physiotherapy. Fortunately, the complete clinical recovery
of quadriparesis occurred over the course of the next
3 months. In this particular case, we attributed the spinal
cord ischemia to the intraoperative hypotensive episode.
Some contribution might also have been made by the

Fig.2 Photograph from the
operating room showing the
patient’s position in the
semi-sitting position. Special
care is taken to avoid
excessive cervical flexion
before fixing the head in
Mayfield’s clamp. Hips and
knees are flexed, with the legs
above the heart level, and
transesophageal echo
monitoring is in place. Care is
taken to properly pad the
pressure spots

Fig. 3 (al, a2) Preoperative
contrast T1-weighted axial
(al) and coronal (a2) images
showing a small right-sided
vestibular schwannoma with
intracanalicular extension.
(b1, b2) Postoperative
contrast T1-weighted axial
(b1) and coronal (b2) images
showing the complete
excision of the right-sided
vestibular schwannoma

degenerative cervical pathology secondarily worsened by
cervical flexion during positioning.

(B) High-Riding Jugular Bulb (HRJB) Injury
During Internal Auditory Canal (IAC) Drilling

A 42-year-old male patient underwent surgery for his right-
sided small VS (Fig. 3al, a2 ) through the retrosigmoid
approach in the lateral position, under facial nerve monitor-
ing. During IAC drilling, we noticed a bluish discoloration
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Fig.4 Sequential
intraoperative microscopic
images depicting the case of a
high-riding jugular bulb
(HRIJB) injury while drilling
the internal auditory canal
(IAC). (a) The dura over the
arcuate eminence incised to
expose the posterior wall of
the IAC. A suspicious bluish
patch is highlighted. (b)
Trying to explore the bluish
patch prior to starting the IAC
drilling led to brisk bleeding.
(c, d) Bleeding was first
managed with Gelfoam and
patty application. (e) Surgicel
(fibrillar) placed on petrous
bone and the excess Gealfoam
covering the injured site of
HRIJB was removed. (f) Fibrin
glue applied over Surgicel
(fibrillar). (g) The IAC
drilling was carefully
continued by using a diamond
drill. (h) The total excision of
the IAC component of the VS
can be seen with an intact
facial (VII) nerve. Facial
(VII) nerve stimulator-
dissector is depicted

over the posteroinferior wall of the IAC (Fig. 4a). Tapping on
the bluish patch prior to starting the IAC drilling led to brisk
bleeding (Fig. 4b). This was because of an HRJB in combina-
tion with a bony dehiscence and the inadvertent iatrogenic
injury that was caused to the HRJB by probing the dehiscent
bone covering it. The bleeding was efficiently managed with
a sequential application of Gelfoam pieces on a patty (Fig. 4c,
d) and a layer of Surgicel that was enforced with fibrin glue
(Fig. 4e, f). The IAC drilling was subsequently carefully con-
tinued by using a diamond drill. The complete excision of the
VS was achieved while maintaining normal facial symmetry
(Fig. 4g, h). In this case, sequential hemostatic measures miti-
gated the HRJB injury and ensured a chance of completing

the TAC drilling. Postoperative gadolinium-enhanced MRI
brain showed the complete excision of the tumor, including
the TAC component (Fig. 3bl, b2).

Discussion

The retrosigmoid approach remains the most preferred
access route for VS surgery by neurosurgeons worldwide.
Because VS is a benign tumor and because an acceptable
noninvasive alternative treatment modality (stereotactic
radiosurgery) is available to the treatment team, there is an
ever-increasing emphasis on microsurgery’s consistently
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delivering on its promises (i.e., complete tumor resection
and good functional outcomes). The avoidance and effective
management of complications are the key steps in achieving
this goal.

In this manuscript, we address two rare but potentially
serious complications seen in VS surgery that can encoun-
ter via a retrosigmoid approach: spinal cord ischemia in
the semi-sitting position and HRJB injury during IAC
drilling.

The technical advantages provided by using the semi-
sitting position (such as a clean surgical field and a better
chance of bimanual dissection) is overshadowed by its
unique disadvantages, such as the risk of venous air embolism
and spinal cord ischemia [5]. Because of its commonality
and recognizable intraoperative manifestations, a lot has
been written and done to establish protocols to avoid/manage
venous air embolisms. However, similar recognition and
efforts are lacking in establishing protocols to avoid or man-
age possible spinal cord ischemia, which is most likely
explained by its extreme rarity and missing intraoperative
clinical signs. The underlying cause of such a devastating
complication could be compressive (the hyperflexion of the
cervical spine) and/or vascular (intraoperative hypotension)
in origin [9]. Proper awareness of the clinical entity, preop-
erative screening for degenerative spinal disorders, avoiding
excessive cervical flexion while positioning, the intraopera-
tive monitoring of spinal cord function via SSEPs/MEPs in
high-risk cases, and avoiding intraoperative hypotensive epi-
sodes can help circumvent such occurrences.

IAC drilling in VS surgery helps achieve two goals:
decompressing the intracanalicular tumor component and
recognizing the facial (VII) nerve early. Hence, it is an
equally important step in the microsurgical management of
both large and giant VSs (when VII nerve identification takes
precedence) and intracanalicular/small tumors (when intra-
canalicular tumor decompression takes precedence).

The term HRJB is suitable when the dome of the jugular
bulb lies within 2 mm of proximity to the IAC floor or higher.
A cadaveric prevalence study of HRJB in the Indian popula-
tion by Gupta et al. (2009) reported this configuration in as
many as 38.6% of cases [10]. A jugular bulb lying within
1.5 mm below the TAC floor poses a significant risk of caus-
ing damage during IAC drilling. The sequential hemostatic
measures depicted in Fig. 4 can help mitigate any HRIB
injury, ensure a chance of completing the IAC drilling, and
achieve both the aforementioned clinical goals, even in
patients with an HRJB [11]. Routine preoperative imaging
for HRJB in every patient with a VS via computed tomogra-
phy (CT) venograms may be worthwhile. Unfortunately,
economic concerns prevent us from routinely repeating
imaging in already radiographically investigated patients
who are referred to our tertiary referral center for surgery,

especially when the patient has to pay out of pocket for such
services.

Conclusion

Both spinal cord ischemia in the semi-sitting position and
HRIJB injury while IAC drilling can be effectively avoided/
managed to achieve the planned microsurgical goals via the
retrosigmoid approach for VS. Appropriate clinical knowl-
edge about the entities and having preset protocols to keep a
watchful eye on every case will go a long way in avoiding/
managing the aforementioned rare yet potentially cata-
strophic complications.

Conflict of Interest Statement The authors have no conflicts of inter-
est concerning the reported materials or methods.
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Abstract

We present the case of a patient with a vestibular schwan-
noma (VS) who developed vascular complications fol-
lowing surgery and discuss the potential mechanisms.
Additionally, we systematically searched the literature to
identify citations on vascular and brain stem complica-
tions following VS surgery. We excluded the articles
related to facial and vestibulocochlear nerve—related com-
plications and other complications, such as headache, tin-
nitus, and ataxia. We also excluded the articles related to
recurrent vestibular schwannoma because our article
focuses on primary VS surgery-related complications due
to vascular injury. We have clearly come a long way in
managing vestibular schwannoma (VS) surgery over the
past century. In the early twentieth century, VS surgery
entailed high morbidity and mortality. The principles of
microneurosurgery have improved the outcomes of sur-
gery on VSs to a great extent. The current concept in mod-
ern VS surgery is maximal safe resection with minimal
complications and minimal cranial nerve deficits. The
management of VS has undergone a paradigm shift from
reducing mortality to facial nerve preservation and the
preservation of hearing. Surgery of the cerebellopontine
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(CP) angle requires a unique skill set and is a craft in that
any iatrogenic damage can have devastating results on the
neurovascular structures and brain stem in the vicinity. As
with other neurosurgical procedures, the goal of VS sur-
gery is to minimize complications, but complications are
always possible, from the positioning of the patient under
general anaesthesia to complications during the various
steps of VS surgery. In spite of advancements in surgical
techniques and better illumination provided by modern
high-end microscopes, the surgical removal of large and
giant vestibular schwannomas with good preservation of
facial nerve function continues to be one of the most chal-
lenging operations in modern neurosurgery. The com-
plexity of operating on the vestibular schwannoma is
attributable not only to the difficult anatomy in the CP
angle but also to the presence of multiple vital neurovas-
cular structures and the brain stem in the vicinity. The
various complications arising out of surgery for vestibular
schwannomas range from one or more cranial nerve defi-
cits to life-endangering complications associated with
vascular and/or brain stem damage. The senior author,
who has a personal experience with consecutively operat-
ing on 835 such cases of large and giant vestibular
schwannoma, describes the clinical course following
petrosal vein damage to a patient who underwent a stan-
dard retrosigmoid operation for a large vestibular schwan-
noma. We retrospectively analyse the critical management
issues that could have reduced the unexpected morbidity
resulting in a prolonged hospital stay.

Keywords

Vestibular schwannoma - Petrosal vein - Retrosigmoid
approach - Skull base - Vascular injury
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Introduction

We present the case of a patient with a vestibular schwan-
noma (VS) who developed vascular complications following
surgery and discuss the potential mechanisms. Additionally,
we systematically searched the literature to identify citations
on vascular and brain stem complications following VS sur-
gery. We excluded the articles related to facial and vestibulo-
cochlear  nerve-related  complications and  other
complications, such as headache, tinnitus, and ataxia. We
also excluded the articles related to recurrent vestibular
schwannoma because our article focuses on primary VS sur-
gery—related complications due to vascular injury. We have
clearly come a long way in managing vestibular schwan-
noma (VS) surgery over the past century. In the early twenti-
eth century, VS surgery entailed high morbidity and mortality.
The principles of microneurosurgery have improved the out-
comes of surgery on VSs to a great extent. The current con-
cept in modern VS surgery is maximal safe resection with
minimal complications and minimal cranial nerve deficits.
The management of VS has undergone a paradigm shift from
reducing mortality to facial nerve preservation and the pres-
ervation of hearing. Surgery of the cerebellopontine (CP)
angle requires a unique skill set and is a craft in that any iat-
rogenic damage can have devastating results on the neuro-
vascular structures and brain stem in the vicinity. As with
other neurosurgical procedures, the goal of VS surgery is to
minimize complications, but complications are always pos-
sible, from the positioning of the patient under general
anaesthesia to complications during the various steps of VS
surgery. In spite of advancements in surgical techniques and
better illumination provided by modern high-end micro-
scopes, the surgical removal of large and giant vestibular
schwannomas with good preservation of facial nerve func-
tion continues to be one of the most challenging operations
in modern neurosurgery. The complexity of operating on the
vestibular schwannoma is attributable not only to the diffi-
cult anatomy in the CP angle but also to the presence of mul-
tiple vital neurovascular structures and the brain stem in the
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vicinity. The various complications arising out of surgery for
vestibular schwannomas range from one or more cranial
nerve deficits to life-endangering complications associated
with vascular and/or brain stem damage. The senior author,
who has a personal experience with consecutively operating
on 835 such cases of large and giant vestibular schwannoma,
describes the clinical course following petrosal vein damage
to a patient who underwent a standard retrosigmoid opera-
tion for a large vestibular schwannoma. We retrospectively
analyse the critical management issues that could have
reduced the unexpected morbidity resulting in a prolonged
hospital stay.

Clinical Scenario

A 47-year-old female patient presented with complaints of
decreased hearing in her right ear for 1 year, diplopia for 8
months, gait unsteadiness (swaying to the right side) for 6
months, and choking while drinking for 3 months. She had
no other medical or surgical comorbidities. General and sys-
temic examination was within normal limits. On neurologi-
cal examination, the patient had bilateral papilledema,
bilateral horizontal gaze-evoked nystagmus, and a Weber test
lateralizing to the left, with right bone conduction (BC) bet-
ter than air conduction (AC) and left AC better than BC. She
also had impaired tandem walking and a decreased and
impaired palatal gag reflex on the right side. She was inves-
tigated in the referral hospital with an MRI scan, which
revealed a 4 x 3 cm right vestibular schwannoma extending
into the internal acoustic meatus (IAM).

As for the radiographic assessment, on T2-weighted
images, the lesion was mixed hypo—/isointense with periph-
eral areas of hyperintensity and showed heterogeneous con-
trast enhancement as well as irregular borders. It showed a
widening of the ipsilateral cerebellomesencephalic cistern,
where the necrotic component was in the centre of the lesions,
blooming on susceptibility weighted imaging (SWI) images
with a mass effect and a distortion of the brain stem (Fig. 1).
When the patient came to our tertiary hospital for definitive
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Fig. 1 Contrast-enhanced MRI of the brain showing tumour in the right cerebellomesencephalic cistern with central necrosis. There is a mass

effect causing a distortion of the brain stem
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Fig.2 Noncontrast CT scan
of the patient showing a
tumour in the right
cerebellopontine angle,
causing a mass effect over the
brain stem

surgery 6 months after her initial detection of a tumour on
MRI, a plain computed tomography (CT) scan (Fig. 2) was
performed only to look for hydrocephalus. A repeat MRI was
not performed at that time because MR remains an expensive
investigation in our country. This CT showed mild hydroceph-
alus, but unusual hypodensity was seen around the tumour that
was suggestive of perilesional oedema.

Surgery

The patient was positioned in the left lateral position with
adequate padding and underwent a right retrosigmoid suboc-
cipital craniotomy and an excision of the lesion with intraop-
erative brain stem potential and cranial nerve monitoring.
After opening the dura, cerebrospinal fluid (CSF) was
released, and after peeling away the double layer of invested
arachnoid over the tumour in the standard way, internal deb-
ulking was performed by using the Cavitron ultrasonic aspi-
rator. The tumour was vascular and soft to mildly firm in
consistency, and after sufficient debulking, the capsule could
be dissected from the surrounding cerebellum by employing
stainless steel (SS) forceps under irrigation and mild suction.
Once the capsule started folding into the decompressed
tumour cavity, lesional tissue was progressively cut away

and removed. Surface coagulation was kept to a minimum to
avoid missing the inner investing arachnoid layer. During
continued tumour decompression, the petrosal vein got
snapped inadvertently, and torrential bleeding ensued, which
was controlled with Gelfoam and local pressure. The com-
plete excision of the tumour could be achieved, but we were
surprised to see engorged veins over the brain stem bed after
total removal. The tumour bed was carpeted with Surgicel,
and the anaesthetist was asked to raise the blood pressure to
confirm haemostasis. We also performed a Valsalva manoeu-
vre. Upon the removal of the retractors, the cerebellum was
found to be full, and we decided to remove the lateral third of
the swollen cerebellum. The dura was closed with a lax duro-
plasty, and the wound was closed after leaving the bone flap
off. Additionally, through a burr hole at the right Frazier
point, an external ventricular drain (EVD) was placed to
release CSF, and we could then successfully canulate the
ventricle on our first attempt. As notable cerebellum swelling
was of concern, we decided to continue to electively venti-
late the patient to perform a CT scan. This CT performed
immediately after surgery (Fig. 3) showed gross total tumour
resection with a lax cerebellum and a CSF pocket at the level
of the bone flap, with only two minor specks of blood in the
operative bed. A decision to continue ventilation overnight
was made, and in the morning of the next day, a repeat CT



108

Fig. 3 Postoperative day 1
CT scan images showing total
tumour resection and CSF in
the subdural space at the
operative site

Fig.4 Postoperative day 2
CT scan showing reduced
subdural CSF space with the
effacement of fourth ventricle

(Fig. 4) was carried out prior to considering the planned
extubation. However, this CT showed a significant decrease
in subdural space under the bone flap with an effacement of
the fourth ventricle, so we decided to continue ventilation for
another 24 h. There was no evidence of any increase in the
blood on the surgical bed, which had been noted on the pre-
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vious scan the evening prior. We decided to assess the neuro-
logical status and sensorium of the patient on the second
postoperative day. The patient was taken off sedation to
assess her responses, and given that she displayed no eye,
verbal, or motor responses, we decided to perform a repeat
MRI to look for any new infarct or possible hydrocephalus.
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The MR was carried out expeditiously (Fig. 5) and showed
large areas of SWI blooming with patchy restricted diffusion
and T2 hyperintensity involving the right cerebellar hemi-
sphere, right middle cerebellar peduncle and right and cen-
tral regions of the pons. The basal cisterns were effaced, and
sulcal flair hyperintensity was seen diffusely in the bilateral
cerebral hemispheric subarachnoid space. A T2 flair hyperin-
tense oedema was also seen in the right side of the midbrain
region extending into the right thalamus and posterior limb
of the right internal capsule (Fig. 6). Ascending transtento-
rial herniation was noted, resulting in the effacement of the
suprasellar cisterns. We noted additional evidence of down-
ward tonsillar herniation. An external ventricular shunt tip
was localized to the right lateral ventricle, but the dilatation
of both the lateral ventricles was seen. As the MRI findings
were suggestive of extensive haemorrhagic venous infarct,
the patient was continued on ventilator support with inter-
mittent CSF drainage and antioedema measures. Since we
noticed slow neurological status recovery over the next sev-
eral hours, an elective tracheotomy was performed on the
third postoperative day, and we decided to assess the patient’s
sensorium and neurological status every other day. On the
seventh postoperative day, while weaning the sedation off for

Fig.5 MRI on the second
postoperative day showing
large areas of SWI blooming
(a) with patchy diffusion
restriction (b)
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a formal assessment, the patient displayed posturing epi-
sodes of the left upper and bilateral lower limbs. The EVD
was therefore kept in place and converted to the left ventricu-
loperitoneal shunt by using a medium pressure shunt. During
a further course in the hospital, the patient had septicaemia
from multidrug-resistant Klebsiella as well as a significant
number of other complications: altered liver function, chest
infiltrates, the segmental collapse of right upper lobe of lung,
the consolidation of the left lung, ascites, lower gastrointes-
tinal bleeding, nonoliguric drug-induced kidney damage,
and status epilepticus, and she went through multiple epi-
sodes of shunt malfunction that required shunt revision,
which led to an iatrogenic intraventricular bleed. This set of
complications required that the patient be managed in the
hospital for a total of 5 months. The patient could be weaned
off the ventilator three and a half months after the initial sur-
gery. From the time of discharge to rehabilitation, the patient
was afebrile and nonambulatory; she underwent an exam
that consisted of opening her eyes and moving her lower left
limbs spontaneously, occasionally following objects and
obeying simple commands. She was discharged to her native
local hospital on room air with tracheostomy, nasogastric
tube feeds, and a bladder catheter in situ.
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Fig. 6 Postoperative MRI
showing T2 hyperintensities
involving the right cerebellar
hemisphere, the right middle
cerebellar peduncle, and the
right and central regions of
pons. Basal cisterns were
effaced, and sulcal flair
hyperintensity was seen
diffusely in the bilateral
cerebral hemisphere
subarachnoid space

Introspection

We looked at the possible intraoperative and radiological
factors that might have led to this very unfortunate hospital
course for our patient and discussed the following key points:

1. Can superior petrosal vein (SPV) damage alone lead to
such a massive venous infarct? Theoretically, the closure
of superior petrosal vein is expected to cause a massive
venous outflow obstruction in the area, which may lead to
infarction, but the rich amount of venous anastomosis,
especially in the anterior portion of brain stem, makes
this occurrence quite rare. Given the low rate of serious
complications related to microvascular decompression
procedures and the frequently established practice of
coagulating the vein to achieve a better exposure in cases
of upper-CP-angle surgery, the dramatic venous infarc-
tion seen in our case on a postoperative MRI scan was
totally unexpected. The extent of the infarction into the
supratentorial compartment with the involvement of the
posterior thalamus and the posterior limb of the internal
capsule was difficult to attribute to the closure of the
petrosal vein alone since those areas are usually drained
by the internal cerebral veins and the basal vein of
Rosenthal.
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. Was any preoperative venous anomaly (like a nondomi-

nant transverse sinus) on the operative side with or with-
out poor collateral flow to the opposite side? This may
have resulted in the intra—/postoperative secondary
thrombosis of the sigmoid sinus, which would have fur-
ther contributed to our patient’s adverse outcome. This
complication is known to occur rarely in vestibular
schwannoma surgery.

. Another possibility that came to mind was whether the

unusual peritumoural oedema that was seen on the imme-
diate preoperative scan could have contributed to the
adverse outcome.

. Another factor that we looked at was the contribution of

upward transtentorial herniation from the placement of
the external ventriculostomy. This was noted on the post-
operative MRI, and it might well have contributed to the
patient’s prolonged coma.

. Was any microtrauma sustained by the small vessels at

the tumour—brain stem interface? After all, we know that
vestibular schwannoma is subarachnoid in origin and not
epiarachnoid as previously thought.

. Could the intraoperative venous engorgement seen after

tumour removal be due to a venous breakthrough phe-
nomenon seen after the sudden decompression of chroni-
cally compressed veins?
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Reflection: Can Petrosal Vein Damage Alone
Cause Poor Outcomes? Pros and Cons

Venous drainage is an important consideration when operat-
ing on CP-angle tumours and selecting suitable operative
approaches, and stressing the importance of preserving the
venous outflow while performing any skull base approach is
crucial.

The sacrifice of veins that limit operative exposure may
result in postoperative venous complications, which are dif-
ficult to predict because of the pattern of anastomoses that
may develop in the presence of large tumours. However, sig-
nificant variations are found in the configuration of the
venous system. The superior petrosal vein is usually the
major venous outflow vessel of the cerebellar hemisphere in
the posterior cranial fossa. The veins that drain the cerebel-
lum and brain stem merge to form three draining groups:
galenic, tentorial, and petrosal. The superior petrosal veins,
which drain into the superior petrosal sinus, may actually be
duplicated—commonly one to three bridging veins, which
are the major draining veins forming the petrosal group.
These veins, known collectively as the “petrosal vein,” or
“Dandy’s vein,” comprise one of the largest and most con-
stant venous complexes in the posterior fossa. This complex
is located in proximity to the trigeminal nerve, below the ten-
torial edge, and it runs anteriorly and laterally from the upper
portion of cerebellopontine angle, towards the petrous bone,
and into the superior petrosal sinus. It often blocks access to
the upper cerebello pontine angle (CPA) during a standard
retrosigmoid approach. It acts as a significant anatomical
landmark, though it can become a hindrance for the retrosig-
moid approach in the sense that it limits the extent of cere-
bellar retraction and the visualization of the supratrigeminal
corridor, especially while dealing with petroclival tumours.

The tributaries of the superior petrosal veins can be subdi-
vided in four subgroups: (1) the petrosal subgroup, with
tributaries draining the fourth ventricle, lateral medulla, mid-
dle cerebellar peduncle, and petrosal cerebellar surface fac-
ing the posterior surface of the temporal bone, such as the
veins of the cerebellopontine fissure and the middle cerebel-
lar peduncle; (2) the posterior mesencephalic subgroup, with
tributaries draining the walls of the cerebellomesencephalic
fissure, located between the posterior surface of the midbrain
and the opposing surface of the cerebellum, such as the pon-
totrigeminal and lateral mesencephalic veins; (3) the anterior
pontomesencephalic subgroup, with tributaries draining the
anterior portion of the midbrain and pons, such as the trans-
verse pontine veins; and (4) the tentorial subgroup, with
tributaries draining the lateral part of the cerebellar surface
that faces the tentorium and the petrosal cerebellar surface
that faces the posterior surface of the temporal bone, such as
the anterior lateral marginal vein [1, 2].

Whether sacrificing the vein of Dandy, which limits cere-
bellar retraction when it is in the line of the approach while
operating on upper-CP-angle areas, is permissible remains
controversial. While many surgeons believe that sacrificing
this vein at such a juncture is justified [3], strong contrary
views argue that petrosal vein preservation is desirable in all
surgical posterior fossa cases [4]. Studies have described the
almost negligible side effects of petrosal vein sacrifice in pos-
terior fossa surgeries: Samii et al. and Mizutani et al. reported
minimal effects after sectioning the vein of Dandy in their
large series of patients with petrous apex tumours [5, 6] They
hypothesize that in cases when the SPV is significantly dis-
placed or compressed by a tumour, this constellation leads to
the development of collateral veins. McLaughlin et al.
described in their extensive series of 4400 microvascular
decompression (MVD) surgeries that SPV can be sacrificed in
the vast majority of cases without major morbidity or mortal-
ity [7]. Gharabaghi et al. also reported that the obliteration of
the petrosal vein during surgery for petrous apex meningioma
(PAM) did not have any major influence on the postoperative
outcome. In their series of 55 patients with PAM, the vein of
Dandy was sacrificed in 27 (49%) patients. While 11% patients
in whom the vein was sacrificed developed minor deficits, a
similar deficit was also noted in the cohort in which the vein
was preserved [8]. Padmanabhan et al. [9] published their own
experience of 184 patients with coagulation and the division of
the SPV during MVDs. The overall rate of venous complica-
tions in this study was 2.7%; however, no case of venous
infarction was noted in 184 patients who had the obliteration
of the SPV. The study also reported that the incidence of
venous infarction after SPV obliteration in MVD surgeries
was <0.5% [9]. Elhammady and Heros mentioned sacrificing
the SPV while performing MVD surgery in their large cohort
of patients with trigeminal neuralgia (TN), and they did not
attribute any morbidity directly to it [10]. In an excellent
review of the safety profile of superior petrosal vein sacrifice
in neurosurgical procedures by Narayan et al., [11] the inci-
dence of operative complications at their centre in 32 out of
the 50 MVD surgeries in whom petrosal vein was sacrificed
was 6.2%, as opposed to none in the remaining 18 cases with
a preserved SPV. Several cases of major complications after
sacrificing the superior petrosal veins have been reported. In a
report by Koerbel et al., [12] approximately 30% of patients
had postoperative complications after petrous apex meningi-
oma removal with superior petrosal vein sacrifice. Watanabe
et al. also reported complications in 31% of operations for the
removal of CPA meningiomas in which at least one petrosal
vein was occluded, and they emphasized that other bridging
veins could play critical roles in providing drainage if the
superior petrosal vein were occluded by a tumour [13]/ While
Zhong and colleagues mentioned that the diameter of the
petrosal vein is an important factor, they found that a vein with
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a diameter of less than 2 mm could be coagulated and cut
without risk [14]. Koerbel et al. suggested that the sacrifice of
any vein more than 1.3 mm in diameter is a significant predic-
tor of venous complications. Elhammady et al. [10] postulated
that differences in the outcome may ensue when sectioning
petrosal veins, which is based on the underlying pathology.
While normal anatomy is usually seen in MVD surgery, the
anatomy gets distorted in the presence of tumours because of
the encasement of tributaries, leading to potential damage to
these vessels during surgery. According to these authors, the
obliteration of the petrosal veins in MVD surgery may be safe
thanks to the intact compensatory venous outflow—as opposed
to tumour pathologies, where it can be altered, resulting in
dangerous complications [10]. Some authors have suggested
that the intraoperative transient obliteration of the main trunk
of the petrosal vein with simultaneous brain stem and auditory
evoked potential or even an assessment of collateral venous
drainage by using indocyanine green prior to the obliteration
of these vessels may help in predicting the occurrence of
venous hypertension in the intra—/postoperative period [12,
15, 16].

On the basis of the above discussion, we strongly con-
clude that the obliteration of the bridging vein on the tento-
rial cerebellar surface should be avoided in operative
manoeuvres in CP-angle surgeries unless it is absolutely
warranted to again access to deeper areas. We highly recom-
mend that extreme care be taken to avoid its accidental avul-
sion, to minimize potential complications.

Role of Cerebral Venous Sinus Thrombosis
(CVST)

Patients undergoing surgery for cerebellopontine-angle
tumours are at an increased risk for developing cerebral
venous sinus thrombosis (CVST). Transverse and sigmoid
sinuses are the most commonly involved structures in CVSTs
that occur after posterior fossa surgery. Postoperative sinus
thrombosis occurs in about 4.7-11.6% of patients undergo-
ing posterior fossa surgeries, yet it is infrequent after vestib-
ular schwannoma surgery [17-19]. The incidence of CVST
after surgery for VS was 6% in the most extensive series of
116 patients [20]. Intra- and postoperative CVST likely
occurs mainly because of dural desiccation (when the sinus
is overexposed), sinus injury, sinus manipulation, tumour
infiltration, retraction over the sinus, intracranial hypoten-
sion, dehydration, and pre-existing hypercoagulable states.
Studies have noted that the exposure of the transverse sinus
in suboccipital craniotomy and prolonged retraction during
surgery are the most significant factors in transverse sinus
thrombosis [17, 18]. In the series reported by Couldwell’s
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group [20], patients who underwent vestibular schwannoma
surgery via the retrosigmoid route or the translabyrinthine
route were at risk of developing this complication, and all
cases of transverse/sigmoid sinus thrombosis occurred in
their series in patients who had a codominant or nondomi-
nant sinus and not in patients who had a dominant sinus.
They postulated that higher blood flow in the dominant sinus
decreases the risk of venous stasis and thrombus formation
and its propagation after surgery. These authors have stressed
minimizing thermal injury not only from drilling and but
also from illumination via the operative microscope and have
stressed that all efforts should be made to minimize sinus
exposure and its manipulation. They further suggested that
drilling always be performed under constant irrigation and
that the exposed sinus be protected with moist neurosurgical
patties. Finally, they recommended that sinus retraction be
frequently released to prevent intraluminal venous stasis.
Such per—/postpostoperative CVST is different from sponta-
neous CVST, which is a systemic disorder of the hyperco-
agulable state. Per—/postoperative CVST is primarily due to
the local causes already described above. Understanding this
difference is important because spontaneous CVST requires
aggressive anticoagulation with an inherent risk of postop-
erative haematoma formation. Most patients with a peri—/
postoperative CVST are asymptomatic, and therefore, this
problem is considered a less aggressive pathology than that
of spontaneous CVST. Collateral venous circulation explains
the individual differences in tolerating CVST. However,
symptomatic postoperative CVST patients present a unique
challenge to neurosurgeons. The surgeon needs to find a bal-
ance between haematoma due to venous hypertension and
the risk of bleeding in the tumour cavity. Because of the
rarity of postoperative CVST in vestibular schwannoma sur-
gery, its natural course, pathophysiology, and management
options have not been well elucidated.

The thrombosed sinus may undergo recanalization, and
the patient may remain asymptomatic; however, some
patients develop progressive symptoms with cerebellar
swelling, raised intracranial pressure, and neurological dete-
rioration. Although the occlusion of the nondominant trans-
verse or sigmoid sinus is believed to be well tolerated, Keiper
et al. [18] reported five patients with a thrombosis of the non-
dominant transverse sinus during posterior fossa surgery
who later with with features of raised intracranial pressure.
When the thrombosis of the transverse sinus becomes symp-
tomatic and when it is apparent on neuroimaging remains
unclear. Dehydration due to the preoperative use of manni-
tol, the poor intraoperative optimization of hydration status,
and intracranial hypotension due to CSF release from an
EVD were the causative factors of remote CVST [21].
Strategies to prevent CVST development following VS sur-
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gery include minimizing bone removal over the transverse
and sigmoid sinus, retraction, and sinus injury; the judicious
use of both mannitol and CSF release; and adequate hydra-
tion [18]. Copious saline irrigation during drilling and using
wet cotton patties prevents the dural desiccation from caus-
ing a thermal injury. Because of the higher risks of operative
site haematoma with the postoperative use of anticoagula-
tion, no clear consensus on its use has been reached. While
some have suggested that asymptomatic patients are best
treated with a conservative approach and that anticoagula-
tion be reserved only for symptomatic patients or those with
severe cerebellar swelling [19], Couldwell and colleagues
suggested anticoagulation with heparin even for asymptom-
atic patients with evidence of CVST on MRI/CT scans unless
the involved sinus is diminutive in comparison to the contra-
lateral patent sinus and unless the sinuses communicate at
the torcula [20]. Another area lacking evidence is how many
patients with CVST after surgery will develop severe cere-
bellar oedema. Whether cerebellar swelling developing in
the absence of CVST is due to some other causes or to inad-
equate detection because of the varying protocols of postop-
erative MRI at different centres remains unclear. Therefore,
whether anticoagulation should be given at all is mainly
unknown.

We suggest that all patients of VS requiring surgery be
evaluated with an MR venogram to assess the patency of the
transverse and sigmoid sinus. Sawarkar et al. [21] reported a
patient with vestibular schwannoma who developed a throm-
bosis of the superior sagittal sinus and torcula after surgery.
The authors did not find the thrombosis of the transverse and
sigmoid sinus in the hypercoagulable state, and that patient
had no prolonged retraction or sinus injury. Dehydration due
to the preoperative use of mannitol, the poor intraoperative
optimization of hydration status, and intracranial hypoten-
sion due to CSF release from an EVD were the causative
factors of remote CVST. Sawarkar et al.’s strategies to pre-
vent CVST development following VS surgery also included
adequate hydration and the judicious use of both mannitol
and CSF release.

We did not suspect sinus occlusion in our case presented
above, because no obvious injury to the sigmoid sinus
occurred during exposure and because this patient had petro-
sal vein avulsion at surgery. Thus, we assumed that the
venous infarct was secondary to this insult. Our case was not
investigated withapresurgical MR venogram. Retrospectively
considering the massive venous infarct with extension to the
supratentorial compartment that our patient developed, we
presume there would have been some element of sinus
thrombosis that could have contributed to the adverse out-
come because we know that some of the routine intraopera-
tive steps—such as retraction, overwaxing the exposed

sigmoid—transverse junction to obliterate the opened mastoid
air cells, and parenchymal damage (the lateral third of the
cerebellum was removed before dural closure)—can add to
the insult.

Arterial Complications

Microvascular complications in VS surgery have not been
well described owing to the inconsistency in the clinical fea-
tures, the nonspecific symptoms, and the variable protocols
for pre- and postoperative MRI scans [22]. The parafloccular
space is a critical triangular area between the superior and
inferior cerebellopontine fissure and contains an anterior
inferior cerebellar artery and its perforators [23]. The ante-
rior inferior cerebellar artery (AICA) vascular territory
includes the inferolateral pons, the middle cerebellar pedun-
cle, and the flocculus/para floccular region. With advanced
neuroimaging and routine postoperative MRI, researchers
have found that many a time worsening in the postoperative
period could be due to microvascular brain stem ischaemia.
Recurrent perforator arteries initially course towards IAM
and in due course supply the posterolateral brain stem, mak-
ing the brain stem vulnerable to microvascular ischaemia.
Injury to the proximal AICA results in a devastating infract
of the pons, whereas injury to the distal AICA and perfora-
tors results in a middle cerebellar peduncular infarct.
Proximal AICA injury usually produces a devastating infarct
of the pons, whereas distal AICA injury may be clinically
rather benign. Distal AICA may not be salvageable in some
cases, because of its adherence to the tumour capsule.
Contrary to the old belief, now we know that vestibular
schwannoma is not extra-arachnoid in origin at the far lateral
end of the internal auditory canal, as proposed by Yasargil
[24], but instead, it arises in the subarachnoid space inside
the canal, close to the site of Scarpa’s ganglion. These
tumours—as they extend towards the cerebellopontine angle
in the acoustic-facial cistern—have no arachnoid layer that
separates the capsule, which is formed by the perineurium of
the vestibular nerve, from the seventh auditory nerve and the
anterior inferior cerebellar artery and its perforating branches
[25-28]. Also, sometimes the anatomical variation in AICA
makes it susceptible to injury during surgical removal [29].
Typically, AICA is inferiorly displaced by the tumour during
the retrosigmoid approach and can be preserved via a metic-
ulous, sharp dissection of the vessel from the slack capsule
of an internally debulked tumour. Contrary to the old concept
of the extra-arachnoid origin, where one expects an arach-
noid layer to be separating the capsule from neurovascular
structures of the acoustic-facial cistern, we now know that
such an arachnoid layer does not exist and that the surgeon
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comes in direct contact with AICA and its branches during
the surgical dissection of the decompressed folded capsule.

One should understand that a tumour/arachnoid plane is
always above the lesion between the vestibular schwannoma
and the fifth cranial nerve and superior cerebellar artery,
which are in the adjacent trigeminal cistern and also below
the lower cranial nerves and posterior inferior cerebellar
arteries, which are in the cerebellomedullary cistern.

Our patient did not have any overt injury to AICA or its
perforating branches during surgery.

Contributing Factors of Preoperative
Oedema

The preoperative scan performed on our patient a few days
prior to definitive surgery showed extensive perilesional
oedema. As opposed to intracranial meningiomas, which
sometimes present with peritumoural oedema, its occurrence
in vestibular schwannoma has been reported only occasion-
ally, and its correlation with intrinsic tumour features found
during surgery, like the presence of a pseudocapsule, adhe-
sion, and vascularity, was reported by Samii et al. [30] In a
recent publication by the same authors, peritumoural oedema
in vestibular schwannomas was described in one or more of
the following areas: the brachium pontis (88%), the cerebel-
lum (60%), or the brain stem (12%) [31]. They categorized
oedema extension as mild if one region was involved, mod-
erate if two of these areas were involved, and severe if all
three regions were involved. However, they could not find a
relation between tumour volume and oedema volume, though
this has often been noticed in meningiomas [32]. They also
observed that the peritumoural oedema seen in vestibular
schwannoma is not exclusively located in the main area of
compression, which is usually perpendicular to the major
axis of tumour growth, and this finding contradicts a com-
pressive mechanism that was proposed for meningiomas. It
is quite intriguing to understand why prelesional oedema is
less often seen even in larger vestibular schwannomas, which
we now understand is a subarachnoid tumour, as opposed to
its more frequent occurrence in similar-size meningiomas,
which are extra-arachnoid tumours. Guo et al. reported that
the presence of preoperative peritumoural oedema on imag-
ing is associated with an increased risk of postoperative hae-
matoma in patients, and the authors even stressed that the
venous anatomy should be evaluated in detail in all such
cases [33]. Our patient had a significant peritumoural oedema
on a preoperative CT. However, we could not find any abnor-
mal venous malformation during surgery. The engorged
veins seen over the tumour bed after the surgical extirpation
of the schwannoma could be a reflection of raised venous
pressure from damage to the major petrosal draining vein
during surgery, compounded by raised intracranial pressure.
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Role of Reverse Herniation
in the Postoperative Period from External
Ventricular Drainage

Hydrocephalus is an important factor influencing the out-
come of surgery in posterior fossa tumours. Preresection
ventricular drainage comes with a risk of upward herniation,
though this complication is rare for extra-axial tumours. CSF
diversion procedures can disrupt the critical equilibrium
maintained between the CSF pathways and the tumour that
preserves the diencephalic and brain stem functions, thus
increasing morbidity and the potential for mortality.
Supratentorial ventriculomegaly associated with an increased
CSF pressure allows the tumour to be confined within a spec-
ified space, and external ventriculostomy should be kept
closed until tumour exposure has been accomplished to pre-
vent any disruption to this equilibrium [34]. In a previous
publication from our centre [35], out of the 95.2% of the
posterior fossa tumour patients who presented with symp-
tomatic hydrocephalus, 29.8% required a CSF diversion pro-
cedure in the postoperative period. We reported that the
symptom duration had an inverse relation with the likelihood
of CSF diversion and midline tumours in comparison to lat-
erally placed lesions, which are more likely to need CSF
diversion. All the patients who are brought in moribund from
hydrocephalus used to be treated with a preoperative CSF
diversion procedure in our institute. If the patient with hydro-
cephalus is not sick and not symptomatic from hydrocepha-
lus, our policy was to perform an external ventriculostomy,
keeping the ventricular catheter closed and removing it only
after few days if the CSF pressure was not raised. We now
realize that the engorged veins seen in the surgical bed after
tumour removal and the cerebellar bulge at the time of clo-
sure were from persistent intracranial pressure. The postop-
erative MRI performed on the second postoperative day
showed evidence of reverse herniation, which also could
have contributed to the poor outcome for our patient.

Lastly, we are not sure whether the intraoperative venous
engorgement seen after tumour removal in this patient was
due to a venous breakthrough phenomenon seen after a sud-
den decompression of chronically compressed veins in large
and giant tumours.

Summary: Lessons Learned

We have no doubt that our patient had a poor outcome
most likely from the avulsion of the petrosal vein. Another
factor that could have contributed to this adverse outcome
is the preoperative perilesional oedema along with a con-
tinuous external ventricular drain that led to reverse her-
niation. Furthermore, the replacement of the bone flap
after surgery would have increased posterior fossa pres-
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sure. We are not sure whether this patient in the presence
of peri-lesional oedema had any pre-existing venous
anomaly or a nondominant transverse sigmoid sinus on the
operated side. This constellation is known for occlusion
with excessive dural flap retraction and heat-induced
injury from the drill and operating microscope, even in the
absence of any direct operative injury. We certainly agree
strongly with the comments of others that the superior
petrosal vein complex should be treated with respect and
that every effort must be taken to avoid its accidental avul-
sion, which can occur after good intra-tumoural decom-
pression, leading to the inward folding of the slack tumour
capsule into the decompressed tumour cavity, itself lead-
ing to the stretching of the petrosal vein and its avulsion.

The variability in the anatomy and function of the veins,
especially in the face of pathology, is well known. No one
knows how many collaterals are present and functioning or
which one can be taken without consequence. The old neu-
rosurgical principle, stressed by the great vestibular schwan-
noma surgeon Leonard Malis, stated that “no structure
should be taken unless necessary,” and this notion applies to
vessels that are as seemingly well collateralized as the supe-
rior petrosal vein [36]. CSF drainage and the insertion of an
external ventricular or ventriculoperitoneal shunt should be
carried out with caution because of the increased risk of
reverse herniation in these patients with high pressure in the
posterior fossa. If the cerebellum is full after surgery, per-
forming a resection of the lateral third of the cerebellar
hemisphere and closing with a lax duroplasty are prudent,
both of which were carried out for our patient, and in these
instances, not positioning the bone flap back in the craniec-
tomy site is better.
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Abstract

The occipitocervical junction is formed by the foramen
magnum (FM) and the adjacent anatomical structures of
the C1 and C2 vertebrae. The FM is formed anteriorly by
the basilar part of occipital bone. Anterolaterally, it bor-
ders the occipital condyles and hypoglossal canal as well
as the jugular foramen. Posteriorly, the FM is formed by
the squamous part of the occipital bone with the internal
occipital crest. In the midline, named landmarks at the
anterior margin are the basion and, at the posterior mar-
gin, the opisthion. Vital anatomic structures are located in
the FM or pass through. Among these are the medulla
oblongata, meninges, anterior and posterior spinal arter-
ies, vertebral arteries, and spinal roots of the accessory
nerve. The FM is firmly anchored to the cervical canal via
strong ligamentous support.

Pathologies in this area can be of congenital, acquired,
traumatic, neoplastic, or infectious origin, with the respec-
tive surgical indications and approaches depending on the
nature and location of the pathology. If the pathology is
occipitoatlantal, the occiput is usually involved in sur-
gery. On the other hand, if the pathology is only at the
level of C1-C2, surgery may be limited to these two
vertebrae.

In this section, we present the surgical management of
exemplary congenital cases, and we discuss the complica-
tions and what needs to be done to deal with them.
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Part 1: Congenital Pathologies
Introduction

The occipitocervical region is a complex region with charac-
teristic anatomical structures. Conceptually, as a spherical
mass, the rigid head is attached to a long mobile cylindrical
structure, the cervical region. This layout shows that the spe-
cific architectural features and musculoskeletal anatomy is
very solid. To this end, the cervical region is firmly attached
to the cranium via strong ligamentous support. The connec-
tive tissue in this area is much stronger than that connecting
vertebrae in other parts of the spine. For this reason, occipi-
tocervical stabilization carries significance when this struc-
tural relationship is weakened or compromised.

What is the common problem in occipitocervical region
pathologies? The answer to this question is important: If the
occipitocervical connection is disrupted, instability devel-
ops, neural tissue damage can occur, a severe neurological
deficit may develop, and the patient might ultimately die.
The aim of surgery is thus to restore normal structural integ-
rity in a way that protects the critical structures of the cervi-
comedullary junction (CMJ). Because this region contains
vital anatomical contents, even minor procedural mistakes or
carelessness in management can result in high morbidity and
mortality. Attention has to be paid from the very beginning to
the patient’s position. The surgeon who performs the opera-
tion often has to position the patient in rigid skeletal fixation
and carefully adjust alignment. Radiographic control is man-
datory. For example, in cases of occipitoatlantal or atlanto-
axial shifts resulting in an anterior deformity, the spinal canal
opens when the patient has been brought into extension.
Conversely, if the head is fixed in flexion, the spinal canal
will be narrowed and the CMJ compressed. If the head posi-
tion remains misaligned during surgical decompression,
fusion and instrumentation may be difficult and insufficient.

The safest and easiest way to reach the pathology should
be chosen, and all available technology should be used.
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Surgery should be performed with neuromonitoring, naviga-
tion, and real-time radiographic control (e.g., O-arm) as indi-
cated [1-8].

Sufficient experience, correct planning, and choosing the
most appropriate approach are necessary for surgical suc-
cess. Most of the complications are due to a lack of expertise,
incomplete surgical approaches, or overtreatment. While
unnecessary surgery increases the risk of complications,
incomplete surgery eliminates the chance of success.

Congenital Anomalies

Congenital pathologies of the occipital bone can be due to
developmental anomalies (e.g., hypoplasia or agenesis) or
segmentation disorders. Developmental anomalies include
hypoplastic disorders of the occipital area, basioccipital
hypoplasia, and occipital condyle hypoplasia. Basioccipital
hypoplasia is the formation defect of four occipital sclero-
tomes. It results in a hypoplastic or short clivus and/or basi-
lar invagination. This anomaly is best measured with the
Chamberlain line. Occipital condyle hypoplasia results in a
short and flat condyle, leading to limited movement and basi-
lar invagination. Although the deformity is mostly bilateral,
it can be seen unilaterally.

Segmentation Anomalies

Atlas Assimilation Segmentation disorders are the most
caudal elements of the skull base and C1 can lead to atlanto-
occipital assimilation. In this scenario, the atlas adheres to
the skull base at the level of the foramen magnum. Adhesion
may be complete or partial and often occurs with basilar
invagination. Restrictions to the range of motion between CO
andCl1 can lead to instability at C1-C2. Of those patients
with such atlantooccipital assimilation, 50% develop C1-C2
instability and myelopathy, which usually occurs around the
third decade of life.

Congenital Anomalies of the Atlas Except for atlantooc-
cipital assimilation, atlas anomalies do not compromise the
anatomical relations of the occipitocervical region and do
not result in basilar invagination.

Congenital Anomalies of the Axis Most congenital anom-
alies of the axis are dens related and lead to basilar invagina-
tion. However, they can also cause atlantoaxial instability.
Atlas anomalies are occasionally mistaken as fractures. Axis
ossification centers allow us to understand the pathogenesis
of these anomalies: The axis has three ossification centers, of
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which two are columnar centers that ossify, prenatally form-
ing the dens body, and the last one is located in the tip of the
dens (apex).

Os Odontoideum (Persistent Ossiculum Terminale or
Bergman Ossicle) This characteristic radiographical fea-
ture occurs as a result of the nonunion of the terminal ossifi-
cation center of the odontoid and the remaining part of the
dens. It may be confused with a high-riding type I odontoid
fracture. However, it has little clinical significance. The den-
tocentral synchondrosis normally fuses at about the age of
6 years. Os odontoideum hence develops as a result of the
fusion failure of the dental synchondrosis line. Although os
odontoideum is often radiologically confused with an odon-
toid fracture, the thick and round upper cortex of C2 and the
round anterior arch of C1 allow us to distinguish these two
entities. Os odontoideum may cause atlantoaxial instability.
This condition is frequently seen in individuals with Down
syndrome, spondylo-epiphyseal dysplasia, Morquio syn-
drome, and some other congenital connective tissue diseases.
The total aplasia of the odontoid is very rare. Os odontoi-
deum, which is seen clearly above the arch of the atlas on an
anterior to posterior (AP) open-mouth radiograph, is rarely
confused with odontoid aplasia [9-13] (Fig. 1).

Atlantoaxial Facet Joint Anomalies This category is
divided into type I and type II.

Type I: Here, the atlas facets slide on the axis, and spondy-
lolisthesis develops because of sagittal malalignment. In
this type of basilar invagination, the odontoid migrates
upward and backward and compresses the brainstem.
Neurological deficits may develop. It is mostly seen in
young patients with acute and severe clinical symptoms.
By pulling the odontoid with traction or by using distrac-
tion with an inter-facet spacer, normal alignment can be
re-established, and stabilization is accomplished via
C1-C2 fixation (Fig. 2).

Type II: Type 11 is defined by central facet dislocation. Over
time, changes in bone and soft tissue result in instability.
The odontoid is pushed toward the clivus together with
the atlas at the level of the foramen magnum. Over time,
the atlas assimilates into the occiput and the bones fuse.
Consequently, the atlas disappears, almost becoming an
extension of the occiput. In Type II invagination, the
atlantodental interval (ADI) remains normal. Chiari mal-
formation and syringomyelia may develop secondarily.
Traction and intra-facet maneuvers may be insufficient to
restore alignment in Type II abnormalities. Anterior
decompression and posterior occipitocervical fusion and
instrumentation may be required [14-19] (Fig. 3).
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Fig. 1 (a) Ossification centers in the odontoid, (b) os odontoideum. The latter is a congenital anomaly, often confused with odontoid fractures as
the most important cause of atlantoaxial instability

Fig.2 Goel type I basilar invagination with atlas assimilation

If we look at the treatment complications that occur in
patients with congenital anomalies, the most common one is
related to atlas assimilation.

Case Study A 57-year-old female patient presented with
complaints of an inability to use both her hands, numbness,
gait instability, and difficulty walking (Fig. 4). The patient

) ) Fig. 3 Goel type II basilar invagination. The odontoid pushes on the
underwent decompressive surgery for spinal cord compro- clivus, and both compromise the neurocranium at the level of the fora-
men magnum
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Fig. 4 Spinal cord compression caused by anterior shift (translational
instability) due to os odontoideum. This scenario was further destabi-
lized by a C1-C2 laminectomy, which led to the formation of fibrous
tissue and the development of the postlaminectomy membrane

mise at C1, but the patient became worse after the operation
and then could not walk at all. She was bedridden and
largely unable to move her hands or arms. According to the
post-OP magnetic resonance imaging (MRI), the patient
had an os odontoideum. What had happened? The unno-
ticed os caused spinal cord compression since the C1 verte-
bra and the os odontoideum shifted forward during surgery,
and the posterior arch of the atlas compressed the spinal
cord. The removal of the Cl and C2 laminae caused
increased instability. The already-unstable C1-C2 joint
showed an increase in mobility with the destruction of the
posterior tension band, and a reactive membrane formed at
the laminectomy site. There was excess connective tissue
production to keep the alignment tight, resulting in com-

pression. Unfortunately, this patient did not accept any
revision surgery.

The right intervention here would have been to stabilize
the C1-C2 junction with the Goel-Harms or Magerl methods
or at least by placing graft material between C1-C2. Since
this stabilization includes retracting C1, already effectively
widening the canal, further laminectomy may not have been
necessary.

Another complication occurring in the setting of an os
odontoideum is related to the stabilization technique. A
40-year-old male patient presented to a hospital with com-
plaints of weakness and numbness in his arms and legs for
about 3 months. On examinations, he was diagnosed with
atlantoaxial dislocation due to the fracture of the dens, and
stabilization surgery was recommended. The patient under-
went surgery, where the C1-C2 spinous processes were tied
with wires. The C1-C2 posterior laminae were fused by plac-
ing an interposition bone graft between them. At the time of
a follow-up examination 1 year later, the wires were loose,
and revision surgery was recommended. While stabilizing
C1 and C2 according to Magerl’s technique, fusion was per-
formed by placing a new bone graft between the laminae. At
postoperative controls, C1-C2 had fused well, and there were
no problems at the 10-year follow-up (Fig. 5).

No real mistake was made during the primary surgery in
this case, but stabilization with wires only is known to be
biomechanically weak. Goel-Harms or Magerl techniques of
rigid occipitocervical fixation should be preferred in such
cases [3, 20, 21].

Another case represents the overtreatment of an os odontoi-
deum. This patient was a 32-year-old man with complaints of
numbness, clumsiness in both hands, and balance problems,
which had been increasing over 6 months. On clinical assess-
ment, mild quadriparesis was found. Radiographic examina-
tion showed atlantoaxial dislocation, possibly due to dens
fracture, and myelomalacia was detected in the spinal cord.
Surgery was performed elsewhere. Occipitocervical stabiliza-
tion was performed. The patient’s neurological status improved
considerably, but he stated that his quality of life deteriorated
because he could no longer move his head properly (Fig. 6).

In this case, the occiput was unnecessarily included in the
fusion surgery, resulting in a loss of all head movement. The
original pathology was at the C2 level, and as a result, only
the C1-C2 relationship had been impaired. Fixating the
C1-C2 by using the Goel-Harms or Magerl transarticular
technique would have been an adequate surgical method. In
addition, extended surgery carried a higher risk, including
potential pseudoarthrosis and the risk of infection since
surgery was prolonged. Most importantly, though, an unnec-
essary loss of range of motion was inflicted on the patient.
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Fig. 5 (a) Patient with atlantoaxial dislocation due to the os odontoi-
deum. Signal changes indicate myelomalacia of the spinal cord due to
chronic compression. This patient underwent stabilization with C1-C2
wires. (b) The wire construct at C1-C2 failed over time as seen in the
control radiographs performed after 14 months. Comparison of XR

Neutral MR

Fig. 6 In this patient, C1 was anteriorly dislocated over C2 due to Os
Odontoideum fracture. The resulting problem is CI1-C2 instability
which requires fixation. In this case, the occiput was used to place bone

obtained immediately after the first surgery to X-rays displaying the
findings after 14 months, (¢) status after C1-C2 stabilization (Magerl)
and bone graft placement, (d) posterior fusion is observed at 4 years.
The old myelomalacia of the spinal cord remains visible with the canal
effectively enlarged

graft and occiput-C3 fixation was performed. The odontoid was
removed transorally and effective expansion of the spinal canal was
achieved
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Another Case Study A 35-year-old female patient pre-
sented with imbalance, dizziness, and dysphagia for
6 months. Chiari malformation with impaired CSF circu-
lation and mild hydrocephalus were detected during the
MRI examination (Fig. 7). C1 laminectomy and suboc-
cipital craniectomy were performed with duraplasty to re-
establish normal CSF flow. However, the patient became
worse after surgery, to the point of impaired conscious-
ness. Emergency computed tomography (CT) and MRI
revealed obstructive hydrocephalus, including an enlarged
fourth ventricle, due to the further descensus of the tonsils
blocking CSF passage. An urgent ventriculoperitoneal
shunt was placed. The patient recovered slowly, and she
was discharged 3 weeks later.

An important error in management occurred here: The
mistake was to not evaluate the patient well preoperatively.

First, hydrocephalus could have been treated with a ventricu-
loperitoneal shunt from the beginning. Then, while decom-
pressing the craniocervical junction (CCJ), too much bone
was removed, which resulted in the sagging of the posterior
fossa contents, leading to complete obstruction. Performing
too wide a craniectomy is a technical mistake.

This complication teaches us another important lesson:
Surgeons have to make sure that the CSF passage is open. In
our institution, after opening arachnoid adhesions around the
cerebellar tonsils, we routinely place silicone tubes bilater-
ally to ensure CSF flow from the cerebellar cisterns to the
cervical subarachnoid space. This technique can also be used
for other clinical pathologies, such as traumatic syringomy-
elia [22].

Finally, we have another case study of a CCJ complica-
tion occurring in a patient with a congenital anomaly: The
patient, a 33-year-old man, presented to us with complaints

Fig. 7 A 30-year-old female had problems with imbalance, dizzi-
ness, and dysphagia for the last 6 months. Chiari malformation and
mild hydrocephalus were detected in the MRI examination. Due to
extensive suboccipital craniectomy, the cerebellar tonsils drooped
and completely blocked the passage of CSF in the foramen mag-

num. The patient developed acute hydrocephalus and the enlarge-
ment of the ventricle was remarkable due to the discharge of CSF
trapped in the fourth ventricle. The patient entered the herniation
process. She was treated with emergency VP and fourth ventricle
shunts
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Fig. 8 The patient, who was diagnosed with syringomyelia and Chiari
malformation in 2012, underwent posterior decompression surgery in
2013. Suboccipital craniectomy and duraplasty were performed.
Pseudomeningocele developed in the early period, but it resolved spon-
taneously. The patient’s syringomyelia improved after the operation. In
the MRI examination performed in 2016, the syringomyelia, which had
initially disappeared in the early period, recurred. (a) Shows the pseu-
domeningocele that had transiently formed postoperatively. (b) Shows
the recurrent syringomyelia that had formed in a delayed fashion after

of weakness in his hands and feet, difficulty walking, and
feeling unsteady when standing for the last 3 months (Fig. 8).
The patient displayed clinically mild quadriparesis and
radiographically extensive syringomyelia from the upper
cervical to the thoracic spinal cord. In this case, suboccipital
craniectomy, C1 laminectomy, and duraplasty were per-
formed. Three years later, the syringomyelia had reformed,
and a syringopleural shunt was performed, leading to the
resolution of his symptoms. Repeat MRI after an interval
revealed that the syrinx had recurred. However, when all
imaging was reviewed carefully, type I basilar invagination
was noted. A third operation was undertaken to pull the
odontoid away from the foramen magnum. It was planned to
revise the duraplasty and to put a bone graft between C1 and
C2. Following this, C1 and C2 were stabilized with screws.

initial improvement as seen in the panel to the left of the top row. (c)
After reevaluation, it was determined that the patient had Goel type 1
basilar invagination. The condition was stabilized with screw and rod
system. C1-C2 facet joint was distracted with small bone grafts in both
sides. The canal was widened by performing duraplasty in cranioverte-
bral junction. (d) In the last control of the patient in 2020, the syringo-
myelia had recovered, the subarachnoid space was opened, and the
patient had recovered neurologically, and he was able to do his daily
work independently

This strategy succeeded, where the syrinx nearly resolved
after the operation. No high-pressure fluid collection formed.
The patient gradually returned to normal neurological status,
and MR has remained stable since surgery.

An error in judgment was made here by initially over-
looking the basilar invagination, which led us to treat the
patient inadequately (assuming a simple Chiari malforma-
tion). The syringomyelia could have been corrected with
suboccipital decompression alone in simple cases, but the
added complexity of an odontoid in the foramen magnum
from the basilar invagination made this a complex scenario
preventing the passage of normal CSF flow.

Lastly, we mention the anatomical variant of a high-riding
vertebral artery, which is an important pathology in this region.
In fact, it can be encountered in healthy people and can be found
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Fig.9 (a) Atlantoaxial instability due to os odontoideum as seen on T2
MR images and CT with myelomalacia on MR and narrowing in the
canal on CT. (b) On the right, it is seen that the highly located vertebral

in the treatment of other pathologies, such as trauma and tumors.
It should come to light in presurgical imaging examinations.
The patient, a 25-year-old male worker, felt tired and weak
while working. The patient displayed neurologically mild
quadriparesis, and he was also diagnosed with atlas assimilation
and C1-C2 dislocation at the time of the preliminary examina-
tions. The right vertebral artery was noted as having taken a
variant medial course (high-riding vertebral artery) on CT
angiogram (Fig. 9). Navigation and an O-arm were used during
surgery. Screws were placed using the Goel-Harms technique.
During screw placement at C2, the trajectory aimed at the isth-
mus of C2 by assessing the course of the vertebral artery and
using navigation. Navigation and an O-arm are recommended
in such cases to prevent injury to the high-riding vertebral artery.

Conclusion

Surgery in the occipitocervical region requires particular
diligence to preserve vital nerve tissue. Carefully examining
each patient is necessary to identify and apply the appropri-
ate treatment. A surgical procedure should be pursued only
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artery enters the C2 corpus (high riding vertebral artery). (¢) The bone
graft placed during the surgery. (d) C1-C2 stabilization was performed
using the Goel-Harms technique with navigation

after a complete examination and after a comprehensive
assessment of radiological studies, to prevent complications.
The treatment of these regional pathologies should be carried
out with sufficient technology and expertise.

Part 2: Acquired Pathologies

In this article, we discuss the surgical management of cranio-
cervical pathologies caused by acquired disorders, traumas,
tumors, and infections and give case studies of complica-
tions. This group of patients constitutes the major group of
craniocervical region pathologies that require special
treatment.

Acquired Disorders

Paget’s disease, osteomalacia, rickets, osteogenesis imper-
fecta, rheumatoid arthritis, and neurofibromatosis are fre-
quently seen among the acquired diseases that soften and
disrupt the bone and soft tissue structures at the skull base.
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The upward migration of the odontoid as a result of the soft-
ening of the skull base results in basilar impression.
Diseases that disrupt the ligamentous structure of the
occipitocervical region, such as rheumatoid arthritis, can
also cause the upward migration of the dens, called cranial
settling. Rheumatoid arthritis and psoriatic arthritis are
chronic, systemic inflammatory diseases that disrupt the
synovial layer, leading first to synovitis and subsequently to
the destruction of the articular cartilage and postinflamma-
tory ankylosis. In rheumatoid arthritis, inflammatory pannus
formation is seen in the synovial joints. Supporting ligamen-
tous structures are also damaged as a result of cytokine
release. Psoriatic arthritis is observed in 1-2% of patients
with psoriasis, and it disrupts the synovial joints via the same
mechanism. In these diseases, both the occipitocervical
region and the subaxial cervical spine are affected, and dam-
age to the ligaments results in atlantoaxial instability. The
atlantodental interval (ADI) is a very important measure for
assessing this pathology. With the progression of the disease,
erosions of the occipital condyles, C1 lateral masses, and C2
facets are observed. This erosion causes the head to further
misalign, causing CCJ obstruction with myelopathy and
even increased intracranial pressure and other neurological
deficits. In patients with advanced rheumatoid arthritis (RA),
the dens impales the neurocranial space even higher as verti-

cal subluxation increases, leading to compression on the
brain stem and vertebrobasilar system, which can lead to
sudden death. Once patients present with an ADI > 10 mm,
complete neurological recovery is unlikely even after sur-
gery [22-25].

Case Study Rheumatoid Arthritis A patient presented to
our hospital complaining of difficulty walking, gait insta-
bility, and numbness in his hands and feet for about
20 years. MRI showed no significant compression on the
brain stem, but the dens was completely transformed into
an inflammatory pannus, and atlantoaxial instability was
demonstrated. Neurologically, the patient displayed mild
quadriparesis. No remaining osseus odontoid was seen on
CT. Occipitocervical fusion was indicated and performed
with a horseshoe plate connecting the occipital bone to the
cervical lateral mass. However, at radiographic follow-up
1 year later, the screws had loosened and pulled out. At
revision surgery, a different horseshoe construct design was
used, one that added wires to the vertebral laminae. No
problems were detected in subsequent control studies. The
technical mistake in the first operation was that the lateral
mass screws that were used turned out to be too short.
Importantly, the inflamed bone quality is often not good in
patients with rheumatoid arthritis. A diligently employed

Fig. 10 A patient with rheumatoid arthritis who was treated 20 years
ago: (a) C2 pannus formed, and spinal cord compression formed; he
also had C1-C2 instability. (b) The patient underwent occipitocervical
stabilization surgery. (¢) The screws were removed after 1 year. (d) The

patient was taken to surgical intervention again; occipitocervical stabi-
lization was achieved by attaching the occipital bone with screws and
more tightly connecting it to the cervical region with wires
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sublaminar wiring technique may be more advantageous in
such cases than screws alone (Fig. 10).

Trauma

Cervical spine injury has been observed in as many as 2.4%
of blunt trauma patients, and 34% of these injuries occur in
the occipitocervical region. Any ADI > 5 mm in an adult
patient should be considered as pathological indicative of
atlantoaxial instability. A highly sensitive measurement to
determine atlantooccipital compromise is the “Harris rule of
12” method. In this assessment technique, the basion—dens
measure (BDM) and the basion—axis measure (BAM) are
carefully measured (see Appendix). According to Harris and
colleagues, 95% have a BDM and 98% a BAM value that
does not exceed 12 mm in adults. Any such interval >12 mm
is considered abnormal and indicates instability deserving
stabilization.

Occipital Condyle Fracture This is a rare injury type and
was first described in victims who died after trauma. These
fractures are classified according to the degree of damage to
the ligaments or bone. Fractures with large bone fragments
are more stable and have a better chance of healing with con-
servative treatment. CT with parasagittal and coronal recon-
structions is wuseful in identifying occipital condyle
fractures.

Atlas Traumas Jefferson was the first to describe a charac-
teristic burst fracture of C1 after axial load injuries. Stability
in this setting can be determined through open-mouth dens
X-rays. According to Spence and colleagues, a simple rule
applies in this setting: If the lateral displacement of both lat-
eral masses of Cl are (combined) more than 7 mm apart
above the matching joint surfaces of C2, the fracture is con-
sidered unstable because of transverse ligament damage, and
surgical stabilization is required.

Axis Traumas After blunt trauma, C2 fractures occur in as
many as 24% of cervical fractures, and among these, one-
third show an odontoid fracture. The location, separation,
and angulation of the fracture elements are important prog-
nostic factors for healing and for treatment algorithms. The
displacement of the fractured dens segment is measured
from the anterior margin of the fractured part to the anterior
break-off point at the C2 base. The D’ Alanso classification
into three dens fracture types remains popular today. Type 1
is an apical fracture, type II is a dens fracture at or above
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odontoid base, and type III is a C2 corpus fracture. In type
ITA, additional corpus fragments are found at the base of the
odontoid. Many displaced type II and IIA injuries require
surgical intervention.

Traumatic Spondylolisthesis of the Axis The management
of this classic injury type (Hangman’s fracture, which was
first described in executed death-row prisoners). It was well
described by Levine and Edwards in 1985 (Levine AM,
Edwards CC. The management of traumatic spondylolisthe-
sis of the axis. (1985) The Journal of bone and joint surgery.
American volume. 67 (2): 217-26). The alignment to the
adjacent level bones is disrupted by pars interarticularis frac-
tures. Some of these fractures are unstable and require sur-
gery, whereas others can recover with conservative treatment
[26-28].

Clinical Study of C2 Traumatic Spondylolisthesis A
32-year-old female patient sustained a traffic accident, after
which she complained of severe and constant neck pain. Her
neurological status was normal, but on radiographic examina-
tion, she was found to have an unstable type II C2 fracture,
which was stabilized at C1-C2 with the Goel-Harms technique.
One month later, another ligamentous disruption was identified
at the C3-C4 level. The patient was taken back to surgery, and
her lateral mass screws were extended to C5 (Fig. 11).

This case teaches us an important lesson: If a very
prominent major pathology (C2 fracture) is present in the
first trauma assessment, it may cause us to overlook other
injuries. For this reason, all initial radiographic trauma
studies should be carefully reviewed again without time
pressure, and the possibility of multitrauma should be kept
in mind.

Another case was seen in a young university student, who
also had a traffic accident and experienced severe neck pain,
for which she was taken to a local hospital. The patient was
neurologically intact but was diagnosed with a minimally
displaced type II odontoid fracture. Conservative treatment
was recommended. A halo brace was fitted, and the patient
was discharged with instructions for follow-up (Fig. 12).
After an unremarkable initial period, the patient was admit-
ted 8 months later to our department with neck pain and a
noticeable limitation in her neck movements. Radiological
examinations revealed that the dens fragment was anteriorly
displaced, with the atlas and half of the odontoid fused with
the vertebral body of C2. Over time, the fracture had healed
in misalignment. However, a different problem was caused
by the slip since the distance between the occiput and the
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Fig. 11 The patient was a 32-year-old woman who had a traffic acci-
dent. She had severe and constant neck pain after the accident. It was
evaluated as neurologically normal. (a) She had an unstable Levine—
Edwards type IIII fracture on her radiological examinations, (b) we

body of C2 had narrowed, causing spinal cord compression.
We successfully addressed this by simply performing an
occipital craniectomy, and no further intervention was
needed for the misaligned odontoid, which had already
fused. The lesson to be learned here is that some complica-
tions can be corrected by timely intervention. If the patient
had represented in the first 6 weeks after the accident and
before complete fusion, she still could have had a chance for
an anterior approach [29]. A better initial solution could have
been the placement of an anterior screw for the odontoid
fracture, which should be performed under fluoroscopic
alignment. This way, neck movement could have been pre-
served in this young patient.

stabilized C1-C2 with the Goel-Harms technique, and the patient was
discharged happily. (¢) We found that there was a dislocation. (d) The
patient was reoperated, and lateral mass plates lowered the plate in
C2-C3 to C4 and C5

Tumors

Occipitocervical region tumors either originate from bone
structures or neural or soft tissues in the region or arise from
a secondary spread to this region. These lesions are often
divided into extradural, intradural-extraaxial, and intradural-
intraaxial pathologies. The most common extradural tumors
are metastases and chordomas. Other pathologies include
primary bone tumors, such as chondromas, chondrosarco-
mas and osteoblastomas, plasmacytomas, eosinophilic gran-
ulomas, giant cell tumors, and aneurysmal bone cysts.

The most frequent intradural-extraaxial tumors in this
region are schwannomas and meningiomas. Intradural paren-
chymal tumors are rare and include ependymomas, gliomas,



128

A.F.Ozer

Fig. 12 This patient came after a traffic accident with a Type II frac-
ture that was conservatively treated. At follow-up 1 year later, CT
detected that the odontoid fused incorrectly and on MRI, there was nar-

hemangioblastomas, dermoids, epidermoids, Wilms tumors,
plexus papillomas, lipomas, metastases, and mixed tumors.
Most of the latter originate from glial cells, ependymas, or
astrocytes. Tumors originating from the fourth ventricle or
the lower part of the cerebellar hemisphere or vermis may
also secondarily extend into the occipitocervical region, but
their origins exceed the scope of this manuscript [30].

A rare case with an important anatomic variant that was
noticed only during surgery is now presented. This patient was
a 48-year-old woman who complained of neck pain, early
fatigue, and gait instability. On radiological examination, an
intradural, extraaxial mass was detected at the level of the fora-
men magnum, resulting in left-sided compression on the spinal
cord (Fig. 13). The working diagnosis was a possible neuroma
at the C1-C2 level, and the left vertebral artery that entered
through the foramen magnum was pushed over to reside exactly
in the midline, which can be an anatomical variant or second-

rowing of the foramen magnum. Suboccipital craniectomy was per-
formed, but there was nothing to be done for the impaired odontoid and
the cervical deformity

ary to the mass effect of the tumor. Identifying this scenario is
crucial because the aberrant vertebral artery (VA) in the mid-
line can suffer iatrogenic damage during surgery. In tumor sur-
gery in this region, vascular topography should thus be studied
via CT angiography or ordinary angiography.

Infections

Surgical site infection is one of the most feared postoperative
complications since it leads to higher morbidity and mortal-
ity and, subsequently, increased healthcare costs. It is associ-
ated with longer hospital stays and worse patient outcomes.
Researched have reported that the incidence of infection in
spine surgery is between 0.65% and 12%, depending on the
type of surgery and the target population [4, 31, 32].
Numerous studies have attempted to identify the risk factors



Complications in Occipitocervical Surgery

129

Fig. 13 Vertebral artery anomaly in the midline. Normally, the vertebral artery is not this medial, which puts it at considerable risk at surgery.
Lower left neuroma progressing towards the foramen is seen (green arrow)

Fig. 14 A 9-year-old girl who had a bend in her neck. The last time she
showed such a bent, she did not recover. (a) Atlanto axial rotatory dis-
location and related torticollis were observed (Cock-robin position of
head). (b) Stabilization was performed with wire and bone graft placed

for infection in this setting to develop strategies to reduce the
incidence. Advanced age, high body mass index (BMI), dia-
betes, revision status, smoking, American Society of
Anesthesiologists (ASA) score, chronic corticosteroid use/
immunosuppression, and prior spinal instrumentation have
all been reported as significant contributing factors. Beyond
this, other factors may influence surgery, which affects out-
comes: Active rheumatoid arthritis, dural tear, significant
intraoperative bleeding, and prolonged surgical time are all
high-risk factors for the development of an infection. If such
a complication occurs, important clinical findings include
redness, swelling, purulent discharge, and pain at the wound

between C1-C2 vertebrae under traction. (¢, d) Postoperative X-ray
showing bone graft and wires holding C1-C2. At examination 6 months
later, the bone graft has been resorbed and the wires are broken and
loosened

site. High fever, malaise, and weakness dominate the clinical
picture. CRP, ESR, a complete blood cell count, and the dif-
ferential will be informative, and a Gram stain of a wound
swab and cultures are important steps to be taken. If an
abscess is radiologically detected in a symptomatic patient, it
should be drained. Limiting pharmacotherapy to targeted
antibiotics and basing it on culture results with the use of
broad-spectrum antibiotics are important until the culture
results are available [33-37].

Case Study (Fig. 14) A 9-year-old girl repeatedly devel-
oped a “bulge in her neck” over the past 3 years without any
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other clinical issues and returned to normal status within a
few weeks each time. At presentation, she had this problem
for 3 months without returning to normal. Antibiotic treat-
ment was given, and some traction therapy was applied, but
these had no success, and instead, she continued to com-
plain of constant pain and had an abnormal neck posture.
This patient had developed a secondary torticollis caused
by a deep neck infection known as Grisel syndrome [38,
39], first described in 1930. Although its pathophysiology
has not been fully understood, it appears that the nontrau-
matic dislocation of the atlantoaxial joint and rotational
distortion (torticollis) occurs because of an infection or
inflammation in the nasopharyngeal or otolaryngeal region.
Clinically, a cock-robin wry position of the head is typical.
This syndrome is a disease of childhood and is usually not
seen after the age of 12. The treatment is conservative and
includes the use of a cervical collar, analgesics, and antibi-
otics. Surgical intervention may rarely be required for
patients who do not show that they benefit from conserva-
tive treatment. This can be a sequel of fibrosis that may
develop in the atlantoaxial joint and that prevents the head
from returning to its normal position. For this reason, the
timing of the therapy is important. Once fibrosis has set in,
the chances of a positive outcome after surgery decreases
[22, 40].

Radiological examinations of our patient revealed persis-
tent atlantoaxial rotatory dislocation after 2 weeks of conser-
vative treatment. The rotatory misalignment can only
temporarily be improved with traction, so we took the patient
to surgery (under traction) and stabilized C1-C2 with wiring
and bone grafting between the laminae of C1-C2.

Appendix
Anatomical Review

Upper Cervical Region Anatomy

This region consists of the flat occipital bone forming the
posterior skull base, the clivus of the sphenoid bone anteri-
orly, and the C1 and C2 vertebrae. Instability at the cranio-
cervical junction (CCJ) can arise from pathologies that
develop in the CO-C1 and C1-C2 joints. The balance between
stability and movement here is provided by strong ligaments.
The craniocervical junction is stabilized anteriorly by five
key ligaments: (1) the anterior atlantooccipital membrane
(continues the anterior longitudinal ligament), (2) the tecto-
rial membrane (continues the posterior longitudinal liga-
ment), (3) the transverse ligament (provides attachment to
the anterior arch of odontoid C1), (4) the alar ligament (con-
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nects the dense occipital condyles and axial rotation and
adds resistance to lateral bending), and (5) the apical liga-
ment (attaches the odontoid to the basion). The four struc-
tures that stabilize posteriorly are as follows: (1) the
ligamentum nuchae, (2) the interspinous ligament, (3) the
posterior atlantooccipital membrane, and (4) the ligamentum
flavum and neck muscles (Fig. 15).

Neck muscles are multilayered and make serious contri-
butions to stabilization. These muscles are divided into
anterior, posterior, and lateral muscles. The posterior mus-
cles are especially important when the cranium is to be
firmly attached to the cervical region in some cases. These
neck muscles and the muscles attached to the skull are
stripped, and thus stabilization is performed. These mus-
cles are then closed over the instrumentation area and sewn
together. The better the muscles are preserved, the higher
the chance of surgical success, as they will continue their
stabilization duties.

The anterior neck muscles are a group of muscles that
cover the front of the neck. They are further divided into the
following subgroups: the superficial muscles, which are the
most superficial in the anterior neck and include the pla-
tysma and sternocleidomastoid; the suprahyoid muscles,
which as the name suggests, are located superior to the hyoid
bone and include the digastric, mylohyoid, geniohyoid, and
stylohyoid; and the infrahyoid muscles, which are located
below the hyoid bone and consist of the sternohyoid, omohy-
oid, sternothyroid, and thyrohyoid.

The anterior vertebral muscles are a deep muscle group
located just in front of the cervical vertebral column. These
include the rectus capitis anterior, rectus capitis lateralis,
longus capitis, and longus colli. These muscles are sur-
rounded by the prevertebral fascia of the neck, so they are
often referred to as the prevertebral muscles. The main func-
tion of these muscles is to provide varying degrees of flexion
for the head.

The lateral neck muscles, also called the lateral vertebral
muscles, are a group of muscles that run obliquely along
the lateral sides of the neck. These include the anterior,
middle, and posterior scalene muscles, which lie between
the transverse processes of the cervical vertebrae and the
upper two ribs. Because of their attachments, these muscles
mainly produce ipsilateral flexion for the neck. They are
related to neck movement rather than to the occipitocervi-
cal region.

The back of the neck is covered with the posterior
group of muscles, which connect the skull to the spinal
cord and pectoral girdle. These muscles can be divided
into three layers: (1) the superficial layer, comprising the
trapezius, splenius capitis, and splenius cervicis; (2) the
deep layer, comprising the cervical transversospinalis
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Fig. 15 (a) Occipitocervical region ligaments. (b) Cruciate ligament and alar ligaments connecting C1-C2-C3 are observed in the occipitocervical
region. The accessory atlantoaxial ligament descends from both sides of the transverse ligament

Fig. 16 (a) Deep and superficial neck muscles are seen. (b) Coronal section of deep and superficial muscles between cranium and cervical region

muscles (semispinalis capitis, semispinalis cervicis, and
multifidus cervicis); and (3) the deepest layer, comprising
the suboccipital muscles, interspinales cervicis muscles,
and intertransversarii colli muscles (Fig. 16). Obviously,
the overlapping layers effectively mix in stabilization
while performing the flexion, extension, rotation, and
bending movements of the neck.

Key Radiographic Metrics

Measurements of the Head in Neutral Position

on the Cervical Spine

One fact to be pointed out is that cervical alignment is also
affected by thoracic and lumbar pathologies, and as a result

of pathologies occurring here, serious alignment disorders
may occur. However, it especially causes the local deteriora-
tion of cervical alignment with cervical and occipitocervical
pathologies. The alteration of normal cervical alignment as a
result of pathology is the effort to keep the head level so that
objects can continue to be seen in the horizontal plane. It is
important in occipitocervical junction surgery in that if this
alignment is not taken into account in a planned stabilization,
any misalignment will end up as a permanent deformity that
seriously disturbs forward gaze and that can seriously com-
promise the patient’s gait (and thus mobility). Therefore, sur-
geons must ensure that the cervical alignment stays in the
proper plane before any planned instrumentation (Fig. 17).
Important radiographic morphometric parameters are listed
in the Appendix, which explains their relevance for the occipi-
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tocervical region. After any surgery, staying within the norma-
tive morphometric values is necessary to maintain the patient’s
visual perspective and to allow the head to have a healthy rela-
tionship with the remaining parameters of the spine (Fig. 18).

Measurements in the Occipitocervical Region

Anatomical markers constitute important parameters for
occipitocervical craniometry. Such craniometry has been
defined for conventional radiography, CT, and
MRI. Measurements such as the Chamberlain, McGregor,
McRae, and Wackenheim line formally describe the relation-
ship between the cranium and the cervical region. While
extremely helpful in diagnosis, knowing these measures and
others (e.g., the atlantodental interval, ADI, power ratio,

Harris rule, and clivoaxial angle) will also guide the planning

of the surgery to be performed. Therefore, these basic mea-

surements should be kept in mind.

Fig. 17 C0-C2 angle and C7 slop angle measurements Chamberlain Line: This measure is the line connecting
the back of the hard palate with the opisthion, as seen in the
lateral view of the craniocervical junction. Basilar invagina-

. tion can be identified when the tip of the odontoid is >3 mm

above this line (Fig. 19).

McGregor Line: This measure refers to a line connecting
the posterior edge of the hard palate to the most caudal point
of the occipital curve. An odontoid tip 4.5 mm above this line
is indicative of basilar invagination.

McGregor’s line

e
Spinocranial
angle

Fig. 18 Spinocranial angle. This is the angle between the line passing
the upper border of the C7 vertebra body tangentially and the line
drawn from the midpoint of C7 to the sella turcica. It gives the position ~ Fig. 19 Odontoid type I invagination appears above the Chamberlain
of the head on C7-T1 and shows whether it is in sagittal balance line
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McRae Line: A radiographic line drawn on a lateral skull
radiograph or midsagittal section of CT or MRI connecting
the anterior and posterior margins of the foramen magnum
(basion to opisthion). It assesses the presence of basilar
invagination (atlantoaxial impaction). The tip of the odon-
toid process is normally located about 5 mm below this line;
basilar invagination is diagnosed when the odontoid tip
crosses this line. The line also helps to measure the position
and degree of cerebellar tonsillar descent since the cerebellar
tonsils are normally found above this line, namely the fora-
men magnum. In cases of cerebellar ectopia with a caudal
displacement of the tonsils >5 mm below the foramen mag-
num, a Chiari malformation may be diagnosed.

Wackenheim Line: This measure is also known as the
clivus-canal line or the basilar line. It is created by drawing a
line along the clivus and extending it below and into the
upper cervical canal on a midsagittal view. Normally, the tip
of the odontoid is ventral (anterior) to this line, and the tip of
the odontoid is touching the line (tangential). In cases of
basilar invagination, this line cuts through the odontoid. In
posterior atlantooccipital dislocation, the line will extend
behind the odontoid process.

Atlantodental Interval (ADI)

This measure is used to assess ligamentous stability at the C1/
C2 junction, as seen on a lateral or axial view (plain X-ray or
sagittal CT cut), and it aids in the diagnosis of atlantooccipital
dissociation injuries and of isolated atlas and axis injuries,
which can best be measured as the horizontal distance between
the anterior arch of the atlas and the odontoid process of C2. It
is the distance between the posterior cortex of the anterior arch
of the atlas and the anterior cortex of the odontoid in the
median (midsagittal) plane. On X-ray, its normal values are
<3 mm in adults, <3 mm in men, < 2.5 mm in women, and
<5 mm in children (regardless of sex). On CT, this distance is
<2 mm in adults.

Powers ratio=C-D/A-B

C-D: Distance from the basion to the arch of posterior C1.

A-B: Distance from the anterior arch of Cl to the
opisthion.

Importantly, if the ratio is ~1, it is considered normal. If
the ratio is >1.0, there is a possibility of anterior dislocation.
Conversely, if the ratio is <1.0, there is a probability of pos-
terior atlantooccipital dislocation. With respect to the under-
lying pathology, there is a possibility of a fracture of the
odontoid or a fracture of the atlas arch (Fig. 20).

Powers ratio = C-D/A-B

Fig. 20 (a) Parameters revealing the relationship between the cranium and occipitocervical region. AB Chamberlain line, AC McGregor line, DB
McRae line, ED Wackenheim Clivus line. (b) Power’s ratio is around 1. If it is >1, the dislocation is considered anterior; if <1, it is considered

posterior
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Posterior axial line

Basion

Dens

Fig. 21 Harris rule of 12: basion—dens interval or basion—posterior
axial interval > 12 mm suggests occipitocervical dissociation

Harris Rule of 12

Occipitocervical dissociation is considered if the distance of
the basion—dens measure (BDM) or the basion—axial mea-
sure (BAM) is >12 mm (Fig. 21). The clivoaxial angle is
measured by drawing a line along the posterior (back—or,
when lying more horizontally, the top) side of the lower cli-
vus and intersecting that line with a line drawn on the poste-
rior side of the axis. If the angle created is less than 135°, it
is considered pathological. Like instability, a kyphotic clivo-
axial angle is often seen in patients with connective tissue
disorders and degenerative rheumatoid diseases (Fig. 22).

Further Important Parameters and their
Relevance to the Occipitocervical Region

High C0-C2 Angle (High Cervical Angulation): This is the
angle formed between the line starting from the end point of
the bone projection of the upper palate and passing through
the lowest part of the occipital bone (McGregor line) and a
second line passing through the lower edge of C2. Its mean
value is 15.8° (+7.15°), and it is always lordotic.

Fig. 22 The clivoaxial angle is formed by a line extrapolation at the posterior end of the lower clivus that intersects with a line drawn on the
posterior side of the axis. If the enclosed angle created is less than 135°, it is considered pathological
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Cervical Lordosis Angle: This is the angle between the

tangential line passing through the lower face of the C2 ver-
tebra and the perpendicular lines drawn to the tangential
lines passing through the lower face of the C7 vertebra (the
Cobb method). The average value is 30.73° + 4.88°.

Spinocranial Angle (SCA): This is the angle between the

tangential line passing through the upper edge of the C7 ver-
tebral body and the line drawn from the midpoint of C7 to
the sella turcica on this line. In asymptomatic people, the
value of this angle is 83° + 9°, on average. It is an important
angle because it establishes the position of the head on
C7-T1 and tells the observer whether the head is in good
sagittal balance.
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Abstract

Introduction

The neurosurgeon is always poised precariously
between the operation and the abyss of a complication. As
Wilder Penfield sagaciously wrote in 1961, “I will faith-
fully record and analyze my failures in the care of the
sick, seeking the cause, so that those who follow may be
warned of the danger.”

Aim

This paper seeks to briefly overview the literature on
complications in surgery, neurosurgery in particular.

Materials and Method

Progress in our specialty has been accomplished by the
overcoming of complications via technique or technol-
ogy. Dr. Samer Nashef commented sarcastically that sur-
geons are not, as a general rule, well known for their
rapacious appetite for reading. But knowing the literature
on complications from our field and others is essential for
progress. We must know the anatomy of complications to
avoid and manage them.

In 1992, Michael Apuzzo published his magnus opus,
Brain surgery: Complication avoidance and manage-
ment, which was admirably followed by Edward Benzel’s
edited work Spine surgery: Techniques, complication
avoidance and management, setting standards in the sci-
ence of complication avoidance and management in 1999
for years to come. In 2001, Crossing the quality chasm: A
new health system for the twenty-first century was pub-
lished in the United States by the Institute of Medicine.
Lucian Leape (a pediatric and thoracic surgeon) published
Error in Medicine in JAMA in December 1994, and in
1991, he published the Harvard Medical Practice Study,
defining essential terms like adverse event and negli-
gence. Atul Gawande, a general surgeon at Harvard

University, wrote “The Bell Curve: What happens when
patients find out how good their doctors really are,” in the
New Yorker on December 6, 2004; he went on to pen
Complications—A surgeon’s notes on an imperfect sci-
ence in 2002 and Better: A surgeon’s notes on perfor-
mance in 2007; and he peaked with his classic The
Checklist Manifesto—How to get things right in 2009. In
2015, The Naked Surgeon—The power and peril of trans-
parency in medicine appeared. Written by a cardiotho-
racic surgeon, Samer Nashef, the book takes the study of
complication avoidance to a different level and describes
how cardiac surgery blazed the trail in quality monitoring
and improvement, leaving no scope for other specialties
but to follow. The era of the naked neurosurgeon may be
beginning anytime.

Conclusion

Ever since E. C. Pearce delivered the 34th Rovenstine
lecture, 40 years behind the mask—Safety revisited, in
1996, the literature on complication avoidance and man-
agement has been growing exponentially. Cross-specialty
discourse and the exchange of ideas are essential for neu-
rosurgery to maintain its position as the emperor of all
specialties.

Keywords

Neurosurgical complications - Anatomy of a complica-
tion - Era of the naked neurosurgeon - Complication
avoidance - Management in neurosurgery

Introduction

The oldest myth in human civilization about the occurrence of
a complication talks about when the devas and the asuras
churned the ocean using a tortoise as a base, Mount Mandara
as the churn, and the great snake Vasuki as the rope to try to
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Fig. 1 The Samudra Manthan myth

obtain the elixir of immortality. The churn yielded not only the
ultimate elixir of life (Amritha) but also the most powerful
poison of all, called halahala (Fig. 1). As all existence was
threatened, the gods called upon Shiva the Destroyer to deliver
them from this dreaded complication, and he drank the poison,
which turned his throat blue. The neurosurgeon is similarly
always poised precariously between the operation and the
abyss of a complication into which they and their patient may
fall.

Nudges by Mentors

As Wilder Penfield sagaciously wrote in 1961, “I will faith-
fully record and analyze my failures in the care of the sick,
seeking the cause, so that those who follow may be warned
of the danger.” Wilder Penfield was my teachers’ mentor
(Fig. 2). Prof Ramamurthi was once called by me to help out
when I as a resident plunged in while doing a craniectomy
for a young patient. He scrubbed, inspected the operative
field, and then descrubbed, saying “go ahead; I’ve plunged
17 times.” The mentor leading the novice by hand through
the minefield of complications is played out every day in
countless neurosurgical theaters (Fig. 3). Prof Ramamurthi
had a photograph of a ropewalker high over the valley—
under which was written the following legend: “The man
who cannot afford to make a mistake—neurosurgeon.” This
frame hung behind his chair in his office and was pointed
out to every resident that he trained (Fig. 4). Sir William
Osler gave the following advice to young doctors: “Errors in
judgment must occur in the practice which consists largely
of balancing probabilities—you will draw from your errors
the very lessons which may enable you to avoid their repeti-
tion,” which holds good even today. Mentors like
Ramamurthi, Yassargil, and Samii nudge not only their resi-
dents but the complete specialty to perform better, reduce
errors, and improve the outcomes of our operative
procedures.

Fig.3 Prof. Anil Pande, Prof. B. Ramamurthi and Dr. M. C. Vasudevan

Technique and Technology

Progress in our specialty has been seen in the overcoming of
complications via technique or technology, and they occurred
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Fig.4 “The man who cannot afford to make a mistake—neurosurgeon”

thanks to nudges by our mentors. The technology led innova-
tions in current drills and craniotomes with safety features,
which have made the Hudson brace and the plunging associ-
ated with it very rare indeed.

Anatomy of a Complication

In 1621, The Anatomy of Melancholy was published by
Robert Burton, where he used the word anatomy to elabo-
rate on “what it is: with all the kinds, causes, symptomes,
prognostickes, and several cures of melancholy.” The
word is used in that context here. We must know the anat-
omy of complications to avoid and manage them. No neu-
rosurgical complication anatomy is the same: The
individual patient morphological characteristics, proce-
dure variability, theater workspace, and personnel are dif-
ferent each time.

A complication is a problem of extreme complexity, says
Atul Gawande. In the book The Checklist Manifesto,
Gawande cites the classification of problems by Brenda
Zimmerman and Sholom Glouberman, whose expertise is
the science of complexity. They categorize problems as sim-
ple—e.g., baking a cake; in comparison, they categorize
sending a rocket to the moon as a complicated problem and
raising a child as a complex problem. With complexity
increasing in neurosurgery, the possibility of a complication
or mishap multiplies. Latent errors are lurking faults in the
system, organization, management, training, technique, or
equipment, and these cause a complication or an adverse
event.
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The new science of complications draws on wide and var-
ied fields of human knowledge. Chaos theory, the science of
heuristics, probability theory, Boolean logic, behavioral sci-
ence, the dual process theory of cognition [1], and innumer-
able others are used to explain the etiology of why things go
wrong.

The Swiss cheese model of accident causation is one such
explanation proposed by James Reason. The human defense
against complication is likened to slices of cheese with ran-
domly and naturally placed holes arranged in parallel verti-
cal arrays. The holes represent weaknesses, and rarely and
randomly, they all align, creating a trajectory of accident
causation. Measures that prevent such alignment need to be
implemented, and leadership is extremely important in
achieving and maintaining such quality measures in health-
care [2].

The neurosurgical practice—like all branches of surgery
and medicine—is threatened by a pandemic of complica-
tions. A study in the United States attributed the frequent
occurrence of these mishaps to having three fatal air crashes
every day [3]. From the aviation industry, the medical pro-
fession learned various ways of documenting and eliminat-
ing the possibilities of critical events that can lead to mishaps.
The new science of patient safety is central to the unraveling
of this complexity, and if the neurosurgeon doesn’t fail, the
system might fail them and might also compromise the
safety of the patient.

Learning About Complications
from the Aviation Industry

Risk Analysis and the Management—The
Preflight Checklist

The concept of checklists was born to manage the complex-
ity of the Boeing B-17 bombers during World War II. The
B-17 bomber was a great advance, with four engines and its
resultant innumerable control panels and meters. However,
the test flight was a disaster and led to the death of the pilots.
The introduction of a preflight checklist made them flyable
and safe. Detailed checklists were then used to fly these
Flying Fortresses without mishaps by even relatively
untrained pilots. The use of checklists was one of the main
reasons for the victory of the allies in World War II, and they
are now used to prevent error in medicine and surgery and
many other complex human endeavors.

The sterile cockpit concept and rule is a safety rule that
prohibits nonessential and distracting activity during the
critical periods of the flight. Translated to the surgical the-
ater, it heightens levels of awareness and prevents any dis-
traction of attention for the surgeon, anesthetist, or theater
personnel during critical parts of the operation. Fatigue and
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stress are important risks for failure and suboptimal perfor-
mance. Recognizing the importance of teamwork, listening
to juniors within a flexible hierarchy, and team-training tech-
niques as developed in aviation are to be incorporated [4].

Critical Incident Analysis Technique

Critical incident investigation in the aviation industry
dates back to the 1930—40 period and was responsible for
improving the quality of pilots and military aircraft perfor-
mance. In 1978, Cooper et al. used a modified version of
adverse event analysis in anesthesia to reduce the occur-
rence of errors [5].

Checklists in Neurosurgery

As complexity increases, the need for a checklist becomes
more relevant. Gawande et al. pointed out that the cognitive
limitations of forgetting a surgical step and remembering but
not carrying out or improperly executing a step are all com-
mon and happen to the most trained experienced surgeons.
Memory is documented to be unreliable; we have many
biases, and our cognition can become impaired. All this is to
be understood and accepted from research, and checklists
can help us to reduce mishaps. Checklists have thus reduced
complications by 36%, deaths by 47%, and infections by
50% [6]. Kapur et al., in a review comparing the aviation
industry with healthcare, advocated for specific training in
cognitive bias avoidance [7]. Schelkun advocated the adop-
tion of aviation’s credo—"“plan YOUR flight and fly your
plan”—by surgeons and amended it accordingly: “plan your
operation and operate your plan.” [8].

The surgical career of most neurosurgeons can be
informed by the insight that we all need to be observed by a
mentor or a coach during all stages of our careers, and we
can keep improving our patients care, outcomes, and satis-
faction not only by adopting new innovations but also by
continuously getting better at what we do.

Learning from Anesthesia

Beecher and Todd’s study [9] Deaths Associated with
Anesthesia and Surgery appeared in the annals of surgery in
1954, and this shook the foundations of both specialties
(anesthesia and surgery) with its shocking revelations about
mortality and morbidity and about system failures. Phillips
and Capizzi [10] began their review of complications in
anesthesia with a shocking but true statement: “You, the
members of the medical profession, gentlemen, are in a
favored position—the world acclaims your success and flow-
ers cover your failures.”

A.Pande et al.

J. B. Cooper et al. [5] applied a modified critical incident
analysis technique and found that human error was respon-
sible for 82% of adverse events in anesthesia. In this much-
criticized landmark study, only 14% of these failures were
equipment related. Human error was the overwhelming
cause of the majority of mishaps and critical events rather
than equipment failure. A dedicated first conference on anes-
thetic complications was the International Symposium on
Preventable Anesthetic Morbidity and Mortality held in
Boston, Massachusetts, on October 8-10, 1984. Leroy
Vandam assigned the subject “anesthesia accidents,” to
Ellison Pierce as a resident’s talk. He was the one who later
went on to deliver the famous and transformative 34th
Rovenstine lecture, 40 years behind the mask —safety revis-
ited, in 1996. The science of complications is rapidly expand-
ing, and terms like near miss [11] and the stratification of
risk [12] continue to be defined.

The Literature on Complications

Samer Nashef commented sarcastically that surgeons are
not, as a general rule, well known for their rapacious appetite
for reading. Many of us practicing surgeons don’t have the
time or inclination to read about the new horizons in quality
and outcome in surgery. But knowing the vast literature on
complications from our field and others is essential for
progress.

Landmarks in Neurosurgery

Horwitz and Rizzoli’s Postoperative Complications in
Neurosurgical Practice: Recognition, Prevention and
Management, which appeared in 1967, was well received
and well reviewed by authorities like Lawrence Pool and
Charles B. Wilson [13, 14]. This continues to be a valuable
resource and highlights the importance of building a collec-
tive consciousness of neurosurgical errors, mishaps, failings,
and their recognition, prevention, and management.

Col. Ludwig G. Kemp’s elaborately illustrated
Operative Neurosurgery. The atlas was a brilliant individ-
ual work that set out to illustrate the simple steps of a pro-
cedure (comparable to a checklist of safety and
reproducibility), which could be developed into complex
and intricate operations. The book remains an important
learning aid for neurosurgeons.

In 1992, Michael Apuzzo published his magnum opus,
Brain surgery: Complication avoidance and management,
and this classic made the avoidance of a complication central
to the practice of cranial surgery. Neurosurgeons still partake
in the distilled experience of senior surgeons who laid a
secure foundation of safe neurosurgery. In 1999, Edward
Benzel edited Spine Surgery: Techniques, Complication
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Avoidance, and Management, which set the standards in the
science of complication avoidance and management in spine
neurosurgery.

The Prophets of the Quality Revolution
in Medical Care

Ernest A. Codman and Florence Nightingale were among the
early pioneers of the clinical audit and quality revolution in
medicine. The work of luminaries like Deming [15],
Donabedian [16], and others on quality and how it is accessed
and measured was translated to medicine from the manage-
ment and manufacturing industry. Donald M. Berwick [17]
and others put the patient’s experience as the benchmark of
quality in healthcare. The patient was made king in a way
akin to the marketing quality adage that the customer or con-
sumer is king.

Dr. Lucian Leape, a pediatric cardiothoracic surgeon,
published his Error in Medicine in JAMA in December 1994,
and this sent shockwaves across the world, leading to a major
revamp of the way that the quality of care and outcomes was
perceived by doctors, healthcare workers, and public and pri-
vate health providers [12, 18]. The Harvard Medical Practice
Study was published in 1991, and terms like adverse event
and negligence became common parlance. The Bristol
Report [19] was published in 1998 and was an inquiry into
what went wrong in pediatric cardiac surgery there between
1984 to 1995. This led to a revolution in quality improve-
ment in cardiac surgery and the National Health Service
(NHS).

Crossing the quality chasm: A new health system for the
twenty-first century was published in the United States by the
Institute of Medicine in 2001 [20]. This document set out to
tackle the huge quality gap in healthcare.

Atul Gawande, a general surgeon at Harvard University,
wrote The Bell Curve: What happens when patients find out
how good their doctors really are, in the New Yorker on
December 6, 2004; Complications—A surgeon’s notes on an
imperfect science 2002; and Better: A surgeon’s notes on
performance in 2007, and he peaked with his classic The
Checklist Manifesto—How to get things right in 2009.

The Naked Neurosurgeon

In 2015, The Naked Surgeon—The power and peril of trans-
parency in medicine appeared. Written by a cardiothoracic
surgeon, Samer Nashef, the book takes the study of compli-
cation avoidance to a different level and describes how car-
diac surgery blazed the trail in quality monitoring and
improvement, leaving no scope for other specialties but to
follow [21]. The Hawthorne Effect [22] explains how the
simple close observation of one’s surgical outcomes can
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improve the results and safety of the operations. In it, Nashef
confidently predicts that all specialties will have to measure,
document, and analyze their outcomes by using scores and
risk adjustment. This unbiased and patient-reported outcome
and feedback is essential in continuously informing and
improving our interventions.

Complications and adverse events take a severe toll on the
surgeon, and the stress due to this can be acute [23]. Henry
Marsh, a renowned UK neurosurgeon, set out to record, as he
put it, and “remember all my worst mistakes.” The reluctance
of the neurosurgical fraternity to mention any adverse event
is a protective reflex. He, however, talks about the terrible
failures and unexpected complications that cause severe
stress and despair among neurosurgeons. He calls this a
“defensive psychological armor” that leaves the surgeon as
naked as the patient if it’s removed. The era of the naked
neurosurgeon may be beginning anytime.

The Neurosurgery Patient Safety Foundation of the World
Federation of Neurosurgical Societies (WFNS) can be an
international complication reporting and learning system.
This could be modeled on the National Patient Safety
Foundation Agenda for Research and Patient Safety [24].
This collective memory system, along with a promise to
learn and act, will revolutionize neurosurgery in a way simi-
lar to its application in other fields [25]. For an online, con-
tinuously updated study of the Deaths Associated with
Neurosurgery featuring the big killers, like infection, bleed-
ing, surgeon recklessness, error in timing or judgment,
unsafe anesthesia, and the great void, the unexpected has to
be initiated. This big and ever-expanding database could be a
downloadable cloud resource and later develop into a helpful
learning tool during crisis management.

Cognitive Strategies for Neurosurgeons
to Avoid Complications [26]

Training has to be in simulation, nonsimulation, and “sur-
prise and startle” events. The nontechnical training of sur-
geons to survive instrument and technology failures during
operations [27] is also essential.

The WFNS

A collective memory bank of complications is necessary.
Complications usually may not strike the initial operations
but as the Neurosurgeon’s confidence grows, he takes on
more difficult procedures and thus a high volume
Neurosurgeon’s complications can inform a Neurosurgeon
with smaller volumes about complication avoidance.
Guidelines, checklists, and timeout protocols developed in
leading institutions around the globe could be made avail-
able worldwide through the World Federation of Neurological
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Surgeons. In 2013, UCLA adopted a preoperative shunt
checklist, a cerebrospinal fluid (CSF) shunt implementation
protocol, and the CSF shunt supplementary timeout. These
local initiatives could be standardized like the World Health
Organization (WHO) Surgical Checklist and be implemented
at other centers, thus improving safety and quality in all neu-
rosurgical centers worldwide.

Conclusions

“Brain surgery is a terrible profession, and if I did not feel it
will become different in my lifetime, I should hate it,”
remarked Wilder Penfield. Despite immense advances in
technique, technology, and experience, the surgery of the
nervous system continues to learn and grow from its compli-
cations, which are unlikely to go away completely.

Ever since E. C. Pearce delivered the 34th Rovenstine lec-
ture, 40 years behind the mask—Safety revisited, in 1996, the
literature on complication avoidance and management has
been growing exponentially. Cross-specialty discourse and
the exchange of ideas are essential for neurosurgery to main-
tain its position as the emperor of all specialties.
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Abstract

Post craniotomy meningitis (PCM), an uncommon com-
plication following craniotomy can be categorized as
either bacterial meningitis (BM) or aseptic meningitis
(AM) based on the results of CSF culture. Staph. aureus is
a common causative organism. Some patients who are
nasal carriers of these organisms have been shown to be at
a higher risk of acquiring surgical site infections (SSI)
following general or gynecological  surgeries.
Staphylococcal decolonization regime (SDR), using
chlorhexidine gluonate (CHG) showers and application of
mupirocin ointment to the anterior nares, is an attempt to
reduce the load of these bacteria in a patient prior to sur-
gery. SDR targeted at those proven to be nasal carriers of
staphylococcal bacteria, has shown to reduce SSI follow-
ing general surgery, gynecological surgery and cardio-
thoracic surgery. However, its effectiveness in reducing
PCM has been poorly investigated. In a review of the lit-
erature on the use of SDR in patients undergoing craniot-
omy, we found only one study where the authors used
CHG showers but in a non-targeted fashion (all patients
rather than only carriers). They showed a reduction in the
incidence of both AM and BM following craniotomy
compared to historical controls, but the study had a con-
founder in the form of a change of the prophylactic anti-
biotic used. While there is no high quality evidence that
SDR is effective in reducing PCM, its relatively low cost,
easy implementation and few and mild side effects, would
make it attractive to adopt in patients undergoing
craniotomy.
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Introduction

Post-craniotomy meningitis (PCM), although a rare postop-
erative complication when compared to surgical site infec-
tions (SSIs) in neurosurgery, poses a formidable challenge to
neurosurgeons in terms of both its identification and its treat-
ment. Its incidence in the literature varies from 0.3% to 8.9%
[1-9]. It results in severe morbidity and also significantly
prolongs the duration of hospital stay for patients [2, 7]. The
diagnosis of PCM remains more elusive than community-
acquired meningitis because of its relatively indolent course
and its masking of the classical signs of fever, neck rigidity,
and altered sensorium following a recently concluded sur-
gery. On the basis of the growth characteristics of microbio-
logical cultures, PCM can be divided into bacterial meningitis
(BM) and culture-negative “aseptic” meningitis (AM). A
definitive distinction between the two can be made only by
carrying out cerebrospinal fluid (CSF) cultures because other
parameters, such as CSF glucose concentration and CSF
white blood cell count, can be equivocally altered in either.
Commonly encountered bacteria that cause PCM are usu-
ally of staphylococcal origin, thought to be a contamination
from microorganisms in the skin flora [10]. Patients who are
nasal carriers of Staph. aureus tend to have a two to nine
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times higher risk of acquiring SSI when compared to noncar-
riers [10]. Hence, in an attempt to reduce the incidence of
PCM, a preoperative staphylococcal decolonization regimen
(SDR) should logically reduce the incidence of SSI and
PCM. However, only limited data are available in the neuro-
surgical literature on the impact of SDR on SSI and
PCM. Hence, we aimed to review the existing literature on
the effect of SDR on PCM to determine whether SDR should
be routinely used prior to craniotomies.

Incidence of PCM

The incidence of PCM has been reported to vary from 0.3%
to 8.9% [1-9]. A large multicenter prospective study assess-
ing the incidence of neurosurgical site infections in 2944
patients concluded that the overall incidence of superficial
surgical site infections (SSIs) was 4%, whereas that of deep
infections, including meningitis, was 2.5% [11]. Korinek
et al. [4] found the overall incidence of PCM to be 1.52% in
their series of 6243 consecutive craniotomies. In another,
very large Indian series of 18,092 patients, Srinivas et al. [8]
found the incidence of PCM to be 2.1%. A previous study
from our institution, including 1349 patients undergoing
elective craniotomies, was coherent with this observation
and found the incidence of PCM to be 3.2% and that of post-
operative BM specifically to be 0.6% [12]. This incidence of
BM had not changed much according to a comparison with
another study from our institution, carried out 5 years earlier,
which quoted the rate of postoperative BM to be 0.8% [13].
Reichert et al. [7] reported a relatively high incidence of
PCM in their study (8.9%), of which only 32% grew out
organisms on microbiological cultures for evaluation—the
most common organism being Acinetobacter baumanii.
Therefore, the majority of PCM in their patients might in fact
have been AM. In a large study from China including 1162
neurosurgical patients, the incidence of PCM at 8.6% was
also high, and the mean duration of hospital stay was signifi-
cantly prolonged in those patients who developed PCM [2].
The relatively higher incidence of PCM in the series of these
authors was attributed to the fact that their center was a large-
volume referral center, translating into surgeries that were
more challenging and time-consuming. The variability in the
incidence of PCM in the literature is probably a result of the
lack of standardized criteria for its diagnosis.

Risk Factors for PCM

Many studies have analyzed the risk factors for the develop-
ment of PCM. Korinek et al. [11] found CSF leak and subse-
quent early reoperation to be the only independent risk factors

A. Gupta and V. Rajshekhar

associated with higher rates of infection, thereby emphasiz-
ing the need for meticulous surgical techniques and the
prompt management of preoperative or postoperative hydro-
cephalus. In another study, they found CSF leakage, concom-
itant incisional infection, male gender, and surgical duration
to be independent predictive risk factors for PCM [4].
Kourbeti et al. [5] concluded that the independent risk factors
associated with PCM in their study were surgical entry into
the paranasal sinuses, an increasing score on the American
Society of Anesthesiology (ASA) scale, and the prolonged
use of intracranial pressure (ICP) monitors or external ven-
tricular drains (EVDs), especially when EVDs are in situ for
>5 days. Reichert et al. [7] also found reoperation to be the
only significant risk factor associated with PCM.

In our analysis of 1349 patients undergoing elective crani-
otomies, an infratentorial pathology and the presence of an
intraventricular drain were the only significant risk factors
for the development of postoperative AM [12]. Srinivas et al.
[8] documented the presence of a pre-existing infection (such
as post-pyogenic meningitis or tuberculosis with hydroceph-
alus) to be significant risk factors. In a study from China on
1162 neurosurgical patients, diabetes mellitus, EVDs, and
lumbar drains were significant risk factors for the develop-
ment of PCM [2].

Role of Prophylactic Antibiotics

The use of prophylactic perioperative antibiotics to reduce
the incidence of PCM has long been a subject of debate.
Barker et al. [14], in their meta-analysis of six randomized
controlled trials, demonstrated a significant beneficial impact
of prophylactic antibiotics on lowering the incidence of PCM
as long as at least one preoperative antibiotic provided Gram-
positive coverage. However, because the definitions of men-
ingitis in those trials were variable and somewhat subjective,
this result should be interpreted with caution. Another meta-
analysis comprising 2365 patients concluded that prophylac-
tic antibiotic use significantly reduced PCM [15]. On the
other hand, Korinek et al. [4] concluded that although peri-
operative antibiotic prophylaxis did significantly reduce
incision site infections, it did not provide any significant pro-
tection against PCM. On the downside, it resulted in select-
ing resistant microorganisms. Other studies have also
corroborated these findings [2, 16]. The choice of prophylac-
tic antibiotics also varies according to the regional microbio-
logical flora and needs to be updated on a regular basis.
Using multiple antibiotics should be avoided because this
results in the selection of antibiotic-resistant microorgan-
isms. We have provided evidence showing that a conserva-
tive prophylactic antibiotic policy does not result in an
increase in the incidence of PCM [13].
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Etiology of PCM

PCM can be either bacterial or aseptic, the latter accounting
for up to 70% of all cases [17, 18]. Clinically, both AM and
BM tend to present with signs of meningeal irritation, such
as fever, worsening headache, and nuchal rigidity, but dete-
rioration in the sensorium is generally associated with BM
because these tend to have a more fulminant course. CSF
white cell counts and CSF glucose are not very reliable
markers in differentiating between the two in the immediate
postoperative period. CSF lactate (upper normal cutoff value
of 4 mmol/L) has shown promising results from its sensitiv-
ity to and specificity in predicting bacterial meningitis [19,
20]. However, the gold standard for diagnosing BM remains
microbiological CSF culture data. A negative culture growth
after 72 h points toward the diagnosis of AM, but occasion-
ally, the lack of culture growth could be attributed to the
administration of perioperative antibiotics. Some authors
have argued that AM could be a form of low-grade BM,
where bacterial DNA has been demonstrated in CSF samples
after increasing the number of polymerase chain-reaction
amplifications [21]. Broad-range 16S rRNA gene poly-
merase chain reaction (PCR) has also been proven to be use-
ful in the identification of bacterial pathogens in
culture-negative infections [22]. However, this finding has
been challenged by Zarrouk et al. [23], who found no signifi-
cant impact from the broad-range 16STRNA PCR on the
management of postoperative AM.

The reported culture-positivity rate in patients with sus-
pected PCM ranges from 32% to nearly 100% [7, 9, 24]. In a
large study from China, the culture-positivity rate was only
10.4%, which was possibly attributed to the usage of prophy-
lactic antibiotics in almost all patients and to the lack of
repeated CSF cultures. The most common organism in this
study was Acinetobacter baumanii [2]. In another large
study, comprising 2944 patients, Staph. aureus was the most
common organism responsible for PCM [11]. Korinek et al.
[4] found that the use of perioperative antibiotic prophylaxis
probably resulted in patients’ developing PCM caused by
noncutaneous bacteria, especially Enterobacteriaceae. In the
Indian population, the most common organisms responsible
for PCM range from Gram-positive cocci (staphylococcal
species) to Gram-negative bacilli (nonfermenting Gram-
negative bacilli—i.e., Pseudomonas and Acinetobacter) [8,
12, 13]. Significant regional variability has been found in the
bacterial organisms cultured in the CSF of patients with
PCM, though no obvious geographic trend can be noted [16].

Morbidity and Mortality Associated with PCM

PCM results in significant postoperative morbidity and mor-
tality, therefore mandating its prompt recognition and treat-
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ment. Many authors have found that PCM significantly
prolongs hospital stay [2, 7]. Erdem et al. [3] reported a high
mortality rate, that of 40.8%, in their patients who developed
PCM. They concluded that mortality in these patients was
significantly associated with the presence of a concomitant
nosocomial infection, a GCS score <10, and a CSF glucose
value <30 mg/dL. In another large study, comprising 3580
patients undergoing neurosurgical operations, the case fatal-
ity rate due to PCM was 8%, the predictors of mortality
being low CSF glucose concentration (<1.66 mmol/L),
increasing the value of the acute physiology and chronic
health evaluation (APACHE) III score and Gram-negative
etiology [25]. Kourbeti et al. [5] also reported a case fatality
rate of 8% among their patients who developed postoperative
meningitis (n = 25) in their series of 453 patients, although
the authors reported that the deaths were not directly related
to meningitis. Finally, Srinivas et al. [8] reported a mortality
rate of 5% among patients who developed PCM in their
cohort of 18,092 neurosurgical patients.

Staphylococcal Decolonization Protocols

As microorganisms from the skin flora are implicated in the
majority of the SSIs and deeper infections, such as meningi-
tis, interventions that help to reduce the skin microbes should
theoretically reduce the incidence of SSIs. The most com-
mon organism responsible for hospital-acquired infections,
especially in the intensive care unit (ICU), is Staphylococcus
aureus. About 30% of healthy adults have been found to be
colonized with Staph. aureus, most commonly in the anterior
nares or in extra-nasal sites such as the throat, perineum, or
skin [26]. Relatively higher rates of colonization have been
detected in hospital inpatients, HIV-infected individuals,
intravenous drug users, and insulin-dependent people with
diabetes [27]. The risk of postoperative infection in nasal
carriers is estimated to be two to 12 times higher than that of
those not colonized with Staph. aureus [27].

Various interventions have been used for decontaminating
the skin prior to surgery. However, only a very small percent-
age of these interventions have been used in neurosurgical
patients. One such intervention uses a chlorhexidine gluco-
nate (CHG) shower a minimum of three times prior to sur-
gery. Instructions for the procedure are mentioned in a
handout that can be given to patients [28]. Intranasal mupiro-
cin ointment application has been quite extensively studied
and has been shown to rapidly eradicate methicillin-resistant
Staphylococcus aureus (MRSA) from the anterior nares.
However, it does not offer long-term protection against colo-
nization [26]. Harbarth et al. used real-time PCR testing to
screen patients for MRSA colonization and used a combina-
tion of intranasal mupirocin ointment and chlorhexidine
body wash for 5 days prior to surgery [29]. Chlorhexidine
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gluconate application to the nasopharynx and oropharynx
has also been tried in patients undergoing cardiac surgery
[30]. Multiple other topical agents and systemic agents have
been tried for staphylococcal decolonization, but the most
studied agents remain topical intranasal mupirocin ointment
and chlorhexidine body wash [26].

There is some debate on whether SDR should be univer-
sally applied or applied only to those patients in whom colo-
nization with staphylococcal organisms has been established
through testing [12, 26, 29-31]. The former strategy is prob-
ably logistically easier to implement and more cost-effective,
and it can be safely applied in all patients, except those who
are allergic to the antiseptic agents used, because these
agents have no known significant side effects [12, 31].

Impact of SDR

Very limited data are available on the impact of SDR on the
incidence of PCM. This is due to two factors. First, SDR has
been studied extensively in orthopedic and cardiovascular
surgeries, but not in neurosurgery [27, 30, 32]. Second, the
impact of SDR has been assessed for its impact on the inci-
dence of SSI in neurosurgical patients, but not on PCM
specifically.

In a large double-blind randomized control trial involv-
ing 6771 patients admitted to the departments of internal
medicine, cardiothoracic surgery, vascular surgery, gastro-
intestinal surgery, orthopedics, or general surgery, the nasal
carriage of Staph. aureus was determined by using real-
time PCR, and those found to be carriers were then sub-
jected to randomization to receive either SDR or the
placebo. This study concluded that the implementation of
an SDR in Staph. aureus carriers significantly reduces the
risk of deep SSIs in surgical patients and reduces the aver-
age hospital stay by 2 days [33]. Lefebvre et al. [31]
screened patients undergoing deep brain stimulation for the
presence of Staph. aureus in the nasal passage and imple-
mented an SDR in those who tested positive. They found a
significant reduction in the incidence of SSI in those
patients undergoing screening, from 10.9% to 1.6%. In a
large cohort of 4266 patients undergoing spinal surgery,
Chan et al. [34] found a significant reduction in the inci-
dence of SSIs postoperatively, after an implementation of
SDR involving CHG showers. On performing a subgroup
analysis, they found a significant reduction in SSIs in the
cohort of patients undergoing nonfusion surgeries, while
the reduction in SSI in the cohort undergoing spinal fusion
surgeries was not statistically significant.

In our study on the impact of SDR [12], we analyzed a
total of 1349 patients undergoing elective craniotomies, who
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were subdivided into two groups: 622 patients before and
727 patients after the implementation of an SDR. The SDR
included 4% chlorhexidine body bath once daily and a twice
daily nasal application of a 10% betadine ointment, for at
least 2 days prior to surgery, and it was implemented in all
patients without performing screening for Staph. aureus
nasal carriage. Along with this, the perioperative antibiotic
prophylaxis was also changed for the latter group of patients
from chloramphenicol to ceftriaxone. The overall incidence
of PCM in our study was 3.2%. We found that the initiation
of SDR in patients undergoing elective cranial surgery
reduced the incidence of both BM (from 0.8% to 0.4%) and
AM (from 3.7% to 1.7%), the reduction in incidence of AM
being statistically significant. There was also no significant
side effect of this decolonization regime. To our knowledge,
this is the only study in the literature analyzing the incidence
of PCM after the implementation of SDR.

Other conflicting reports in literature have failed to show
any significant benefit of SDR on postoperative hospital-
acquired infection. In one recent study including 3126 cra-
nial procedures, the implementation of a preoperative CHG
shower protocol did not significantly reduce the incidence of
SSI [28]. The only factor that they found significant in reduc-
ing SSI was the insertion of surgical drains. They also found
that the implementation of an SDR did not alter the causative
microorganisms of SSIs in their cohort. Perl et al. [35] con-
ducted a double-blind randomized control trial involving
4030 patients undergoing various general, gynecologic, neu-
rologic, or cardiothoracic surgeries. They concluded that the
intranasal application of mupirocin ointment did not reduce
the incidence of Staph. aureus infections overall, but it did
significantly reduce the SSIs in those patients who were con-
firmed to be nasal carriers of Staph. aureus. Another study
involving patients undergoing cardiac surgery failed to show
any significant benefit of prophylactic intranasal mupirocin
application in reducing postoperative SSIs [36].

Conclusions

The implementation of SDR using a combination of nasal
and extra-nasal agents probably provides protection against
the development of hospital-acquired SSIs, especially in
patients who are carriers of Staph. aureus. However, because
no major adverse event is due to the SDR, it can prophylacti-
cally be used for all patients undergoing neurosurgical pro-
cedures. The most commonly used combination is that of
intranasal mupirocin ointment application and chlorhexidine
body wash. Although limited, some evidence has shown that
SDR does reduce the incidence of PCM and SSIs in a neuro-
surgical setting.
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Abstract

Cerebral vasospasm following an endoscopic endonasal
resection of a craniopharyngioma is a rare, devastating
occurrence that can lead to delayed cerebral ischemia and
a poor neurological outcome if not diagnosed and treated
in a timely manner. The etiology of this condition is not
well understood. In this chapter, we present a case of cere-
bral vasospasm following transsphenoidal surgery (TSS)
for craniopharyngioma, review the literature, and identify
common presenting symptoms, probable predisposing
factors, and essential management strategies to treat this
condition.

Keywords

Vasospasm - Endoscopic surgery - Craniopharyngioma

Introduction

Craniopharyngiomas are rare epithelial tumors arising from
the remnants of the embryonic epithelial cells of the cranio-
pharyngeal duct. They account for 1.2-4% of all primary
intracranial neoplasms and up to 5-10% of intracranial
tumors in children in a tertiary referral center [1].
Considerable morbidity and mortality are associated with the
surgical treatment of these tumors because of their proximity
to critical neurovascular structures, particularly the visual
pathway and hypothalamus. Advances in open and endo-
scopic skull base techniques have made safe resection
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possible in many patients; however, little is known about
vasospasm, leading to delayed cerebral ischemia following
endoscopic surgery on these lesions.

Cerebral vasospasm is a complication best known in the
setting of aneurysmal subarachnoid hemorrhage with its
associated morbidity and mortality. However, encountering
vasospasm following endoscopic endonasal surgery for
lesions extending into the suprasellar cisterns is uncommon.
This condition can lead to delayed cerebral ischemia and a
poor neurologic outcome if not diagnosed and treated in a
timely manner [2]. Its pathophysiology is related to the
structural and biochemical changes in the vascular endothe-
lium and smooth muscle [3, 4].

The common management strategy is based on the treat-
ment of vasospasm in aneurysmal subarachnoid hemor-
rhages. In this report, the need for high vigilance over this
potentially devastating, delayed complication of transsphe-
noidal surgery; its probable causes; and its management are
discussed.

Case Report

A 47-year-old nonsmoker presented with visual deteriora-
tion for about 2 months. On evaluation, he showed bitem-
poral hemianopia and panhypopituitarism. His MRI showed
a solid cystic lesion in the sellar region with suprasellar
extension suggestive of craniopharyngioma (Fig. 1). The
lesion was excised via an endoscopic endonasal approach.
He underwent an uneventful postoperative course.
Postoperative MRI showed the complete resection of the
lesion with minimal subarachnoid hemorrhage (SAH) in
the surgical bed and left Sylvian fissure (Fig. 2a, b).
However, on the tenth postoperative day, he developed
right-sided hemiplegia and aphasia. MRI showed multiple
acute infarcts in both cerebral hemispheres, the left side
being more affected than the right with middle cerebral
artery (MCA) and anterior cerebral artery (ACA) territory
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Fig. 1 (a) Preoperative MRI T1 post-gadolinium contrast sagittal images and (b) coronal images showing suprasellar extension of the lesion abut-

ting the ICA and splaying the ACA superiorly

Fig. 2 (a) Postoperative MRI T1 post-gadolinium contrast sagittal images and (b) coronal images showing complete excision of the lesion; (c)
diffusion-weighted MRI brain on tenth postoperative day showing bilateral cerebral ischemic changes (left > right)

infarcts (Fig. 2c). A transcranial doppler (TCD) evaluation
showed characteristic features suggestive of bilateral mid-
dle cerebral artery vasospasm. This was confirmed on digi-
tal subtraction angiogram (DSA), which showed a
significant spasm involving the bilateral middle (M1 seg-
ment) and anterior cerebral arteries (Fig. 3a, c¢). An intra-
arterial bolus infusion of 2 mg of nifedipine was given
bilaterally. The post-infusion angiogram showed an
improvement in the spasm bilaterally (right side > left side)
(Fig. 3b, d). He was then maintained on hypertensive ther-
apy and euvolemia. After 48 hours, however, he was found
to have persistent vasospasm on TCD assessments. A repeat
catheter angiography showed 70% stenosis of the bilateral
distal internal cerebral artery (ICA), M1, and M2 segments
of the MCA with post-spasm vasodilatation. A microwire
and Sceptre C 4 x 10 mm balloon catheter (Microvention—

Terumo, California) was used to perform angioplasty by
dilating the bilateral ICA, M1, and M2 segments with a
50% balloon diameter. After the angioplasty, he showed
good flow across the ICA and resolution of the vasospasm
(Fig. 4). He was maintained on hypertensive therapy.
Repeat TCD assessments showed improvements in vascu-
lar velocities, and physical rehabilitation and speech ther-
apy were initiated.

His hemiplegia and speech improved in 10 days, and he
was ambulant with support at the time of discharge. A repeat
MRI brain with magnetic resosnance angiogram (MRA),
prior to discharge, showed no further extension of the areas
affected by the infarcts and no vasospasm. Sequential MRI at
3-month, 1-year, and 2-year follow-ups showed no recur-
rence of the lesion and small patchy gliotic areas at the previ-
ous infarcts (Fig. 5).
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Fig. 3 DSA images: (a) right ICA injection, prior to nifedipine infu-  infusion, showing vessel in spasm; (d) post-nifedipine left ICA injec-
sion, showing vessel in spasm; (b) post-nifedipine right ICA injection tion showing dilatation of vessels. Post-infusion angiogram showed
showing dilatation of vessels; (c) left ICA injection, prior to nifedipine  improvement in spasm bilaterally (right side > left side)

Fig.4 DSA image showing (a) Sceptre C balloon catheter (*) at the MCA and (b) post—balloon angioplasty of left ICA injection showing dilata-
tion of vessel with good flow in the MCA

Fig. 5 (a) 2-year follow-up MRI T1 post-gadolinium contrast sagittal images and (b) coronal images showing no recurrence of the lesion.
(c) Diffusion weighted images showing complete resolution of restriction
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Discussion

Cerebral vasospasm following transsphenoidal surgery for
craniopharyngioma is a rare complication, where only a few
cases have been reported in literature. Because of the little
awareness of this complication, it is poorly understood and
often recognized late. This delay can cause serious and per-
manent neurological deficits. No clear protocol of manage-
ment has been described in the literature, so the treatment is
based on the lessons learned from the management of vaso-
spasm in aneurysmal subarachnoid hemorrhage.

Eseonu et al. reviewed 12 reported cases of vasospasm
following transsphenoidal surgery for pituitary adenoma and
found that intraoperative subarachnoid hemorrhage occurred
in 84% of cases. Hemoglobin degradation products
(oxyhemoglobin and methemoglobin) and synthetic hemo-
static material factors activate proinflammatory cytokines,
which lead to oxidative stress and reduce endothelium nitric
oxide, which in turn cause arterial vasospasm [5]. The post-
operative MRI in our own case showed minimal blood in the
surgical bed and left Sylvian fissure. The presence of sub-
arachnoid hemorrhage on the postoperative imaging should
warn the surgeon of the possibility of delayed cerebral isch-
emia (DCI) from vasospasm.

The onset of vasospasm after transsphenoidal surgery for
suprasellar lesions appears to follow the same time course as
that seen in aneurysmal subarachnoid hemorrhage, ranging
from 3 to 14 days and peaking at 8-9 days postoperatively
[5]. Hyponatremia serves as an early sign of DCI [6].

Causes of vasospasm other than SAH include the rupture
of the cyst contents into the cisternal spaces, which causes
chemical meningitis and the inflammation of vessel walls.
Arterial spasm in the femoral arteries of rats following the
direct instillation of craniopharyngioma cyst fluid has been
reported [7]. Hence, avoiding the rupture of the cyst contents
into the cisterns and proper irrigation can aid in avoiding
DCLI. Fat can cause aseptic meningitis, and the products of
lipid metabolism have also been shown to cause vasospasm
in a model studying canine basilar arteries. Hence, fat should
be judiciously used for reconstruction [8]. The other rare
causes of vasospasm are hypothalamic injury, especially of
the median eminence [9], and the manipulation of the vessels
of the circle of Willis [10].

Multiple treatment modalities have been proposed for
postoperative TSS vasospasm, including hemodynamic aug-
mentation therapy using hypertension and euvolemia, throm-
boxane A2 antagonists, calcium channel blockers,
endovascular angioplasty or intra-arterial vasodilators, and
intrathecal thrombolytics [11, 12].

Medical therapy may be sufficient in many cases.
However, the early identification of this complication is the
key to obtaining a good outcome, as it was in our case. A
very low threshold for diagnostic DSA and endovascular
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therapy ensures the ability to re-establish the adequate perfu-
sion of the brain and avoids progressive infarction. We also
observed that transcranial doppler data (TCD) correlated
well with the catheter angiogram findings. The diligent use
of TCD can be used to monitor responses to therapy.
Follow-up DSA also has a role to play in ensuring that the
treatment strategies are effective, especially in cases featur-
ing persistent vasospasm on TCD assessments.

Because most studies have suggested that blood in the
cisterns predisposes the development of DCI, proper
hemostasis and ample irrigation during surgery may mini-
mize the occurrence of vasospasm. One could postulate
that utilizing prophylactic nimodipine after TSS might
reduce the incidence of neurological deficits once SAH
has been observed. However, as a next step, additional
comprehensive prospective multicenter studies are needed
to determine this and more-standardized management
approaches to TSS vasospasm.

Conclusion

Cerebral vasospasm following endonasal endoscopic sur-
gery, even though a rare entity, can cause significant morbid-
ity if not identified and treated early. Intraoperative
cerebrospinal fluid (CSF) leak, the rupture of a craniopha-
ryngioma cyst, the handling of major vessels, and postopera-
tive peritumoral subarachnoid hemorrhage are the
predisposing factors. Close observation for new-onset neuro-
logical deficits with a high index of suspicion will pick up
this condition early. Effective treatment options to obtain
complete neurologic recovery are hypertensive therapy,
maintaining euvolemia, intra-arterial nimodipine or milri-
none, and balloon angioplasty.
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Abstract

Decompressive craniectomy (DC) is performed to treat
refractory intracranial hypertension following traumatic
brain injury and stroke. Though technically not demand-
ing, DC is still associated with several early and delayed
complications. Early complications can be fatal, whereas
delayed complications may result in regression of recov-
ery. Adequately sized DC along with aggressive medical
management mitigates most of the acute complications

whereas  early  cranioplasty  prevents  delayed
complications.
Keywords

Decompressive craniectomy - Subdural hygroma -
Cranioplasty - Syndrome of the trephined - Hinge
craniotomy

Through the decades of using decompressive craniectomy
(DC) in the management of refractory intracranial hyperten-
sion, it has found its place as a life-saving procedure capable
of a radical reduction in intracranial pressure (ICP). Clinical
results and the rate of survival after decompressive craniec-
tomy vary according to the underlying primary diagnosis.
Though technically sounding as simple as opening the lid of
a pressure cooker, DC may be among the most frustrating
procedures performed by neurosurgeons. These surgeries are
often performed by less-experienced or more-junior sur-
geons. Moreover, these operations frequently occur at night.
Surgery is also complicated by more-frequent adverse intra-
operative events such as heavy bleeding and massive brain

D. P. Shukla (D<)

Department of Neurosurgery, National Institute of Mental health
and Neurosciences, Bangalore, Karnataka, India

e-mail: dhavalshukla@nimhans.ac.in

© The Author(s) 2025

l')

Check for
updates

swelling. The decision to remove additional brain tissue
(temporal lobectomy or frontal lobectomy) or cut the tent
and open up any of the basilar cisterns may be difficult dur-
ing surgery [1, 2].

Given the unfavorable circumstances during which DCs
are mostly performed, attention also needs to be focused on
complications associated with DC. One in ten patients who
undergo DC develops a complication for which additional
medical intervention or neurosurgical intervention, or both,
are required. These complications are based not only on the
procedures themselves but also on the pathophysiological
changes associated with a conversion of the closed intracra-
nial compartment to an open one. The complications may
further disturb the postoperative care and convalescence in
the survivors, and therefore, in salvageable patients, the indi-
cation of DC should be based on information about the
expected outcome and complication rate.

At the same time, anyone undertaking DC should address
key aspects such as the prevention, early recognition, and
adequate therapy of complications. This review discusses the
causes and consequences of and the measures to avoid or
treat complications following a DC [1, 2].

Early Complications

All the following listed complications are encountered either
immediately after surgery or during acute care while the
patient is still in the hospital:

* Hemorrhage (hematoma expansion)

» External cerebral herniation

*  Wound complications

* Cerebrospinal spinal fluid (CSF) leak/fistulae
* Postoperative infection

e Seizures
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Late or Delayed Complications

The following complications are encountered after discharge
from acute care, during rehabilitation, or at follow-up in the
outpatient department:

e Subdural hygroma
* Hydrocephalus
e Syndrome of the trephined

Hemorrhage (Hematoma Expansion)

A new hemorrhage or expansion of pre-existing small hema-
toma/cerebral contusion occurs from a sudden decompres-
sion or can be due to coagulopathy. Sometimes inadvertent
brain injury during craniotomy or when applying dural hitch-
ing stitches can cause a hematoma as well. These hematomas
can be in any plane and are named accordingly: extradural
hematoma (EDH), subdural hematoma (SDH), or intraparen-
chymal hematoma. Extradural and subdural hematomas can
occur after any craniotomy, but the progression or expansion
of brain parenchymal contusion or hematoma is unique to
DC (Fig. 1).

This type of hemorrhagic expansion typically presents
with a tense scalp flap bulge, with or without deterioration in

the sensorium of the patient (which may not be easily picked
up if the patient remains intubated and sedated after a trau-
matic brain injury (TBI)). Such a hematoma can be detected
with bedside ultrasonography, which may be sufficient for
deciding whether urgent re-exploration and evacuation are
needed. If the patient is medically and neurologically stable,
then a computerized tomography (CT) scan can be per-
formed before taking any patient back for surgery. Before
taking patients back to the theater for re-exploration, an in-
depth review of the antithrombotic/anticoagulant medication
should be carried out, and a reversal of coagulopathy should
be performed. Small hematomas may not require re-
exploration; however, big hematomas causing the worsening
or persistence of midline shift require evacuation. The final
size of an expansion of hematoma cannot be predicted.
Therefore, early and more-frequent scans—such as bedside
ultrasonography (USG) or CT—after DC, especially in
patients with contusions and contralateral calvarial fractures,
should be conducted to detect such hemorrhagic expansion
early [1].

External Cerebral Herniation

The commonest cause of external brain herniation is the
inadequate size of DC (Fig. 2). The inadequate medical man-

Fig. 1 CT scan (left) showing left hemispheric acute SDH. Postoperative CT scan (right) shows intraparenchymal hematoma after DC
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Fig.2 CT scan following DC (right) for acute SDH (left) showing external brain herniation due to small craniectomy

agement of brain edema can also lead to external brain her-
niation. The bone flap should be large, at least 12 cm x 15 cm
[3]. The veins over a herniating brain get compressed against
the skull bone and can thrombose or get blocked, leading to
the further worsening of the cerebral edema or hemorrhagic
infarct. Gelfoam pledgets placed on either side of the veins
between the skull bone and the brain can prevent venous
occlusion. At times, the herniated brain will necrose and start
oozing from the scalp wound. This can also be a cause of
wound infection. In such cases, re-exploration, widening the
craniectomy, and necrosectomy are required [1].

Wound Complications

Wound gaping, cerebrospinal spinal fluid (CSF) leak, and
surgical site infection are not uncommon after a DC. The
main causes of wound complications are brain bulge, an
inability to perform watertight dural closure, and single-
layer scalp closure. Though surgeons have reached con-
sensus on expansile dural graft—e.g., sutured duraplasty
or onlay—they still disagree about the optimal materials
for duraplasty and the necessity of suturing expansile

duraplasty [3]. We recommend a pericranial graft and
watertight dura closure for the prevention of wound com-
plications whenever possible. This can be time-consuming
and difficult in the presence of a bulging brain. However,
harvesting a pericranial graft does not significantly add to
the duration of surgery. Because most DCs are sequential
treatments after adequate medical treatment, rushing is not
needed to finish the craniotomy, as in the case of an EDH,
and sometimes, it can be spared to harvest the pericranial
graft even before the osteotomy. The two-surgeon tech-
nique can be used for dural closure. One surgeon opens the
dura, and at the same time, another surgeon starts stitching
the pericranial graft to the dura to prevent brain bulge.
Dural closure alone is not enough, though, and the scalp
flap should be closed in two layers—galea and skin—to
prevent wound disruption. At times, because of massive
brain bulge, a single-layer rescue closure can be per-
formed. Patients who require such rescue closure may not
survive, and the relatives of the patients should be coun-
seled after surgery.

Scalp flap necrosis is an extreme form of a wound com-
plication after DC (Fig. 3). Conventionally, a reverse ques-
tion mark trauma flap is raised for DC. When performed in
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Fig.3 A case of scalp flap necrosis (left) following DC for hemispheric
malignant infarction. CT angiogram (right) showing complete occlu-
sion of the left common carotid artery. The complete occlusion of the

i

Fig. 4 Blood supply of scalp (left) showing three main arteries: the
superficial temporal artery (STA), posterior auricular artery (PAA), and
occipital artery. A conventional reverse question mark flap (middle) will

a hurry, the superficial temporal artery may get cut, and
when the flap extends more posteriorly to the pinna, even
the postauricular artery can get cut, leading to a reduction
in the blood supply of the flap itself (Fig. 4). Alternative
incisions have been proposed in the literature to mitigate
postoperative wound complications [4, 5]. The retroauric-
ular (RA) incision is an alternative incision that increases

common carotid artery may be the reason for the devascularization of
the scalp flap

disrupt the blood supply from STA and PAA. A retroauricular incision
(right) will preserve the blood supply from STA and PAA

calvarium exposure to maximize the removal of the hemi-
cranium and decreases wound-related complications when
compared to a standard preauricular incision [5]. The
Kempe incision (T shaped, one limb on midline vertex
from the frontal hairline to the inion, and another perpen-
dicular limb from mid vertex to mid zygoma) has been
proposed for DC for TBI patients and stroke patients
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(Fig. 5). The outcomes were comparable, with a trend
toward a larger decompression with the Kempe incision.
This incision can also be easily converted to bilateral or
bifrontal [4].

A significant brain bulge can cause wound-healing prob-
lems. If possible, an external ventricular drain (EVD) should
be inserted to monitor and reduce ICP by draining CSF.

The main dreaded consequence of wound problems is
meningitis. In extreme cases, even a brain abscess can occur
below the scalp flap (Fig. 6). The intracranial infection leads

Fig.5 Kempe incision
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to greater mortality, an increase in the duration of hospital
stay, and a delay in cranioplasty.

These wound complications cannot be ignored. They
require early detection and prompt management. At times, a
plastic surgeon consultation may help improve and acceler-
ate wound healing.

Subdural Effusion and Hydrocephalus

The DC results in a loss of pressure gradient between CSF
spaces and venous sinuses. This results in a dampening of the
pulsatility of CSF, likely resulting in an impaired absorption
of CSF. The altered CSF flow abnormality can cause subdural
effusions, which may be ipsilateral, interhemispheric, and
contralateral (Fig. 7) [6]. Hydrocephalus is also a conse-
quence of altered CSF flow abnormalities (Fig. 8) [7]. Most
of the time, the CSF flow abnormality resolves on its own.
Any persistent subdural effusion or hydrocephalus results in
worse neurological outcomes. The presence of any of them
should be suspected if the scalp bulge reappears after a flat
postoperative period, if the patient fails to hold the gains of
initial improvement, or if the deterioration is delayed.

Restricting the superior and medial margins of the crani-
otomy to 2.5 cm from the midline helps to prevent CSF flow
abnormalities. The Pacchionian granulations and arachnoi-
dal villi are present in the paramedian dura. The presence of
a strip of bone over the midline retains the pressure gradient
between the CSF and the venous sinus, allowing for better
CSF absorption. Moreover, avoiding craniotomy too close to
the midline also results in less blood loss.

We have observed a relatively low incidence of subdural effu-
sions in our cases of DC. We routinely close the dura by using
pericranium as our duraplasty material of choice. We hypothe-

Fig.6 A case of malignant cerebral edema due to cerebral venous infarct (left). The CT scan after DC (middle) showed adequate decompression.
The patient developed a surgical site infection, which led to the development of the brain abscess (right)



162

D. P. Shukla

Fig.7 Serial CT scans
showing the development of
subdural hygroma following
DC

(\

size that the pericranium acts as a semipermeable membrane
allowing the absorption of CSF in the subcutaneous tissue.

Early cranioplasty also helps in the prevention of subdural
hygromas and hydrocephalus. Cranioplasty often results in
the resolution of subdural effusions [6].

The management of hydrocephalus following DC is contro-
versial. No consensus has been reached on the timing of any shunt
and cranioplasty. We prefer to place an EVD in the perioperative
period during cranioplasty. If the symptomatic hydrocephalus
persists after cranioplasty, then a ventriculoperitoneal (VP) shunt
is inserted. A programmable VP shunt with an antisiphon device
is preferred for hydrocephalus secondary to DC.

Sunken Scalp Flap Syndrome

Syndrome of the trephined, also known as sinking skin
flap syndrome, results from a lack of structural support

and subatmospheric intracranial pressure (Fig. 9).
Changes in blood flow and fluid shifts cause the symp-
toms of this syndrome. The consequences of this syn-
drome can be diverse and include multiple new
neurological symptoms, failure to hold the gains of initial
improvement, delayed deterioration, and delayed commu-
nity integration despite good neurological recovery. Early
cranioplasty is indicated to prevent and treat the syndrome
of the trephined [1].

Paradoxical Herniation

When a lumbar puncture is performed in a patient who has
undergone a DC, a rapid fluid collection is seen in the subdu-
ral space causing midline shift, resulting in paradoxical her-
niation (Fig. 10). Paradoxical herniation can also result from
dehydration, mannitol therapy, CSF leak, or hyperventila-
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Fig. 8 Serial CT scans showing the development of hydrocephalus following DC



164

D. P. Shukla

Fig. 10 Serial CT scans showing the development of subdural hygroma (second from left) following drainage lumbar puncture, leading to para-
doxical herniation

tion. Among the consequences of paradoxical herniation are
new neurological deficits and deterioration in the sensorium.
The treatments for paradoxical herniation are intravenous
hydration, the Trendelenburg position, and a blood patch. An
early cranioplasty can mitigate this complication [1].

Paradoxical Neurological Deterioration

The causes of paradoxical neurological deterioration from
DC are paradoxical brain swelling and distortions in the

white matter tracts. A pre-emptive DC before the develop-
ment of midline shift in cases of stroke leads to an increase
in edema, which we term paradoxical brain swelling. Such
patients are usually conscious before surgery but become
unconscious after surgery. The treatment is the aggressive
management of raised ICP with medical therapy and venti-
lation [1].
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Alternatives to DC

DC not only results in complications but also necessitates an
additional neurosurgical procedure, cranioplasty, in the sur-
vivors. Cranioplasty itself is associated with its own compli-

cations. The alternative to DC is hinged craniotomy or
expansile craniotomy (Figs. 11, 12 and 13). The expansile
craniotomy leads to a comparable brain volume expansion
and ICP reduction in DC, precluding the need for cranio-
plasty after index surgery [8].

Fig. 11. A case of expansile craniotomy: (a) Brain bulge after craniotomy. (b) Bone flap divided into three pieces. (¢) Bone fragments placed back
and tied loosely to the skull. (d) Postoperative CT showing bulging bone fragments
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Fig.12 Volume expansion and subsidence of midline shift following expansile craniotomy: (a) Preoperative intracranial volume. (b) Postoperative
intracranial volume. (¢) Preoperative CT scan showing midline shift. (d) Postoperative CT scan showing subsidence of midline shift
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Fig. 13 (a) CT scan at follow-up showing settling of bone fragments
of expansile craniotomy on the skull. (b) Clinical photograph showing
a good cosmetic outcome

Conclusion

DC should be the last resort for the treatment of raised
ICP. One in ten patients develops a complication for which
additional medical or neurosurgical intervention is required.
One should consider EVD or the removal of ICH/contusion
for the further reduction of ICP before proceeding with
DC. The commonest error is to make the craniectomy too
small, which results in the inadequate relief of intracranial
hypertension and results in brain herniation out of the defect
and further secondary brain injury. Cranioplasty should be
performed as soon as brain swelling has subsided, to prevent
delayed complications following DC.
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Abstract

Achieving competence in performing complex neurosur-
gical operations and learning new techniques after quali-
fication take time. The improvement in skill over time (or
as more procedures are performed) can be represented
graphically as a learning curve. While surgeons are oper-
ating on patients to acquire the required skills, patients
might be harmed. This is often referred to colloquially but
incorrectly as “a steep learning curve.” Although this may
be an accepted learning practice for surgeons, it is unlikely
to be acceptable to patients. Surgeons need to find ways of
reaching a competent level of practice before operating on
patients. To this end, the need for new techniques, what
skills they require, and how they can be learned in a non-
clinical environment should be defined. This can help sur-
geons determine where they start on a learning curve and
what skills they need to achieve competence.
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Learning Curve Theory

A learning curve is a graphic representation of a learner’s
performance of a task (Y-axis) over time or the number of
times the task is performed (X-axis). A learner’s perfor-
mance is expected to improve over time as the task is learned.
If the task is easily learned, the graph will show a steep rise.
The learner will rapidly improve performance, but then a
plateau will be reached where further improvement is
unlikely. If the task is difficult, the graph will show a gradual
rise. Initial learning is slow but increases until proficiency
has been reached. In most real-world situations, like learning
a surgical technique, a sigmoid curve would be expected.
Initial learning is difficult, and slow progress is made as the
basic steps are learned. As the surgeon repeats the technique,
proficiency accelerates, but once it has been mastered, their
capacity to improve decreases and the curve flattens (Fig. 1).
Some have also proposed that the skill required to reach the
plateau phase may not be retained [1]. Dexterity may be lost
with aging, or sufficient cases may not be performed to retain
the required skill.

A learning curve requires a variable that is measurable
and repeatable. In a production line, this may be the number
of working units manufactured within a certain time or the
time taken to produce a unit. Surgical operations have simi-
larities to manufacturing in that they often involve repetitive
steps. Doing the operation over and over makes it “auto-
matic” for the surgeon, and thus, the procedure is often per-
formed in less time with greater success. One difficulty is
measuring this “success.” The outcome measure may be
time, blood loss, the extent of tumor resection, or the number
of encountered complications. Only one such measure at a
time may be plotted, and determining what reflects mastery
of a particular procedure can be difficult.

Assuming that a group of surgeons need to learn a new
operation, all of them will likely not be starting at the same
skill level. Their starting point on the learning curve would
then be different. Their progress may also differ in that some
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Fig.1 Theoretical learning
curve plots: Simple
procedures may be rapidly
learned, and surgeons may
start close to a competent
level (dashed line). Complex
procedures take many
repetitions to master, and
surgeons may start with a low
skill level (dotted line).
Complex procedure learning
may also be represented by a
sigmoid curve where the
initial learning is slow but as
skills are acquired proficiency
increases to reach a plateau
(solid line)
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may learn faster, in which case each surgeon will have a dif-
ferent slope on the graph. Their proficiency may also plateau
at a different level. This is acceptable as long as all surgeons
are operating at a point on the graph that is above the status
defined as “competent.” Competency is the skill level
required to complete the surgery with acceptable morbidity
and mortality. We rarely define or audit these levels in clini-
cal practice, but this is sometimes a requirement for operat-
ing in a clinical trial. While surgeons are acquiring skill
between the starting and competency points, patient morbid-
ity and perhaps mortality can be assumed to increase. In col-
loquial speech, surgeons often refer to a “steep learning
curve” when talking about starting a new operation. This is
the wrong description for the graph curve. What they mean is
that learning the procedure is challenging and that mistakes
are made in the beginning. Hiding behind this term is the
reality that patients are harmed while surgeons are training
or learning new operations.

Surgical Training and Innovation

Training programs in neurosurgery are usually a combina-
tion of didactic and practical teaching. The practical skill
acquisition occurs in a step-wise way. Junior trainees start
with simple operations and laboratory training and as they

Number of procedures

advance are allowed to perform more-difficult operations.
Often this happens as part of an apprenticeship where train-
ees first observe and assist before being allowed to operate
while a senior person observes. It is a slow process. Quality
control and patient safety are ensured through immediate
supervision and tools like morbidity and mortality (M&M)
meetings or adverse-event reporting.

Because the apprenticeship process is slow, all neurosur-
gery graduates are unlikely to be at a competent level for all
neurosurgery procedures. This implies that they are still on a
learning curve for a variety of these, including some for
which a competent point has not yet been reached. In addi-
tion, surgical innovation continues during a surgeon’s career,
and they are pressured to adopt new techniques, particularly
minimally invasive ones that are often rather technical and
difficult to learn. This additional learning at the level of an
independent and licensed specialist is often done without
supervision or limited proctor supervision. It may be indus-
try driven through observation or participation in workshops,
but rarely is it associated with the rigor applied when com-
pared to the step-by-step learning in a formal training pro-
gram. This leads to the colloquial “steep learning curve,”
which has become an accepted part of surgical practice but
would not be acceptable if patients could determine that sur-
geons were below the point of competence. Airline pilots
require training and certification before flying passengers.



A Clinical Learning Curve Should Be Avoided in Neurosurgery

Their learning curve takes place in a simulator, and for this
reason, travel by flight is safe. This does not occur in surgery,
primarily because this type of professional training is time-
intensive and expensive. Of course, advances have been
made in surgical training. “See one, do one, teach one” may
have been where training started, but skills, laboratories, log-
books, and competency-based rather than time-based learn-
ing have been incorporated into many programs [2]. These
are more likely to be implemented in established training
programs and applied to a catalog of simpler operations per-
formed by junior trainees. Complex, high-risk surgeries
remain a challenge to teach, and qualified surgeons are not
required to submit to competency accreditation when under-
taking a new operation. Surgeons wanting to learn a new
operation have the options of self-teaching through reading
and watching videos or observing operations in workshops,
and if they are fortunate, they can perform the surgery with a
proctor or mentor. Although these strategies may reduce
unnecessary complications, they are unlikely to avoid the
excess morbidity associated with a learning curve.

Avoiding the Clinical Learning Curve

Certifying the technical expertise of surgeons who are
already advanced in their career (and board certified) is dif-
ficult, controversial, and unlikely to be widely applied.
Continuing medical education programs are widely imple-
mented but do not address practical technical competence.
Recertification is not a requirement for most surgeons around
the globe, and although it examines knowledge and decision-
making, it does not address operative competence [3].
Ultimately, this leaves the responsibility of ensuring compe-
tence with the individual surgeon. Most surgeons believe that
they are ethical and ascribe to the Hippocratic principle of
“first do no harm,” but many conflicts hamper our ability to
do this properly. Surgeons must undertake difficult proce-
dures that carry a significant risk of causing harm to patients.
To do this, they must have the self-belief (reassurance) that
they are competent, creating a potential bias toward exag-
geration. Surgery is competitive in that surgeons aim not just
to reap the financial rewards that come with performing
operations but also to earn recognition. In a nonregulated
healthcare market, surgeons naturally need to advertise their
ability in order to get referrals and be noticed. The pressures
are not all from within, though. Industry may well be an
external force pushing surgeons to use new tools and implant
more devices. This may be through flattery (“Dr. X, we have
chosen you to implant the first 20 of device Y.”), pressure
(“All the other surgeons use device Y. Why not you?”), or
financial incentives like consultancy fees. The disclosure of
any conflict of interest is seen as a solution, but it assumes
that the physician is aware of the conflict and fully discloses
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and that this added step has the desired effect [4]. How then
do we avoid making learning errors at the expense of
patients?

Reduce the Pressure to Perform New
Procedures

Innovation must take place, but it should happen as part of
research trials. Once confirmed as having benefit there, con-
sideration should be given to how the new technique can be
taught safely. Statements like “anyone can do this” or “it’s
easy” should be avoided during presentations at congresses
and workshops.

Is the New Approach Essential?

The advantages of new techniques should not be overempha-
sized. Although minimally invasive operations have theoreti-
cal advantages, these have seldom been proven in
head-to-head randomized trials with conventional tech-
niques. Surgeons are concerned about being left behind or
not competitive with their colleagues, so new approaches are
rapidly adopted—sometimes too rapidly. Even if a new tech-
nique offers advantages, the extra morbidity created while
learning should be taken into account. In a study looking at
learning curves and their associated morbidity during mini-
mally invasive esophagectomy by van Workum, the
researcher determined that 119 cases of surgery are required
for a surgical team to reach anastomosis competence.
However, during the learning period under assessment, 357
patients had surgery by three teams, and the pooled anasto-
mosis leak was 18.8% compared to a leak incidence of 4.5%
after the learning curve plateau had been reached [5]. This
means that 36 patients (or 10.1% of the “learning curve”
patients) had a complication that could have been avoided by
not starting the technique. If a learning curve is unavoidable,
this extra morbidity needs to be taken into account when
assessing the appropriateness of adopting a new technique.
To be acceptable from a public health point of view, the new
procedure would have to offer significant and relevant advan-
tages. Even if the plateau offers a clear advantage, such that
many patients will benefit in the future, how can this be justi-
fied to those patients who have surgery during the learning
phase and potentially suffer a complication?

Determine the Starting Level on a Learning
Curve

Surgeons have different levels of technical skill, training, and
experience, and this should be taken into account when start-
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ing to learn a new procedure. Some basic skills might be
required before learning a new technique. A vascular neuro-
surgeon cannot learn to coil an aneurysm without learning
the basics of catheterization. A spinal surgeon cannot under-
take endoscopic microdiscectomy without first learning how
to use an endoscope. Surgeons should consider the skills
required for a particular technique rather than how many of a
similar procedure have been done in the past.

Define a Competent Level of Practice

Because surgical innovation aims to build on existing tech-
niques, the outcome and complication incidence of estab-
lished operations can be used to benchmark new operations.
This data may come from published trials, but using
real-world data to define acceptable outcome and complica-
tion rates may be more suitable. While all surgeons should
aspire to the best possible outcomes, we need to be honest
and transparent about our own abilities. Whereas trial-level
outcomes may not be possible immediately, this is accept-
able as long as competence is achieved and informed consent
was obtained (see below).

Safe Learning from Start to Competence

Performing new surgery on patients is not an acceptable way
to learn, and fortunately, we have other ways to attain the
required skills. Real and virtual simulation models are now
available for many procedures [6]. Preserved cadaver dissec-
tion may be criticized for not offering a real tissue feeling or
ability to simulate bleeding, but fresh specimen dissection
can offer a lifelike experience [7]. Just as pilots use simula-
tion to train for routine flights and emergencies, surgeons
should do the same. The most valuable way to learn is with a
more experienced surgeon who acts as a mentor or proctor.
Not only can they offer advice, but they can step in should
the need arise.

Informing Patients

This may be the hardest step in learning. How can we inform
patients about our level of skill and training without having
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the patient lose faith in the surgeon’s ability? Informed con-
sent is considered a standard of care in modern bioethics, and
it implies that we inform patients not only about their disease
and the treatment options but also about our ability to man-
age their care. This becomes much easier if the surgeon is
confident that they are at a competent level. Surgeons should
be able to say, “this is a new procedure for me, but I have
done the required training, and I am competent.” We are able
to offer even more security to patients if we can say, “this is
the experienced surgeon who will be operating with me
today.”

Conclusion

Surgical innovation and the need for surgeons to learn new
techniques will continue. New techniques may be difficult to
learn, and many repetitions are required to achieve a compe-
tent level of practice. This learning curve and its associated
patient morbidity and mortality should not be acceptable in
neurosurgery. As much as possible, learning should take
place in a nonclinical and carefully supervised environment.
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Abstract

A 70-year-old man presented with severe lower-back pain
and left L5 radiculopathy that was resistant to all forms of
conservative treatment. Imaging showed a grade 1 unsta-
ble degenerative listhesis at L4/5 that resulted in severe
left lateral recess stenosis. To this end, he underwent an
uneventful minimally invasive L4/5 unilateral transfo-
raminal lumbar interbody fusion (TLIF), and he was dis-
charged 3 days later with complete relief of leg pain. But
2 weeks later, he presented to the emergency room with a
recurrence of severe left leg pain. A plain X-ray obtained
in the ER showed a displaced interbody cage (backout).
The patient underwent revision surgery, where the cage
was removed. A larger cage was reinserted, and right-
sided pedicle screw and rod fixation was performed. This
resulted in complete pain relief until 2 weeks later, when
the patient experienced yet another recurrence of cage
migration. This time, the cage was removed, and the inter-
body space was successfully impacted with a bone graft.
Since then, he has been pain-free over a 6-month period.
The possible reasons for cage backout and strategies to
prevent it are discussed.

Keywords
Transforaminal lumbar interbody fusion - Cage migra-
tion - Cage retropulsion

Introduction

Transforaminal lumbar interbody fusion (TLIF) with pedicle
screw and rod fixation is a well-established surgical proce-
dure for the stabilization of vertebral segments with excel-
lent short- and long-term results. Nonetheless, perioperative
and postoperative complications are still encountered in sig-
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nificant numbers. Implant failure can result in debilitating
pain and even neurological deficits. While posterior cage
migration has been previously reported, the repeated retro-
pulsion of an implanted cage is extremely rare. We discuss
such a case in an elderly male patient who required three
operations—two for recurrent cage migration (backout)
within a span of around 1 month.

Case Report
History and Examination

A 70-year-old man presented with a 1-year history of pro-
gressively worsening lower-back pain and left lower-limb
pain radiating to the lateral aspect of the thigh and the calf.
He experienced lower-limb paresthesia and a claudication
time of 5 min. His pain was so severe that he had begun to
limp. A trial of medication, physiotherapy, and an epidural
injection failed to provide any substantial relief.

Upon presentation, his physical examination was found to
be unremarkable for any motor or sensory deficit. The MRI
(Fig. 1) showed severe left lateral recess stenosis at L4/5 in
combination with bilateral facet arthropathy. Dynamic
X-rays (Fig. 2) showed a grade 1 listhesis with significant
motion. We discussed the options of performing only a left
lateral recess decompression versus performing a transfo-
raminal lumbar interbody fusion (TLIF) possibly in combi-
nation with a unilateral L4/5 pedicle screw and rod fixation.
The later option was considered because the entire medial
facet needed to be resected for a thorough decompression.
The patient wished to proceed with this surgery, and informed
consent was obtained.
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Fig. 1 T2-weighted sagittal and axial MRI of the lumbar spine showed stenosis at L45, more on the left due to facetal hypertrophy and ligamen-

tum flavum thickening; there were significant facet effusions bilaterally

Surgery

A minimally invasive tubular TLIF was undertaken via a
paramedian incision. A 22 x 60 mm Medtronic quadrant tube
was docked at the L4/5 facet joint, and the medial facet was
removed in a standard fashion. The thickened ligamentum
flavum was removed, and the thecal sac and the nerve root
were completely decompressed. Using a series of instru-
ments and shavers, a L4/5 discectomy was performed,
including endplate preparation. We then inserted a
11 x 24 mm polyetheretherketone (PEEK) cage into the pre-
pared disc space, which was filled with bone graft. This was
followed by a unilateral L4/5 pedicle screw and rod fixation.
The wound was closed in layers without the need of a drain.
Postoperatively, the patient showed complete relief from his
leg pain, and the X-ray at discharge 3 days later showed the
optimal positioning of the cage and instrumentation (Fig. 3).

Postoperative Course

But 2 weeks later, after a period of being completely pain-
free, his left leg pain suddenly recurred on waking up one

morning, and he was barely able to walk. A repeat X-ray
(Fig. 4) was obtained, which showed the posterior migration
of the cage. He was advised to undergo a redo operation,
which he reluctantly agreed to. We opened the previous inci-
sion and upon exploration found the cage severely indenting
the L5 root. We engaged the cage, removed it, inserted a
larger cage (12 x 24 mm), compressed the existing screws
during the final tightening, and inserted pedicle screws on
the opposite side via another paramedian incision. Once
again, he had complete relief from his leg pain, and the X-ray
at discharge 3 days later showed the optimal positioning of
the instrumentation (Fig. 5).

Once again, 2 weeks later, after being pain-free and fully
mobilized for this period, his left leg pain recurred upon
awakening. To our surprise, the X-ray (Fig. 6) once again
showed the posterior migration of the recently inserted larger
cage. After extensive consultation, we took him back to sur-
gery the next day, removed the cage, packed the disc space
with bone graft, and impacted it firmly. The postoperative
X-ray performed at discharge showed optimal positioning
once more (Fig. 7), and the patient remains pain-free at his
6-month follow-up for back and leg pain with no focal neu-
rological deficit.
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Fig. 3 Postoperative antero-posterior (AP) and lateral X-ray performed after the first surgery showed the optimal positioning of the instrumentation
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Fig.4 Postoperative AP and lateral X-ray performed 2 weeks later showed the posterior migration of the cage
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Fig.5 AP and lateral X-ray
performed at discharge after
the second surgery showed
the optimal positioning of the
instrumentation
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Fig. 6 AP and lateral X-ray 2 weeks after the second surgery once again showed the posterior migration of the cage
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Fig. 7 The postoperative AP
and lateral X-ray performed at
discharge after the third
surgery showed the optimal
positioning of the screws with
no cage
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Discussion

Given the need of three surgeries to accomplish our goal of a
rather standard decompression and instrumented fusion for
degenerative spondylolisthesis, we reviewed the case in
detail to analyze the causes of this complication. The cage
might not have been inserted anterior enough the first time.
Ideally, it should cross the midline and be positioned over the
anterior third of the body. The alignment might not have
been suboptimal, where the lordosis was overcorrected.
According to previous reports on such a complication, some
authors have argued that the posterior migration of the cage
may occur because of constitutional factors such as
osteoporosis or a pear-shaped disc or may occur iatrogeni-
cally from the posterior positing of the cage and endplate
injury. Studying the constitutional factors preoperatively and
a diligent surgical technique would help to avoid this compli-
cation [1].

Kimura et al. [2] reported that the risk factors of cage ret-
ropulsion after an interbody fusion are (1) a multilevel fusion
procedure, (2) the involvement of the L5/S1 level, (3) a
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greater range of motion (ROM) of the disc space (>10° on
lateral radiographs), and (4) taller discs (>10 mm at the mid-
point of endplates on computed tomography scans). In such
cases, more compressive force should probably be applied
during pedicle screw insertion to prevent repeated cage
migration.

To the best of our knowledge, only one other report of
repeated cage migration has appeared in the literature [3].

References

1. Lee DY, Park YJ, Song SY, Jeong ST, Kim DH. Risk factors for pos-
terior cage migration after lumbar interbody fusion surgery. Asian
Spine J. 2018;12:59-68.

2. Kimura H, Shikata J, Odate S, Soeda T, Yamamura S. Risk factors
for cage retropulsion after posterior lumbar interbody fusion: analy-
sis of 1,070 cases. Spine. 2012;37:1164-9.

3. Lee JG, Lee SM, Kim SW, Shin H. Repeated migration of a fusion
cage after posterior lumbar interbody fusion. Korean. J Spine.
2013;10:25-7.



Recurrent Symptomatic Cage Migration After Minimally Invasive L4-5 TLIF 183

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.
org/licenses/by/4.0/), which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropri-
ate credit to the original author(s) and the source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's Creative Commons license, unless indicated otherwise in
a credit line to the material. If material is not included in the chapter's Creative Commons license and your intended use is not permitted by statu-
tory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Keki Turel

Abstract

This article descibes the surgical management of classic
trigeminal neuralgia via microvascular decompression of
the neuro-vascular conflict zone. This treatment has been
proven to be higly effective with an immediate relief of
debilitating symptoms and a durable response. The article
reports on cases with associated complications and their
avoidance.

Keywords

Trigeminal neuralgia - Microvascular decompression -
Complications

Patients with classical or idiopathic neuralgia that has an MRI-
proven neurovascular conflict (NVC) and that is not amenable
to conservative treatment are subjected to microvascular
decompression (MVD). This is an excellent, proven procedure
that gives relief to most patients immediately after surgery and
in the long run. In every way, it has been found to be superior
to other, less-invasive procedures. However, no surgical or
medical treatment is exempt from complications.

Though the surgery of MVD appears elegant and straight-
forward in an area that is familiar to all neurosurgeons (cer-
ebellopontine angle) and given that there is no significant
distortion of neuraxsis or the cranial nerves, such as by a
tumour, MVD is not free of complications and is liable to
occur in several such surgeries. They may be minor or major,
transient or permanent. Complications should not be surpris-
ing given that several important neurovascular structures are
lodged in the cerebellopontine angle (CPA). Complications
may be related to the pathology or variations in the anatomy
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of the posterior fossa and CPA in particular. But just as most
airline disasters are due to pilot error, most complications
while performing MVD are related to surgical error. They
may pertain to one of the following:

1. Brain or blood vessel injury (petrosal venous injuries are
more common than arterial injuries), resulting in infarc-
tion or a haemorrhage in the cerebellum or brain stem

2. Cranial nerve disturbances

Trigeminal nerve disorder (hypaesthesia or keratitis) is due
to direct handling is more frequently than the neighbouring sev-
enth (facial palsy) or eighth cranial neuropathies (tinnitus, dizzi-
ness, hearing impairment), occurring because of over-retraction
and stretch injury, and the sixth (diplopia) occurs because of
cranial nerves.

Cerebrospinal fluid (CSF) leak is the most common com-
plication of posterior fossa surgery, and though well known
to occur and hence ought to be avoidable, it still occurs as a
major postoperative event in over 5% of patients and is liable
to result in meningitis.

Wound infection can occur, as it can with any surgery, but
headache is another disturbing postoperative complication,
managing which can sometimes be a quite a headache for the
surgeon. Mercifully, the dreaded complication of anaesthesia
dolorosa is extremely uncommon following MVD. the fol-
lowing is a compilation of various complications in the lit-
erature [1]:

e Minor complications include dizziness, tinnitus, tired-
ness, wound infection, headache, scar tissue pain, perma-
nent mild hypaesthesia, transient ataxia, diplopia,
hypaesthesia (mild to severe), trigeminal motor weak-
ness, facial nerve palsy, hearing impairment, and an
altered sense of taste. (Transient was defined as lasting
less than 12 months.)
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e Major complications include death, stroke, meningitis,
cerebrospinal fluid leak, hydrocephalus, anaesthesia dolo-
rosa, permanent ataxia, diplopia, keratitis, severe hypaes-
thesia, facial weakness/nerve palsy, and hearing
impairment or loss. (Permanent ones are those lasting
longer than 12 months.)

Factors associated with complications are age, surgical
difficulties, and surgical mishaps. Complications should be
assessed/evaluated by appropriate specialists, preferably
those not involved with the surgery.

Although MVD carries a risk of potentially serious com-
plications, our study shows that almost all operated patients
would recommend the procedure to other patients—even the
operated patients who suffered major complications. This
may reflect the high chance of a clinically significant out-
come and the high degree of disability caused by the intense
pain. According to our findings and clinical experience, we
argue that while a risk of surgical complications after MVD
has been documented, this risk should be weighed against
the high chance of a clinically relevant surgical outcome
combined with the weight of excruciating and intense pain
and debilitating medical side effects.

Significantly, more women than men tend to have a failed
outcome. The most frequent major complications were per-
manent hearing impairment, permanent severe hypaesthesia,
permanent ataxia, and stroke.

The recurrence of pain falls under the category of treat-
ment outcomes, not complications, although some recur-
rences could be the direct result of insufficient decompression
or inadequate surgery/exploration.

Case Study

A 40-year-old female patient (Mrs SSG), was first seen by us
in December 2018, for classic trigeminal neuralgia (TN) in
her right cheek for 15 months, which later radiated to her
right lower jaw. It was precipitated by all facial movements.
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Her pain was not controlled by the full range of conventional
medications used for TN.

MRI Findings

The presence of a small vessel (probably a vein) a few millime-
tres lateral to the root entry zone (REZ) on heavily T2-weighted
three-dimensional (3D) imaging (3D CISS/FIESTA) and time
of flight (TOF) magnetic resonance angiography (MRA).
Retrospectively, we can see the enlarged suprameatal tubercle
(SMT) on that side in contrast to the opposite side (Fig. 1).
Audiometry (Fig. 2) was 25-30 dB loss at 2.0 k.

Operation Details

A right retrosigmoid craniotomy was performed in the left lateral
park-bench position. A 2.5 cm craniotomy was performed to
expose the borders of the right transverse and sigmoid sinuses.
The dura was opened with a curvilinear incision running along
the sinuses. The posterior fossa was unduly small, and time was
taken to drain CSF from the basal cisterns, permitting reasonable
cerebellar retraction to visualise the trigeminal nerve and neigh-
bouring structures (tentorium, petrosal vein anterior inferior cer-
ebellar artery (AICA), and the REZ of vagal nerve (VN) and
VII-VIII cranial nerve (CN) complex). The brainstem appeared
anterior to the medial part of VN, appearing very close to the
petrous bone because of a very narrow CPA. The unusually
enlarged suprameatal tubercle (SMT) was seen encroaching into
much of the limited space in the rostral part of the CPA, resulting
in a suboptimal working space and very limited visualisation of
VN and NVC, caused by the petrosal vein, which was submerged
beneath the SMT and was to be later uncovered, which was
made possible only after drilling the SMT.

Postoperatively, she had transient dizziness and vertigo
for 2-3 days, mild (20%) persistent numbness on the right
side of her face, and significant hearing impairment in her
right ear (Fig. 3).
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Fig. 1 Preoperative audiometry (25 December 2018)

Operation Findings

* A loop of AICA and a small vein crossing the REZ of

VN

Prominent suprameatal tubercle overhanging a very fore-
shortened, stoutish VN, narrowing the CP angle space
even further, thus restricting the full view of VN and any
other structure causing NVC
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Suprameatal tubercle drilled away, thus revealing a
significant petrosal vein abutting against VN laterally,
caudally, and rostrally (Figs. 4,5,6,7,8,9, 10, 11 and
12)

Lateral placement of Teflon between VN and vein and
both VN and AICA at REZ (Figs. 13 and 14)

Early postoperative audiometry (18 days after MVD, on
19 January) showed severe sensorineural deafness (Fig. 3)
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Fig.2 19-day postoperative audiometry (19 January 2019)
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Fig. 3 Overpowering presence of a large suprameatal tubercle in CPA
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Fig. 7 Transverse pontine vein at the caudal end of VN
Fig.4 Very restricted CPA, with brainstem almost reaching the petrous
bone, the REZ of VN “sitting” atop it; petrosal vein seen on either side
of SMT, its continuity concealed by the enlarged SMT

Fig. 8 AICA accompanied by a small pontotrigeminal vein at REZ,
also causing NVC

Fig. 5 Overview of anatomy upon further brain relaxation, after
release of CSF

Su per‘ nr‘trnsa|
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Fig. 9 AICA dissected free off REZ

Fig. 6 Beneath SMT, the erstwhile hidden transverse pontine vein
crosses VN to join petrosal vein, causing NVC
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Fig. 13 Teflon inserted between AICA and VN; Teflon at the site of
venous conflict

Fig. 10 The overhanging and enlarged SMT that was drilled to gain
visibility and access to the conflicting vein crossing VN

1

Fig. 14 Six-month postoperative audiometry (19 July 2019) showing
full recovery of hearing

Follow-Up
Fig. 11 SMT drilled away
Her dizziness and vertigo settled within a few days, but she
was upset by hearing loss, which started to improve after
2 weeks but normalised only after 6 months (Fig. 15).
However, her relief from TN was total and gratifying, as per
her last communication, 5 years after MVD.

Fig. 12 Teflon inserted between transverse pontine vein and VN
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Fig. 15 Seven-month postoperative audiometry




Learning Points

Detailed and precise clinical and MRI investigations are
needed before deciding upon MVD for TN.

T2-weighted 3D imaging (3D CISS/FIESTA) and TOF
MRA are important for predicting NVC and identifying
the often-overlooked roles of veins.

Enlarged suprameatal tubercle (SMT) may sometimes
present with difficulty in visual confirmation of NVC and
execution of MVD. Although it can be seen on MRI, one
tends to overlook it. Observing it on imaging helps us pre-
pare for tackling it.

Performing preoperative audiometry is important in all
cases: It establishes the baseline hearing that can be use-
ful for postoperative comparison, especially when a
patient complains of impaired hearing.

Excessive brain retraction may also cause transient or
permanent injury to the cerebellum and some cranial
nerves (especially VII and VIII)—more so when the CPA
is “smaller” than usual and when the space is cramped—
while performing safe and effective MVD. This is also a
strong argument in favour of performing endoscopic
MVD.

Most complications are transient or temporary and resolve
over time.
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e Apart from handling the disease, surgeons must also be

adept at handling the patient and family in the face of an
unforeseen complication, such as the one presented.

In view of the liable cranial nerve disturbances, would
performing intraoperative neuromonitoring be wise at
least in “selected cases”? (Performing it routinely in all
cases of MVD for TN may result in wasting time and
resources). “Selected cases” are those (a) where one
envisages difficulty during surgery (e.g. multiple vessels
causing NVC or basilar dolichoectasia); (b) featuring
patients who are elderly, have obesity, have a high body
mass index (BMI), or have comorbidities; (c) featuring
patients with a very short neck; (d) featuring patients with
poor or absent hearing or facial function on the contralat-
eral side; and (e) featuring patients with atypical neural-
gia or doubtful NVC on MRI.
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