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Patients with renal insufficiency are constantly increasing and any associated and/or 
related surgical pathologies in this patient population often lead to very difficult 
clinical situations. Surgery in uremic patients is a very complex and challenging 
matter, with a large number of not well-known problems related to the renal impair-
ment condition and its dependent comorbidities.

This important topic has never been addressed in the Monographs of the Italian 
Society of Surgery. It is therefore an honor for me to present the work of Professors 
Michele Santangelo and Fabio Vistoli. I sincerely thank them and all the co-authors 
for devoting their energies to the realization of this excellent volume enriching the 
SIC Biennial Reports series.

Their book is a complete guide not only to the management of the most common 
surgical procedures in patients with renal failure. Indeed, in its 24 chapters it covers 
aspects ranging from the pathophysiology of uremia to preoperative assessment, 
from anesthesiological and dialysis considerations to postoperative care, and it 
offers in-depth insights into the impact of uremia on organ systems, possible post-
operative complications, and preventive measures such as the management of infec-
tions and fluid imbalances.

For all abdominal surgeries, from minor to major, measures to optimize the pro-
cedures in order to minimize complications are outlined, particularly for upper and 
lower gastrointestinal, hepatobiliary, urological, transplant, endocrine, bariatric, 
geriatric, and emergency procedures

The book concludes with key findings, clinical implications, and future research 
avenues, providing a valuable reference resource for those who are already involved 
in the care of uremic patients. I am sure it will be a milestone for all those, surgeons 
and non-surgeons alike, who wish to approach this problem or learn more about it.

Rome, Italy� Massimo Carlini   
September 2025

Foreword
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Preface

A special interest in the care of patients with chronic renal failure (CRF) has guided 
much of our working life and prompted us to edit, under the auspices of the Italian 
Society of Surgery, a monograph dedicated to this topic.

In recent years, the number of patients with uremia has increased dramatically 
throughout the world, in part as a result of the longer average life expectancy. In 
Italy alone, there are more than 4,000,000 patients with CRF, 100,000 of whom 
requiring life-saving treatments: about 60,000 are on dialysis and about 40,000 are 
kidney transplant recipients. This large population of particularly fragile and high-
risk patients requiring specific specialized care often also necessitates surgery to 
treat diseases arising either as a result of or independently from their uremic state or 
procedures specifically targeted to CRF (dialysis and transplantation). Considering 
these data from a different viewpoint, over the course of a lifetime, almost all stage 
5 uremic patients will undergo at least one surgical procedure to establish an access 
for dialysis treatment, and more than 60% of them will undergo at least one other 
procedure to treat some surgical disease.

In view of their condition and frailty, patients with renal failure require specific 
care and procedures, which are not, however, always well codified and/or known to 
all surgeons. Hence the need for this monograph.

Although the title “Surgery in the Uremic Patients” may suggest that the topics 
covered are relevant to all surgical specialties and their ancillary branches, in the 
final draft we decided to narrow our scope to focus on topics of interest to general 
surgery. This, in order to provide a useful reference tool for general surgeons who, 
at any time in their practice, may be called upon to manage both elective and emer-
gency clinical situations featuring uremia and thus requiring specific solutions.

Therefore, our goals in compiling this edited volume were to:

	1.	 Provide the elements for appropriate preoperative, intraoperative, and postopera-
tive management of CRF patients through an up-to-date and comprehensive 
review of current knowledge, guidelines, and clinical experience: all elements 
that we believe should be part of the cultural and technical background of all 
surgeons. Indeed, we are convinced that this knowledge will enable surgeons to 
implement safer and more effective medical and surgical practices.

	2.	 Optimize the surgical outcomes of patients with CRF.  In fact, enhancing sur-
geons’ understanding and skills in treating these patients is expected to help 
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reduce postoperative complications, improve surgical outcomes, and optimize 
the overall management of renal disease, with a significant improvement in the 
patients’ quality of life. In economic/financial terms, these improvements would 
also help to contain the already burdensome costs of managing these patients, by 
optimizing healthcare spending.

	3.	 Focus on the indications, diagnoses, and operative techniques of the conditions 
most frequently associated with CRF and which fall within the remit of general 
surgeons, including those procedures specifically aimed at the treatment of CRF 
(e.g., dialysis accesses and kidney transplantation).

	4.	 Examine the extent to which the innovations, technology, and advanced tech-
niques currently available to surgeons (from robots to biomaterials to minimally 
invasive surgery and more) allow for safer and more effective surgical manage-
ment of patients with this complex medical condition.

	5.	 Bring residents closer to these topics, so that they can also see this as a potential 
area of development for their future professional practice.

Until today, despite the tremendous progress made in medical and surgical science 
in recent decades, an up-to-date and all-inclusive text on this topic has been lacking. 
For this reason, it has always been our desire to produce a monograph on both rou-
tine and frontier surgery in the CRF patient, so as to help bridge this gap in the cur-
rent international medical literature.

In this sense, the opportunity offered to us by the Italian Society of Surgery to 
serve as editors for a monograph dedicated to this topic as part of its “Biennial 
Reports” was a unique chance for us to collect and share best practices, clinical 
experiences, and scientific evidence in the field of surgery in the patient with CRF.

Since the Italian experience in this specific field of surgery is second to none, we 
decided to invite chapter contributions from the majority of Italian surgeons who 
successfully care for these patients. From this point of view, the intent has been 
achieved: the contributions to the monograph come from almost all of the Italian 
Regions and from the majority of the centers performing this type of surgery. 
Unfortunately, the few absences are due both to the limited number of pages avail-
able and to unforeseeable circumstances beyond our control.

Our sincere gratitude therefore goes to the colleagues who have shared their in-
depth knowledge and experience in this volume, and a special thanks to the Italian 
Society of Surgery that made the volume possible.

Naples, Italy� Michele Santangelo  
L’Aquila, Italy � Fabio Vistoli  
September 2025

Preface
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1Pathophysiology of Uremia, 
Preoperative Assessment and Risk 
Stratification

Bruno Nardo, Francesco Pata, Roberta Arena, 
Giuliana Papalia, Michele Provenzano, and Gianluigi Zaza

1.1	� Mechanisms Underlying Uremia and Its Systemic Effects

As defined in the Kidney Disease: Improving Global Outcomes (KDIGO) 2024 
Guidelines [1], chronic kidney disease (CKD) refers to abnormalities of kidney 
structure or function, present for at least 3 months, with implications for health. 
CKD is classified based on cause, glomerular filtration rate (GFR) category (G1–
G5), and albuminuria category (A1–A3) (Fig. 1.1). Each component of the classifi-
cation system is critical in the assessment of patients with CKD, allowing evaluation 
of CKD severity and risk.
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Fig. 1.1  KDIGO prognosis of chronic kidney disease (CKD) by glomerular filtration rate (GFR) 
and albuminuria categories. (Reproduced with permission from [1])

In 2021, more than 850 million people suffered from some form of kidney disease, 
reaching a global prevalence of 9.1% of CKD patients. These numbers are showing a 
growing trend due to aging populations and the increasing burden of risk factors for 
CKD such as mainly diabetes and hypertension, followed by obesity, cardiovascular 
disease (CVD), metabolic syndrome, dyslipidemia, and a family history of kidney dis-
ease [1–3]. Other less common causes of CKD are primary and secondary glomerulo-
nephritis, autosomal dominant polycystic kidney disease, tubulointerstitial nephritis, 
obstructive nephropathies, and pyelonephritis [3]. The Global Burden of Disease Study 
(2019) estimated that 1.42 million people died globally from CKD in that year, reveal-
ing the real impact of CKD as a global health problem [4].

End-stage kidney disease in this classification system occurs when GFR stabi-
lizes (the value should be confirmed) at <15 mL/min/1.73 m2. This clinical condi-
tion is also called uremia and is characterized by several systemic complications 
caused by the irreversible loss of renal function [5].

1.2	� Fluid Overload and Sodium Imbalance

Changes in sodium and water intake are normally buffered by the kidneys, thanks to 
a complex hormonal regulation system (renin-angiotensin-aldosterone system 
[RAAS], atrial natriuretic peptide, etc.) and activation of the sympathetic nervous 

B. Nardo et al.
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system. In physiologic conditions, an excess of sodium or water intake does not lead 
to changes in blood volume and blood pressure. In CKD patients, because of hor-
monal imbalances and reduction in functioning nephrons, external sodium balance 
is maintained at the expense of extracellular volume (ECV) expansion, which causes 
the persistence of high blood pressure levels. Generally, ECV expansion is present 
without peripheral edema when cardiac and hepatic function is normal and the 
transcapillary Starling forces are not disrupted. Moreover, during CKD progression 
there is an inability to concentrate urine, followed by impaired urine excretion in 
response to increased water intake [6, 7].

1.2.1	� Hyperkalemia

The normal serum levels of potassium are included in the range of 
3.5–5.0 mmol/L. Hyperkalemia is classified into mild (5.5–6.0 mmol/L), moderate 
(6.0–6.5 mmol/L), and severe (>6.5 mmol/L). Serum potassium levels depend on 
daily intake and excretion, transcellular shift and acid-base balance. Excretion 
occurs through the skin, the gastrointestinal tract and the kidneys (almost 90%). The 
kidneys maintain potassium homeostasis by secreting it through the distal convo-
luted tubule and the proximal collecting duct. In uremia, the decreased renal ion 
excretion, the use of some drugs used to slow CKD progression or to treat associ-
ated comorbidities and metabolic acidosis (transcellular shift) lead to hyperkalemia. 
The clinical pictures associated with the condition are weakness, paresthesia, paral-
ysis, nausea, hypotension, arrhythmias or cardiac arrest. The electrocardiographic 
signs are peaked T waves, prolonged PR interval, shorter QT interval, wider QRS 
complex, absence of P wave, ventricular fibrillation or tachycardia [8].

1.2.2	� Metabolic Acidosis

Metabolic acidosis is defined as a clinical condition with a pH value <7.35 (normal 
range 7.35–7.45) and a bicarbonate concentration <22  mEq/L (normal range 
22–26  mmol/L). It derives from renal inability to excrete the daily acid load as 
ammonium and titratable acid, with acid retention. Metabolic acidosis causes sev-
eral complications such as hyperkalemia (transcellular shift of H+ with K+), bone 
demineralization, skeletal muscle catabolism and mortality [9].

1.2.3	� Calcium-Phosphorus Imbalance

The reduced excretion of phosphorus causes hyperphosphatemia, defined as a serum 
concentration > 4.5 mg/dL. Hyperphosphatemia has several consequences. It leads 
to hypocalcemia (<8.8 mg/dL) for the constancy of the calcium/phosphorus ratio, 
also as a result of the inability to activate vitamin D. Hypocalcemia can be charac-
terized by muscle cramps, hyperreflexia, tetany, seizures.

1  Pathophysiology of Uremia, Preoperative Assessment and Risk Stratification



4

Both hyperphosphatemia and hypocalcemia lead to secondary hyperparathyroid-
ism, which stimulates bone reabsorption to increase calcium levels. When the cal-
cium/phosphorus ratio reaches the value of 60, the risk of soft tissue calcifications 
is enhanced. This increases the risk of cardiovascular diseases and cardiovascular 
mortality [10].

1.2.4	� Hyperuricemia

Uric acid is the final product of purine metabolism, and it is mainly excreted by the 
proximal tubules. Hyperuricemia is defined as serum uric acid levels >6.0 mg/dL. In 
uremia, serum uric acid is commonly elevated due to impaired tubular excretion and 
filtration. Hyperuricemia is the pathogenetic basis for the development of monoso-
dium urate deposits in various organs and tissues, with increased cardiovascular 
risk. In rare severe cases, it can lead to gout [11].

1.2.5	� Anemia

Another sign of uremia is anemia, defined as hemoglobin levels <12 g/dL in women 
and < 13 g/dL in men. This is a normochromic normocytic anemia that appears 
mainly as a result of reduced erythropoietin (EPO) production. Other causes can 
concur to the onset of anemia, such as reduced red blood cell survival and folic acid 
and vitamin B12 deficiencies. This condition can therefore be considered multifac-
torial [12].

1.3	� Effects of Uremia on Various Organ Systems 
and Implications for Surgical Outcomes 
and Complications

Uremia can lead to several signs and symptoms, the combination of which is more 
appropriately referred to as uremic syndrome. Uremic syndrome is the consequence 
of the retention of uremic solutes due to their reduced renal clearance, hydro-
electrolyte and acid-base disturbances, and endocrine imbalances [13]. The best 
known uremic solutes are urea, guanidic derivatives, aromatic compounds, aliphatic 
amines, polyamines, carbohydrate derivatives, polypeptides and proteins, products 
of nucleic acid metabolism, and many others. Most of these products are considered 
toxins. These are produced by dysbiosis of the intestinal bacterial flora and by 
enzymes, especially liver enzymes, and are transported into different organs, where 
they exert their toxic effects or disrupt key signaling and metabolic pathways. 
Indeed, these uremic solutes have several effects on cell, organ and system functions 
and interactions. They are traditionally classified based on their chemical-physical 
characteristics, such as molecular weight and hydro/lipophilicity [13, 14].

Uremic syndrome includes the following disorders:

B. Nardo et al.
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•	 Hemocoagulative disorders. In uremic patients there is a greater tendency to 
bleeding, most likely related to a platelet dysfunction, and in particular to 
impaired endothelial adhesion (caused by a lower intracellular content of ADP 
and serotonin and a reduced production of thrombomodulin). Furthermore, an 
excess of phosphatidylserine on the platelet surface can promote their phagocy-
tosis by macrophages. Bone marrow activity may also be slowed down by the 
toxic effect of uremic solutes [15, 16].

•	 Immune disorders. Both the innate and the adaptative responses are involved. 
The immune cell functions triggered by factors such as invading microorganisms 
can be inhibited or constitutively active. Furthermore, an imbalance occurs 
between the pro-apoptotic and anti-apoptotic factors of immune cells. Solutes, 
such as guanidines and other medium-high molecular weight uremic toxins, lead 
to polymorphonuclear dysfunction. The dendritic cells are also affected. The 
impairment of bone morrow activity plays another important role. Several 
retained solutes can potentially act as ligands in the activation of toll-like recep-
tors (TLRs), and contribute to chronic inflammation [16].

•	 Hematopoietic disorders. A typical finding is normocytic and normochromic 
anemia, the main causes of which include the reduced production of EPO in the 
kidneys and the reduced survival of red blood cells in the bloodstream resulting 
from their impaired metabolic health. However, multiple other factors contribute 
to the onset of anemia, such as the above-mentioned suppressed bone marrow 
activity. The chronic inflammatory state in uremia also leads to EPO hypore-
sponsiveness. Iron metabolism is also involved. Vitamin B12 and folate are defi-
cient due to concomitant gastric problems [11, 17].

•	 Gastrointestinal disorders. Anorexia, nausea, vomiting and taste disturbance are 
the most frequent symptoms in uremic syndrome. The increase of ammonium in 
the gastrointestinal tract causes derangement to the bacterial flora with coloniza-
tion by opportunistic organisms. Ammonium destroys the intestinal tight junc-
tions, thereby affecting parietal permeability. The translocation of bacteria and 
endotoxins activates an innate immunity response that worsens the intestinal 
wall damage. The dysbiosis can result in prolonged intestinal transit time and 
impaired protein assimilation, which may contribute to malnutrition. Distally, 
the undigested proteins cause proteolytic bacteria proliferation and microbial 
fermentation with the production of toxic metabolites. Instead, the reduced clear-
ance of intermediate molecular weight solutes, such as leptin, cholecystokinin, 
indoles and phenols, contributes to anorexia. Hypergastrinemia, on the other 
hand, causes an increase in gastric acid production and an increased risk of gas-
troduodenal ulcer disease [18, 19].

•	 Mineral and bone disorders. Mineral bone disease is characterized by hypocalce-
mia, hyperphosphatemia, secondary hyperparathyroidism, decreased vitamin D 
and vascular calcification. These disturbances cause a disruption of the normal 
mineral homeostasis and may lead to various clinical and radiological pictures 
such as fibro-cystic osteitis, osteoporosis, osteopenia, osteomalacia, adynamic 
bone disease and fractures. Accumulation of beta 2 microglobulin is involved in 
the genesis of cysts and amyloidosis-like conditions [9, 20].
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•	 Cardiovascular disease. CVD is the leading cause of mortality in uremic patients. 
In uremia, hormones, enzymes and cytokines, are released leading to character-
istic cardiac and vascular damage. Hemodynamic alterations also contribute to 
cardiac and vascular damage.
Uremic toxins cause the overexpression of genes involved in the inflammatory 
processes and fibrosis, influencing several signaling pathways. Uremic toxins 
also affect the endothelial functions, promoting structural damage and inflamma-
tion, disrupting cell junctions with subsequent loss of integrity in the endothelial 
barrier, impairing endothelium-dependent vasodilatation and the pro- and anti-
thrombotic properties. All these factors are associated with the risk of 
atherosclerosis.
Vascular smooth muscle cells can switch to a synthetic phenotype. Abnormal 
arterial stiffness contributes to an increased cardiac afterload, systolic hyperten-
sion, left ventricular hypertrophy (LVH) with a decrease in coronary perfusion 
and thus heart failure.
Cardiac fibrosis leads to a maladaptive LVH with subsequent dilatation, also sup-
ported by an increase of preload. Hyperactivation of RAAS is involved in the 
onset of hypertension, inflammation, fibrosis, and increased preload.
Electrical dysfunctions can be present, also caused by electrolyte imbal-
ances [21].
However, traditional cardiovascular risk factors are highly prevalent in patients 
with uremia. Hypertension affects the majority of patients, as a cause or conse-
quence of CKD. Moreover, a characteristic lipid pattern is present with low HDL 
cholesterol levels, normal LDL cholesterol levels and elevated triglycerides. 
Hyperglycemia is associated with the development of both CKD and CVD 
[22, 23].
Another hallmark of cardiovascular involvement in uremia is pericarditis with 
hyperpyrexia, precordial pain, pericardial rubbing, but without the typical dif-
fuse elevation of the ST segment and the T wave on the electrocardiogram [24].

•	 Neurological disorders. The condition affects central, peripheral and autonomic 
nervous systems. The metabolic imbalance caused by uremia exerts its harmful 
effects through a derangement of several neurotransmitters. In particular, uremic 
toxins inhibit gamma-aminobutyric acid (GABA) receptors and stimulate 
N-methyl-D-aspartate (NMDA) receptors. Electrolyte imbalances exert neuro-
toxic effects as well, resulting in different clinical pictures: encephalopathy, 
polyneuropathy and mononeuropathy. Encephalopathy can produce signs and 
symptoms of varying severity, from confusional states to a coma. Typically, the 
peripheral nervous system is affected by a sensorimotor toxic-degenerative poly-
neuropathy, which presents with weakness, cramps, restless leg syndrome, distal 
paresthesias and dysesthesias. Instead, impairment of the autonomic system is 
characterized by changes in blood pressure and in heart rate, and nocturnal 
breathing disorders [25].

•	 Muscle disorders. The responsible mechanisms are still poorly understood. 
Sarcopenia, atrophy and weakness are attributable to inflammation and the accu-
mulation of reactive oxygen species (ROS), responsible for mitochondrial 
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uncoupling (decline in ATP production per unit of oxygen consumed) and defi-
cient muscle repair mechanisms. Other factors are comorbidities such as diabe-
tes, malnutrition and vascular disease. EPO, vitamin D, and androgen deficiencies 
likely contribute to the muscle weakness [26].

•	 Skin disorders. Skin and mucous membranes are xerotic due to impaired tissue 
trophism, but the mechanism underlying uremic pruritus is not completely under-
stood. Possible causes include: secondary hyperparathyroidism, hyperuricemia, 
hyperphosphatemia, allergic sensitization, proliferation of skin mast cells, hyper-
vitaminosis A, anemia, neuropathy, or some combination of these. Patients often 
present with scratching injuries with a risk of infection. Disorders of the skin 
appendages also develop, such as Terry’s nails, with frosted appearance [27].

•	 Elimination of drugs. Drug side effects are frequent. The reduced renal elimina-
tion of medications leads to an accumulation of the medications themselves and 
their metabolites. Each medication with renal elimination therefore requires a 
dose adjustment. For patients on dialysis, the dose adjustment must also take into 
consideration the extracorporeal clearance based on the frequency and duration 
of treatments [28].

1.4	� Assessment of Cardiovascular Status and Fluid 
and Electrolyte Balance

CVD are the leading cause of morbidity and mortality in patients with CKD. On the 
other hand, CKD shows an increased cardiovascular risk and many studies suggest 
that it should be considered a “coronary equivalent” requiring a strict risk factor 
control as part of the standard of care [21].

Several studies suggest a correlation between reduced eGFR, the presence of 
proteinuria and an increased risk of cardiovascular events. The presence of other 
independent risk factors such as hypertension, dyslipidemia and diabetes compli-
cates this scenario.

All things considered, the prevention and management of CVD are of major 
concern in a nephrological setting. CKD patients generally suffer from atheroscle-
rosis, arrhythmias, heart valve disease, coronary heart disease and, less frequently, 
uremic pericarditis.

There are many pathophysiological mechanisms that are shared by CVD and 
CKD. The acute or chronic dysfunction of the kidneys or heart leads to alterations 
on the other organ as seen in cardio-renal syndromes. The kidneys are the main 
organs involved in the regulation of fluid homeostasis through the sodium balance. 
Functional and/or structural alterations at the basis of kidney disease result in loss 
of concentration, dilution and acidification of urine and of serum levels of major 
electrolytes.

The reduction of eGFR is responsible for hydrosaline retention so that CKD 
patients are generally hypervolemic and hypertensive. Volume overload is then 
responsible for the development of left ventricular hypertrophy, systolic-diastolic 
dysfunction, and heart failure.
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Other pathological mechanisms involved in the genesis of CVD in the context of 
CKD are represented by electrolyte alterations [29]. Hyperkalemia in CKD patients 
appears when aldosterone secretion and distal flow are lost. Other common causes 
are a high-potassium diet and the simultaneous use of angiotensin-converting 
enzyme inhibitors (ACEi) and/or angiotensin II receptor blockers (ARB). Metabolic 
acidosis also sustains potassium leakage into extracellular fluids. Overall, hyperka-
lemia exposes to an increased risk of fatal arrhythmias [30].

Primitive and iatrogenic mineral disorders, a typical finding of CKD patients, are 
involved in atherogenesis. Hyperphosphatemia develops early during the natural course 
of CKD, due to phosphate retention. It secondarily causes hypocalcemia which requires 
calcium supplementation for its correction. The overall increase of calcium-phospho-
rus products promotes the development of coronary arterial calcifications [31].

The general management of CKD involves treatment of the reversible causes of 
kidney damage, prevention or slowing of the progression of kidney disease, treat-
ment of the complications, and definition of a kidney replacement therapy program.

The diagnostic pathway of the CKD patient should include blood tests to monitor 
renal function and pro-BNP, blood gas analysis to determine the acid-base balance, 
chest radiography and kidney ultrasound. Echocardiography and thoracic ultrasound are 
other essential tools for the diagnosis and follow-up of heart disease and fluid overload.

When considering the therapeutic panorama and the need for risk factor reduc-
tion, it is fundamental to control the patient’s blood pressure, aiming for a target 
blood pressure of 130/80 mmHg or less. This has shown to slow the progression of 
proteinuric CKD and reduce the risk of developing CVD. Volume overload gener-
ally responds to dietary sodium restriction (<2 g/day) and diuretic therapy, mainly 
based on loop diuretics. In cases of primary hypertension, the use of beta blockers, 
calcium antagonists and alphalytics is recommended [32].

Moreover, all CKD patients should be treated for dyslipidemia, hyperphosphate-
mia and hyperkalemia. The use of lipid-lowering therapy, mainly based on a statin 
and ezetimibe, is recommended. Dietary phosphate restriction and oral phosphate 
binders are used to limit the development of secondary hyperparathyroidism and 
consequently renal bone disease [33]. Hyperkalemia benefits from the use of potas-
sium chelating drugs and a low-potassium diet [30].

The close correlation between renal and cardiac diseases highlights the complex-
ity of CKD, which has to be intended as a complex systemic disease that not only 
damages the renal parenchymal but also alters the general balance of the organism. 
The fragility of the CKD patient requires a close collaboration between the nephrol-
ogist and the cardiologist, and a broader assessment of CKD and its complications.

1.5	� Risk Prediction Models Specific to Uremic Patients 
Undergoing Surgery

The identification of a robust risk prediction model is pivotal to predicting mortality, 
cardiac events, and other serious complications for uremic patients (particularly 
with CKD or end-stage renal disease) undergoing surgery. Risk prediction models 
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may inform clinical decision making, informed consent and preoperative planning. 
Several models have been proposed, but the ideal one has yet to be introduced in 
clinical practice. The current models are not specific for uremic patients, posing an 
additional challenge in balancing their complexity and clinical utility, ensuring that 
they can be effectively applied in routine clinical practice [34].

To predict major cardiac events and/or death, three scores—the Revised Cardiac 
Risk Index (RCRI) [35], the National Surgical Quality Improvement Program 
(NSQIP) Myocardial Infarction and Cardiac Arrest (MICA) tool [36], and the 
American College of Surgery (ACS) NSQIP Surgical Risk Calculator (ACS-SRC) 
[37, 38]—have all been recommended [39, 40], but they present some limitations. 
RCRI is simply to use, it includes some specific variables for uremic patients, but it 
does not discriminate moderate CKD and kidney failure (it proposes a dichoto-
mized variable for a serum creatinine level above or below 2 mg/dL or 177 μmol/L), 
and its performance was suboptimal with a significant risk overestimation when 
assessed in a cohort of patients with kidney failure [41]. The NSQIP MICA tool 
stratifies risk according to the type of surgery, but it may underestimate events in 
patients at high risk and it dichotomizes the serum creatinine level considering a 
cut-off level of serum concentration > 1.5 mg/dL, 133 μmol/L with the same prob-
lem in discriminating CKD stages, although its performance seems superior in iden-
tifying patients at high risk of cardiac complications [42]. The NSQIP ACS-SRC is 
effective for a broad risk assessment, as it also estimates the risk of non-cardiac 
events, but it is more complex and time-consuming and the variable related to pre-
operative dialysis does not discriminate between acute kidney injury (AKI) or CKD 
patients.

To overcome these limitations and introduce a risk prediction tool tailored for 
uremic patients, a group from Canada [43] derived and internally validated three 
new prognostic risk prediction models using a retrospective, population-based 
cohort of 38,541 patients undergoing non-cardiac surgery with an estimated GFR 
<15 mL/min/1.73 m2 or under dialysis. Although these models have not yet been 
externally validated, they all performed well, showing promising results over default 
strategies, especially when comorbidities and laboratory variables, such as preop-
erative hemoglobin and albumin, were included.

In a 2024 systematic review of risk prediction models aiming to quantify the risk 
of developing AKI after non-cardiac surgery, among the nine models identified, 
only three showed a fair discrimination and potential clinical utility [44]. These 
conclusions were more positive compared to another review published in 2017, 
which failed to identify a prediction model adequate for clinical practice among 
seven models available for postoperative AKI after non-cardiac surgery [45].

1.6	� Preoperative Dialysis: When and How

Establishing the correct timing for preoperative dialysis in a patient with renal fail-
ure is crucial for mitigating the risk of intraoperative and postoperative complica-
tions. “An equilibrated, euvolemic patient at their dry weight” should be the target 
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before surgery, though the precise definition of “dry weight” remains somewhat 
unclear [46].

A prolonged interval between the last dialysis session and the surgery can lead to:

	1.	 hypervolemia, a cause of hypertension and increased risk of pulmonary edema, 
heart failure, and myocardial ischemia during the operation and poor wound 
healing after it;

	2.	 elevated potassium levels, raising the risk of intraoperative arrhythmias;
	3.	 increased uremia and therefore platelet dysfunction, with a higher risk of 

bleeding.

Furthermore, the increased uremic status related to a longer interval may cause 
altered taste and anorexia, leading to a malnutritional status (a further risk factor for 
poor postoperative outcomes) and impaired immune function. While in emergency 
cases dialysis is usually performed after the surgical procedure, in elective surgeries 
there is consensus in recommending dialysis the day before surgery, with a mini-
mum interval of at least 6 hours between the session and the operation [47].

Although the evidence is largely based on large retrospective studies, with the 
inherent biases of such study design, the accumulation of evidence gathered over 
the past 40 years appears sufficient to support this recommendation [48]. In a retro-
spective study on 346,828 uremic patients undergoing elective surgery in the US, 
longer intervals were associated with a higher risk of 90-day postoperative mortality 
[49]. Other studies showed an increased risk of sudden cardiac death and arrhyth-
mias [50] and overall mortality in patients with longer intervals between preopera-
tive dialysis and surgery [51]. Hence the recommendation, mainly based on expert 
opinion, to avoid dialysis the same day of surgery or to ensure an interval of at least 
6  hours between dialysis and the operation [52]. A shorter interval may lead to 
hypotension, intraoperative bleeding due to residual anticoagulation, and electrolyte 
imbalances. For instance, blood samples taken immediately after dialysis may show 
reduced serum potassium levels, which could lead to improper repletion or tempo-
rary arrhythmias [47].

A more aggressive approach, repeating the dialysis at shorter intervals in the 
preoperative period has not been proven superior in comparison with the standard of 
care, except for patients that are chronically hypervolemic and underdialyzed (blood 
urea nitrogen levels exceeding 100 mg/dL), who might experience improved out-
comes with daily dialysis sessions for a short period before surgery. Lowering the 
accumulation of nitrogenous waste could potentially enhance immune system per-
formance, reduce malnutrition, and promote better wound healing [53].

The perioperative management of patients undergoing peritoneal dialysis (PD)—
about 11% of the global dialysis population [54]—presents further challenges. 
Much of the evidence in the literature is from single-center studies or case series, 
making any definitive recommendations questionable. The key decision revolves 
around whether to continue PD or switch temporarily to hemodialysis (HD). On the 
one hand, the use of a temporary venous catheter for HD may be a source of further 
complications (exit-site bleeding, hematoma, infection, bacteremia or thrombosis 
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and venous stenosis at the insertion site after removal) [55], on the other hand, in 
abdominal surgery the occurrence of complications like poor hemostasis and fluid 
leakage at abdominal wall incision sites leading to peritonitis often suggests tempo-
rarily discontinuing PD and switching to HD, removing the catheter only in the case 
of peritonitis or contaminated field [56].

In cases of non-abdominal or extraperitoneal abdominal surgery, continuation of 
peritoneal dialysis in the perioperative period may be considered [57], although a 
shift toward HD may be necessary to allow a tighter control of fluid and electrolyte 
balance [58]. In these cases, to optimize preoperative status, individuals on continu-
ous cycling peritoneal dialysis (CCPD) should undergo an intensive regimen of 
nearly continuous dialysis over a 48- to 72-hour period before surgery. Conversely, 
patients on continuous ambulatory peritoneal dialysis (CAPD) can increase the fre-
quency of exchanges to every 3–4 hours while awake during the 48- to 72-hour 
preoperative window [59]. This approach ensures optimal fluid and solute balance 
before surgery, reducing perioperative risks. In the case of a low-risk abdominal 
surgery procedure when PD is not interrupted, care should be taken to ensure at the 
time of surgery that the peritoneal cavity is adequately drained, aiming for less than 
200 mL of dialysate fluid remaining in the abdomen. This helps to minimize the risk 
of complications and provides a clearer operative field [56].
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2Anesthetic Considerations: 
Postoperative Care and Complications
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2.1	� Monitoring and Management of Anesthesia in Uremic 
Patients with a Focus on Management of Fluid 
and Electrolyte Imbalance

Anesthesia management in uremic patients presents distinct challenges, primarily 
due to the fluid and electrolyte imbalances that are common in these individuals. 
Renal dysfunction in these patients impairs the kidneys’ ability to eliminate waste 
products and regulate key electrolytes, leading to problems such as hyperkalemia, 
metabolic acidosis, and sodium disturbances, all of which can compromise car-
diovascular and metabolic stability [1]. These conditions increase the likelihood 
of severe complications during surgery, so careful anesthesia management is 
essential. A critical aspect is assessing and correcting fluid and electrolyte imbal-
ances. Uremic patients often experience fluid overload, which can result in pul-
monary edema and hemodynamic instability or dehydration, particularly if they 
have undergone recent dialysis or have difficulty maintaining proper fluid intake 
[2]. Thus, fluid management must be carefully balanced, with continuous moni-
toring of central venous pressure (CVP), urine output, and blood pressure to avoid 
both fluid excess and deficits [2].

Electrolyte disturbances also require significant attention. Hyperkalemia, in par-
ticular, increases the risk of life-threatening arrhythmias, such as ventricular fibril-
lation. This condition must be corrected prior to surgery through interventions such 
as administering sodium bicarbonate, calcium gluconate, or a combination of insu-
lin and glucose [3]. Similarly, metabolic acidosis must be addressed promptly as it 
can interfere with the effectiveness of anesthetic agents [4]. Sodium balance must 
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also be carefully monitored since both hyponatremia and hypernatremia can lead to 
neurological complications such as seizures and confusion [4]. Furthermore, anes-
thetic agents must be chosen carefully, considering their renal metabolism. Drugs 
that are primarily eliminated through the kidneys, such as succinylcholine, should 
be used cautiously, while volatile anesthetics like sevoflurane are often preferred as 
they do not rely on renal clearance [5].

Preoperative dialysis is another important aspect of managing uremic patients. 
Hemodialysis, performed ideally within 24 hours before surgery, helps remove ure-
mic toxins and correct fluid and electrolyte imbalances [4]. However, the timing of 
dialysis must be carefully considered, as dialysis too close to the procedure may 
lead to intraoperative hypotension, while insufficient dialysis might not effectively 
correct metabolic abnormalities. In certain cases, intraoperative dialysis may be 
required if problems such as fluid imbalance or persistent acidosis arise especially 
in patients undergoing cardiopulmonary bypass [6]. During surgery, continuous 
monitoring of fluid and electrolyte status is essential. Invasive monitoring tools, 
such as arterial lines for continuous blood pressure measurement and central venous 
catheters for fluid management, may be necessary for more accurate assessment of 
the patient’s condition [4]. Postoperatively, the management of fluid and electrolyte 
balance remains a priority. Careful tracking of fluid intake and output is essential to 
avoid both overhydration and dehydration. Hyperkalemia and calcium disturbances 
are common complications that require continuous monitoring, and pain manage-
ment must be adjusted for renal function as many analgesic medications, such as 
morphine, are renally cleared and can accumulate, leading to toxicity. Alternative 
pain management strategies, including regional anesthesia, may offer a safer option 
for these patients [7, 8].

In conclusion, managing anesthesia in uremic patients requires a multidisci-
plinary approach with a detailed focus on fluid, electrolyte, and anesthetic drug 
management. With careful planning and vigilant monitoring, safe and effective care 
can be provided for these high-risk patients.

2.2	� Effects of Uremia on Drug Metabolism 
and Pharmacokinetics

Uremia significantly affects the metabolism and pharmacokinetics of anesthetic 
drugs due to impaired kidney function, leading to the accumulation of waste 
products in the bloodstream. The kidneys are essential for the elimination of 
many drugs, including anesthetics, and when their function is compromised in 
patients with uremia, the pharmacokinetic characteristics of these drugs are 
altered [9]. These changes can result in the accumulation of anesthetic agents in 
the body, raising the risk of both toxicity and insufficient drug effects, which 
makes it crucial to adjust dosages and carefully monitor patients throughout the 
perioperative period [10].

One of the most notable impacts of uremia is on drug metabolism. While the 
liver is primarily responsible for metabolizing many anesthetic drugs through 
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enzymes like cytochrome P450 (CYP450), the accumulation of uremic toxins such 
as urea and creatinine can inhibit the function of these enzymes, slowing the break-
down of certain medications [11]. As a result, drugs such as propofol, which are 
primarily metabolized by the liver, may have prolonged effects in uremic patients, 
leading to prolonged sedation and potential cardiovascular instability; it is recom-
mended to start with a lower dose [12].

The distribution of anesthetic drugs is also affected in uremic patients. Renal failure 
often causes a drop in plasma protein levels, particularly albumin. Many anesthetic 
drugs, such as opioids and benzodiazepines, rely on protein binding to circulate in the 
bloodstream. When albumin levels are reduced, a greater proportion of the drug 
remains in its free form, increasing its pharmacological activity. This leads to height-
ened drug effects and an increased risk of adverse reactions, such as respiratory depres-
sion or excessive sedation. Furthermore, changes in fluid distribution due to edema or 
altered body composition in uremic patients can alter the volume of distribution of 
certain anesthetics, potentially requiring further adjustments in drug dosing [13].

The elimination of anesthetic drugs is heavily influenced by renal function, and 
this is particularly problematic in uremic patients. Since the kidneys are responsible 
for excreting many drugs, a decrease in glomerular filtration rate (GFR) results in 
slower clearance and accumulation of drugs like morphine [14] and certain muscle 
relaxants [15] that are primarily eliminated through renal pathways. As these drugs 
accumulate, their effects may be prolonged, leading to extended sedation and respi-
ratory depression. In cases of severe renal impairment, the active metabolites of 
drugs, such as morphine-6-glucuronide, may accumulate and increase the risk of 
adverse effects [14]. For these reasons, anesthetic drugs that are predominantly 
renally cleared may require significant dose reductions or substitution with alterna-
tives that are metabolized by the liver.

Additionally, uremia can alter the pharmacodynamic response to anesthetic 
agents. The accumulation of uremic toxins can make the central nervous system 
more sensitive to the depressant effects of anesthetic agents, increasing the likeli-
hood of complications like excessive sedation, hypotension, or respiratory depres-
sion [16]. This heightened sensitivity is particularly significant when using drugs 
like opioids or benzodiazepines. The response to muscle relaxants may also be 
altered, as uremic patients may exhibit increased sensitivity at the neuromuscular 
junction, leading to prolonged paralysis if standard doses are used [15]. 
Succinylcholine can increase serum potassium and is contraindicated in hyperkale-
mic patients; however, it can safely be used following dialysis [17, 18].

Regional anesthesia techniques may offer an alternative in uremic patients, as 
these approaches typically use lower doses of anesthetic agents, reducing the overall 
impact on the body’s metabolism and pharmacokinetics. However, these techniques 
come with their own set of risks and need to be carefully considered based on the 
patient’s overall condition and coagulation function [10].

Close monitoring of vital signs, drug effects, and metabolic status is crucial. 
Preoperative hemodialysis or peritoneal dialysis may help reduce the accumulation 
of uremic toxins and improve drug clearance, thereby facilitating safer anesthesia 
management [19].
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In conclusion, uremia alters the way anesthetic drugs are absorbed, distributed, 
metabolized, and eliminated, making it essential to adjust the approach to anesthe-
sia in these patients.

2.3	� Strategies for Intraoperative Monitoring

Intraoperative monitoring plays a critical role in ensuring the safety and stability of 
patients undergoing surgery, particularly those with complex comorbidities such as 
uremia, cardiovascular disease, or respiratory dysfunction. The strategies employed 
during intraoperative monitoring vary depending on the patient’s underlying medi-
cal conditions, the type of surgery, and the anesthetic techniques used. For patients 
with uremia or renal dysfunction, intraoperative monitoring becomes even more 
crucial due to the potential for fluid and electrolyte imbalances, metabolic distur-
bances, and the altered pharmacokinetics of anesthetic and other drugs [20].

A cornerstone of intraoperative monitoring is continuous cardiovascular moni-
toring. This includes measurement of heart rate, blood pressure, and electrocardio-
graphic (ECG) monitoring, which are essential for detecting changes in 
hemodynamics during the perioperative period. For patients with renal failure or 
uremia, it is particularly important to closely monitor blood pressure to avoid both 
hypertension and hypotension, as these extremes can lead to renal hypoperfusion, 
exacerbating kidney injury. Blood pressure should be maintained within a target 
range to ensure adequate perfusion to vital organs, including the kidneys [4]. 
Additionally, continuous ECG monitoring helps detect arrhythmia, which is more 
common in uremic patients due to electrolyte imbalances, especially hyperkalemia 
[4, 21]. Abnormal rhythms such as ventricular arrhythmias can occur rapidly, requir-
ing immediate intervention to prevent more severe cardiac events [4].

Invasive techniques, such as the use of an arterial line, allow for continuous mea-
surement of blood pressure and provide easy access to arterial blood sampling for 
laboratory analysis. For example, in patients with severe renal dysfunction, an arte-
rial line can facilitate frequent monitoring of arterial blood gases and electrolytes, 
particularly potassium, calcium, and bicarbonate, all of which may fluctuate during 
surgery. This continuous blood pressure monitoring is also critical for assessing 
fluid status and guiding fluid therapy, which is especially important in uremic 
patients who are at risk for both volume overload and dehydration [21].

Another key parameter to monitor in uremic patients is urine output, which can 
serve as an indicator of renal function during the intraoperative period. Monitoring 
urine output is particularly vital in patients with renal impairment or those undergo-
ing nephrectomies, major abdominal surgeries, or vascular surgeries [22]. A 
decrease in urine output, particularly if it falls below 0.5 mL/kg/h, may signal wors-
ening renal function or hemodynamic instability, such as inadequate perfusion or 
shock [22]. This could indicate the need for interventions such as fluid resuscitation, 
adjustments in anesthetic agents, or the initiation of renal replacement therapy, 
including hemodialysis if necessary.
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In addition to cardiovascular and renal monitoring, assessment of respiratory 
function is equally critical during surgery. This involves monitoring the patient’s 
oxygen saturation (SpO2), end-tidal carbon dioxide (ETCO2), and respiratory rate to 
ensure adequate ventilation and gas exchange. In uremic patients, respiratory func-
tion may be compromised due to fluid retention, non-cardiogenic pulmonary edema, 
or the effects of anesthetic agents [4]. The use of a pulse oximeter and capnography 
provides real-time data on oxygenation and ventilation, which is crucial for detect-
ing early signs of respiratory distress or failure.

One of the key challenges in uremic patients is managing their fluid and electro-
lyte balance intraoperatively. Monitoring fluid balance should be meticulous as 
patients with renal dysfunction are prone to both dehydration and fluid overload. In 
addition to urine output, other strategies include monitoring the CVP or using a 
pulmonary artery catheter to assess intravascular volume status.

Continuous invasive monitoring of core body temperature can help detect hypo-
thermia or hyperthermia, which can be common in uremic patients undergoing sur-
gery due to changes in thermoregulation or fluid shifts. Temperature regulation is 
particularly important in these patients, as either extreme can have a detrimental 
effect on kidney function [23] and anesthetic drug metabolism [24].

In summary, intraoperative monitoring is a fundamental aspect of anesthesia 
management in all patients, but it is especially critical in those with uremia or 
renal dysfunction due to their altered pharmacokinetics, fluid and electrolyte 
imbalances, and the potential for hemodynamic instability. Comprehensive 
monitoring strategies, including continuous cardiovascular monitoring, urine 
output measurement, fluid balance assessment, and electrolyte monitoring, 
allow for early detection of complications and timely interventions. The use of 
advanced monitoring technologies, combined with a tailored approach to anes-
thesia and fluid management, can help optimize patient outcomes and reduce the 
risks associated with surgery in this high-risk population. Close collaboration 
with the surgical team and nephrologists ensures that the patient’s overall man-
agement remains coordinated, and that intraoperative care is optimized for their 
specific needs.

2.4	� Monitoring and Management of Postoperative 
Complications Specific to Uremic Patients

Patients with end-stage renal disease (ESRD) are exposed to a greater risk of post-
operative morbidity and mortality. Chronic kidney disease within the non-surgical 
setting is a long-time unbiased predictor of mortality [25–27], but it is also an inde-
pendent risk factor for postoperative mortality and morbidity [28, 29]. Uremic 
patients, whose kidneys struggle to eliminate metabolic waste and regulate fluid and 
electrolyte levels, are at a higher risk for complications after surgery. Uremic 
patients often have a complicated medical history including several comorbidities. 
These conditions can influence post-operative recovery and heighten the risk of 
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adverse events [30, 31]. Therefore, meticulous perioperative planning, close moni-
toring, and customized interventions are essential to managing these patients effec-
tively during the postoperative period.

2.5	� Key Postoperative Complications in Uremic Patients

2.5.1	� Electrolyte Imbalance

Hyperkalemia is a complication that can occur in uremic patients after surgery. As 
kidney function declines, the body’s ability to eliminate potassium decreases, mak-
ing even small changes in potassium levels potentially life-threatening due to the 
risk of arrhythmias. Factors such as drugs (like non-steroidal anti-inflammatory 
drugs [NSAIDs] and angiotensin converting enzyme [ACE] inhibitors) [32], fluid 
shifts or insufficient dialysis can increase the likelihood of hyperkalemia [33]. It is 
crucial to monitor serum potassium levels frequently. If hyperkalemia is identified, 
prompt actions such as administering sodium bicarbonate, calcium gluconate, or 
insulin with glucose should be taken. In more severe instances, hemodialysis may 
be necessary.

2.5.2	� Cardiovascular Complications

Cardiovascular events, inclusive of arrhythmias, myocardial infarction, and con-
gestive heart failure, pose major postoperative risks for uremic patients [34, 35]. 
Uremic toxins produce endothelial dysfunction, increased vascular stiffness, and 
dyslipidemia, all of which heighten the risk of cardiovascular events. It is criti-
cal to monitor cardiac rhythm and conduct frequent ECGs during the immedi-
ate postoperative period. Additionally, careful monitoring of blood pressure is 
vital, as both hypotension and severe hypertension can trigger cardiovascular 
events. Blood pressure should be monitored regularly, aiming for a target value 
of less than 140/90 mmHg. If high blood pressure is identified, antihypertensive 
medications which include calcium channel blockers, beta-blockers, and ACE 
inhibitors or angiotensin receptor blockers should be considered based on the 
patient’s individual circumstances. Diuretics also can be useful in dealing with 
fluid overload.

Patients with renal failure are at a heightened risk of arrhythmias consequent to 
electrolyte imbalances (especially hyperkalemia and hypocalcemia). Postoperative 
arrhythmias can range from benign atrial fibrillation to potentially life-threatening 
ventricular arrhythmias. Continuous ECG monitoring is crucial for the early detec-
tion of arrhythmia.

Uremic patients have a notably higher risk of coronary artery disease because of 
factors such as atherosclerosis, vascular calcification, and other contributing ele-
ments. During the postoperative period, surgical stress, fluid shifts, and 
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inflammation can trigger an acute coronary event. For patients suspected of devel-
oping acute coronary syndrome, immediate evaluation with an ECG and cardiac 
biomarkers is essential. Treatment may involve aspirin, nitroglycerin, and heparin, 
along with angiography if necessary, and postoperative care may also include revas-
cularization procedures.

2.5.3	� Infections

Patients with uremia are particularly vulnerable to infections [36] due to changes in 
immune function [37], such as reduced neutrophil activity, and a higher probability 
of having diabetes. The most common infections include surgical site infections 
(SSIs), pneumonia, urinary tract infections, and sepsis. Prophylactic antibiotics 
should be given based on the type of surgical procedure and the patient’s kidney 
function. If any sign of infection arises, postoperative cultures should be obtained 
without delay. Additionally, all indwelling catheters, including those used for dialy-
sis, need to be carefully monitored for signs of infection, and appropriate antimicro-
bial treatment should be adjusted based on culture findings.

2.6	� Strategies for Preventing and Managing Surgical Site 
Infections, Fluid Overload and Electrolyte Disturbances

SSIs are a significant cause of complications and death after surgery for all patients 
[38], but they pose an even greater risk for patients with CKD and ESRD [39]. 
Renal failure impacts immune function, making patients more susceptible to infec-
tions. Factors like uremic toxins, fluid imbalances and reduced metabolic responses 
can further slow recovery and heighten the risk of infections on the surgical site [19, 
40]. To efficaciously manage infections a comprehensive strategy is essential, 
involving preoperative optimization, cautious intraoperative techniques, and atten-
tive postoperative care.

A thorough preoperative evaluation is crucial for identifying modifiable risk fac-
tors for SSIs in patients with renal failure. Key issues include:

•	 Optimization of dialysis. For patients undergoing dialysis, it is important to 
schedule the procedure appropriately around the time of surgery. Ideally, hemo-
dialysis ought to take place the day before the operation [41] to eliminate excess 
uremic toxins, correct electrolyte imbalances, and optimize fluid status [42]. 
Dialysis on the day of surgery can increase the danger of hypotension and hypo-
perfusion during the procedure, so it should be avoided unless necessary.

•	 Correction of anemia. Anemia is often present in patients with renal failure. It is 
important to deal with anemia before surgery, either using erythropoiesis-
stimulating agents (ESAs) or iron supplementation to enhance oxygen delivery 
to tissues and promote better wound healing [43].
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•	 Nutritional support. Inadequate nutritional status can hinder wound healing and 
heighten the risk of infection [44]. Patients’ nutritional requirements should be 
evaluated.

•	 Glycemic control. In diabetic patients, maintaining tight control of glucose levels 
before and after surgery is essential to reduce the risk of infection. Elevated 
blood sugar levels can impair neutrophil function and increase the likelihood of 
wound infections. Preoperative blood glucose levels should be optimized, and 
careful monitoring should continue throughout the recovery period [45].

Prophylactic antibiotics play a crucial role in preventing SSIs, but their management 
should be customized for patients with renal failure. The selection of antibiotics 
should reflect the predicted pathogens associated with the specific surgical proce-
dure. Dosing may need to be adjusted based on renal function, as some antibiotics 
are excreted through the kidneys. It is important to administer prophylactic antibiot-
ics within 60 minutes before the incision to achieve sufficient tissue levels during 
surgery [46, 47]. For patients on dialysis, antibiotics should be given after the dialy-
sis session to avoid being removed by the dialysis process.

Minimizing the duration of the procedure helps reduce exposure to potential 
pathogens. It is important to take care to minimize tissue injury during surgery, as 
excessive dissection and retraction can disrupt blood flow and heighten the risk of 
infection.

Attention to fluid management during surgery is vital. Overhydration should be 
avoided to prevent tissue edema and an increased risk of infection, while dehydra-
tion can negatively impact renal function.

Using appropriate surgical techniques for wound closure is essential to prevent 
infection. Whenever possible, subcuticular closure should be employed to reduce 
the risk of contamination at the skin surface [48].

Patients with renal failure need careful monitoring for early signs of SSIs. This 
includes daily wound inspection: the surgical site should be checked daily for any 
signs of infection. Fever, rapid heart rate, and low blood pressure can be early indi-
cators of systemic infection or sepsis. If there is any suspicion of infection, it is 
important to promptly obtain cultures from the wound and blood to identify the 
organism responsible.

In the event of a SSI, prompt management is essential to avoid further complica-
tions [49]. The choice of antibiotics should be based on culture results. For patients 
with renal failure, it is important to adjust doses according to renal function and to 
avoid nephrotoxic antibiotics whenever possible. Wounds must be kept clean and 
dry, and in some instances debridement of necrotic tissue may be necessary.

Uremia is linked to a disrupted fluid balance, and the changes in fluid status that 
occur postoperatively as a result of anesthesia and surgical stress can exacerbate 
this problem, increasing the risk of cardiovascular and pulmonary complications. 
In uremic patients, fluid overload can result in complications such as pulmonary 
edema, heart failure, and potentially fatal outcomes. It is of primary importance to 
monitor fluid status: keeping a close eye on urine output is crucial for the early 
identification of fluid retention. If there is insufficient diuresis, diuretics or dialysis 
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should be considered. It is essential to closely monitor patients for signs of fluid 
overload, such as weight gain, breathing difficulties, and rising blood pressure. 
Regularly measuring body weight is a simple yet effective method for monitoring 
changes in fluid status. Additionally, invasive monitoring techniques, such as CVP, 
along with non-invasive tools like point-of-care ultrasound, can effectively guide 
fluid therapy [50].

It is crucial to cautiously manage intravenous fluid administration to prevent 
fluid overload during and after surgery. A restrictive fluid approach, where the 
patient receives just enough fluids to maintain stable blood pressure, with a prefer-
ence for balanced crystalloids, is the best practice [51]. For patients who still have 
some kidney function, diuretics like furosemide can help control mild fluid over-
load. However, it is important to be careful to avoid excessive diuresis and any 
electrolyte imbalances [52]. When fluid retention is significant or does not respond 
to diuretics, dialysis may be necessary [53]. It is essential to closely monitor patients 
for signs of fluid overload, such as weight gain, breathing difficulties, and rising 
blood pressure, adjusting fluid management as needed.

Electrolyte homeostasis is a significant concern for uremic patients, especially 
those undergoing surgery, as impaired kidney function can result in imbalances in 
sodium, potassium, calcium, and acid-base levels. Due to the high risk of complica-
tions associated with electrolyte disturbances, a well-planned approach to periop-
erative management is crucial [54].

Uremic patients face electrolyte imbalances stemming from decreased kidney 
function, which can lead to problems such as hyperkalemia, hyponatremia, hypo-
calcemia, hyperphosphatemia, and metabolic acidosis. The kidneys’ inability to 
eliminate potassium and phosphate, along with a disrupted calcium balance, plays a 
role in neuromuscular and cardiovascular dysfunction [55]. Due to the significant 
risks associated with these disturbances, a well-planned approach to perioperative 
care is of primary importance:

•	 During the preoperative period, ensuring that patients receive adequate dialysis 
sessions before surgery can help address problems such as hyperkalemia, hyper-
phosphatemia, and metabolic acidosis. Adjusting levels of electrolytes before 
surgery can help minimize the chances of complications during the procedure.

•	 During the intraoperative period, consistent monitoring of electrolyte levels, 
including sodium, potassium, calcium, magnesium, and phosphate, can inform 
necessary preoperative actions. It is recommended to undertake frequent electro-
lyte monitoring. Continuous invasive hemodynamic monitoring is recommended 
for unstable patients. Point-of-care blood gas analysis alongside regular labora-
tory tests allows for the identification and correction of electrolyte imbalances. 
Implementing balanced crystalloids, careful sodium administration, and strate-
gies for calcium correction can help minimize disturbances.

•	 During the postoperative period, regular assessments of serum electrolytes and 
acid-base balance are essential, particularly during the first 48 hours after sur-
gery. Avoiding potassium-rich fluids, using potassium-binding agents, and pos-
sibly administering glucose-insulin infusions can aid in preventing hyperkalemia. 
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Potassium-binding resins, sodium bicarbonate for metabolic acidosis, and cal-
cium supplementation for hypocalcemia should be tailored to meet the individual 
patient’s needs. Early postoperative dialysis should be considered for patients 
facing ongoing hyperkalemia, acidosis, or significant electrolyte disturbances.

2.7	� Postoperative Pain Management

Effective management of postoperative pain is crucial in surgical care as it enhances 
patient comfort, encourages early movement, and helps prevent complications after 
surgery. In patients with uremia, however, managing pain becomes more challeng-
ing due to reduced kidney function, metabolic imbalances, and a higher likelihood 
of drug toxicity. Therefore, it is vital to choose analgesic medications carefully and 
employ a multimodal approach to pain management to achieve optimal outcomes 
while minimizing potential side effects.

Uremia triggers a series of physiological changes that influence how pain is per-
ceived and how effectively analgesics work:

•	 Altered drug metabolism. With reduced renal clearance, there is a prolonged 
half-life and accumulation of drugs that are typically excreted by the kidneys.

•	 Neuropathy and hyperalgesia. Uremic neuropathy and central sensitization can 
heighten pain perception, making management more challenging.

•	 Platelet dysfunction. An increased risk of bleeding impacts the selection of anal-
gesic medications.

The use of NSAIDs for managing postoperative pain in patients with renal dysfunc-
tion is generally avoided. NSAIDs can lead to further deterioration of kidney func-
tion with consequent fluid retention and imbalances in electrolytes. Furthermore, 
there is an increased risk of bleeding associated with NSAID use, particularly in 
patients who may have platelet dysfunction as a result of uremia. Uremic patients 
are more susceptible to gastrointestinal complications, which can be aggravated by 
NSAIDs. If NSAIDs are deemed necessary, it is advisable to use lower doses and 
select those with minimal renal impact, such as ibuprofen or naproxen.

Due to these risks, non-opioid analgesics like acetaminophen or weak opioids 
are often preferred. Opioids are frequently utilized for postoperative pain relief 
but necessitate careful adjustments in dosing for patients with uremia. Preferred 
agents are fentanyl and methadone due to their minimal renal excretion. Morphine 
and codeine should be avoided as they can lead to the accumulation of toxic 
metabolites. Strategies that minimize opioid use are commonly implemented in 
uremic patients to prevent complications such as respiratory depression or seda-
tion. Regional and multimodal analgesia are essential strategies for optimizing 
pain control while minimizing systemic opioid exposure. Epidural anesthesia 
provides effective pain relief for major surgeries. However, due to the increased 
risk of bleeding in uremic patients, careful monitoring of coagulation status and 
individualized risk assessment are necessary before proceeding with this 
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technique. Peripheral nerve blocks provide targeted pain relief with reduced sys-
temic side effects. Continuous peripheral nerve catheters may be used postopera-
tively for prolonged analgesia, minimizing the need for systemic opioids. 
Continuous wound infiltration with local anesthetics or regional catheter-based 
delivery (e.g., transversus abdominis plane [TAP] blocks) can provide prolonged 
analgesia and reduce reliance on opioids. A multimodal approach that combines 
regional anesthesia, local anesthetics, and adjunct medications tailored to the 
individual patient’s needs can significantly enhance postoperative pain control 
and reduce complications [56–58].
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3.1	� Direct Arteriovenous Fistulas

Clinical and imaging assessments are essential for selecting the appropriate vascu-
lar access (VA) type, surgical approach, and monitoring complications early [1]. 
Arteriovenous fistulas (AVF) can alter blood flow, pulmonary pressure, and cardiac 
output, particularly when flow rates exceed 2000 mL/min. The preferred diagnostic 
tool for VA planning is duplex ultrasound, which evaluates arterial and venous 
diameters. A vein diameter of >2 mm and an artery diameter of >1.6 mm are con-
sidered optimal for AVF maturation [2]. According to the National Kidney 
Foundation (NKF-K/DOQI) guidelines [3], the preferred AVF locations are the 
forearm (radiocephalic AVF), elbow (brachiocephalic AVF), and upper arm (bra-
chiobasilic AVF with transposition). The wrist AVF is the gold standard due to its 
simplicity, low complication rate, and long-term viability [4].

Various anastomotic configurations exist, with the vein side-to-end anastomosis 
being the most common. Proximal AVFs provide a larger caliber for venous can-
nulation and improved patency rates but are associated with higher complication 
risks, including steal syndrome and cardiac alterations. The brachiobasilic AVF 
necessitates additional surgical intervention to superficialize the vein for cannula-
tion [5]. Before use, AVFs require a maturation period to allow venous structural 
changes due to increased flow turbulence. An AVF is considered functional when 
flow exceeds 600 mL/min, the vein diameter reaches 0.6 cm, and the depth remains 
below 0.6 cm3. Maturation typically takes 1–3 months post-surgery. AVF failure is 
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often due to arterial or venous stenosis, which can be treated via endovascular or 
surgical interventions. With an increasing number of dialysis patients aged 75 and 
older, the presence of multiple comorbidities, particularly cardiovascular diseases, 
presents additional challenges [6].

3.2	� Prosthetic Arteriovenous Fistulas

A prosthetic arteriovenous fistula (PAF) involves connecting an artery and vein 
using a prosthetic conduit, serving two primary purposes: bridging vessels that are 
otherwise too distant for direct anastomosis [7] and providing a robust segment for 
hemodialysis (HD) catheter insertion. PAFs are a secondary option after native 
AVFs [8] but may be the first choice in patients with insufficient native vessels, 
obesity, or fragile vasculature [9]. Prosthetic AV grafts (AVPs) can be biological 
(homologous vein allografts, cryopreserved veins, bovine grafts) or synthetic 
(Dacron, PTFE). Biological grafts, while effective, are costly and limited in 
availability.

PAFs have a shorter functional lifespan due to thrombosis from venous stenosis 
and neointimal hyperplasia. Thrombosis risk increases with reduced blood flow, 
hypotension, and excessive compression post-dialysis. Infection is a major concern, 
with AVP-related bacteremia occurring at rates significantly higher than AVFs [10]. 
Treatment involves intravenous antibiotics and, in severe cases, complete graft 
removal [11]. Pseudoaneurysms may require surgical intervention if they enlarge 
significantly or if overlying skin integrity is compromised. Ischemic complications 
are more frequent in PAFs than AVFs. Endovascular stent grafts offer a minimally 
invasive solution for complex cases, preserving access function and reducing the 
need for central catheters [12].

3.3	� Venous Catheters

Non-tunneled central venous catheters (CVCs) are suitable for urgent HD initia-
tion or when permanent access is not available. Preferred insertion sites include 
the internal jugular and femoral veins, with the subclavian vein as a last resort. 
Ultrasound guidance enhances placement accuracy and reduces complications 
such as vascular injury, hematoma, air embolism, pneumothorax, and catheter 
malposition. Complication rates range from 5% to 19% [13], with the highest 
risk being associated with subclavian vein access due to its proximity to the 
pleura [14].

Tunneled CVCs, designed for long-term use, incorporate a subcutaneous cuff to 
prevent bacterial migration and infection. While these catheters provide a durable 
option for patients ineligible for AVF or PAF placement, their use requires careful 
management to minimize infection and thrombosis risks.
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3.4	� Peritoneal Catheters

Peritoneal dialysis (PD) is an established treatment for end-stage renal disease 
(ESRD), facilitated by the development of permanent silicone-rubber catheters with 
Dacron cuffs [15]. The introduction of continuous ambulatory peritoneal dialysis 
(CAPD) has provided a simple, cost-effective alternative to in-hospital HD [16]. 
CAPD involves instilling dialysate into the peritoneal cavity via a closed system and 
draining it after several hours. It is more affordable than HD and enables home-
based therapy.

Despite advances in delivery systems, peritonitis remains a significant risk, often 
necessitating a transition to HD [17]. Surgical placement of PD catheters via mini-
laparotomy or laparoscopy ensures proper positioning within the peritoneal cavity 
[18]. Laparoscopic techniques allow for direct visualization, reducing complica-
tions associated with blind placement. Once implanted, the catheter is tunneled sub-
cutaneously to its exit site, ensuring functional integrity and minimizing 
infection risks.

3.5	� Conclusions

The choice of dialysis access method depends on individual patient factors, includ-
ing vascular condition, anticipated treatment duration, and risk of complications. 
While AVFs remain the gold standard, alternative options such as PAFs and CVCs 
provide viable solutions for specific patient populations. Advances in surgical tech-
niques and infection control continue to enhance the longevity and functionality of 
dialysis access, improving overall patient outcomes.
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4.1	� Introduction

Incisional hernia (IH) occurring in the early postoperative period correlates with 
inadequate fascia closure or imperfect surgical technique, whereas late postopera-
tive onset of IH relates to disorganization of the extracellular matrix (ECM) and 
altered equilibrium between collagen synthesis and breakdown [1]. Alterations in 
tissue architecture, fibroblast morphology and ECM organization are reported in 
hernia fascial and sack tissue harvested form IH, and compared with normal fascia 
tissue [2]. The adverse effects of uremia on fibroblast proliferation, hydroxyproline 
level and collagen production in wounds were identified in the 1960s and 1970s [3]. 
Moreover, renal replacement therapy predisposes patients to significant protein 
loss: hemodialysis patients lose 6 ̶ 8 grams of amino acids per procedure, while 
peritoneal dialysis patients lose 8 ̶ 20 grams of proteins per day from the peritoneal 
cavity, leading to a negative impact on wound healing [3]. Heller et al. reported on 
the results of a study on 251 patients who underwent elective abdominal surgery, 
identifying chronic kidney disease (CKD) as an independent risk factor for IH 
development (odds ratio [OR] 2.8) and impaired wound healing (OR 2.3). In multi-
variate analyses, CKD proved to be an independent risk factor for the development 
of IH with an OR similar to obesity [4].
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4.2	� Hernia and Incisional Hernia: Technique 
and Optimization Strategies in Perioperative Care 
to Minimize Complications

IH is defined as any abdominal wall gap, with or without a bulge in the area of a 
postoperative scar, perceptible or palpable on clinical examination or radiologic 
imaging; it is a frequent surgical problem resulting from the loss of integrity of the 
abdominal wall at the site of a previous surgical incision [5]. The incidence of IH for 
transverse or oblique laparotomy in the general population is up to 4% [5]. The 
reported incidence of IH after kidney transplantation (KTx) is 1.6% to 18% [6].

In the non-transplanted population, risk factors for IH are: a high body mass 
index (BMI), older age, diabetes mellitus, and surgical factors [5, 7]. Surgical site 
infection plays a prominent role in the development of IH [8]. Several studies have 
identified multiple different risk factors for developing IH after KTx. These belong 
either to donor or to recipient factors: deceased donor graft, lymphocele, reopera-
tion, smoking and female sex, immunosuppression, and delayed graft function [5, 9].

After KTx, patients receive immunosuppressive medications with impairment of 
wound healing. Corticosteroids have an important role in impeding wound healing, 
especially when used at high doses to contrast acute rejection [8]. The most com-
monly used drugs in transplanted patients are steroids associated with mycopheno-
lic acid as well as mammalian target of rapamycin (mTOR) inhibitors, which have 
an antiproliferative effect and impair fibroblast growth. All these drugs interfere 
with the production of vascular endothelial growth factor and impede local angio-
genesis and tissue repair mechanisms [10].

The negative effect of immunosuppression can contribute to the high incidence 
of surgical site infection [8]. A recent study by Druinka et al. found delayed graft 
function and wound infection to be strong predictors of IH on univariate analysis [8].

Repair of IH in KTx recipients requires a complex surgical procedure owing to 
the alteration of the native tissue layers caused by previous surgeries and the uncon-
ventional non-midline incision used in the KTx. There is no consensus on the best 
therapeutic strategy for transplanted patients with IH: conservative treatments such 
as weight loss and abdominal binder for patients not suitable for surgery can be 
considered an alternative therapeutic option to surgery; surgical repair is required in 
52 ̶ 71% of patients affected by IH with a recurrence rate of 4 ̶ 33% [11]. Surgery is 
associated with better patient survival compared to patients who undergo conserva-
tive treatment. Many surgical procedures have been proposed for IH repair after 
KTx. The most commonly used procedures are primary suture and the use of syn-
thetic or biological mesh, either with open or with laparoscopic technique. Literature 
data demonstrate that hernia repair with prosthetics is associated with a significant 
reduction in recurrence compared with primary closure alone [12, 13]. An increased 
risk of recurrence is associated with male sex, primary repair, tacrolimus and siroli-
mus use, smoking history, and diabetes [8].

To prevent IH, the use of a prophylactic mesh on abdominal wall closure has 
been proposed but it is still controversial owing to the increased risk of mesh infec-
tion and because it could complicate exploration of the iliac fossa if there are 
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surgical complications after the transplant [9]. There is no reported evidence that the 
closure method (single-layer closure vs layered fascial closure) can play a central 
role in predicting the rate of IH formation. By contrast, the type of incision may play 
a role in the prevention of IH [9].

Studies have demonstrated that an oblique Rutherford-Morrison incision has a 
better outcome in terms of IH incidence compared to a paramedian hockey-stick 
incision, which is associated with a higher rate of IH [14–16]. A full understanding 
of the anatomic layers involved in this wall defect is mandatory before proceeding 
to hernia repair. The presence of the graft itself, the proximity to the inguinal area 
and iliac bones could make it difficult to fix the mesh and increase the complexity 
of the repair [10].

In most cases, the muscular layers of the lateral abdominal wall are retracted and 
the wall defect can be diagnosed along the inguinal ligament: the internal oblique 
and transversus abdominus muscles are retracted laterally and caudally. A careful 
dissection of the external oblique muscle is needed to expose the fascia and to pre-
pare for mesh placement. If the transversus abdominus and the internal oblique 
muscles cannot be reapproximated, the external oblique must be used as the primary 
fascia to cover the mesh.

The use of biological mesh is associated with a lower risk of recurrence com-
pared with IH repair without a mesh or with synthetic mesh, thanks to a better 
integration into the abdominal wall that minimizes the risk of bacterial infection and 
to a better neovascularization that reduces the risk of infections and wound compli-
cations [13, 17]. There is no consensus on the correct position of the mesh and there 
are only few reported experiences on this issue. The underlay position exposes 
patients to a higher risk of bowel occlusion and enterocutaneous fistula. The onlay 
position has a higher risk of mesh bacterial contaminations caused by superficial 
wound infections [13, 17]. When comparing the results for the underlay and onlay 
mesh positions, there are no significant differences in terms of morbidity, infectious 
complications or recurrence [12, 13].

In KTx recipients, laparoscopic repair has the potential advantage of reducing 
tissue trauma and reducing fluid accumulation causing seroma and potential infec-
tions, contributing to a reduced recurrence rate. A laparoscopic procedure can be 
easier in these patients, who are less prone to developing peritoneal adhesions prob-
ably as a result of immunosuppressive therapy. Moreover, laparoscopic repair may 
be useful to close wall defects close to bone prominences, which are frequent in 
KTx recipients [12, 17]. Lastly, the laparoscopic technique could be useful even in 
obese patients.

Reported data suggest that mesh graft repair, either open or laparoscopic, may be 
considered a valid therapeutic option in renal recipients with IH, resulting in a sig-
nificant lower recurrence rate compared with primary suture alone, although the 
hernia recurrence rate remains high [12].

In conclusion, the Rutheford-Morison incision with double-layer closure seems 
to be the preferred method for preventing IHs. For patients with IH, either open or 
laparoscopic mesh repairs are safe procedures and are associated with a low rate of 
postoperative complications and a reasonable recurrence rate. Biologic mesh repair 
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is a useful alternative for patients with larger defects, infected wounds or recurrent 
hernias. Strategies to reduce the risk factors in KTx recipients should be put in place 
through a multidisciplinary approach aimed at reducing patient-related risk factors 
such as weight loss and smoking cessation, adopting a careful surgical technique 
and implementing a tailored management of immunosuppression.
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5Common General Surgical Procedures: 
Cholecystectomy, Appendectomy, Anal 
Surgery

Roberta Angelico, Claudia Quaranta, Luca Toti, 
Tommaso Maria Manzia, and Giuseppe Tisone

5.1	� Cholecystectomy: Technique and Optimization 
Strategies in Perioperative Care 
to Minimize Complications

Cholecystectomy is mainly indicated for cholelithiasis, which is one of the most 
common gastroenterological diseases affecting 10–15% of the general population 
[1]. The incidence of cholelithiasis increases in end-stage renal disease (ESRD) 
patients, being about 18% because of altered endocrine function and uremic toxins. 
Patients with ESRD and cholelithiasis may be asymptomatic or develop acute or 
chronic cholecystitis and acute pancreatitis, with an incidence rate of 5.8 per 1000 
person-years and 0.67–14.10 per 1000 person-years, respectively [2] (Fig. 5.1).

The major international guidelines, including those from the European 
Association of the Study of the Liver (EASL) [1] and the Society of American 
Gastrointestinal and Endoscopic Surgeons [3], and the more recent Tokyo 2018 
guidelines [4] recommend that in the general population symptomatic cholelithiasis 
should be treated by laparoscopic cholecystectomy (LC). In acute cholecystitis 
(AC), early LC (i.e., within 72 hours since onset) should be the standard of care 
whenever possible, even in fragile patients [5]. According to the Tokyo guidelines, 
treatment selection should be based on risk stratification according to the Charlson 
Comorbidity Index (CCI) score and the American Society of Anesthesiologists 
(ASA) score [4]. In this regard, ESRD patients usually have high ASA and CCI 
scores due to their underlying associated disease. Therefore, in ESRD patients with 
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Fig. 5.1  General surgical procedures in uremic patients

grade I (mild) AC, upfront conservative treatment (based on antibiotic therapy) fol-
lowed by delayed surgery after 4–6 weeks should be performed; in ESRD patients 
with grade II (moderate) and grade III (severe) AC, conservative treatment, associ-
ated with percutaneous biliary drainage in cases of sepsis, should be considered.

However, in clinical practice, treatment of gallstone disease in ESRD still 
remains controversial. In a large study by Tam et al. dialysis was associated with a 
higher risk of 30-day postoperative morbidity (16.1% vs 3.8%) and longer hospital 
stays (5.5 vs 1.4 days, p = 0.0001) in patients on dialysis compared with patients 
without ESRD.  The postoperative morbidities after LC in the dialysis patients 
mainly included wound disruption, pneumonia, cardiac arrest, bleeding, sepsis, and 
reoperation [6]. Specifically, complications such as infections and bleeding are con-
nected to the uremia-related alterations in immune response, which increase the risk 
of bacterial infection and have a direct effect on platelet function.

In kidney transplant (KTx) recipients, prophylactic LC may be considered in 
cases of high-risk of cholelithiasis-related severe complications due to the post-
transplant immunosuppressive status; however, recent studies suggest that the risk 
of developing complications from asymptomatic cholelithiasis remains very low 
and does not support prophylactic LC in these patients [1].

Appropriate preoperative preparation including prophylactic antibiotics and 
elective surgery within 24 hours from the last dialysis is required. Resumption of 
dialysis 24–36  hours postoperatively, or if hyperkalemia is detected, is common 
practice after LC in ESRD patients. In patients on peritoneal dialysis, LC can be 
performed taking special care not to compromise the peritoneal catheter and, 
although there is no consensus on the timing of resumption of peritoneal dialysis, a 
4-week switch to hemodialysis seemed to produce safer outcomes [7]. In addition, 
across the spectrum of severity, there is evidence that goal-directed moderate fluid 
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resuscitation decreases the risk of fluid overload and mortality compared with 
aggressive resuscitation. Caution in chronically anticoagulated patients is war-
ranted, being aware of late bleeding because of a “heparin rebound” due to regional 
heparin during dialysis.

The gold standard for cholecystectomy is the laparoscopic approach, and its sur-
gical technique has been extensively described [1]. The main principle for a safe LC 
is correct identification of the relevant anatomy achieving a “critical view” of the 
cholecystic hilum. If it is not possible to safely proceed with the identification of the 
cystic duct and artery, a subtotal cholecystectomy may be performed [5]. The free, 
peritonealized portion of the gallbladder is excised. The portion of the gallbladder 
adherent to the liver may be left situ or partially excised. The lowest portion of the 
gallbladder is closed with sutures or staples, reconstituting an intact lumen.

5.2	� Appendectomy: Technique and Optimization Strategies 
in Perioperative Care to Minimize Complications

Acute appendicitis (AA) is a common cause of acute abdominal pain leading to 
perforation and peritonitis. Its lifetime risk is approximately 8.6% for males and 
6.7% for females [8]. The diagnosis is based on clinical history, physical examina-
tion, laboratory tests and imaging (US or CT scan) in combination with different 
scoring systems which consider factors such as nausea or vomiting, right iliac fossa 
pain, temperature, white blood cell count, C-reactive protein (i.e., Alvarado score, 
appendicitis inflammatory response [AIR] score, adult appendicitis score [AAS]) 
[9]. As in the general population, patients with ESRD have an incidence rate of AA 
of 16.9 per 10,000 person-years [10] (Fig. 5.1).

However, after appendectomy, ESRD patients have a higher risk of postoperative 
complications such as hyperkalemia, hypotension, sepsis and poor wound healing, 
as well as hemorrhage due to uremia-related impaired platelet function.

In a large study analyzing 3,620,103 patients who underwent appendectomy, 
0.16% patients had ESRD and had an increased risk of postoperative death during 
the hospital stay (5.2% of ESRD patients vs 0.1% of controls). ESRD patients also 
had an increased risk of mechanical wound complication (p = 0.040) and a mean 
length of stay (LOS) 34% greater than controls (p  <  0.001). In addition, in the 
ESRD group the risk of death was also greater for patients undergoing open appen-
dectomy compared to laparoscopic appendectomy (p = 0.060) [11].

As in the general population, the therapeutic management of ESRD patients with 
uncomplicated AA includes antibiotics and appendectomy within 48  hours from 
admission [12]; this approach allows for optimal timing of dialysis and stabilization 
of the patient before surgery. The preferred surgical approach is laparoscopic appen-
dectomy, using three ports and dividing the appendix with a loop suture or endo-
scopic stapler.

5  Common General Surgical Procedures: Cholecystectomy, Appendectomy, Anal…



42

5.3	� Surgical Anal Pathology: Technique and Optimization 
Strategies in Perioperative Care 
to Minimize Complications

The principal anorectal diseases include anal abscess, anal fistula and hemorrhoids. 
In the general population, anal abscess represents the most common anorectal dis-
ease with an incidence of 16.1–20.2 per 100,000 per year and a 15.5% rate of sub-
sequent fistula formation [13]. According to Hsieh et al., ESRD patients with anal 
abscess have a high incidence of fistula formation (39.5%) [14] (Fig. 5.1). In cases 
of anorectal disease, surgical incision and drainage are usually recommended [15]. 
Thus, ESRD patients have an increased risk for anorectal surgery because of comor-
bidities, anemia and uremia-related platelet dysfunction. Therefore, considering 
intraoperative risk and postoperative care, the treatment of anal abscess in dialysis 
patients tends to be more conservative than in the general population.

Only few small case series can be found in the literature about the outcomes of 
ESRD patients with anal abscess. A recent retrospective study by Hsieh et  al. 
reviewed 43 ESRD patients with anal abscess divided into two groups according to 
whether they received surgical intervention (n  =  27) or medical treatment alone 
(n = 16). There was no significant difference in LOS, one-year survival or recur-
rence rate between the surgical group and non-surgical group, suggesting that ano-
rectal surgery is safe in ESRD patients on a well-managed dialysis program [14].

Although postoperative antibiotics had a limited role in uncomplicated anal 
abscess, a broad-spectrum therapy may be considered in all dialysis patients because 
of their immunocompromised status. Careful hemostasis should be obtained, and 
postoperative care should be within a tertiary care center. The surgical technique for 
anorectal disease is well standardized for the different types of lesions [15]:

	1.	 Perianal abscess: an incision is made at the maximum point of tenderness and 
placed either parallel or radial to the anus.

	2.	 Simple anal fistula: a probe is introduced into the external opening and passed 
down the tract into the internal opening; then an incision is made, and the tract is 
laid open.

	3.	 Complex anal fistulae follow a more devious route with several openings and 
may be treated by: a) Seton drainage: if a large trans-sphincteric fistula is pres-
ent, a seton should be placed. The fistula is slowly drawn out by the seton. b) 
Endorectal advancement flap: the infected tissue around the internal opening of 
anal fistula is cut out and then covered by a flap of healthy tissue from the inside 
of the rectum above it. The fistula should continue to drain out of the outside 
opening. c) Ligation of the intersphincteric fistula tract (LIFT) procedure: the 
part of fistula that passes between the two sphincter muscles is ligated with 
stitches. The entire fistula tract is then removed from this space.
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6Upper Gastrointestinal Non-Oncologic 
Surgery

Marco Vivarelli and Paolo Vincenzi

6.1	� Introduction

An increased incidence of acid-related gastrointestinal (GI) dysfunctions—namely, 
peptic ulcer disease (PUD) and gastroesophageal reflux disease (GERD)—has been 
constantly reported among patients with chronic kidney disease (CKD) compared to 
the general population [1, 2]. Several underlying pathophysiological mechanisms 
have been proposed, though still not well defined, including uremic toxicity, fluid 
overload, electrolyte abnormalities, hemodialysis (HD) effects on splanchnic perfu-
sion, endocrine disorders, and hormonal changes [1, 2]. At the same time, CKD 
represents one of the most significant risk factors for morbidity and mortality after 
elective and emergent surgery for these conditions [3].

6.2	� Peptic Ulcer Disease

6.2.1	� Epidemiology and Pathophysiology

The prevalence of PUD has steadily decreased over the past 50  years, currently 
ranging between 0.2–0.5% and 2–3% in Western and Eastern countries, respectively 
[4]. The advent of gastric antisecretory drugs, first histamine-2 receptor antagonists 

M. Vivarelli 
Division of HPB and Abdominal Transplantation Surgery, Department of Experimental  
and Clinical Medicine, Polytechnic University of Marche – Azienda  
Ospedaliero-Universitaria delle Marche, Ancona, Italy
e-mail: marco.vivarelli@ospedaliriuniti.marche.it 

P. Vincenzi (*) 
Division of HPB and Abdominal Transplantation Surgery, Department of Gastroenterology 
and Transplants, Azienda Ospedaliero-Universitaria delle Marche, Ancona, Italy
e-mail: paolo.vincenzi@ospedaliriuniti.marche.it

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-92716-4_6&domain=pdf
https://doi.org/10.1007/978-3-031-92716-4_6#DOI
mailto:marco.vivarelli@ospedaliriuniti.marche.it
mailto:paolo.vincenzi@ospedaliriuniti.marche.it


46

and then proton-pump inhibitors (PPIs), together with a better understanding of 
Helicobacter pylori (H. pylori) infection pathophysiology leading to specific treat-
ment regimens, have greatly contributed to this decrease.

However, the incidence of PUD in patients affected by CKD has been constantly 
increasing, with an almost ten-fold higher risk of developing the disease than 
patients with normal renal function [1, 5]. Similarly, the rates of ulcer complica-
tions, i.e., bleeding and perforation, together with the related morbidity, mortality 
and recurrence rates, have been shown to be significantly higher than in the normal 
population, leading to assume that other causative factors might play a role in the 
etiology of PUD in patients with CKD [6].

Accordingly, several studies have reported a weak association between H. pylori 
infection and PUD in this specific population, as confirmed by lower frequencies of 
infection in CKD and end-stage renal disease (ESRD) patients on HD [5]. Indeed, 
elevated levels of serum urea nitrogen and inflammatory cytokines, causing 
decreased gastric acid secretion, higher pH and mucosal damage, might contribute 
to create an adverse environment for the growth of H. pylori [5]. Similarly, other 
well-known risk factors for PUD in the general population, such as use of aspirin 
and non-steroidal anti-inflammatory drugs (NSAIDs), have still not been proven to 
be risk factors for peptic ulcers in CKD patients [5].

On the other hand, HD represents one of the strongest risk factors for the occur-
rence of PUD; intradialytic hypotension, leading to splanchnic hypoperfusion and 
gastrointestinal mucosal ischemia, might induce stress ulcer-like mucosal lesions 
that subsequently evolve into definite ulcers [5]. Likewise, the impaired gastric 
emptying secondary to uremia might contribute to gastric mucosal damage, thus 
increasing the risk of gastric ulcers (GUs), more common than duodenal ulcers 
(DUs), among patients receiving HD [1].

6.2.2	� Elective Surgical Management

The constant decrease in the prevalence of PUD has led inevitably to a reduction in 
the need for elective surgical management of this condition. Current indications for 
surgery include inability to interrupt NSAIDs, intolerance to PPIs, or recurrence of 
the disease while on PPI therapy. The primary goals of an elective operation for 
PUD include eradication and/or healing of the ulcer through acid-reducing surgery, 
while ensuring low morbidity, mortality and recurrence rates.

The current strategy of choice should combine truncal vagotomy with antrec-
tomy, allowing an 85% overall reduction in basal acid production, the former proce-
dure by eliminating the cholinergic stimulation to parietal cells and the latter by 
reducing the gastrin-induced acid secretion by parietal cells through removal of the 
gastric antrum, i.e., the main location of gastrin-secreting cells [4]. This procedure 
has been reported to have lower recurrence rates of PUD, when compared with trun-
cal vagotomy and pyloroplasty, despite common GI side effects, including early 
fullness (approximately 30%), diarrhea (up to 20%) and dumping (8–10%) [4].
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Technically, truncal vagotomy requires first the mobilization of the distal esoph-
agus approximately 4 to 5 cm above the gastroesophageal junction (GEJ). At this 
level, the anterior trunk gives rise to branches that innervate the hepatobiliary sys-
tem and follows the lesser curve and can be identified first. It should be mobilized 
at least 2 cm, clipped proximally and distally, and divided including at least a 2 cm 
specimen. The posterior vagal trunk is usually found along the right edge of the 
esophagus, it innervates the celiac plexus and continues along the posterior aspect 
of the lesser curve. The first branch of the posterior trunk is the criminal nerve of 
Grassi which, if left undivided, may lead to recurrent ulcers. The posterior trunk is 
similarly mobilized 2 cm, clipped, and divided with a 2 cm specimen. Pathologic 
confirmation, if available, is recommended (Fig. 6.1).

Technically, during antrectomy the stomach is divided from just proximal to the 
incisura angularis on the lesser curvature to a point on the greater curvature that is 
two-thirds from the GEJ to the pylorus, whereas, in the case of DUs, the duodenum 
is divided distal to all ulceration but proximal to the ampulla of Vater. Reconstruction 
techniques include Billroth I or II, depending on the grade of inflammation involv-
ing the duodenum.

Laparoscopic or robotic-assisted procedures have been emerging as the current 
mainstay of treatment [7]. Historical operations, including selective vagotomy, first 
described by Wertheimer and Latarjet in 1922 and highly selective vagotomy, first 
introduced by Griffith and Harkins in 1957, though complicated by minor post-
vagotomy side effects such as dumping and diarrhea due to preservation of the vagal 
nerve’s hepatic and celiac branches, have been completely abandoned because of 
high recurrence rates and technical complexity (Fig. 6.1).

6.2.3	� Complications and Surgical Management

The main complications of PUD are perforation and bleeding. Despite a perforated 
peptic ulcer (PPU) occurring with one-sixth the frequency of bleeding, it still carries 
a perioperative mortality rate ranging between 10% and 25%, significantly higher in 
the case of concomitant renal dysfunction, and an estimated recurrence rate of 
approximately 12% [8]. The main location of PPU is the duodenal bulb, followed 
by the pyloric region [8].

Apart from extremely selected pauci-symptomatic cases where the perforation 
has sealed as confirmed on water-soluble contrast study allowing a non-operative 
management to be pursued, emergent surgery is strongly recommended [9], with 
each hour of surgical delay associated with an adjusted 2.4% decreased probability 
of survival compared to the previous hour [10].

In the presence of small PPUs (<2 cm), laparoscopic primary repair represents 
the standard treatment, as proven by a recent metanalysis demonstrating similar 
mortality and leakage rates to open surgery, though with significantly lower morbid-
ity and length of stay [11]. Moreover, the addition of an omental patch seems not to 
add any further benefit, prolonging exclusively the operative time [12] (Fig. 6.2).

6  Upper Gastrointestinal Non-Oncologic Surgery



48

Fig. 6.1  (1) Truncal vagotomy. (2) Selective vagotomy. (3) Highly selective vagotomy (HSS). (4) 
(a, b) Denervation with preservation of the anterior nerve of Latarjet during HSS. (5) Preservation 
of the posterior nerve of Latarjet during HSS. (Reproduced from [4] with permission from Elsevier)

In the presence of large PPUs (>2 cm), a tailored approach should be pursued, 
depending on the location. Antrectomy plus or minus D1–D2 resection with diver-
sion is the classic and most commonly described intervention, if the ampullary 
region is not involved [4, 9]. If a duodenal repair is thought to be at high risk for 
leakage complications, reported to be above 10% in these circumstances, a damage 
control procedure such as pyloric exclusion and gastrojejunostomy and, if neces-
sary, external biliary diversion via T-tube, represents the safest and most appropriate 
operation [4, 9].
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Fig. 6.2  Alternative techniques for suture of a perforated ulcer: (a) primary suture; (b) primary 
closure with pedicled omental flap sutured into the perforation (Cellan–Jones repair); (c) primary 
closure with free omental plug sutured into the perforation (Graham patch); (d) use of tacking 
sutures around the perforation (for example when friable edges or a large perforation may not 
allow approximation of wound edges). (Reproduced from [8] with permission from Oxford 
Academic)

On the other hand, the incidence of PUD-related acute GI bleeding requiring 
hospitalization has been constantly increasing in the population of ESRD patients 
and is associated with worse outcomes such as increased mortality and re-bleeding 
risk, the latter being three-fold higher than in the general population [6, 13]. Indeed, 
in several studies, HD emerged as a significant risk factor for ulcer bleeding, inde-
pendently from first or recurrent episodes [6, 14].

6  Upper Gastrointestinal Non-Oncologic Surgery



50

Treatment of upper GI bleeding in CKD patients is similar to the general popula-
tion, with surgical hemostasis, or angiographic embolization if immediately avail-
able and with appropriate skills, indicated after failure of second endoscopy, 
according to the most recent World Society of Emergent Surgery guidelines [9]. The 
choice of the appropriate surgical procedure for bleeding peptic ulcer—ulcer over-
sew vs resection—should be made on the basis of the location and extension of the 
ulcer and the characteristics of the bleeding vessel [9]. Surgical management of 
DUs is much more complex than GUs, with higher mortality and reoperation 
rates [15].

6.3	� Gastroesophageal Reflux Disease

6.3.1	� Epidemiology and Pathophysiology

An increased incidence and risk of GERD together with its main complications, i.e., 
esophageal stricture and Barrett’s esophagus, have been clearly documented in 
patients with CKD compared to those without [2].

Hormonal changes, including secondary hyperparathyroidism and persistent 
activation of the renin-angiotensin-aldosterone system, and electrolyte abnormali-
ties, such as vitamin D deficiency-induced hypocalcemia, might play a major role in 
GERD development, whereas the cytokine accumulation and oxidative stress linked 
to CKD might promote progression to the intestinal metaplasia of Barrett’s  
esophagus [2].

6.3.2	� Elective Surgical Management

The main indications for elective surgery of GERD include symptoms not con-
trolled by PPIs, intolerance to PPIs, extra-esophageal GERD complications, severe 
peptic complications like recurrent esophageal ulcer, peptic stricture, Barrett’s 
esophagus, refusal of long-term medical management, especially by young patients, 
and GERD associated with hiatal hernia [16].

A laparoscopic fundoplication reinforcing the lower esophageal sphincter (LES) 
has been considered the procedure of choice for the surgical treatment of GERD, 
with reflux control and symptomatic relief achieved in about 80–90% of patients 
[16]. Even in this setting, renal insufficiency emerged as a significant risk factor for 
complications after antireflux surgery [3].

There are three main fundoplication methods: posterior 360°–Nissen, the most 
common, posterior 270°–Toupet and anterior 180°–Dor. The first one, being a com-
plete fundoplication, consists of completely wrapping the gastric fundus around the 
lower esophagus, whereas the other two, as partial fundoplications, leave the ante-
rior (Toupet) or the posterior (Dor) wall of the esophagus free. Posterior fundoplica-
tions, i.e., Nissen and Toupet, have better long-term control of GERD symptoms 
than the anterior one, i.e. Dor [16].
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According to recent single center retrospective series and metanalysis, robot-
assisted antireflux surgery appears to be a safe and feasible technique, with equal 
efficacy to the conventional laparoscopic approach [17, 18]. Other new minimally 
invasive surgical and endoscopic options have been developed over the last two 
decades. Among these, magnetic sphincter augmentation (MSA) is a surgical proce-
dure wherein a string of titanium-encased magnets is wrapped and secured around 
the GEJ laparoscopically; the magnetic force between these beads is just strong 
enough to provide LES reinforcement in the resting state but allows for separation 
of the beads while swallowing [19]. The transoral incisionless fundoplication (TIF) 
is an endoscopic procedure designed to mimic a surgical fundoplication by creating 
a high-pressure zone at the level of GEJ in the configuration of a flap valve [20]. 
According to a recent systematic review and metanalysis conducted by Pasam et al. 
[21] comparing the above methods with classic fundoplication, data on MSA were 
still not sufficient to provide definitive conclusions, whereas TIF did not demon-
strate significantly inferior short-term outcomes compared with surgical fundopli-
cation. The authors concluded that TIF should be considered on a case-by-case 
basis, especially in patients with GERD associated with a small hiatal hernia 
(<2 cm), who are poor surgical candidates or do not want to undergo a surgical 
fundoplication.
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7Upper Gastrointestinal Oncologic 
Surgery
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and Fabio Melandro

7.1	� Introduction

End-stage renal disease (ESRD) requiring dialysis is associated with poor out-
comes, including a ten-fold higher risk of hospital admission and a 13–26% shorter 
expected lifespan compared to that of the general healthy population [1]. Despite 
the well-described outcomes for ESRD, poor data are available in the literature 
about the impact of hemodialysis on the risks of complications and death due to 
malignancies. An extensive nationwide study of ESRD patients undergoing dialysis 
in the United States revealed a high cumulative incidence of cancer, with >9% of 
such patients being diagnosed with cancer within five years of initiating hemodialy-
sis [2]. However, studies exploring in detail the impact of surgery on the treatment 
of the different types of tumors in dialyzed patients are lacking.

The present chapter aims to explore the specific impact of malignant tumors 
involving the upper gastrointestinal tract in patients with ESRD requiring dialysis.

7.2	� Esophageal Cancer

Data concerning the management and outcomes of esophageal cancer (EC) surgery 
in dialyzed patients are still lacking. This is presumably due to the surgeon’s reluc-
tance to perform aggressive procedures in ESRD patients on regular dialysis due to 
their higher risk of postoperative death or cardiovascular events compared to indi-
viduals with normal renal function [3–5]. For this reason, there are only few reports 
about surgical resection of EC and they involve a minimal number of patients. 
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Surgery for EC is considered one of the most invasive and challenging procedures 
in dialyzed patients [6–8]. There are two possible significant factors explaining why 
EC surgery has been rarely reported and discussed in dialysis patients with chronic 
kidney disease (CKD). First, as stated, CKD requiring regular dialysis leads to 
higher postoperative morbidity and mortality rates when associated with major sur-
gery, regardless of the type of operation [3–5]. Second, the risk of developing EC is 
reported to be significantly lower in patients with ESRD than in the general popula-
tion, although the underlying protective mechanism remains unknown [9].

Esophageal resection for cancer is often correlated with relatively poor surgical 
outcomes, with a mortality rate of 4–10% and a morbidity rate of 26–41% [10]. 
Therefore, the surgeon is inclined to avoid such risky procedures, especially in 
patients with an increased complexity like dialyzed patients [6].

Irradiation of the primary tumor can be an efficacious alternative for managing 
EC in ESRD patients. However, radiotherapy carries a possible risk of severe infec-
tions and adverse effects, especially in chronically dialyzed individuals [11]. The 
safety and efficacy of chemoradiation or radiation therapy for EC in dialysis patients 
have yet to be established due to the limited number of reports in which they have 
been evaluated [11, 12]. It seems feasible for dialyzed patients to receive chemo-
therapy with appropriate dosage adjustments to assure safety [13]. Nevertheless, its 
ability to achieve a radical cure remains uncertain when compared to surgical 
removal [14].

Consequently, surgery should be considered the only curative option. With the 
intent to reduce surgical stress, two-field nodal dissection or a two-stage operation 
can be considered in dialysis patients. The limited available reports suggest that EC 
surgery for dialysis-dependent patients is feasible with a selection of less invasive 
approaches and that the postoperative comorbidity risks remain relatively high. The 
dialyzed population is highly susceptible to anastomotic leakage, surgical site infec-
tion, cardiopulmonary disorder, and hemorrhage, imputable to their impaired wound 
healing capability, unstable hemodynamic condition, and platelet dysfunction [3]. 
Given these considerations, therapeutic decision-making tailored to each patient 
based on a meticulous pre-treatment assessment may be relevant to minimize the 
risk of severe complications. Dialysis is known to be associated with a higher mor-
tality rate. Therefore, it is mandatory to balance the possibility of cure and safety 
when choosing therapeutic approaches for EC patients on maintenance dialysis. 
When treating EC patients receiving regular dialysis, surgeons should select thera-
peutic modalities considering tumor curability and patient tolerance to this chal-
lenging surgery.

7.3	� Gastric Cancer

Gastric cancer (GC) is the second most common malignancy worldwide, and surgi-
cal treatment remains the only curative management option [15, 16]. Although 
advances in surgical techniques and perioperative management have made gastrec-
tomy for GC a safe surgical procedure, the outcomes in dialyzed patients remain 
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unclear due to the limited data reported in the literature provided mainly by retro-
spective series (Table 7.1).

Due to the rising use of maintainance dialysis [21], cancer surgery in these 
patients is expected to increase in the future [22]. Surgeons often hesitate to plan the 
established standard of care in patients receiving dialysis because of the reported 
increased risk of adverse outcomes after major abdominal surgery [23–25]. In a 
recently published Japanese case series of 75 patients on maintainance hemodialy-
sis undergoing gastric resection for GC, the overall morbidity (Clavien-Dindo grade 
II or higher) and 30-day mortality rates were 25.3% and 1.3%, respectively [17]. 
Such findings are in line with some Japanese nationwide surveys, which report that 
patients on hemodialysis had higher 30-day mortality rates after distal gastrectomy 
(4.0%) and total gastrectomy (6.0%) [26, 27]. The previously cited case series also 
showed a high incidence of anastomotic leakage (6.7%), consistent with prior stud-
ies showing ESRD to be significantly associated with this complication [5, 18–20, 
28, 29]. Survival outcomes in hemodialysis patients undergoing gastrectomy were 
notably poor. The 5-year overall survival (OS) rates in patients with pathological 
stages I, II, III, and IV were 59.2%, 42.9%, 32.3%, and 0%, respectively [17]. Of 
relevance, OS rates were extremely poor when compared with the Japanese nation-
wide database and in the case of less advanced tumor stages. In detail, 5-year OS 
rates in patients not requiring hemodialysis with stage IA, IB, and II diseases were 
91.5%, 83.6%, and 70.6%, respectively [30]. The leading causes of death in dialysis 
patients undergoing GC surgery were infectious diseases and heart failure, as previ-
ously described in a nationwide dialysis data report from Japan [31] and the United 
States [32]. This observation suggests that most patients with pathological stage I 
and II disease died of causes other than GC. According to these data, the surgical 
indications should be carefully evaluated based on the balance between survival 

Table 7.1  Summary of published reports about surgical treatment of gastric cancer in hemodialy-
sis patients

Author (year) Treatment
Patients
(n)

Mortality
(%)

30-day 
morbidity
(%)

5-year survival
(%)

Sugawara (2021) [17] Gastrectomy 75 1.5% 25.3% 59.2% (stage I)
42.9% (stage II)
32.3% (stage III)
0% (stage IV)

Lee (2018) [18] Gastrectomy 38 41.0% (VLS)
33.0% (open)

- 82.4% (VLS)
67.4% (open)

Otani (2017) [19] Gastrectomy 12 0.0% 33.3% 22.2%
Liu (2015) [20] Gastrectomy 26 11.5% 38.5% 83.6%
Matsumoto (2014) [5] Gastrectomy 49 36.7% 6.1% 48.6% (3-year)

VLS videolaparoscopic surgery
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benefits from surgery and life expectancy. Advanced age and comorbidities such as 
diabetes and cardiovascular disease are mainly associated with poor survival out-
comes in dialysis patients [33–35].

Given the extremely low relapse rate in early GC and poor survival of ESRD 
patients, radical surgery seems unlikely to maximize survival benefits, at least for 
hemodialysis patients with early GC.  Endoscopic submucosal dissection (ESD) 
alone, even if non-curative and without additional treatment, might be an alternative 
option for treating this population [36]. Although endoscopic resection can reduce 
the risk of non GC-related deaths compared with surgery, definitive data are not 
available due to the scarce number of reports. In the non-hemodialysis population, 
ESD seems to help improve outcomes in frail patients with early GC presenting 
comorbidities and advanced age [37]. However, some studies suggest caution in 
using ESD in hemodialysis patients, given the high incidence of delayed bleeding 
after gastric endoscopic treatment in patients with severe CKD [38]. Additionally, 
the prognosis of GC patients with severe comorbidities was inferior, even when they 
were treated by endoscopic resection, and endoscopic treatment results were infe-
rior to radical surgery in terms of disease-specific survival [39].

Further, anticancer drug treatment is generally tricky in terms of dosage adjust-
ment and time of administration relative to dialysis sessions. Some case reports 
have been published about possibly treating GC in hemodialysis patients with 
5-fluorouracil, irinotecan, or a taxane derivate, by reducing and monitoring the 
administration dose without increasing hematopoietic toxic effects [40–45]. 
However, definitive data and standardized administration protocols are not yet avail-
able due to the lack of consistent case series.

Surgery for GC cancer patients with ESRD is expected to be improved in the 
future due to the increasing number of patients undergoing hemodialysis and the 
aging of this population. However, the adverse effects caused by the dialytic treat-
ment impairing physical function (including wound healing, immunity, body fluid 
regulation, and hemostasis) must be carefully evaluated to plan a multidisciplinary 
treatment approach.

7.4	� Small Intestine

Small intestine cancers are rare gastrointestinal cancers, often recognized lately and 
affected by a poor prognosis. For a long time, adenocarcinoma has been the most 
common histologic type among small intestine malignancies, but neuroendocrine 
tumors (NET) have remarkably increased in recent years, surpassing adenocarcino-
mas as the most frequent tumor type of the small bowel [46]. Of note. 
Adenocarcinomas are most frequently diagnosed in the duodenum, while NET is 
most frequently found in the jejunum and ileum. Other tumors involving the small 
intestine are gastrointestinal stromal tumors (GISTs), sarcomas, and lymphomas.

Very few case reports exist reporting the development of small bowel tumors in 
patients with ESRD [47–53]. According to a population-based case-control study 
(1,029,695 cancer patients and 99,610 controls) among the United States elderly 
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using SEER-Medicare linked data, ESRD was associated with a significantly ele-
vated risk for cancers of the small bowel (odds ratio [OR] =1.92, 95% confidence 
interval [CI] =1.27–2.92; p-value = 0.002) [54]. Despite these results, the number of 
reported cases is minimal.

As for the duodenal carcinoma, a cohort study of 150 patients from six hepato-
pancreatic centers in the United Kingdom showed 1-year, 3-year, and 5-year sur-
vival rates of 83.9%, 66.7%, and 51.2%, respectively, in non-CKD patients treated 
with pancreatoduodenectomy (PD) [55]. PD represents the preferred surgical treat-
ment option. Only one case of pylorus-preserving PD has been reported in a patient 
with duodenal carcinoma and ESRD [47]. A more extensive series also including 
cases with pancreatic cancer based on a national Japanese inpatient database 
(n = 30,495 eligible patients, of whom 307 receiving hemodialysis) showed that 
patients undergoing hemodialysis had a higher risk of postoperative complications 
(OR = 1.62, 95% CI = 1.23–2.14; p-value = 0.001), 30-day mortality (OR = 7.45, 
95% CI  =  3.26–17.0; p-value <0.001), and 90-day mortality (OR  =  10.9, 95% 
CI = 6.58–18.2; p-value <0.001) than those not undergoing hemodialysis [4].

Segmental resection of the duodenum has been recently supported, and it should 
be considered in ESRD patients with tumors located in the distal part of the duode-
num, with the aim of minimizing the morbidity and mortality rates of these frail 
patients [56, 57].

Articles describing ESRD patients with NET, GIST, or lymphomas involving the 
small bowel are anecdotal, making it impossible to clarify the impact of surgery on 
the management of these tumors in patients on dialysis [51–53].
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8Diverticulitis and Other Colitis in Kidney 
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Domenico Zerbo, and Pierfrancesco Veroux

8.1	� Introduction

Kidney transplantation is the best replacement therapy for patients with end-stage 
renal disease [1]. The incidence of gastrointestinal complications in kidney trans-
plantation may be as high as 56% [2–5], with more than 10% of patients displaying 
a severe course [5–7]. Kidney transplant recipients (KTRs) undergoing colorectal 
surgery may be exposed to an increased risk of postoperative mortality and surgical 
complications compared with the general population, but also with end-stage renal 
disease patients, mainly due to the use of immunosuppression [8]. DiBrito et al. [8] 
evaluated the postoperative morbidity and mortality rates following colorectal 
resection in KTRs compared with the general population: KTRs had a higher mor-
tality rate compared to non-KTRs (11.1% vs 4.3%, p < 0.001), and KTRs had a 
3.59-fold higher risk of death than non-KTRs. Moreover, KTRs were more likely 
than non-KTRs to have postoperative complications during their surgical hospital-
ization (38.5% vs 31.5%, p = 0.001), particularly wound complications (6.2% vs 
2.4%, p < 0.001), infectious complications (7.7% vs 4.2%, p < 0.001), and cardio-
vascular complications (5.2% vs 2.7%, p < 0.001). Interestingly, colorectal resec-
tion in KTRs resulted in higher costs and length of stay, and KTRs were more likely 
to be treated in transplant centers than in other surgical units [8]. Similar findings 
were reported by Halabi et al. [9] who reported higher rates of mortality (6.29% vs 
3.64%), wound complications (8.02% vs 5.37%), and acute renal failure (17.14% vs 
7.10%) in KTRs compared with the general population, although the rate of anasto-
motic leakage was similar between the two groups [9]. KTRs have a higher rate of 
acute complicated diverticulitis compared to the general population [9, 10], with a 
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potential higher rate of anastomotic leakage after colorectal surgery, both for benign 
and malignant diseases [8, 11], as well as a higher mortality rate in emergency col-
ectomy [12]. In a recent study, Bardol et al. [13] found that KTRs undergoing elec-
tive left colectomy have a fourfold higher rate of anastomotic leakage and a higher 
incidence of intra-abdominal septic complications and re-operation compared to 
non-transplant patients.

8.2	� Diverticular Disease and Colonic Perforation

The incidence of acute diverticulitis in KTRs is believed to be higher than in general 
population [9, 10]: a recent review [10] reported an incidence of 1% of acute diver-
ticulitis in KTRs, with an overall mortality of 25%. The progression to diverticulitis 
in KTRs with a known diverticulosis was 16%, and up to 57% in patients with 
autosomal dominant polycystic kidney disease (ADPKD) [14]. Acute diverticulitis, 
together with intestinal ischemia, is the most frequent cause of colonic perforation 
in KTRs, affecting up to 60% of patients, with a mortality rate up to 33% [7, 10].

Few studies compared the incidence of acute diverticulitis in transplant patients 
compared to the general population: in a study by Qasabian et al. [15], 0.94% of 
transplant patients developed acute diverticulitis compared with 0.02% of the gen-
eral population.

While there is a general consensus on the surgical indications of complicated 
diverticulitis in immunocompetent patients, the management of diverticulitis in 
KTRs remains controversial: in the study of Rencuzogullari et al. [16], among the 
15 KTRs with acute diverticulitis, six (40%) patients required a surgical interven-
tion (two during the first attack due to perforation and four for recurrent or refrac-
tory diverticulitis), while nine patients were successfully treated conservatively. 
However, when a colonic perforation is suspected, an aggressive diagnostic evalua-
tion and surgical treatment is recommended, together with broad spectrum antibiot-
ics, to improve the outcome of these patients [7, 14]: the Hartmann procedure is 
generally performed, since a primary anastomosis in immunosuppressed patients 
may be associated with a greater risk of post-surgical morbidity [17].

Traditionally, a higher incidence of diverticulosis and acute diverticulitis in 
KTRs has been associated with ADPKD [10, 14, 18–21] because of the underlying 
alterations in connective tissue that put ADPKD patients at higher risk for formation 
of diverticula [10]. However, the data are from small series and are conflicting: 
some epidemiologic studies found a 7–40% prevalence of diverticular disease in 
ADPKD patients [20, 21], although a prospective study of 55 ADPKD and 71 non-
ADPKD patients did not find any difference in prevalence, size, or distribution of 
colonic diverticula between the two groups [21]. A large nationwide analysis [22] 
reported a 4.6% prevalence of diverticulosis in the ADPKD population compared 
with 2.3% of the general population (p < 0.0001); moreover, ADPKD patients with 
diverticulosis were younger, and the difference in prevalence was more evident as 
age increased. ADPKD was also a risk factor for diverticulitis: the prevalence in 
ADPKD patients was 1.5%, compared with 0.8% among patients without ADPKD 
(p < 0.0001), and 2.6% of KTRs with ADPKD developed an acute diverticulitis 
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[22]; however, patients with ADPKD and diverticulitis had a lower prevalence of 
colonic surgery when compared with patients without ADPKD, probably because 
of the associated comorbidities that suggested adopting a non-operative 
approach [22].

In an interesting study, Parker et al. [14] evaluated the outcome of acute diver-
ticulitis in 14 polycystic KTRs compared with 27 non-transplant patients, and they 
were not able to find significant differences between the two groups in the rates of 
recurrent diverticulitis, diverticulitis complications, or operative intervention, 
although KTRs had a higher rate of recurrent, complicated diverticulitis. Similar 
results were reported by Domínguez Fernández et al. [11], while Scotti et al. [23] 
reported a higher incidence of colonic perforation after acute diverticulitis in 
ADPKD patients.

The management of acute diverticulitis in KTRs is similar to that in immuno-
competent patients, although the use of immunosuppression may increase the risk 
of infective complications, progression of diverticulitis and failure of non-operative 
management [12]. While an aggressive surgical approach was reported in earlier 
studies, a wider use of non-operative approaches is now preferred [16, 17, 24, 25]: 
a large proportion of KTRs could be treated conservatively, although a higher rate 
of readmission, need for surgical operation, drainage and death is reported in KTRs 
compared with the non-transplant population [26]. However, these events occur in a 
small fraction of KTRs and most recurrent episodes may be also managed non-
operatively [26].

A point of discussion is the possibility of performing a pre-transplant prophylac-
tic colectomy in ADPKD patients with diverticulosis [26]. However, most authors 
agree that a prophylactic colectomy would be impractical due to the low incidence 
of acute diverticulitis in this population and the long-term wait for kidney transplan-
tation; however, patients should be counseled about the early signs and symptoms 
of diverticulitis and encouraged to seek medical care, possibly in a transplant center 
[10, 16, 17, 26].

8.3	� Post-transplant Colitis

The chronic use of immunosuppression in KTRs may be associated with chronic 
injury to the gastrointestinal mucosa leading to the development of post-transplant 
colitis, usually related to the use of mycophenolate mofetil and mycophenolic acid. 
These gastrointestinal complications usually do not require a surgical intervention, 
and adjustment of levels of immunosuppression is generally needed to improve the 
gastrointestinal symptoms [5, 7].

Post-transplant inflammatory bowel disease (IBD) may arise from an inappropri-
ate immune response to intestinal antigens, resulting in continuous intestinal inflam-
mation [27]. In KTRs, the immunosuppressive therapy, which could theoretically 
contrast this inflammatory process, may paradoxically allow for dysregulation of 
the intestinal immune system, finally resulting in the development of post-transplant 
de novo IBD, despite being immunosuppressed [5, 7, 27].

8  Diverticulitis and Other Colitis in Kidney Transplant Patients



64

De novo IBDs are an uncommon complication of kidney transplantation, with 
only 46 cases reported in a recent review [5]. De novo IBDs usually present late 
after transplantation, suggesting a potential etiopathogenetic role of chronic expo-
sure of the intestinal mucosa to immunosuppressive therapy [5, 7]. Clinical, endo-
scopic and histological features resemble those observed in general population but, 
in KTRs, de novo IBDs could have a more aggressive course than in the general 
population [5, 28], and about half of patients may require a surgical intervention 
during the post-transplant follow-up [5].
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9Lower Gastrointestinal Oncologic 
Surgery
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9.1	� Colorectal Cancer

Colorectal cancer (CRC) is the third most common cause of cancer death in kidney 
transplant recipients and among the top six causes of cancer death in patients on 
dialysis [1, 2]. Chronic dialysis patients have a higher incidence rate of colon cancer 
than the general population [3]. To reduce the burden of CRC, screening programs 
have been established to identify and treat precancerous and early cancer lesions, 
before their progression to invasive CRC [1, 2, 4]. Transplant candidates are evalu-
ated extensively for factors that may adversely affect their post-transplant outcome. 
Early detection of cancer may benefit and reduce morbidity in transplant candidates, 
as post-transplant patients must undergo chronic immunosuppressive therapies. 
Colonoscopy is a useful tool for detecting colonic pathology before patients undergo 
transplant and subsequent immunosuppression. If end-stage renal disease (ESRD) 
patients have a higher incidence of CRC, pre-transplant screening colonoscopies 
should be performed to enhance post-transplant outcomes and reduce morbidi-
ties [5].

In patients with ESRD, including those receiving dialysis, reduced kidney func-
tion and uremic environment are associated with chronic inflammation, oxidative 
stress, and dendritic cell dysfunction, which may contribute to reduced cancer 
immune surveillance and the development of cancer [6, 7]. Transplant-specific fac-
tors, such as time on dialysis before transplant and peak panel reactive antibody 
(PRA) score, have been identified as risk factors for developing de novo cancer after 
transplantation [8–10]. In the ESRD spectrum (stages 3–5 not receiving renal 
replacement therapy [RRT], patients on dialysis, patients with a functioning kidney 

G. Sarno · E. Russo · P. De Rosa (*) 
General Surgery and Transplantation Unit, “San Giovanni di Dio e Ruggi D’Aragona” 
University Hospital, Scuola Medica Salernitana, Salerno, Italy
e-mail: gerardo.sarno@sangiovannieruggi.it; enrico.russo@sangiovannieruggi.it; 
paride.derosa@sangiovannieruggi.it

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-92716-4_9&domain=pdf
https://doi.org/10.1007/978-3-031-92716-4_9#DOI
mailto:gerardo.sarno@sangiovannieruggi.it
mailto:enrico.russo@sangiovannieruggi.it
mailto:paride.derosa@sangiovannieruggi.it
mailto:paride.derosa@sangiovannieruggi.it


68

transplant), it was found that older age, male sex, azathioprine use, and erythropoiesis-
stimulating agent (ESA) use are factors associated with advanced CRC, with the use 
of azathioprine and ESA as factors that are specific to patients with kidney disease. 
ESA use was found to be associated with a nearly twofold greater risk of advanced 
CRC [1] while, as a result of the widespread use of antiproliferative agents (evero-
limus) in immunosuppressive regimens, the risk of cancer onset has decreased in 
more recent years. Outcomes appear to be poorer in ESRD patients who develop 
CRC. In comparison with the age- and sex-matched general population, patients on 
dialysis and kidney transplant recipients have double the mortality from CRC [6, 8]. 
A number of studies have assessed the survival patterns of solid organ transplant 
recipients with de novo CRC compared with the general population. Papaconstantinou 
et al. [11] assessed 150 transplant recipients with de novo CRC and compared them 
with CRC patients in the National Cancer Institute Survival, Epidemiology and End 
Result (SEER) database. Transplant recipients with Dukes’ A to C stage disease 
were noted to experience a significant decrease in 5-year survival. Johnson et al. 
[12] also showed a reduced 5-year survival in 40 transplant recipients with de novo 
CRC when compared with matched controls from the SEER database (30.7% vs 
63.5%, respectively). The authors hypothesized that the worse prognosis in solid 
organ transplant recipients with de novo CRC may be related to increased tumor 
biological aggressiveness or reduced immunological response or a combination 
of both.

ESRD represents a challenge for the surgeon when faced with a patient in need 
of emergency or elective surgery. While the overall mortality after colorectal sur-
gery in the general population ranges from 1% to 6% [13], the reported postopera-
tive mortality and morbidity for ESRD patients undergoing elective colorectal 
surgery is around 6–10% and 12–15%, respectively, rising to 47–50% and 62–70% 
in emergency situations [14]. In view of this, we recommend a surgical approach 
based on a Hartmann procedure where stoma creation is always preferred to anasto-
mosis, in order to minimize intra- and postoperative complications, with recanaliza-
tion performed only after a careful oncologic workup and follow-up. Although 
ESRD patients are more and more frequent, they still represent a small proportion 
of the general population and series of patients on dialysis undergoing colorectal 
surgery remain small and scarce [14, 15]. Patients on RRT for chronic renal failure 
are fragile patients, often with a history of cardiac events as well as diabetes melli-
tus, which put them at high risk of complications after surgery, making them poorer 
candidates for surgery. In view of this, ESRD patients who need colorectal surgical 
resection should be carefully selected, prepared and closely managed in the postop-
erative period. A few case series on chronic dialysis patients undergoing colorectal 
surgery have been reported. Krysa et  al. [14] presented a series of 73 colorectal 
procedures, including 38 patients on RRT and 35 with a renal transplant. They 
reported a much-increased risk of postoperative complications and mortality in the 
case of emergent surgery (81% and 26% vs 19% and 5%, respectively) [14]. 
Therefore, elective and (when possible) emergency surgeries should be carefully 
prepared and performed, and close postoperative management is paramount in such 
fragile patients very sensitive to hemodynamic changes and with delayed healing. 
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Anastomotic leak is a complication feared by the surgeons. Risk factors known to 
be associated with anastomotic leak are male gender, tobacco use, immunosuppres-
sion and emergency situations [16, 17]. A laparoscopic approach could help to 
decrease the risk of postoperative morbidity and mortality. Such an approach, due to 
its low invasiveness may be extremely useful in performing segmental colorectal 
resection for pre-neoplastic lesions not suitable for endoscopic radical excision; 
nevertheless, the imbalance between oncologic outcomes and postoperative compli-
cations has always to be evaluated when planning an extended colorectal resection, 
because the choice between an open and a laparoscopic approach has to be carefully 
pondered [18, 19]. Laparoscopy in peritoneal dialysis patients decreases the risk of 
shift to hemodialysis owing to better preservation of peritoneal integrity and earlier 
resumption of peritoneal dialysis [20], but there is a risk of hernias at the port-site 
incisions as well as an increased risk of peritonitis even for minimal anastomotic 
leaks. The impact of chronic dialysis on the outcomes of patients undergoing lapa-
roscopic CRC resection, compared with a non-dialysis population (including non-
ESRD patients) has been investigated, demonstrating comparable outcomes in the 
dialyzed patients’ group, which suggests that the minimally invasive approach could 
be preferred [21, 22].

Although the oncologic outcomes and treatment plans for colorectal malignancy 
are an important issue in patients with ESRD, the randomized controlled studies 
that investigated colorectal malignancy either enrolled very few ESRD patients or 
excluded them completely [23, 24]. The oncologic outcomes between the ESRD-
CRC group and the non-ESRD-CRC group were examined using a large-scale data-
base [25]. Among 219,550 patients who received surgeries for CRC between 2002 
and 2019, 6181 patients were diagnosed with ESRD at the time of the operation. 
The mean follow-up duration was 5.7 years for all patients. After 1:4 propensity 
matching and adjustment of risk factors, the median survival time was 8.71 years 
(IQR, 8.37–8.93  years) in the non-ESRD-CRC group and 5.63  years (IQR, 
5.26–5.91 years) in the ESRD-CRC group, indicating that ESRD itself is a signifi-
cant risk factor for survival. Furthermore, the subgroup analysis within the ESRD 
group showed that dialysis is a significant risk factor for survival [25].

9.2	� Anal Cancer

Anal cancer is a rare malignancy of the gastrointestinal tract, which accounts for 
less than 1.5% of gastrointestinal tumors [26] and has an age-adjusted incidence 
rate of 1.4–2 per 100,000 [27]. It is, however, a significant disease in high-risk popu-
lations such as immunosuppressed patients, including HIV patients and transplant 
recipients [26, 28]. Anal human papillomavirus (HPV) infection is associated with 
anal intraepithelial neoplasia (AIN) and anal cancer. High-risk subtypes of HPV 
(16, 18, 31, 33, 35, 39, 45, 50, 51, 53, 55, 56, 58, 59 and 68) are commonly found 
in high-grade AIN and anal squamous cell carcinomas. AIN, the precursor of anal 
cancer, is graded from I to III according to the depth of nuclear abnormalities in the 
squamous epithelium. Patients who are systemically immunosuppressed may be at 
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a higher risk of malignant progression [29]. Ogunbiyi et al. [30] investigated the 
prevalence of anal HPV 16 infection and associated AIN in 76 renal transplant 
recipients and compared it with age-matched controls. All patients underwent anos-
copy and then targeted biopsies of any abnormal epithelium; in the presence of 
normal epithelium, random biopsies were taken. The prevalence of HPV 16 in the 
study group was 47% compared with 12% in the control group. AIN was present in 
20% in the study group compared with 1% in the control group. Another study 
assessed the prevalence of anal HPV in 43 patients within 24 h of renal transplant 
(prior to significant immunosuppression) [31]. HPV infection was present in 21% 
of patients (high risk in 14% of patients). Only one study has assessed the preva-
lence of anal cancer among patients with ESRD on dialysis compared with the 
general population [32]. Data were collected from the ANZDATA registry. Of the 
24,926 patients with ESRD, two developed anal cancer. Several population-based 
studies have concentrated on excess cancer risk in solid organ transplant patients. 
True interpretation of anal cancer prevalence in renal transplant patients was diffi-
cult because studies analyzed gastrointestinal cancers, rectal and anal cancers 
together, or anogenital cancers, or data were collected for solid organ transplants 
rather than renal transplants specifically. A number of studies have reported a 30- to 
100-fold increase in rates of anogenital cancer in solid organ transplant recipients 
[29]. The Swedish and ANZDATA registries demonstrated a tenfold increase in anal 
cancer in solid organ transplant recipients and nearly a threefold increase in anal 
cancer for renal transplant recipients. Renal transplant patients accounted for 84% 
of the Swedish Solid Organ Transplant Registry, with the remainder being liver, 
heart, lung, pancreas or combined transplantation. For affected renal transplant 
patients in the ANZDATA registry, the mean time to anal cancer was 13 years. From 
available population-based studies, renal transplant was associated with a three to 
tenfold increase in anal cancer. In a single case-control study, the prevalence of anal 
HPV and AIN in patients with established renal transplants was significantly 
increased. The effectiveness of screening for HPV, AIN and anal cancer in renal 
transplant recipients remains unclear. Difficulty arises as the natural history, malig-
nant potential and effective treatment modalities for AIN remain uncertain. 
Therefore, based on this evidence all renal transplant patients should undergo yearly 
assessment of the perianal area and biopsy of any suspicious lesions [29, 33].
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10Hepatobiliary Non-oncologic Surgery

Jacopo Romagnoli, Alessandra De Iacob, and Sergio Alfieri

10.1	� Introduction

Uremia increases the hazards of most surgical procedures and enhances the risks of 
anesthesia [1] particularly in patients undergoing hepatobiliary surgery. Uremic 
patients receiving hemodialysis (HD) tend to have a higher American Society of 
Anesthesiologists (ASA) score due to frequent concomitant diseases which can 
affect the rates of perioperative complications. The impaired ability of the kidneys 
to regulate fluid and electrolyte balance and to excrete metabolic waste products is 
indeed at the basis of the majority of problems. HD may be required to prepare the 
uremic patient for elective surgery and special precautions are also necessary to 
manage uremia and its typical consequences, such as coagulation defects, malnutri-
tion, impaired immune function and wound healing [2–5]. Residual glomerular fil-
tration rate is an important risk factor and its preservation is of paramount importance 
[6]. Perioperative correction of fluid balance and maintenance of urine flow are 
essential. Knowledge of all the potential sequelae of renal failure and their appropri-
ate management will result in optimal perioperative care of these patients, reducing 
morbidity and mortality [6, 7].

10.2	� Hepatic Cysts

Simple hepatic cysts usually arise from aberrant bile duct cells that develop  
during embryonic development and occur in 2–5% to 5–8% of the population in 
studies utilizing ultrasound (US) [8]. They must be differentiated from abscesses, 
hemangiomas, and malignancies and, in the case of irregular walls, septations, 
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calcifications, or daughter cysts, contrast-enhanced CT or MRI should be preferred 
to US.  Complications include infection, spontaneous hemorrhage, rupture, and 
external compression of the biliary tree or major vessels. Rarely, jaundice occurs as 
a result of cystic compression of the biliary system. Relief of this obstruction is 
accomplished by surgical decompression or resection of the dilated cysts. 
Asymptomatic cysts do not usually require treatment. Conversely, infected hepatic 
cysts that do not respond to conventional antibiotic therapy may require surgical 
drainage. This procedure is usually performed with US- or CT- guided puncture, 
although identifying the source of infection in uremic patients can be difficult due 
to the reduced sensitivity of imaging consequent to low permeability of cyst epithe-
lium, impaired native renal function and alterations in anatomy [9]. In doubtful 
cases fluorodeoxyglucose-positron emission tomography can be used to identify the 
infected cyst. Treatment techniques for symptomatic simple hepatic cysts in uremic 
patients are not different from those in use for non-uremic patients and include per-
cutaneous aspiration, aspiration followed by sclerotherapy, and surgery [10, 11]. 
The percutaneous approach is usually indicated for immediate palliation of symp-
toms; however, it is burdened by a high recurrence rate. To improve its effect and 
achieve permanent ablation, aspiration of intracystic fluid may be followed by intra-
cystic instillation of sclerosing agents, such as ethanol, tetracycline, and minocy-
cline [12], to reduce cyst volume and destroy the inner epithelium with excellent 
outcomes and recurrence rates <1% [13]. Results are excellent in terms of efficacy 
and safety for both aspiration and sclerotherapy: cyst volume reduction ranges 
between 76% and 100%, symptom reduction between 72% and 100%, and symp-
tom disappearance between 56% and 100% [14]. It is very likely that these results 
also apply to uremic patients. Surgical treatment, including open or laparoscopic 
fenestration and hepatic resection, is effective in the long term in up to 90% of 
patients [15–17]. Laparoscopic fenestration [18] is today the preferred method 
because of its success rate and the reduction in morbidity and length of hospital stay, 
as compared with open procedures [11, 19, 20]. The anatomical suitability of 
hepatic cysts for laparoscopic fenestration depends on operator experience and con-
fidence. For very large cysts or those difficult to locate laparoscopically, open fen-
estration is the alternative [19]. Recurrence rates vary from 0% to 36% after 
laparoscopic fenestration [21, 22]. To prevent recurrence, wide fenestration of the 
hepatic cyst, omental transposition flap [23] or electrocoagulation ablation of the 
remnant hepatic cyst epithelium [20] have been proposed. When the diagnosis of a 
hepatic cystic lesion is uncertain, surgical intervention becomes necessary. Resective 
liver surgery in uremic patients carries a higher risk of infection-related complica-
tions requiring invasive interventions, as well as life-threatening cardiac complica-
tions, compared to non-uremic patients [24–26]. Complete excision of the hepatic 
cyst, segmentectomy, or lobectomy are associated with higher morbidity and mor-
tality risk, as compared with fenestration [16]. Uremic patients on HD have an 
approximately twofold greater risk of postoperative complications and a more than 
fourfold greater risk of in-hospital mortality after hepatic resection compared with 
non-HD patients [26]. For this reason, hepatic resection should be reserved for 
patients with recurrence after deroofing, diffuse hepatic involvement, and multiple 
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hepatic cysts [27]. Uremic patients on HD undergoing hepatic surgery should be 
dialyzed either the day before or on the day of the procedure [28], in which case it 
is important to make sure that the patient is at or close to dry weight prior to surgery. 
Heparin use should also be avoided or minimized. Discussion among the surgeon, 
anesthesiologist, nephrologist and hepatologist is crucial to avoid perioperative 
hypervolemia and pulmonary edema, on the one hand, or hypotension due to 
anesthesia-induced systemic vasodilatation in a relatively hypovolemic patient on 
the other, which may finally result in thrombosis and additional complications. 
Postoperatively, patients should be closely monitored for the development of hyper-
kalemia and acidosis. Nonetheless, the results of elective surgery are relatively 
good, and recurrence rates of 0% have been reported for total excision and lobe 
resection [19].

10.3	� Polycystic Liver Disease

Polycystic liver disease (PLD) is a rare genetic disorder characterized by replace-
ment of normal liver tissue with fluid-filled cysts, and its prevalence in the general 
population is 1–10 cases per 1,000,000 [29]. Although of biliary epithelial origin, 
the cysts have no connection to the bile ducts. Most PLD patients are asymptomatic, 
and no treatment is indicated. However, the natural history of PLD is characterized 
by a continuous growth in the number and size of cysts, which may cause compres-
sion of adjacent organs and abdominal wall herniation. The most common compli-
cations are infection, hemorrhage or rupture of a cyst, compression of the inferior 
vena cava, hepatic veins and, rarely, bile ducts [13]. For symptomatic patients, the 
principal aim of all interventional procedures is to reduce symptoms by decreasing 
cyst volume and liver size [13]. The choice of treatment is based on the size, loca-
tion and number of the liver cysts, and on total liver volume [30]. Percutaneous cyst 
aspiration and sclerotherapy is mainly indicated for large symptomatic liver cysts, 
with a diameter >5 cm. Fenestration is usually indicated when there are few large 
dominant cysts in the anterior segments of the right lobe or in the left lateral seg-
ments. The main complications include post-procedure drainage, ascites, pleural 
effusion, arterial or venous bleeding, and bile leak [30]. Clinical response after lapa-
roscopic fenestration of symptomatic cysts can reach 90.2%, complications 10.8%, 
mortality 1.0% [30]. Segmental hepatic resection is indicated when the cysts are 
clustered to individual segments, provided that at least 25–30% residual normal 
liver parenchyma is left to avoid dysfunction [31]. The main complications include 
venous bleed or bile leak, due to distortion of the intrahepatic vasculature and bili-
ary system by cysts and adhesions that can complicate liver transplantation, if 
required in the future [31, 32].
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10.4	� Lithiasis

Hepatobiliary lithiasis (HBL) is characterized by the formation of stones within the 
gallbladder or the intra- and extrahepatic bile ducts. The prevalence is higher in 
populations of European and North American descent compared to those of Asian 
or African origin [33]. Well-known risk factors include obesity, a diet rich in fat and 
poor in fiber, physical inactivity, pregnancy, and genetic predisposition. Data regard-
ing end-stage renal disease (ESRD) patients is less systematic. Kazama et al. argue 
that the risk of hepatobiliary stone formation is higher in the ESRD population 
except for stage 5 patients, compared to the non-ESRD population [34]. Hahm et al. 
in their study focusing on the Korean population found a prevalence for stones of 
18.2% in patients with ESRD treated with HD, which was significantly higher than 
5.3% in the non-uremic controls [35]. The treatment of HBL depends on the sever-
ity of the symptoms and the presence of complications (e.g., cholecystitis, cholan-
gitis, pancreatitis). Treatment options may range from observation if there are no 
symptoms, to resective surgery. Intrahepatic lithiasis is a very difficult-to-treat con-
dition that is characterized by frequent recurrence and often requires multiple oper-
ative interventions [36]. Repeated infection episodes can lead to formation of 
micro-abscesses, portal thrombophlebitis, fistulae into surrounding structures, bili-
ary strictures, and severe destruction of liver parenchyma [36]. Biliary cirrhosis, 
portal hypertension and bleeding varices are the terminal manifestations. Wu et al. 
examined the efficacy and safety of three endoscopic techniques, sphincterotomy 
(EST), papillary balloon dilatation (EPBD), and sphincterotomy plus balloon dila-
tion (ESBD), in managing choledocholithiasis among patients with ESRD undergo-
ing HD and needing endoscopic retrograde cholangiopancreatography (ERCP) 
[37]. All three techniques showed comparable effectiveness in clearing stones, EST 
was associated with the highest complication rate, particularly post-ERCP bleeding. 
In contrast, ESBD had significantly lower bleeding rates compared to EST. EPBD’s 
bleeding risk was similar to that of EST and ESBD but required longer balloon dila-
tion time. Patients on HD are at increased risk of post-ERCP complications, and 
particularly a three times higher risk of bleeding, due to impaired platelet function 
[37]. While all techniques bear some risk for inducing pancreatitis, ESBD showed a 
lower occurrence compared to EPBD. Although all three techniques can effectively 
manage choledocholithiasis, the authors recommend ESBD as the preferred method 
for ESRD patients on HD due to its efficacy, reduced bleeding risk, and time effi-
ciency in the context of balloon dilation [37]. Unfortunately, the scarcity of data in 
the literature and the lack of randomized controlled trials for the management of 
HBL in uremic patients makes it difficult to establish evidence-based 
recommendations.
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10.5	� Rare Situations

HBL in the context of cystic liver disease is rare, and only one case in association 
with Caroli’s disease has been reported [38]. The association with autosomal domi-
nant polycystic kidney (ADPKD) without Caroli’s disease is also very rare; biliary 
malformations or HD are possible pathophysiologic mechanisms [35, 39]. There are 
some reports that kidney stones in ADPKD can be safely and effectively treated by 
extracorporeal shock wave lithotripsy (ESWL) [40], and for optimal outcome 
ESWL should be performed several times to better fragment stones, before ERCP.

10.6	� Conclusions

Special precautions are necessary for the management of the uremic patient under-
going hepatobiliary surgery. Treatment strategies should be personalized, based on 
individual patient risk, with special attention to the stage of chronic kidney disease 
and associated comorbidities. In all cases, endoscopic and minimally invasive tech-
niques are preferred to reduce the risk of complications, emphasizing the need for 
tailored therapeutic choices. A multidisciplinary team approach, involving health 
professionals across all disciplines, is essential to lower the risk of complications 
and improve patient outcomes.
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11.1	� Introduction

Hepatobiliary cancers can occur in uremic patients. They include primary tumors 
such as hepatocellular carcinoma (HCC), cholangiocarcinoma (perihilar [pCCA], 
intrahepatic [iCCA] and distal [dCCA]), gallbladder cancer, and other rare primary 
liver cancers, and liver metastases.

These patients may have pre-existing chronic kidney disease (CKD) with uremia 
(end-stage renal disease [ESRD]) or can develop an acute kidney injury (AKI) with 
uremia. CKD is in itself a risk factor for cancer. AKI with uremia can also be caused 
by some cancers, such as pCCA or dCCA, which can cause obstructive jaundice 
with renal impairment [1]. In these patients, jaundice palliation and surgery for 
jaundice relief can reverse the AKI caused by hyperbilirubinemia.

In patients on long-term dialysis, the standardized incidence ratio for liver cancer 
is 1.41 [2].

Many hepatobiliary cancers occur in the setting of chronic liver disease, which 
independently increases the risk of both AKI and CKD.

HCC is the most common primary liver cancer and much of the existing litera-
ture focuses on HCC in uremic patients, whereas evidence for other hepatobiliary 
cancers in this population is scarce.

The population of patients with HCC highly overlaps with those for CKD and 
ESRD [3]. Renal dysfunction occurs in about 25% of HCC patients [3].

The risk factors that could lead to both HCC and CKD can be grouped into four 
categories: environmental toxins, viral hepatitis, metabolic syndrome, and vasoac-
tive factors [3].
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HCC mostly occurs in cirrhotic patients. The prevalence of CKD in patients with 
cirrhosis has increased over the years, likely due to increased recognition and 
greater prevalence of metabolic risk factors. In-hospital renal replacement therapy 
(RRT) is required in 5–47% of patients, with mortality rates between 60% and 
80% [4].

11.2	� Complexities in Surgical Management

Surgical management must consider the fragility of these patients, especially the 
cirrhotic ones. To the uremia-related complications we must add the other cirrhotic 
impairments which worsen the patients’ prognosis. Thus, an accurate selection of 
patients candidate to surgery is necessary, evaluating the increased anesthesiologi-
cal risk which will focus on platelet dysfunction, fluid overload risk, electrolyte 
imbalances, augmented risk of bleeding and infections.

Liver resection with complete tumor excision with free margins is still consid-
ered the most radical treatment. Locoregional therapies, such as radiofrequency 
(RFA) or microwave ablation (MWA), using a minimally invasive approach can be 
valid alternatives in selected cases. Liver transplant or combined sequential liver-
kidney transplant is another option in selected patients.

The risk of bleeding, already high in hepatic surgery, is further increased in cir-
rhotic patients with uremia, due to platelet dysfunction and altered interaction of the 
platelets with vascular endothelium in addition to thrombocytopenia [5].

Therefore, an extended evaluation of hemostasis using rotational thromboelas-
tometry (ROTEM) as well as of platelet function by platelet function analyzer (PFA) 
and multiple electrode aggregometry (Multiplate) should be considered in these 
patients [6].

Liver resection in ESRD is associated with increased mortality and morbidity. A 
propensity score study involving more than 50,000 eligible patients, of whom 498 
(0.93%) were on hemodialysis, demonstrated that these patients had more postop-
erative major complications (18.1% vs 7.4%) and in-hospital mortality: OR 2.36 in 
limited resection, 4.61 in segmentectomy or sectoriectomy and 5.58 in bisectoriec-
tomy or trisectoriectomy [7].

Oncologic hepatobiliary surgery should be performed by experienced surgeons, 
with a preference for minimally invasive approaches to reduce bleeding risk. 
Enhanced recovery after surgery (ERAS) protocols, including preoperative nutri-
tional support, early mobilization, and minimization of opioid use, are recom-
mended. Postoperative strategies to prevent renal failure should include: careful 
monitoring of renal function, avoidance of nephrotoxic medications, and early post-
operative dialysis when necessary. A multidisciplinary approach is strongly recom-
mended [8].
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11.3	� Surgical Treatment of Hepatocellular Carcinoma

CKD is a negative prognostic predictor in HCC patients receiving surgical resection 
and transarterial chemoembolization [9].

According to a recent meta-analysis considering liver resection for HCC in CKD 
patients, the CKD group experienced greater blood loss, need for blood transfusion 
(OR = 2.47), overall complications (OR = 2.1), grade III or higher complications 
(OR = 2.04) and worse overall survival (OS) (HR = 1.28), though disease free sur-
vival (DFS) was not significantly different (HR = 1.11, p = 0.16) [10]. Among the 
complications, postoperative bleeding and surgical site infection were higher in 
CKD [11].

Cumulative survival seems to be lower in HCC patients on regular hemodialysis. 
The major studies of resected uremic patients reported one 1-, 5-, and 10-year OS 
rates of 86%, 52%, and 38%, and DFS rates of 77%, 27%, and 18% [12]. Another 
study found that 1-, 3-, and 5- year survival rates were 78%, 67.9%, and 54.4% for 
patients with HCC on hemodialysis, compared to 88.3%, 74.5% and 64.8% for 
those without hemodialysis. Hemodialysis, older age and advanced tumor stages 
were independent predictors for mortality, with the risk of death 2.03 higher in 
hemodialysis patients compared to non-hemodialysis patients [13].

In conclusion, ESRD on dialysis does not seem to significantly affect the survival 
outcomes of patients undergoing liver resection for HCC. With meticulous opera-
tive techniques and perioperative care, comparable OS and DFS can be achieved in 
selected patients with ESRD and HCC undergoing liver resection. ESRD on dialy-
sis is not expected to be an obstacle to hepatectomy in selected patients [3].

Given the high complication rates associated with resection, locoregional thera-
pies might be a valid alternative. Notably, there appear to be no significant differ-
ences in OS and DFS in patients with naïve HCC treated with liver resection or 
RFA [14].

A significant study evaluating the safety and efficacy of percutaneous RFA in 
hemodialysis patients (enrolling 437 patients on regular hemodialysis and 1345 
matched non-dialyzed patients) found that in-hospital mortality was higher in the 
dialysis group (1.1% vs 0.15%). Mortality was significantly lower in patients 
≤70 years compared to older patients. Hemorrhagic complications were also more 
common in dialysis than non-dialysis patients (3.4% vs 0.87%) [15]. While most 
studies focus on the percutaneous approach, laparoscopic MWA should also be con-
sidered due to its advantages [16].

Liver transplant for early-stage HCC is effective even in patients with advanced 
CKD, and combined liver-kidney transplant is recommended in selected individu-
als [17].
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11.4	� Surgical Treatment of Cholangiocarcinoma 
and Liver Metastasis

There is limited literature on other primary liver cancers and metastatic disease in 
uremic patients. One important consideration is the renal impairment caused by 
prolonged chemotherapy, particularly for colorectal liver metastases and other met-
astatic diseases. Careful patient selection is critical for surgery. It is unlikely that 
these patients will undergo elective surgery while in a uremic state; however, they 
should be considered for surgery at an appropriate time. Repeated surgeries using 
minimally invasive approaches may also serve as a strategy to reduce chemotherapy-
related renal impairment.

An emerging frontier in this field is transplant oncology, where liver transplanta-
tion is considered for patients with cholangiocarcinoma and colorectal liver metas-
tases under specific protocols. Many of these patients have received chemotherapy, 
which can lead to renal impairment. However, no literature currently addresses ure-
mic patients in this context.

For dCCA, the standard surgical treatment is duodenopancreatectomy.

11.5	� Conclusion

In conclusion, a uremic state has to be considered a severe comorbidity, in particular 
in the setting of hepatobiliary malignancies where the high technical complexity of 
the interventions required significantly increases the risk of postoperative morbidity 
and mortality. Moreover, the transitory liver impairment frequently occurring in the 
postoperative course of such interventions may per se induce further renal function 
impairment in the context of the pathophysiologic derangements typical of a hepato-
renal syndrome.

On these bases, the timing, extent of parenchymal resection, access route, surgi-
cal expertise and other converging comorbidities should be carefully considered 
before planning an hepatobiliary operation in uremic patients.
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12.1	� Introduction

Advancements in renal replacement therapy and the management of diabetes and 
cardiovascular conditions have improved life expectancy among patients with 
chronic renal failure [1]. However, surgical outcomes in these patients remain a 
challenge, given their increased vulnerability to complications and mortality. 
Uremic patients undergoing general, vascular, and cardiac surgeries frequently 
experience higher rates of pulmonary complications, reoperations, and infections 
[2–7]. While significant literature exists for oncologic pancreatic surgeries, data on 
non-oncologic pancreatic surgeries for uremic patients are sparse [1].

12.2	� Complications and Considerations in Uremic Patients

Uremic patients undergoing surgery often face complications related to pulmonary 
function, cardiovascular stability, and infection risks. Pulmonary problems are par-
ticularly common and may stem from dialysis-induced hypoxemia and resultant 
hypoventilation [8]. These complications result from impaired gas exchange, 
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alveolar-capillary barrier damage, and possible microvascular pathology related to 
chronic dialysis. Prolonged hospital stays, higher reintubation rates and delayed 
wound healing further underscore their complexity [9]. Preoperative, perioperative, 
and postoperative management tailored to renal dysfunction is critical in mitigating 
these risks. The intricacies of managing these patients demand careful attention at 
every phase of care:

•	 Preoperative care: Comprehensive preoperative evaluation is critical. This includes 
a detailed cardiovascular assessment using echocardiography or stress testing, 
given the high prevalence of cardiovascular disease among uremic patients. 
Correcting anemia with erythropoiesis-stimulating agents and optimizing hemo-
globin levels minimizes perioperative hypoxia and enhances wound healing. 
Stabilizing electrolyte imbalances, particularly potassium and calcium, is vital for 
reducing perioperative cardiac arrhythmia risks [10]. Timely scheduling of dialysis 
before surgery prevents fluid overload and maintains electrolyte balance.

•	 Perioperative considerations: Close monitoring of intravascular volume is imper-
ative. Uremic patients are prone to fluid shifts, which can exacerbate pulmonary 
edema or precipitate hypovolemic shock. Anesthetic agents need adjustments 
based on altered pharmacokinetics and renal clearance. Anticoagulation therapy 
must balance the risks of bleeding due to uremic platelet dysfunction and the 
thrombotic risk associated with dialysis catheters. Fluid and electrolyte manage-
ment demand precise control to prevent exacerbation of renal damage. 
Coagulation disorders require careful monitoring and potential preemptive inter-
ventions [3].

•	 Postoperative phase: Aggressive infection control strategies are paramount, 
given the immune dysfunction associated with uremia. Regular pain assessments 
should guide analgesic administration, avoiding nephrotoxic agents wherever 
possible. Dialysis may require modifications to accommodate nutritional and 
electrolyte losses exacerbated by surgery [1].

12.3	� Indications for Non-oncologic Pancreatic Surgery

While complication and mortality rates of dialysis patients have been a subject of 
several articles in cardiac surgery [11], there is a relative paucity of data on the 
complication and mortality rates of uremic patients undergoing general surgery [7]; 
in addition, most of them deal with topics related to neoplastic pathology. Non-
oncologic pancreatic surgery in uremic patients is typically indicated for conditions 
such as pancreatic trauma, chronic pancreatitis, and severe acute pancreatitis. 
Uremic patients are uniquely vulnerable due to the impact of end-stage renal dis-
ease (ESRD) on pancreatic physiology, with prolonged peritoneal dialysis poten-
tially exacerbating exocrine insufficiency [12–14].

In chronic pancreatitis, indications for surgery typically revolve around alleviat-
ing pain or managing complications such as pseudocysts and bile duct stenoses or 
obstructions. Surgical techniques, such as lateral pancreaticojejunostomy (Puestow 
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procedure), aim to decompress dilated ducts, while preserving endocrine and exo-
crine function. Endoscopic drainage remains preferable in fragile uremic popula-
tions, given its minimally invasive nature and reduced perioperative risk [15, 16].

Management of severe acute pancreatitis in uremic patients exhibits unique chal-
lenges and involves a multidisciplinary approach- Surgical interventions should be 
reserved for:

	1.	 Infected necrotizing pancreatitis with clinical deterioration, unresponsive to per-
cutaneous or endoscopic interventions [16].

	2.	 Persistent organ failure after infection resolution [17].
	3.	 Sterile necrotizing pancreatitis with significant mass effect, including biliary or 

intestinal obstruction, represents another clear surgical indication [15].

Minimally invasive approaches, such as percutaneous drainage, endoscopic necro-
sectomy and laparoscopic or robotic debridement, are increasingly favored due to 
shorter recovery times and reduced systemic inflammation, and should precede sur-
gical approaches whenever feasible [12, 15].

12.4	� Surgical Techniques and Outcomes

Surgical strategies for pancreatic diseases vary based on the pathology and patient 
profile. Surgical options include drainage procedures, pancreatic debridement, and 
resections. Drainage procedures target localized fluid collections and can be per-
formed using percutaneous, endoscopic, or open methods. In uremic patients, non-
surgical drainage is highly recommended when feasible. Although effective for 
specific indications, pancreatic resections carry significant risks, including anasto-
motic leaks and infection, with mortality rates heightened in renal-compromised 
individuals, emphasizing the need for a multidisciplinary approach [1].

The involvement of an integrated team of nephrologists, intensivists, anesthesi-
ologists, and surgeons is vital for developing personalized care plans. This collab-
orative approach enhances outcomes by providing personalized perioperative plans, 
optimizing preoperative preparation, intraoperative management, and postoperative 
recovery, mitigating the risks inherent to this population [1].

The evidence-based analysis of pancreatic resections highlights a consistent 
theme: patients with renal insufficiency undergoing pancreatic surgery face greater 
risks compared to non-uremic patients with increased mortality and complications 
rates. Analysis of perioperative outcomes for pancreatic resections revealed 
increased mortality associated with delayed interventions, emphasizing the impor-
tance of timeliness and multidisciplinary planning [17]. A systematic review con-
firming a significant association between hemodialysis and incidence of acute 
pancreatitis underscores the need for proactive screening in ESRD populations [13]. 
A retrospective study detailed the clinical course of acute pancreatitis in dialysis 
patients, noting increased rates of necrotizing forms and longer hospitalizations 
[12]. Factors contributing to these poor outcomes include prolonged surgical 
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durations, infection risks, and inadequate preoperative dialysis [17]. Conversely, 
studies emphasize the importance of preoperative stabilization and multidisci-
plinary planning in achieving acceptable outcomes [1, 10].

Radiological and endoscopic emerging technologies and techniques have trans-
formed the management of pancreatic diseases offering safer alternatives to tradi-
tional surgery. Endoscopic interventions, including endoscopic retrograde 
cholangiopancreatography (ERCP)-guided drainage and stent placement, have 
proven particularly advantageous. These minimally invasive methods avoid large 
incisions, reduce pain, and enable quicker recovery, crucial for uremic patients with 
limited physiological reserves [15, 16].

12.5	� Challenges and Future Directions

Key challenges include limited high-quality research data on non-oncologic pancre-
atic surgery specific to uremic populations, necessitating reliance on broader studies 
and the adaptation of guidelines from general surgical populations. Future direc-
tions should focus on: expanded use of robotic-assisted pancreatic surgeries to opti-
mize precision and reduce morbidity; advanced imaging modalities, such as 
endoscopic ultrasound (EUS), for early detection of pancreatic abnormalities; pro-
spective multicenter trials to generate robust evidence tailored to the unique physi-
ology of uremic patients [17].

12.6	� Conclusion

Non-oncologic pancreatic surgery in uremic patients is complex, requiring a highly 
nuanced and tailored approach accounting for their increased vulnerability and 
complex pathophysiology. Success depends on multidisciplinary collaboration, 
careful surgical selection, and integration of minimally invasive techniques. 
Continuous research is essential to optimize outcomes and develop evidence-based 
guidelines for managing this high-risk group.
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13.1	� Introduction

Patients with chronic kidney disease (CKD) are at increased risk of developing can-
cers compared to the general population, and their number is expected to rise in the 
future [1, 2]. Specifically, patients receiving chronic hemodialysis are at significant 
risk for all cancers, which are the third leading cause of death among these patients 
with higher incidence and mortality rates of cancer than the general popula-
tion [2–4].

A recent nationwide cohort study of hemodialysis patients with cancer in Japan 
was conducted at 20 centers to evaluate the long-term prognosis of hemodialysis 
patients with cancer compared with cancer patients in general [5]. Patients with 
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Fig. 13.1  Cancer 
occurrence in uremic 
patients on hemodialysis in 
a nationwide multicenter 
study in Japan. (Original 
graph obtained from the 
results of the study [5])

Fig. 13.2  3-year survival rates (%) among operated uremic patients on hemodialysis (surgery) 
and non-operated uremic patients on hemodialysis (no surgery). (Original graph obtained from the 
results of the study [5])

uremia had a higher cancer incidence (Fig. 13.1) and a worse prognosis (Fig. 13.2) 
than those not receiving hemodialysis [5]. Overall, 3-year survival was 83% in 
patients who underwent surgery and 32% in those who did not [5]. In the surgical 
group, patients with kidney and breast cancer had 3-year survival rates greater than 
90%, while those with pancreatic cancer (PC) had the worst 3-year survival rates 
(40%) [5]. In contrast, in the non-surgical group, while patients with liver cancer 
had a 3-year survival rate of 64%, those with stomach or PC had a 3-year survival 
rate of 0% [5]. The causes of death were different in the surgical group compared 
with the non-surgical group [5]. Non-cancer-related mortality (80%) was more 
common in the surgical group, while cancer-related mortality (70%) was predomi-
nant in the non-surgical group [5].
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Among tumors, we focused on PC in uremic patients, trying to analyze whether 
in these subjects PC has peculiar characteristics in terms of incidence, resectability, 
and prognosis.

PC is one of the deadliest malignancies worldwide and the one with the lowest 
survival rates after diagnosis [1, 3]. Its incidence has been gradually increasing over 
the years, probably owing to the aging of the population and for the improvement of 
diagnostic imaging [3, 4]. Pancreatic adenocarcinoma has the highest incidence 
(85%) and is much more frequent than neuroendocrine forms such as gastrinoma, 
insulinoma, somatostatinoma, glucagonoma and non-functional islet cell tumors 
[4]. The most common site of onset is in the pancreatic head [1, 4].

Several factors, both genetic and environmental, have been recognized as being 
responsible for PC, but among them no correlation has been demonstrated between 
uremia and increased development of PC [1, 3, 4]. However, uremic patients present 
very high complication and mortality rates after pancreatectomy, with postoperative 
complications reported to range from 30.6% up to 100% [1, 2, 4]. The number of 
patients with uremia is expected to rise in the future and, consequently, the number 
of pancreatectomies performed in this category of patients [1, 4].

Currently, the results of pancreatectomy in uremia are not well understood. 
Therefore, it is necessary to explore the current state of the art of pancreatectomy 
results in these patients.

13.2	� Perioperative Management

Uremic patients undergoing pancreatectomy have a peculiar peri- and postoperative 
complexity [1, 2, 6]. In fact, these patients often have altered cardiovascular and 
respiratory function [2, 6]. Chronic dialysis can induce hypoxic damage with con-
sequent hypoventilation and can generate damage to the microcirculation [2, 6]. 
This results in prolonged postoperative hospital stay, which increases the risk of 
nosocomial infections [2, 6]. For these reasons, the perioperative management of 
uremic patients undergoing pancreatectomy must be particularly careful [6].

The preoperative phase of these patients is characterized by a detailed cardiore-
spiratory evaluation [2, 6]. In fact, the main comorbidities of uremic patients are 
anemia, often with associated hypoxia, cardiac pathologies and electrolyte imbal-
ances induced by renal malfunction [2, 6]. Consequently, the preoperative phase 
includes blood tests, electrocardiogram and echocardiogram, dialysis programming 
and the potential use of erythropoiesis-stimulating agents to correct the anemia [2, 
6]. Furthermore, since these patients are at risk for platelet dysfunction, adjustments 
of anticoagulant therapy should be considered to reduce the risks of intra- and post-
operative bleeding [2, 6, 7].

Uremic patients have an increased risk of developing hypovolemia and hypovo-
lemic shock intraoperatively [6, 7]. Therefore, during pancreatectomy, special 
attention should be paid to monitoring fluid intake and urine output to reduce the 
risk of acute renal failure or renal damage [6, 7].
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The usually longer postoperative hospitalization of uremic patients requires 
careful monitoring for the appearance of nosocomial infections [6, 7], as they are in 
fact often immunosuppressed and more easily incur bacterial, viral and fungal 
infections [6, 7]. Furthermore, their nephropathy requires not to administer nephro-
toxic anti-inflammatory drugs, except in cases of extreme necessity [6, 7].

In the postoperative evaluation, the surgeon should consider that a uremic 
patient who has undergone pancreatectomy more often has underlying comorbidi-
ties such as ischemic heart disease, diabetes mellitus, and hypertension than the 
general population [2]. In a retrospective analysis of 307 patients, the most com-
mon complication was peritonitis, followed by sepsis, disseminated intravascular 
coagulation, intra-abdominal bleeding, and acute coronary event [2]. Furthermore, 
these patients had higher 30-day mortality (OR 7.45; 95% CI 3.26–17.0; p < 0.001) 
and 90-day mortality (OR 10.9; 95% CI, 6.58–18.2; p < 0.001) than those who did 
not undergo hemodialysis [2]. The highest postoperative mortality in uremic 
patients occurs after any abdominal surgery in addition to pancreatectomy, and 
renal dysfunction is one of the main causes of mortality [2]. A lack of statistically 
significant evidence of increased mortality in these patients has been reported in 
only one paper, but this study was based on small numbers and did not differentiate 
uremic patients based on CKD stage [2]. The same authors note that severe CDK 
in uremic patients is associated with an increased risk of postoperative complica-
tions, so they conclude that only few patients with uremia can undergo pancreatec-
tomy (pancreaticoduodenectomy [Whipple], distal pancreatectomy, central 
pancreatectomy, or total pancreatectomy) [2], as also reported by other authors [8]. 
When drawing these conclusions, it should still be considered that, given that pan-
createctomies in themselves carry a significant risk of morbidity and mortality, the 
influence of preoperative renal function on the surgical outcomes of such proce-
dures has a statistically significant role.

In the J-CANDY study, the authors analyzed 374 hemodialysis patients under-
going surgery for renal, colorectal, gastric, pancreatic, liver, lung, bladder, and 
breast cancer [5]. The study divided patients into two groups: surgical and non-
surgical. The main causes of death in the surgical group were heart failure and 
cerebrovascular accident because, in this series, the oncologic uremic patients in 
the surgical group tended to have less advanced cancers, and therefore surgery 
could give curative results [5]. In contrast, the oncologic uremic patients in the 
non-surgical group were more likely to die from cancer because of advanced 
cancer [5]. Uremia with pancreatic cancer and anemia was characterized by unfa-
vorable prognosis in the surgical group [5]. This study underscored that the treat-
ment of comorbidities in hemodialysis is important to improve the survival of 
cancer patients with uremia [5] and that early diagnosis could positively influ-
ence the prognosis also in those oncologic uremic patients to be subjected to 
surgery [5].

N. Carlomagno et al.



97

13.3	� Oncologic Treatment

Since 2020, gemcitabine (GEM) and S-1 have been used as neoadjuvant chemo-
therapy for resectable pancreatic cancer [9–11]. Neoadjuvant chemotherapy with 
S-1, GEM and nab-paclitaxel is performed in patients with borderline resectable 
tumors, which can be combined with neoadjuvant radiotherapy [9, 10]. In cases of 
patients with initially unresectable tumors and subsequent successful chemother-
apy, it is considered whether to perform pancreatectomy [9–11].

Adjuvant therapy does not present pharmacological differences between uremic 
patients and the general population [6]. In addition to chemotherapy based on S-1 or 
GEM, in cases of positive resection margins, radiotherapy should be requested [6]. 
However, the difference between the two groups of patients concerns the dosage of 
adjuvant chemotherapy: uremic patients receive a reduced dose of S-1 or GEM, due 
to their reduced GFR [10–12]. Blood tests and CT scan are performed every 
3 months for the first 3 years after resection, both in uremic and non-uremic patients 
[10–13]. After the first 3 years, patients without recurrence are usually followed up 
every 4–6  months [11, 13]. The authors who performed the follow-up of these 
patients defined recurrence on radiological or biopsy findings [10, 12]. In the litera-
ture, uremia is a statistically significant risk factor for any complication after pan-
createctomy but not for the onset of serious complications (Clavien-Dindo class 
≥IIIa) [14].

The results of the JASPAC-01 study show that S-1 is better than GEM alone for 
adjuvant therapy in terms of both the time from the date of surgery to the date of 
confirmed cancer recurrence (recurrence-free survival) and the time from the date of 
surgery to the date of death from any cause (overall survival) and that these patients 
have a better prognosis [10]. Uremic patients tend to discontinue neoadjuvant che-
motherapy earlier than non-uremic patients, mainly due to creatinine clearance 
<60 mL/min, anemia [10, 15], or immunodeficiency, [8] and they have a reduced 
ability to complete adjuvant chemotherapy compared to non-uremic patients [8].

For metastatic pancreatic ductal adenocarcinoma (PDAC), GEM-based therapy 
has been the oncologic treatment of choice [16, 17]. Recently, the combined chemo-
therapy regimen of oxaliplatin, irinotecan, fluorouracil and leucovorin 
(FOLFIRINOX) has been adopted to improve the median survival of non-uremic 
patients [16, 17]. Uremic patients with PDAC receiving GEM tolerated chemo-
therapy without unexpected side effects, like patients without renal insufficiency 
[18]. However, there are currently few studies of uremic patients with PDAC treated 
with GEM and even fewer with FOLFIRINOX [16–18]. Only one study has exam-
ined the effects of GEM with nab-paclitaxel in uremic patients [16]. Considering 
that paclitaxel pharmacokinetics in these patients is similar to that in patients with 
normal renal function, as demonstrated by Janus et al., it was hypothesized that nab-
paclitaxel would not require any dose reduction even in uremic patients [16, 19]. 
The outcome was not encouraging as the patient undergoing this chemotherapy 
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regimen developed pneumonitis and grade 3 neutropenia during the first cycle and 
again in the second cycle, even after the dose of both drugs was reduced by 80% 
[16]. Subsequently, this patient continued combination chemotherapy for 7 months, 
with efficacy equal to that of patients with normal renal function [16]. These results 
confirm the need to adjust the dosage of chemotherapy in uremic patients [16]. 
Usually, patients with impaired renal function are not enrolled in studies to evaluate 
the efficacy of chemotherapy [17, 18]. Therefore, the limited case reports present in 
the literature do not allow one to draw statistically significant conclusions in uremic 
patients with pancreatic cancer [16–18]. The lower survival of these patients com-
pared to non-uremic patients with pancreatic cancer depends on the greater underly-
ing comorbidities [16, 17, 20].

13.4	� Surgical Techniques and Outcomes

There is no difference in the surgical approach between uremic patients and non-
uremic patients [6, 7, 12, 21–23]. In fact, for both groups of patients, the surgical 
approach to pancreatic head carcinoma is pancreaticoduodenectomy (PD) together 
with lymphadenectomy of the anterior and posterior pancreatic region, pyloric 
region, hepatoduodenal ligament, common and superior hepatic artery [6]. Resection 
and reconstruction of portal vein and/or superior mesenteric vein is performed in the 
case of tumor adherence to these vessels [6, 24], as per the REDISCOVER guide-
lines [25, 26]. Finally, the extrapancreatic nerve plexus surrounding the superior 
mesenteric artery, common hepatic artery, and celiac trunk must be cleared to mini-
mize the risk of local recurrence [6]. PD accounts for the highest number of pancre-
atectomies in uremic patients, followed by distal pancreatectomy and, finally, 
central or total pancreatectomy [6].

The short-term results after pancreatic resection in uremic patients may be 
acceptable, while the medium- and long-term results may be poor [12, 20]. 
According to Shinkawa et  al., in a retrospective analysis of 307 uremic patients 
undergoing PD for cancer, the main postoperative complications were post-
pancreatectomy hemorrhage, acute coronary event, peritonitis, sepsis, and dissemi-
nated intravascular coagulation. The 30-day mortality rate was 5.2%, and the 90-day 
mortality rate was 17.3%, which was 10.9 times higher in dialyzed uremic patients 
[2, 12]. According to Feyko et al. and Norman et al., the 30-day mortality rates were 
5.1% and 21.4%, respectively [20, 23]. In addition, both authors reported septic 
shock and reintubation as main postoperative complications [20, 23, 26]. Different 
authors have reported several different complications arising in uremic patients: 
cholangitis (100%) [22]; ascites (100%) [21]; postoperative pancreatic fistula, sur-
gical site infection, cholangitis and bile leakage [6]. However, most authors reported 
on the short-term outcomes after pancreatectomy, while the long-term outcomes 
often are not available, because uremic patients have shorter survival due to overall 
compromised general health [4, 6, 20–23]. Therefore, the latter are currently not 
well defined, and no definitive conclusions can be drawn.
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13.5	� Future Directions

Many studies have common limitations that currently hinder the drawing of defini-
tive conclusions. Series of uremic patients with CKD undergoing neoadjuvant ther-
apy are often small compared to the non-uremic oncologic population, so it is 
difficult to assess in detail both the safety and efficacy of neoadjuvant chemoradio-
therapy. Furthermore, the studies are retrospective, single-center, with a selection 
bias, and statistical analysis is not available due to the small number of patients 
undergoing pancreatectomy. However, the current results indicate that pancreatec-
tomy can be performed safely in uremic patients, while the rate of completion of 
adjuvant therapy is significantly low. Therefore, large-scale multicenter and pro-
spective studies are needed in the future to properly identify how CKD and its asso-
ciated comorbidities may influence the postoperative outcomes of pancreatectomy 
in patients with uremia. Further advances in safer chemotherapy and radiotherapy to 
reduce perioperative comorbidities are expected.

13.6	� Conclusion

In uremic patients, pancreatectomies—particularly PD and total pancreatectomy—
should be carefully considered due to the high burden of comorbidities and the 
increased risk of postoperative complications. Treatment should be individualized, 
and a multidisciplinary approach is essential. While the short-term outcomes after 
PD are promising, this procedure should be performed in specialized centers to 
minimize postoperative morbidity and mortality. In the future, large-scale studies 
and the development of standardized guidelines for the peri- and postoperative sur-
gical management of patients with uremia will be crucial.
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14.1	� Introduction

Uremia is a characteristic condition found in patients affected by chronic kidney 
disease (CKD) and end-stage renal disease (ESRD), which can also be a conse-
quence of acute kidney injury (AKI) [1]. Overall surgical mortality rates in patients 
with CKD and ESRD are major concerns in modern surgery as the prevalence of 
these conditions is rising and ESRD is estimated to be associated with a signifi-
cantly increased 30-day mortality after surgery [2]. The main causes of death in 
these surgical patients are to be found in cardiovascular and infectious conditions 
[3]. Indeed, common features of renal failure include:

•	 Electrolyte disorders (e.g., hyperkalemia)
•	 Immunological disorders
•	 Bleeding and anemia.

Those conditions are of vital importance when surgery, and especially kidney sur-
gery, is performed since surgical renal impairment can only worsen them, exposing 
the patient to further perioperative complications.

14.2	� Hyperkalemia

A patient with renal failure may suffer from electrolyte imbalances such as hyper-
kalemia. Surgical and anesthesiologic factors like intraoperative tissue damage, 
extensive tissue dissection, blood transfusion and suxamethonium may sustain and 
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enhance the imbalance by elevating the levels of blood potassium during surgery 
and heighten the putting risk of serious arrhythmias [4]. For these reasons, surgery 
should be postponed in patients at high risk of developing hyperkalemia. In particu-
lar, although there is no clear serum potassium cut-off level to aid decisions in this 
setting, it has been observed that patients with a serum potassium level >5.5 mEq/L 
in the preoperative period are twice as likely to require intraoperative management 
for hyperkalemia as compared to those with a preoperative serum potassium level 
<5.5 mEq/L [4]. Strict monitoring of electrolytes during and after surgery is a key 
point for the management of these patients. Treatment options include loop diuret-
ics and/or polystyrene-binding resins (for mild disease), insulin in combination with 
dextrose i.v. and bicarbonate i.v. (for severe disease). In the acute setting, also cal-
cium gluconate i.v. can be considered [4–6].

14.3	� Immunological Disorders

Patients with uremia develop severe metabolic and immunological disorders. In 
ESRD, neutrophils tend to undergo apoptosis because of the uremic plasma condi-
tions, thus leading to lymphocytopenia and T lymphocyte function impairment [3]. 
Moreover, uremia leads to impaired neutrophilic phagocytosis and monocyte altera-
tions, and enhances oxidative stress with reactive oxygen species production and 
complement dysregulation [1]. In this setting, the probability of developing sepsis 
and septic shock rises dramatically, especially in patients undergoing procedures 
like percutaneous nephrolithotomy (PCNL) [7]. Renal surgery exposes the patient 
to the risk of developing urosepsis, most frequently determined by E. coli infection; 
furthermore, any kind of renal manipulation (whether endoscopic or not) is associ-
ated with increased inflammation, augmented risk of stenosis and hydroureterone-
phrosis, leading to higher susceptibility to infectious disease. Both the European 
Association of Urology (EAU) and the American Urological Association (AUA) 
suggest a <24 h antibiotic prophylaxis before a PCNL; prophylaxis can be either 
performed with fluoroquinolones or cephalosporines depending on the guidelines 
chosen [7]. However, once the infection has developed, initial empiric antimicrobial 
therapy should be started against all likely causative pathogens and should be 
adapted based on culture results, once available [8].

14.4	� Bleeding and Anemia

Bleeding in CKD is a multifactorial condition, related to factors such as platelet 
dysfunction, anemia, concomitant antiplatelet/anticoagulation drugs, and dialysis 
independently increasing the bleeding risk [9]. In CKD patients, platelet function is 
impaired on many levels. First, uremic toxins severely affect von Willebrand fac-
tor’s functionality; in addition, uremic patients have increased levels of prostacyclin 
and nitric oxide (NO), which are both platelet inhibitors. Platelet granule contents 
are dysfunctional as well, enabling reduced release of ADP, serotonin and 
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thromboxane A2. The activity of the IIb/IIIa surface receptors can also be altered by 
uremic toxins [10].

Patients with CKD also exhibit prothrombotic changes with increased factor VIII 
activity which, along with other comorbid conditions commonly affecting these 
patients, often implies the need for anticoagulant/antiplatelet therapy [9, 10]. This 
usually results in increased bleeding risk after surgery. Nevertheless, anemia is not 
only the result of an increased bleeding risk but it could be also its cause. In fact, 
kidney injury usually results in a reduced production of erythropoietin and conse-
quently low levels of red cell mass, dispersion of circulating platelets, difficulty in 
adhesion to the vascular wall and formation of the platelet thrombus [9, 10]. 
Preoperative anemia is also associated with higher rates of acute renal injury [11] 
and therefore CKD patients with these conditions have a higher risk of developing 
acute or chronic kidney injury. The need for blood transfusion after renal surgery is 
not only a driver of hyperkalemia, but it is also associated with disease recurrence 
and mortality from any cause [12]. Therefore, it is important to ensure that a CKD 
patient, especially when candidate for elective renal surgery, reaches the operating 
room with an adequate hemoglobin/hematocrit level. To this end, patients with 
CKD and anemia usually have their own tailored erythropoiesis-stimulating therapy 
but, when urgent surgery is required, transfusion may also be considered. The 
hemoglobin (Hb) threshold for transfusion in this situation is uncertain but the 
Kidney Disease Improving Global Outcomes (KDIGO) guidelines on anemia sug-
gest proceeding with transfusion when the Hb value is ≤7 g/dL (or 70 g/L) [13].

14.5	� Surgical Approaches and Nephron-Sparing Surgery 
in Uremic Patients

14.5.1	� Renal Cancer

Kidney cancer is the 14th cancer for incidence overall for both sexes combined [14]. 
Although much of the epidemiologic data pertain to kidney cancer overall, histo-
logically, renal cell carcinoma (RCC) accounts for almost 90% of the cases, mainly 
including clear cell RCC (ccRCC; 70%), papillary RCC (pRCC; 10–15%), and 
chromophobe RCC (5%). The remaining subtypes represent around 1% of the cases 
[15]. Among the risk factors for developing kidney cancer, CKD and ESRD must be 
considered. CKD and ESRD increase the risk of two- to threefold, particularly 
among African American patients [15]. The increased risk of cancer in patients with 
CKD is well known since kidney dysfunction creates an inflammatory microenvi-
ronment and oxidative stress, which can establish the ideal setting for cancer devel-
opment [16]. Therefore, surgery for renal masses is not uncommon in CKD patients. 
Renal surgery can heavily impact on glomerular filtration rate (GFR), modifying 
perioperative outcomes and patients’ quality of life. CKD in patients with cancer 
also markedly reduces the survival rates [16]. Lane et al. demonstrated that renal 
surgery impacts estimated GFR (eGFR) loss in kidney cancer patients with or with-
out pre-existing CKD.  They showed that patients with a baseline CKD prior to 
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surgery had a more rapid postoperative disease progression compared to patients 
who only developed CKD (defined by an eGFR <60  mL/min) after surgery. 
Moreover, there was a strong relationship between the grade of preoperative CKD 
and the postoperative stability of renal function, with particularly adverse outcomes 
in the subgroups with stages 3b and 4 CKD prior to surgery. A similar association 
was noted when considering all-cause and non-renal cancer mortality [17].

14.5.2	� Radical Nephrectomy or Partial Nephrectomy?

Owing to the preservation of a variable amount of the glomerular mass, partial 
nephrectomy has always been appealing to approach a CKD patient with a renal 
mass. In a retrospective cohort study of 662 patients with both healthy kidneys and 
RCC undergoing partial or radical nephrectomy, partial nephrectomy was associ-
ated with a decreased risk of CKD (80% vs 35% probability of freedom from eGFR 
<60 mL/min/1.73 m2 at the 3-year follow-up, p < 0.001) [18]. However, when con-
sidering patients with CKD prior to surgery, the scenario changes. It seems that 
adverse overall survival in patients with a pre-existing eGFR reduction does not 
result from further impairment of renal function following surgery, but rather from 
other medical comorbidities causing pre-surgical CKD [17].

The EAU guidelines on RCC advise to choose partial over radical nephrectomy 
in patients with T1–T2 tumors and pre-existing CKD so as to limit the risk of ESRD 
which requires hemodialysis [19]. However, patients with CKD are also at risk of 
rapid progression to ESRD; in this case the morbidity that can be associated with 
partial rather than radical nephrectomy would not be justified. Understanding the 
main predictors of progression to ESRD would be helpful to correctly evaluate the 
adequate surgical approach. One retrospective review revealed that, in African 
Americans, a minimally invasive approach and a preoperative eGFR <25  mL/
min/1.73 m2 were the main predictors of progression to ESRD [20]. Conversely, 
another study on kidney cancer patients reported that both in patients with con-
served or reduced eGFR (> or <90 mL/min/1.73 m2) the main factors influencing 
postoperative renal function were age, baseline GFR, RENAL score, diabetes and 
ischemia time [21].

When planning renal surgery, the CKD patient’s diagnostic workup should 
include sequential renal scintigraphy to evaluate split renal function [19] in order to 
predict the possible postoperative functional outcome. This topic is now regaining 
interest and further steps have been made in this direction, as reported by Rathi et al. 
[22]. Clearly, in patients already undergoing dialysis and/or with a kidney affected 
by a tumor which is functionally excluded (e.g., by staghorn calculi), considering a 
partial nephrectomy does not add any benefit.
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14.5.3	� Off-Clamp vs On-Clamp Techniques

In order to minimize or avoid warm ischemia time and improve functional out-
comes, off-clamp techniques have raised growing interest for partial nephrectomy. 
One randomized control trial known as the CLOCK study [23] showed a compara-
ble safety profile of off-clamp vs on-clamp partial nephrectomy in terms of intra- 
and perioperative complications as well as comparable absolute eGFR variation and 
split renal function at 6 months from surgery in patients with regular baseline func-
tion and two kidneys. However, the selective inclusion criteria of this trial exclude 
CKD patients, for whom off-clamp techniques may still be indicated [19].

14.5.4	� Upper Tract Urothelial Carcinoma

Surgical excision of the kidney may also be needed for tumors not originating from 
the renal parenchyma, but which derive from the urothelium; this is the case of the 
upper tract urothelial carcinoma (UTUC).

UTUCs are tumors which account for almost 5–10% of urothelial carcinomas 
with an annual incidence reaching almost two cases per 100,000 inhabitants in 
Western countries. UTUC’s aggressiveness deeply influences the choice of surgical 
approach. Based on the risk of progression to pT2/non organ-confined disease, we 
can identify low- and high-risk UTUC. The current EAU guidelines state that open 
radical nephroureterectomy with bladder cuff excision is the standard treatment of 
high-risk UTUC, regardless of tumor location, while, for low-risk tumors, kidney-
sparing surgery is preferred since it reduces the morbidity associated with radical 
nephroureterectomy (e.g., loss of kidney function), without compromising onco-
logic outcomes [24]. Kidney-sparing surgery includes:

•	 Ureteroscopy and endoscopic ablation. A systematic review shows comparable 
survival outcomes when this technique is compared to radical nephroureterec-
tomy. However, the patient is exposed to higher local recurrence rates and the 
long-term renal preservation outcomes are still uncertain after endoscopic treat-
ment [25].

•	 Percutaneous access and endoscopic ablation. This is usually offered for low-risk 
tumors in the lower calyceal system that are inaccessible or difficult to manage 
by flexible ureterorenoscopy.

•	 Ureteral resection. Distal ureterectomy with ureteroneocystostomy is indicated 
for low-risk tumors in the distal ureter that cannot be completely removed endo-
scopically. However, despite the low level of evidence, also high-risk patients 
can be treated with this technique [26].
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When dealing with a CKD patient, the difference between high and low risk, and 
subsequently between the choice of aggressive or conservative treatment, becomes 
a game-changer for the patient’s quality of life. In this setting, also high-risk patients 
can be treated with nephron-sparing surgery, at the cost of higher recurrence and 
progression rates and with a direct impact on survival. The need to perform kidney-
sparing surgery in a CKD patient whose ureter is involved by tumor paves the way 
for either total ureterectomy with ileal-ureteral replacement or renal autotransplan-
tation with pyelocystostomy [24].

14.5.5	� Stones

The relationship between kidney function and the development of nephrolithiasis 
has always been a topic of interest; in 2004, Vupputuri et al. [27] conducted a case-
control study which demonstrated that patients with a history of stone formation 
were twice as likely to develop CKD. In 2005, Gillen et al. [28] stated that the asso-
ciation between a history of stones and eGFR depended on BMI; in particular, a 
BMI >27  kg/m2 was associated with a decrease of 3.4  mL/min/1.73  m2 of 
eGFR. Similar results were found in two other prospective cohort studies [29, 30]. 
However, both CKD and urolithiasis represent a risk factor for each other’s develop-
ment, and suffering from CKD puts patients at high risk of stone formation [31].

Surgical intervention on these patients is a fundamental approach. In particular, 
renal insufficiency (renal failure, bilateral obstruction, or single kidney) represents 
a main indication for the treatment of ureterolithiasis, while belonging to the high-
risk class for stone formation (e.g., every patient with CKD) is an indication for the 
removal of renal stones. It is evident that uremic patients need surgery when affected 
by stone disease. The choice of surgical approach is mainly dependent on stone 
localization and dimensions. For proximal or distal ureteral stones larger than 
10 mm flexible ureterorenoscopy is preferred over shock wave lithotripsy. If the 
stone is localized in the renal pelvis, the first choice is percutaneous nephrolitho-
tripsy for stones >20 mm, shock wave lithotripsy, PCNL or retrograde intrarenal 
surgery for stones 10–20 mm, and shock wave lithotripsy or retrograde intrarenal 
surgery for stones <10 mm [31].
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15.1	� Introduction

Kidney transplantation is the optimal therapeutic approach for end-stage renal dis-
ease (ESRD), offering a superior quality of life [1]. The first kidney transplant in 
Italy was successfully performed on 2 May 1966 at Policlinico Umberto I by Dr. 
Paride Stefanini, assisted by Dr. Raffaello Cortesini and Dr. Carlo Umberto Casciani. 
The donor kidney was obtained from a young woman with a ptotic kidney at San 
Salvatore Hospital in L’Aquila. Since then, progress in immunosuppressive thera-
pies and advances in immunological understanding have significantly improved 
both graft and recipient survival. Over the past three decades, donation rates have 
quadrupled in Italy, but the number of donors is still insufficient to meet the needs 
of those on the waiting list. As a result, innovative strategies have been developed to 
expand the donor pool. In 2023, Italy reported 1667 donors with an average age of 
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62.1 years—a significant increase from the average age of 48 years in 2002. In the 
same year, 1898 kidney transplants were performed to meet the needs of nearly 
6000 patients on the kidney transplant waiting list [2].

15.2	� Indications and Contraindications

Kidney transplantation is indicated in cases of chronic ESRD (stage 5: GFR less 
than 15 mL/min), with superior patient and graft survival rates observed when the 
procedure is performed pre-emptively. Currently, diabetes mellitus is the primary 
cause of ESRD in numerous developed and developing countries [3]. Other etiolo-
gies include hypertension, glomerular disease (primary or secondary), and cystic 
kidney diseases (Fig. 15.1).

Contraindications are primarily associated with immunosuppressive therapies 
that have been demonstrated to facilitate the growth of tumors and infections. 
Accordingly, absolute contraindications include neoplasms in the active phase or 
with a follow-up period of less than five years. Nevertheless, in selected cases where 
the tumor type and stage are appropriate, a shorter follow-up period may be feasi-
ble. Furthermore, the presence of chronic infections in the active phase or severe 
cardiorespiratory conditions represents an additional absolute contraindication. 
Relative contraindications are conditions that may impair the patient’s capacity to 
adhere to immunosuppressive therapy. These include alcoholism, drug addiction 
and severe psychiatric illnesses.

Fig. 15.1  The underlying 
conditions that result in 
end-stage renal disease in 
patients on the kidney 
transplant waiting list. 
(Data derived from the SIT 
database 2002–2019)
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15.3	� Deceased-Donor Kidney

The possibility of transplantation is conditioned upon the availability of an organ 
donor, who may be either living or deceased (donors after brain death or after circu-
latory death). In the latter case, if the deceased donor has consented to donation 
during their lifetime or if there is no objection from the donor’s relatives following 
the donor’s death, organ procurement is permitted.

15.3.1	� Donation After Brain Death

In donation after brain death (DBD) the procurement of organs is conducted in sub-
jects who have succumbed to brain death as a consequence of irreparable damage to 
the brain, precipitated by trauma, hemorrhage, ischemia or the presence of brain 
tumors (regulated by Italian Law N. 578 of 29 December 1993 and the associated 
Decree N. 582 of 22 August 1994). The certification of brain death is conducted 
through specific tests designed to assess the absence of all cranial nerve reflexes and 
the death of the brain stem by a committee comprising a medical examiner (or, in 
their absence, a chief medical officer, or otherwise an anatomopathologist); an anes-
thetist; a neurologist or neurosurgeon with expertise in electroencephalography. A 
neurologist or neurosurgeon with expertise in electroencephalography must also be 
present at the inception and conclusion of an observation period, which spans 6 h 
for adults, 12 h for children under five years of age and 24 h under one year of age.

15.3.2	� Donation After Circulatory Death

In Italy, in order to verify donation after circulatory death (DCD), an electrocardio-
gram must be recorded for a minimum of 20 min (no-touch period). This is to dem-
onstrate the irreversibility of the cardiac arrest (in accordance with Law No. 578 of 
29 December 1993). This period is considerably longer than that required by law in 
the majority of other Western countries, where the required duration ranges between 
5 and 10 min. DCD can be classified into two principal categories: controlled and 
uncontrolled.

15.3.2.1	� Uncontrolled Donation After Circulatory Death
An uncontrolled DCD is defined as a patient who has experienced a sudden cardiac 
arrest. In particular, the Maastricht classification differentiates between three cate-
gories of uncontrolled cardiac arrest: uncontrolled and unwitnessed (category 1), 
uncontrolled and witnessed (category 2), or heart suddenly stopped after the criteria 
for declaring brain death have been met (category 4). In the case of the first two 
categories of patients, death is declared when all attempts at cardiopulmonary resus-
citation have been unsuccessful.

15  Kidney Transplant Surgery



114

15.3.2.2	� Controlled Donation After Circulatory Death
A controlled DCD (Maastricht category 3) is defined as a patient who experiences 
an expected cardiac arrest following the suspension of life-support treatments. A 
considerable number of kidneys, lungs, and livers (and, in selected cases, hearts) 
that are successfully used for transplantation today originate from DCD donations 
in the United States, Australia, and certain European countries. The 20  min no-
touch period presents a challenge for Italy in terms of the quality of the organs to be 
transplanted, resulting in a delay in the implementation of DCD programs. 
Nevertheless, DCD programs have been established in numerous hospitals across 
various Italian regions since 2015, representing approximately 20–25% of the trans-
planted kidneys today. The long-term results are highly favorable and, on the whole, 
comparable to those observed following the procurement of organs from DBD [4, 5].

15.3.3	� Expanded Criteria Donors

An expanded criteria donor (ECD) is defined as any individual aged 60 years or 
above, or a donor aged 50 years or above with two or more of the following charac-
teristics: a history of elevated blood pressure, serum creatinine levels exceeding 
1.5 mg/dL, and a cause of death related to stroke. The utilization of ECD has the 
potential to reduce waiting list times. It is anticipated that the outcomes will be 
inferior to those achieved with a standard donor, although the precise level of risk is 
currently unknown. At the 5-year follow-up, 50% of kidneys from ECD were still 
functioning. Furthermore, transplant recipients exhibited higher survival rates com-
pared to patients who remained on the waiting list [6].

15.3.4	� Dual Kidney Transplant

In some instances, the function of a single kidney from an ECD is deemed insuffi-
cient. In this instance, it is feasible to transplant both kidneys into the same recipi-
ent. This dual transplant option offers outcomes that are comparable to those of a 
single-kidney transplant with normal function and can effectively address the short-
age of donor organs [6].

15.4	� Hypothermic and Normothermic Machine Perfusion

The preservation of marginal kidney grafts, including those from DCD or ECD, 
through hypothermic machine perfusion has been demonstrated to result in superior 
clinical outcomes [7]. The system comprises a circuit to which the kidney transplant 
is connected. A preservation solution is circulated within the kidney transplant at a 
pulsatile or continuous flow, with the assistance of a pump. The temperature is set 
at 4–8 °C, which results in a reduction in cellular metabolism to between 5% and 
10% [8]. Experimental studies have indicated that the addition of oxygen to the 
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perfusion solution may prove beneficial in the hypothermic machine perfusion of 
kidney transplants. Normothermic machine perfusion represents an emerging alter-
native technique that employs cardiopulmonary bypass technology with extracorpo-
real membrane oxygenation to perfuse kidneys with a warmed and oxygenated 
red-cell-based plasma-free solution [9, 10].

15.5	� Living-Donor Kidney

The outcomes of transplants from living donors are superior to those from deceased 
donors due to a reduction in ischemia time, an enhancement in organ quality, and, 
in the case of blood relatives, an elevated level of genetic compatibility. In Italy, liv-
ing kidney donation is subject to strict regulation in accordance with the provisions 
set forth in Law 26 June 1967 n.458. It is permitted in the context of blood relatives, 
emotionally related subjects, and in cases of so-called “Samaritan donation”, 
whereby an individual donates to an unknown recipient. The donation must be a 
free, voluntary, and informed act, revocable at any time and without any undue 
influence.

15.5.1	� Living Donor Nephrectomy

The initial surgical techniques developed for living donor nephrectomy were per-
formed using the open technique, with incisions made on the side (lombotomy) or 
on the anterior abdominal wall (transperitoneal). These two approaches have been 
superseded by the video-assisted laparoscopic kidney approach via the transperito-
neal or retroperitoneal route. In the literature, the mortality rate reported for all liv-
ing donor procurements is 0.03% [11]. Furthermore, it is possible to perform the 
nephrectomy procedure with a robot-assisted laparoscopic approach, which yields 
the same esthetic and clinical results.

15.5.2	� Immunological Incompatibility

It is estimated that 55% of cases where couples are unable to proceed with direct 
transplantation are attributable to immunological causes: blood group incompatibil-
ity or positive cross-match.

15.5.2.1	� AB0 Incompatible Transplant
Group incompatibility occurs when the donor and recipient have different blood 
groups and are not both group 0. In such cases, specific desensitizing treatment can 
be performed before the transplant in the recipient. This may include plasmaphere-
sis, anti-B cell drugs and enhanced induction and maintenance immunosuppression. 
The results of this treatment are comparable to those achieved in standard AB0-
compatible pairs [12].
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15.5.2.2	� HLA Incompatible Transplant (Positive Flow Cross-Match)
HLA-incompatible transplants, such as those with a positive flow cross-match, 
occur when a recipient has pre-formed donor-specific anti-HLA antibodies 
(DSA), leading to a higher risk of graft rejection. In such cases, the recipient’s 
immune system is primed to recognize and attack the donor tissue, resulting in 
acute or hyperacute rejection. Despite these challenges, advances in immunosup-
pressive therapies and desensitization protocols, including plasmapheresis, intra-
venous immunoglobulin, and rituximab, have improved outcomes for these 
patients. These strategies help reduce DSA levels and suppress immune activa-
tion, allowing successful transplantation. However, HLA-incompatible trans-
plants remain associated with increased risks of graft dysfunction, 
antibody-mediated rejection, and infection due to intensified immunosuppres-
sion. Careful patient selection, meticulous monitoring, and tailored therapeutic 
approaches are crucial for optimizing outcomes and minimizing complications in 
this high-risk transplant population [12].

15.5.3	� Kidney Paired Donation Programs

In cases of blood group incompatibility with a high antibody titer and, consequently, 
an elevated risk of transplant failure, or in instances of high-level HLA incompati-
bility accompanied by a positive cytotoxic cross-match, the donor and recipient 
may be presented with the option of joining the national kidney paired donation 
(KPD) protocols. These programs facilitate the formation of compatible combina-
tions among pairs of patients who are candidates for a kidney transplant from a 
living donor but who are immunologically incompatible with each other. These pro-
grams comprise the standard KPD protocol, transplant chains initiated from a 
Samaritan donor and the DEC-K transplant program, which commences from a 
standard deceased donor.

Since September 2007, Italy has been part of the South Alliance for Transplant, 
an international organization that oversees the KPD program at an international 
level between three countries of the Mediterranean area, together with Spain and 
Portugal.

15.6	� Transplant Surgery

Kidney transplantation is a heterotopic transplant, meaning the donor kidney is 
placed in a location different from that of the native kidneys. Typically, the trans-
planted kidney (graft) is positioned in an extraperitoneal location within the iliac 
fossa. Importantly, the native kidneys are generally left in place unless specific 
conditions necessitate their removal. These conditions include significantly 
enlarged polycystic kidneys, which might occupy the space required for the graft, 
or the presence of complications such as neoplasms or recurrent infections like 
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pyelonephritis. The surgery is performed under general anesthesia with the 
patient in the supine position. A commonly used incision is the pelvic Gibson 
incision, an oblique or curvilinear cut providing optimal access to the iliac ves-
sels. The decision to operate on the right or left side depends on the surgeon’s 
preference and specific circumstances, such as the anatomical condition of the 
recipient’s iliac vessels. For example, the right side often allows simpler vessel 
preparation, but factors like atherosclerosis or prior transplants may affect the 
choice. Vascular anastomoses are critical steps in the procedure. The donor renal 
vein is connected to the recipient’s external iliac vein, and the donor renal artery 
is connected to the recipient’s external iliac artery. These connections are made 
using precise end-to-end anastomosis techniques with a non-absorbable mono-
filament suture (6/0 or 5/0) to ensure secure and efficient blood flow. Following 
vascular anastomoses, the kidney is reperfused, restoring blood flow to the graft. 
After the graft is reperfused, the donor ureter is surgically connected to the recip-
ient’s bladder. This step involves an anti-reflux technique, often performed using 
the Lich-Gregoire method, to reduce the risk of urinary reflux, which can lead to 
infections and other complications. Kidney transplant surgery is intricate and 
requires meticulous planning and execution to ensure graft functionality and 
minimize postoperative risks. The success of the surgery depends on precise vas-
cular and urinary reconstructions, careful patient preparation, and individualized 
surgical strategies.

15.7	� Laparoscopic Kidney Transplant

Laparoscopic kidney transplantation is a minimally invasive surgical technique that 
offers potential benefits, including reduced postoperative pain, faster recovery, and 
improved cosmetic outcomes. However, it presents unique technical challenges, 
particularly in performing precise vascular anastomoses. These challenges can lead 
to an increase in warm ischemia time—the period during which the transplanted 
kidney remains without blood flow at body temperature—which may impact early 
graft function if prolonged. While initial studies suggest that laparoscopic kidney 
transplantation achieves outcomes comparable to traditional open procedures 
regarding graft and patient survival, the existing data should be interpreted with 
caution. The majority of studies to date are single-center investigations with small 
sample sizes, which may not provide the statistical power needed for generalized 
conclusions [13].

15.8	� Robot-Assisted Kidney Transplantation

Robot-assisted kidney transplantation (RAKT) represents an evolution of mini-
mally invasive techniques, particularly advantageous for obese patients and those at 
higher risk for complications. Obese patients often face challenges with traditional 
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surgical approaches, such as increased risk of wound infections and difficulty in 
surgical access. Robotic systems, equipped with enhanced visualization, precision, 
and dexterity, enable surgeons to perform intricate procedures, such as vascular and 
ureteral anastomoses, with greater accuracy and control. Current literature supports 
the use of robotic assistance for achieving improved clinical outcomes in selected 
patient groups. Despite this promise, the success of RAKT heavily depends on the 
surgeon’s expertise and training. Robotic technology has a steep learning curve, and 
centers with significant experience in robotic surgery report the best outcomes. 
Broader adoption of RAKT may require standardization of training protocols and 
improved accessibility to robotic systems.

While robotic and laparoscopic techniques are advancing the field of kidney 
transplantation, further high-quality multicenter randomized controlled trials are 
needed to assess their long-term impact on graft function, survival, and overall cost-
effectiveness compared to open surgical methods across diverse patient populations 
and surgical teams [14].

15.9	� Kidney Transplant Complications

Kidney transplantation is a life-saving treatment for ESRD but is associated with 
a range of complications that can impact patient outcomes. These complications 
can be broadly categorized into surgical, medical, immunological, and non-
immunological types, reflecting the complexity of the procedure and post-transplant 
care [15–17] (Table 15.1).

Table 15.1  Kidney transplant complications

Surgical complications
Vascular complications Bleeding

Renal artery stenosis
Renal artery thrombosis
Renal vein thrombosis

Urological complications Ureteral stenosis
Urinary fistula

General complications Lymphocele
Wound infection

Medical complications
Immunological complications Hyperacute rejection

Acute rejection Antibody-mediated
Cell-mediatedChronic rejection

Non-immunological complications Infections Viral
Bacterial
Parasitic

Neoplasms (long-term) Lymphomas
Skin tumor
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15.9.1	� Surgical Complications

Surgical complications include issues related to the technical aspects of 
transplantation.

•	 Vascular complications (range between 0.1% and 23%):
	– Renal artery stenosis: The most common vascular complication, occurring in 

1–23% of cases, often diagnosed during routine ultrasound surveillance. 
Causes include intimal trauma, hyperplasia, and minimal surgical errors, 
leading to hypertension, graft dysfunction, and fluid retention. Treatment 
involves angioplasty and stenting; surgical intervention is reserved for refrac-
tory cases [18].

	– Renal artery thrombosis: Caused by technical issues like vessel torsion or 
underlying conditions such as hypercoagulable states or rejection. Clinically, 
cessation of diuresis is observed. Diagnosis relies on duplex ultrasound and 
CT angiography. Immediate surgical intervention is critical, and in cases of 
irreversible ischemia, transplantectomy is required.

	– Renal vein thrombosis: Rare (0.1–4.2%), it may result from factors like surgi-
cal technique, immunosuppression, or donor-recipient mismatch. High clini-
cal suspicion is necessary for diagnosis, and treatment options include 
thrombolytic therapy or thrombectomy and in cases of irreversibility, trans-
plantectomy is required [19].

•	 Urological complications (range between 1.7% and 15%):
	– Ureteral stenosis: Often linked to ischemia or fibrosis, ureteral stenosis is 

marked by hydronephrosis seen on ultrasound. Management ranges from 
stent placement to reconstructive surgery.

	– Urinary fistulae: These can occur at the ureter, pelvis, or bladder and present 
as fluid collections identified by ultrasound. Management includes drainage, 
catheterization, and potentially surgical re-anastomosis.

•	 Other complications:
	– Lymphocele (ranges between 0.6% and 18%): Commonly caused by lym-

phatic vessel disruption, it is diagnosed by ultrasound and fluid analysis to 
differentiate it from urinoma. Treatments range from drainage to laparoscopic 
fenestration.

	– Wound infection (ranges between 8% and 10%): This requires prompt treat-
ment to prevent further complications. A robot-assisted laparoscopic approach 
is promising in reducing its incidence.
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15.9.2	� Medical Complications

Medical complications arise from immunosuppression or the underlying health 
conditions of the recipient.

•	 Immunological complications:
•	 Diagnosed by ultrasound-guided graft biopsy and categorized according to the 

Banff Classification of Allograft Pathology, an international consensus classifi-
cation of renal transplant pathology that has been continuously refined since 
1991 and is reflected in the relevant Banff meeting reports [20].
	– Hyperacute rejection: This now very rare event, occurring within 48 h, results 

from pre-existing antibodies to donor antigens. Stringent cross-matching pro-
tocols have significantly reduced its incidence.

	– Acute rejection: A common event within three months, but possible through-
out the life of the graft, caused by cell-mediated or antibody-mediated immune 
responses. It is diagnosed by biopsy, and treatment involves intensification of 
immunosuppression.

	– Chronic rejection: This insidious form of rejection evolves over years, charac-
terized by gradual graft dysfunction. Chronic rejection is managed through 
optimization of immunosuppression but may ultimately necessitate 
re-transplantation.

•	 Non-immunological complications:
	– Infections: Opportunistic infections (viral, bacterial, fungal, or parasitic) are 

common due to immunosuppressive therapy. Careful monitoring and prophy-
laxis reduce these risks.

	– Neoplasms: Immunosuppressed patients face an elevated risk of malignan-
cies, particularly lymphomas and skin cancers. Long-term monitoring for 
early detection and treatment is critical [21].

15.9.3	� Management and Prevention Strategies

Proper surgical techniques, advanced imaging for early diagnosis, and multidisci-
plinary care are essential in managing complications.

•	 Routine ultrasound surveillance plays a key role in identifying vascular and uro-
logical issues.

•	 Protocols for immunosuppressive therapy aim to balance rejection prevention 
and the risk of secondary complications like infections or malignancies.

•	 Cancer screening: A significant focus in long-term care, with research highlight-
ing increased cancer mortality in transplant recipients.

Understanding and mitigating these complications are critical to improving survival 
and quality of life in kidney transplant recipients.
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15.10	� Immunosuppressive Treatment

Immunosuppressive therapy is a cornerstone of care for kidney transplant recipients 
to prevent immune-mediated rejection of the transplanted organ. These regimens 
are tailored to factors such as the time since transplantation, the recipient’s immu-
nological risk, the underlying cause of renal failure, and the condition and function 
of the graft.

15.10.1	� Types of Immunosuppressive Drugs

Immunosuppressive medications are broadly classified into induction therapy and 
maintenance therapy, with distinct goals and mechanisms of action.

•	 Induction Therapy: Induction therapy is administered during the immediate peri-
operative period to prevent and suppress immune activation to minimize the risk 
of acute rejection. Biological agents such as monoclonal and polyclonal antibod-
ies, including anti-thymocyte globulin (ATG), basiliximab (IL-2 receptor antag-
onist), and alemtuzumab (anti-CD52 antibody), are common choices. These 
drugs deplete or inhibit T-cell activity, reducing the recipient’s immune response 
to the graft.
	– Basiliximab is a chimeric monoclonal antibody directed against the alpha 

chain of the interleukin-2 receptor (IL-2R). It is involved in binding to and 
blocking this chain, thereby preventing IL-2R activation.

	– Anti-thymocyte globulin (ATG) is an infusion of horse or rabbit-derived anti-
bodies against human T cells and their precursors (thymocytes), which is used 
in the prevention and treatment of acute rejection.

	– Polyclonal antibodies (immunoglobulins)—the polyclonal immunoglobulin 
(Ig) is an Ig extract pooled from thousands of plasma donors to create a prod-
uct that is rich in IgG [22].

•	 Maintenance Therapy: Maintenance therapy is required lifelong to maintain 
graft acceptance and prevent chronic rejection.
	– Triple-drug regimen: The most common protocol includes:

•	 Glucocorticosteroids (e.g., methylprednisolone and prednisone): In the 
early 1960s, corticosteroids were first used. These drugs provide rapid, 
broad immunosuppression and immunomodulatory effects by suppressing 
inflammatory cytokine production and lymphocyte immunosuppressive 
activity. They bind to glucocorticoid receptors in the cell cytoplasm and 
inhibit the production of various pro-inflammatory and immunomodula-
tory cytokines, such as IL-1, IL 2, IL-6, and TNF-α, through the blockage 
or competition for the function of transcription factors, such as nuclear 
factor-kappa-B (NF-kB) and activator protein-1 (AP-1), which are neces-
sary for transcription of pro-inflammatory mediators. Side effects include 
increased risk of infections, osteoporosis, edema, alkalosis, metabolic and 
gastrointestinal disorders.
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•	 Calcineurin inhibitors (CNIs) (e.g., cyclosporine and tacrolimus): 
Cyclosporine (CsA) and tacrolimus (FK506) inhibit cellular activity and 
the humoral immune response by calcineurin inhibition. This inhibition 
occurs through the formation of a complex with the immunophilin FK506, 
preventing NF-AT translocation, which promotes T helper cell prolifera-
tion mediated by IL-2. They are pivotal for preventing acute rejection but 
carry risks of side effects, including nephrotoxicity, hepatotoxicity, cardio-
vascular disease, increased incidence of neoplasms, post-transplant lym-
phoproliferative disease related to the activation of Epstein-Barr virus 
(EBV). Tacrolimus seems to have an immunosuppressive effect one hun-
dred times stronger than CsA.  For this reason, tacrolimus has replaced 
cyclosporine in new transplants. The target concentrations of both CsA and 
FK506 are influenced by several factors and by interactions with other 
drugs. For this reason, periodic determination of their blood level is 
necessary.

•	 Antiproliferative drugs: Azathioprine in the 1960s was the first immuno-
suppressive drug used on a large scale in organ transplantation. Today it 
has been replaced by mycophenolate mofetil (MMF), and mycophenolic 
acid (MPA), which inhibit lymphocyte proliferation by disrupting purine 
base synthesis required for T- and B-cell proliferation. Side effects are gas-
trointestinal disturbances, leukopenia and increased risk of cytomegalovi-
rus infection. Sodium mycophenolate is an enteric-coated formulation 
developed to minimize MPA-related gastrointestinal symptoms through 
release and absorption after the passage through the stomach.

	– Other currently available drugs
•	 Mammalian target of rapamycin inhibitors (mTOR-i) (e.g., sirolimus and 

everolimus): mTOR-i are inhibitors of mTOR, inhibiting T- and B-cell pro-
liferation and differentiation, antibody production, and the proliferation of 
non-immune cells (fibroblasts, endothelial cells, hepatocytes, and smooth 
muscle cells). The most common side effects of mTOR-i are pneumonitis, 
surgical scar infection or late healing, lymphocele, post-transplant diabetes 
mellitus, hypertriglyceridemia, hypercholesterolemia, proteinuria 
and edemas.

•	 Belatacept is a CTLA-4 molecule fused to the Fc domain of human IgG1 
produced by recombinant DNA technology in Chinese hamster ovary cells. 
This protein binds to the CD80 and CD86 molecules on APCs and prevents 
their interaction with the CD28 molecule of T lymphocytes, blocking co-
stimulation, the second signal of lymphocyte activation; thus, belatacept is 
a selective blocker of T lymphocyte co-stimulation.

15.10.2	� Evolving Therapies and Considerations

Biological agents also play a role in treating rejection episodes and minimizing the 
need for high-dose corticosteroids, thereby reducing steroid-related complications. 
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Research is ongoing into agents like belatacept, a co-stimulation blocker, which 
offers an alternative to calcineurin inhibitors for maintenance therapy, reducing 
nephrotoxicity risks.

15.10.3	� Tailoring Therapy

Immunosuppressive regimens are individualized based on:

•	 Immunological risk: High-risk patients (e.g., with pre-existing donor-specific 
antibodies) may require intensified induction therapy and careful monitoring.

•	 Underlying pathology: Certain causes of ESRD, such as autoimmune diseases, 
may warrant modified protocols.

•	 Graft condition: If the graft shows signs of dysfunction, regimens may be 
adjusted to improve efficacy while minimizing side effects.

15.10.4	� Challenges and Risks

•	 Side effects: Long-term use of immunosuppressive drugs can lead to complica-
tions such as infections, cardiovascular disease, diabetes, hypertension, and 
malignancies.

•	 Therapeutic monitoring: Many drugs, particularly CNIs, require frequent moni-
toring of blood levels to balance efficacy and toxicity.

15.10.5	� Future Directions

Advancements in immunosuppressive therapies aim to improve long-term graft sur-
vival while minimizing adverse effects. Innovations such as precision medicine, 
tolerance induction strategies, and the use of biologics with targeted mechanisms 
are areas of active research. Improved immunosuppressive protocols will enhance 
patient outcomes and quality of life, highlighting the need for continued exploration 
and optimization.

15.11	� Combined Transplantation

Combined organ transplantation is a life-saving option for patients with multi-organ 
dysfunction, offering better survival, improved quality of life, and enhanced meta-
bolic control. This approach is particularly relevant for individuals with coexisting 
kidney and other organ failures, such as those associated with diabetes or liver dis-
ease. Two primary types of combined transplantation are pancreas-kidney trans-
plantation and simultaneous liver-kidney transplantation.
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15.11.1	� Pancreas-Kidney Transplantation

Pancreas-kidney transplantation is most commonly performed in patients with type 
1 diabetes mellitus and ESRD. Pancreas-kidney transplantation restores renal func-
tion, eliminates insulin dependence and alleviates progressive diabetes-related com-
plications. Recipients often report significantly improved quality of life and a 
reduced risk of cardiovascular events [23].

•	 Simultaneous pancreas-kidney transplant (SPKTx): SPKTx accounts for approx-
imately 75% of pancreas transplants and involves transplanting both organs from 
a single deceased donor. SPKTx is indicated for patients with severe metabolic 
complications of diabetes and ESRD, offering both insulin independence and 
renal function restoration. SPKTx improves survival by addressing both kidney 
failure and metabolic complications of diabetes. It prevents the progression of 
diabetic complications such as retinopathy and neuropathy, reducing morbidity, 
and it prevents recurrence of diabetic nephropathy on the kidney allograft.

•	 Pancreas after kidney transplant (PAKTx): In about 15–20% of cases, the pan-
creas transplant follows a successful kidney transplant (mainly from a living 
donor). PAKTx is typically indicated for patients whose kidney transplant has 
stabilized renal function, allowing them to focus on resolving diabetes-related 
metabolic challenges and preventing diabetic nephropathy on the graft.

•	 Pancreas transplant alone (PTA): In a smaller subset of patients (5–10%), PTA is 
performed for individuals with diabetes but without diabetic nephropathy. These 
patients often experience severe and potentially life-threatening complications 
like hypoglycemia unawareness, frequent diabetic ketoacidosis, and poor meta-
bolic control despite advanced insulin therapies.

15.11.2	� Liver-Kidney Transplantation

Simultaneous liver-kidney transplantation (SLKTx) is a critical intervention for 
patients with dual organ failure, particularly end-stage liver disease (ESLD) com-
bined with ESRD, a common complication in patients with severe liver disease, 
often exacerbated by conditions such as hepatorenal syndrome or systemic compli-
cations of liver disease. Mortality in such cases is significantly reduced by com-
bined transplantation. SLKTx is primarily indicated for HCV liver disease with 
associated glomerulonephritis; hepatorenal polycystic disease, a genetic disorder 
affecting both the liver and kidneys; and primary hyperoxaluria type I, a rare meta-
bolic disorder that leads to systemic oxalate deposition and severe organ damage. 
Since the first SLKTx in 1983, its use has increased dramatically, especially after 
the introduction of the MELD (Model for End-Stage Liver Disease) scoring system 
in 2002 [24]. MELD prioritizes transplantation based on liver and kidney function 
giving preference to patients with co-existing ESRD, and its introduction has 
increased the number of SLKTx procedures by over 300%. SLKTx improves sur-
vival and quality of life in patients with dual organ failure. By treating both liver and 
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kidney dysfunction at the same time, it reduces the risks associated with staged 
procedures and improves the success of organ transplantation.

Combined transplantation represents a critical option for patients with complex 
medical needs, offering improved outcomes when performed in centers with exten-
sive expertise. Ongoing advancements in immunosuppression, organ procurement, 
and patient management are set to further enhance the success rates and accessibil-
ity of these procedures.

15.12	� Conclusions

Kidney transplantation remains the gold standard for treating ESRD, significantly 
improving quality of life and survival rates. Progress in donor availability, such as 
expanded criteria donors and donation after circulatory death, and innovative pres-
ervation techniques like machine perfusion have broadened the transplant land-
scape. Advances in immunosuppressive therapy and strategies to overcome 
immunological barriers, including AB0-incompatible transplants, have enhanced 
graft and patient outcomes. Surgical innovations, such as robotic-assisted proce-
dures, offer additional benefits for selected patient groups, despite their technical 
complexities. Living donor programs continue to provide superior outcomes due to 
reduced ischemia and better organ compatibility. Comprehensive management of 
surgical, immunological, and non-immunological complications is pivotal to patient 
success. Multidisciplinary approaches and continuous research into new immuno-
suppressive and regenerative therapies hold promise for further reducing complica-
tions. As donor numbers strive to meet rising demands, bioartificial organs and 
xenotransplantation are emerging as future directions. Kidney transplantation 
exemplifies the integration of surgical precision, medical advancements, and inno-
vative science to address the growing global need for effective renal replacement 
therapies.
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16.1	� Introduction

The pathological features that can modify the outcome of a transplant and impact 
the patients’ quality of life must always be evaluated. The surgical treatments for 
these diseases, regardless of the affected organ, are described in the other chapters 
of this monograph. In this chapter we will focus specifically on two common condi-
tions that may require a nephrectomy: polycystic kidney diseases (PKDs) and the 
removal of a non-functioning kidney graft.
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16.2	� Polycystic Kidney Diseases

Autosomal dominant polycystic kidney disease (ADPKD) is the most frequent form 
of PKD, and it leads to end-stage renal disease (ESRD). It is a multisystem disease 
characterized by the bilateral formation of renal cysts. It has adult onset and a 
genetic basis: the two most commonly involved genes are PKD1 and PKD2, which 
encode for the proteins polycistin-1 and -2, respectively [1–4]. Clinical features 
such as hypertension, abdominal pain and fullness, hematuria and urinary tract 
infections are common and manifest years before the renal failure. Hypertension is 
the first manifestation of ADPKD and it occurs in nearly all patients with ESRD 
[5–8]. It has a progressive course towards ESRD: the expanding cysts secrete cyto-
kines with the development of fibrosis and this process determines the impairment 
of the renal parenchyma [9]. Management is mainly aimed at slowing down the 
renal failure and mitigating its symptoms by using standard therapies, but also at 
controlling the cysts’ growth with common drugs such as octreotide LAR, mTOR 
inhibitors (e.g., sirolimus, everolimus), or the newer vasopressin V2 receptor inhibi-
tors (e.g., tolvaptan). Unfortunately, despite these therapies almost all patients will 
need renal replacement therapy (RRT), that is, hemodialysis (HD), peritoneal dialy-
sis (PD) or kidney transplantation (KTx). The RRT gold standard should be KTx, 
especially in patients receiving pre-emptive transplantation after living donation 
[10, 11].

Native nephrectomy (NN) is not routinely recommended before the KTx, but it 
is performed in selected circumstances, such as cyst infection, recurrent or severe 
bleeding, pain not responsive to medical therapy or in the case of lack of space for 
the graft [3, 10, 12] (Fig. 16.1).

Polycystic kidney nephrectomy is often performed at highly specialized centers. 
However, it is not uncommon for the procedure to be done also in general surgery 
units, for a variety of circumstances (i.e., emergency conditions). The ideal timing 
is an ongoing topic of discussion in the literature. In fact, while polycystic kidneys 
are always at risk of septic or bleeding complications, their removal causes a 
decrease of erythropoietin and a worsening quality of life due to a reduced quantity 
of residual diuresis. Avoiding the anuric state allows the patients to better handle the 
dialysis treatment and, in the pre-dialysis ESRD phase, to receive a preventive trans-
plant [2, 12].

A PubMed database search using the key words “polycystic kidney disease”, 
“native nephrectomy” and “kidney/renal transplantation” was carried out to retrieve 
the latest published research regarding the optimal timing for NN.

Veroux et al. conducted a retrospective study on 145 patients, divided into three 
groups. They analyzed post-transplant outcomes and patient and graft survival rates 
at 5 years and found no differences between patients who did not undergo nephrec-
tomy and those who underwent simultaneous nephrectomy and transplantation. The 
patients subjected to pre-transplant NN had longer time on the waiting list, severe 
anuria and anemia. The study results showed the superiority of concurrent nephrec-
tomy, when the size of the polycystic kidney prevents correct graft positioning [2].
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Fig. 16.1  Polycystic kidneys. Surgical specimens from nephrectomies performed because of: 
lack of space (1, 4, 6, 11), hematuria and pain (2, 3, 5, 9), recurrent infections and pain (7, 8, 10, 12)

Accordingly, many authors support the feasibility of concurrent NN during 
transplantation.

In 2013, in an observational study on 100 patients who received simultaneous 
ipsilateral nephrectomy and KTx, Neeff et al., noted high rates of patient survival 
and graft function at 1 and 5 years, with low rates of complications [13]. Lucas et al. 
compared the safety of NN during transplantation with transplantation alone, and 
they did not find significant differences regarding operative time, blood loss, creati-
nine levels and post-operative complications [14]. Król et al. performed concurrent 
bilateral nephrectomies in potential transplant recipients and reported a moderate 
risk of perioperative complications, but with the advantage of a single surgical oper-
ation in symptomatic patients [15]. Simultaneous nephrectomy has been carried out 
without negative effects also in cases of living-donor KTx. Wagner et al. presented 
a study of symptomatic ADPKD patients who underwent either simultaneous lapa-
roscopic nephrectomy and living-donor transplantation or staged pre-transplant NN 
if the patients were on the waiting list. They found no significant difference in 
patient survival or graft function, supporting the role of concurrent NN in living-
donor transplant recipients [16]. Similarly, Kramer et al. published their results with 
concurrent bilateral nephrectomy and living-donor transplant, reporting successful 
outcomes for both donor and recipient and manageable complications [17].

However, a number of authors support the decision to perform NN before or after 
the KTx in selected cases. Kirkman et al. studied 35 patients identifying higher rates 
of perioperative complications and mortality in the pre-transplant group and sug-
gesting that the optimal timing for nephrectomy, in the absence of complications, is 
after the transplant. In three patients, they carried out the so-called “sandwich tech-
nique”, whereby the worse affected kidney is removed prior to transplantation and 
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the second in the following months. These patients showed no adverse effects but 
the sample was too small to draw useful conclusions [18]. Likewise, Maxeiner et al. 
in their study of 121 patients noted an increased complication rate and longer hos-
pital stays in the pre-transplant group, confirming that the NN can be performed 
only when needed. Patel et al.’s study of 157 transplanted ADPKD patients over 
10 years, 20% of them requiring nephrectomy for acute renal complications, dem-
onstrated that the majority of ADPKD patients do not require a routine 
NN. Furthermore, Fuller et al. found no statistically significant differences in out-
comes when comparing pre-, post-transplant and concomitant NN, whilst Jankowska 
et al. noted longer waiting list times for patients receiving a pre-transplant nephrec-
tomy [19–22].

Prophylactic nephrectomy is still endorsed by some authors. Sulikowski et al. 
published a retrospective study of 50 transplanted patients who received pre- or 
post-transplant NN (group I and II) or no nephrectomy (group III). They found a 
greater rate of urological or infectious complications in group III and few adverse 
effects linked to the NN. Their conclusions show the positive results of preventive 
nephrectomy [23]. Bellini et al. performed NN in 33 cases, either ESRD or trans-
planted patients, without any consequence on graft function or donor-specific anti-
body (DSA) status. They suggest postponing the surgery until after three months of 
dialysis to avoid the consequences of anemia [24]. Moreover, Garcia- Rubio et al., 
in a 2015 study comparing 27 patients who underwent pre-transplant NN to patients 
who did not, found a that pre-transplant NN was not associated with a higher inci-
dence of complications or graft dysfunction. The authors therefore support pre-
transplant nephrectomy in selected cases. Similarly, Anselmo et  al. suggests 
performing the NN before the transplant to reduce to minimize the risks associated 
with the procedure [25, 26]. Ismail et al. found fewer early and late complications 
in patients who received staged bilateral laparoscopic nephrectomy prior to the 
KTx. Nevertheless, they recommend the procedure only in selected patients [27].

In recent years, increasing importance has been given to minimally invasive tech-
niques and various studies support the use of laparoscopic and robotic surgery to 
perform the nephrectomy before and after the transplant, reporting good outcomes 
and a reduced timeframe between the two surgeries [28–34]. Minimally invasive 
surgery is a safe technique even in ESRD or transplanted patients, without effects 
on graft function [35, 36], Furthermore, El-Galley showed that bilateral laparo-
scopic hand-assisted nephrectomy is a safe and effective procedure either before or 
after KTx and can be a useful procedure in the event of complications or when space 
for the graft is needed [37].

In conclusion, there is currently no consensus on the timing of NN in patients 
with ADPKD and the choice should be tailored to each patient. However, the major-
ity of authors support the possibility of performing KTx and NN at the same time, 
when the indication is lack of space, while in other circumstances (e.g., bleeding, 
infections or pain—generally the clinical manifestation of the former two), it seems 
that most authors do not prefer simultaneous nephrectomy. Moreover, even if the 
minimally invasive approach is gaining ground, it is generally used in uncompli-
cated cases and with relatively small kidneys. In any case, polycystic kidneys should 
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always be considered a resource for the patient with renal failure and their excision 
must be performed only when really necessary in order to avoid a prolonged state 
of anuria.

16.3	� Removal of a Non-functioning Kidney Graft

Graft failure is a fearsome complication of KTx and in some cases it can require an 
allograft nephrectomy (AN). It is often subsequent to complication following graft 
rejection, whose origins are immunological [38]. There is still no consensus on 
whether or not the graft should be routinely removed, because AN has high rates of 
mortality and morbidity. However, the compromised allograft left in situ causes a 
chronic inflammatory response whose treatment, not always effective, requires 
long-term administration of low-dose immunosuppressive therapy. Recent meta-
analyses have nevertheless reported that AN is associated with a greater risk of 
primary non-function (PNF) and delayed graft function (DGF) after a second trans-
plant [38–40].

Transplantectomy is mandatory and urgent in early failures secondary to hyper-
acute or acute rejection, vascular thrombosis, hemorrhage or sepsis and kidney rup-
ture. In cases of chronic rejection, the procedure should be reserved only for specific 
conditions (e.g., recurrent infections, abdominal pain, hematuria and intolerance of 
immunosuppressive therapy) or in the case of graft intolerance syndrome, which 
manifests in about 40% of patients with fever, anemia, pain, graft swelling, weight 
loss and hematuria [41, 42].

As stated, AN has high rates of mortality and morbidity and may be carried out 
with different surgical techniques: with an extracapsular or intracapsular excision, 
through an extraperitoneal or intraperitoneal approach. Every technique is associ-
ated with various risks and the choice is made considering the graft implantation, 
the time since the transplant, the possibility of a concurrent intraperitoneal disease 
and the surgeon’s inclination [38, 42, 43] (Fig. 16.2).

When the graft is transplanted with an extraperitoneal approach, after a short 
time its capsule adheres to extraperitoneal organs and tissues. Thus, extracapsular 
nephrectomy is a safe procedure when performed in early transplantectomy: it con-
sists of removal of the graft with its capsule and allows good control of the iliac 
vessels. In late transplantectomy, it is associated with an increased risk of lympho-
cele or collection formation [41, 43].

If AN is performed more than one month after transplantation, the intracapsular 
approach, carried out through an extraperitoneal incision, is usually the technique of 
choice. In fact, from a technical point of view, dissection of the renal capsule from 
its parenchyma is easier than identifying an appropriate plane between the native 
tissues and the renal capsule, as in the extracapsular approach. However, with this 
approach, the capsule—and so more allogeneic tissue—is left in situ and the patient 
may be at higher risk of allosensitization, which could potentially compromise the 
outcome of a second transplant. Furthermore, control of the vessels and ureter is 
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Fig. 16.2  Surgical specimens from allograft nephrectomies performed for: graft intolerance syn-
drome (1, 3, 4, 11); inferior pole necrosis (2); hematuria (6); recurrent infections (5, 7); renal 
lipomatosis with recurrent infections (8); arterial thrombosis (9); venous thrombosis with kidney 
rupture (10); renal mycetoma (12). Surgical technique: intracapsular (1, 2, 7, 8); extracapsular (3, 
4, 9, 10, 11); mixed (5, 6, 12)

more challenging and blunt dissection of the capsule from the renal parenchyma 
may cause significant blood loss [43, 44].

The intraperitoneal approach is usually reserved for intraperitoneal grafts, when 
greater control of the iliac vessels is necessary, but it carries a risk of causing dam-
age to the intraperitoneal structures [42, 43]. Several authors have found that extra-
capsular AN, compared to intracapsular AN, has shorter hospital stays despite being 
associated with significant blood loss and longer operating times [38, 44].

In recent years, percutaneous embolization of the graft has been proposed as a 
valid alternative to AN. It consists of the injection of ethanol and subsequently of 
steel coils in the graft’s renal artery. It can also be performed before the AN to mini-
mize the hemorrhagic complications. A systematic review comparing transplantec-
tomy and embolization showed lower morbidity rates with the latter. On the other 
hand, the incidence of post-embolization syndrome, characterized by fever, abdom-
inal pain and vomiting, was high and 20% of patients underwent AN after the embo-
lization [45, 46].

With the aim of achieving better control of the surgical site and iliac vessels, 
reducing blood loss and the risk of vascular injury as well as removing more alloge-
neic tissues, over the last few years we have developed an intraperitoneal AN tech-
nique that uses an extracapsular approach for the medial surface and intracapsular 
access for the lateral surface.

After intraperitoneal laparotomy and exposure of the medial surface of the trans-
planted kidney, located in its retroperitoneal position, we proceed to open the pari-
etal peritoneum at the level of the kidney’s concave surface and poles; then we 

G. Peluso et al.



133

continue with the isolation of these poles from the iliac vessels so the surgeon can 
carry out the so-called “hanging maneuver” by placing two fingers of the left hand 
above and below the renal hilum and pulling up the graft. This renal suspension 
allows better access to the hilum through its detachment from the iliac vessels and 
firm control of the graft’s vessels. After isolation and ligation of the graft’s vessels 
and ureter, the renal capsule is incised along the convex edge and the kidney is 
excised along with the capsule and peritoneum which covers its medial aspect. The 
posterior capsule is instead left in situ. In our experience, this technique has proven 
to be safe and valid. We are still studying to compare its effectiveness with that of 
other techniques.

In conclusion, AN is a demanding procedure for the patients. Indeed, they are 
generally in a fragile state with severe comorbidities and the present an adhesional 
fibrosis between the graft and the surrounding tissues as a result of chronic rejection 
and other pathological processes involving the graft. Therefore, this procedure is 
associated with higher mortality and morbidity rates than renal transplantation itself 
and must be performed respecting the correct indications and only in the case of real 
necessity.
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and Parathyroid
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17.1	� Parathyroid Surgery in Uremic Patients

17.1.1	� Definition

Secondary hyperparathyroidism (SHPT) is common in patients affected by chronic 
kidney disease (CKD). As the incidence of CKD is rapidly growing, the prevalence 
of SHPT is also increasing: with a prevalence from 30% to 50% [1]. SHPT occurs 
in 40% of patients with grade 3 CKD, 82% of patients with grade 4 and almost 
100% of patients with grade 5 [2]. In SHPT the excessive secretion of parathyroid 
hormone (PTH) is a response to the reduction in serum calcium concentration, 
which is why the PTH level is elevated while the serum calcium is normal. The 
mechanisms leading to an elevated PTH are varied: phosphate retention due to the 
low glomerular filtration rate (GFR) which reduces the serum calcium level, hyper-
phosphatemia which increases PTH secretion, and a reduced intestinal absorption 
of calcium. Most CKD patients who are initially normocalcemic frequently develop 
hypercalcemia, and all patients develop bone and cardiovascular complications. In 
patients on long-term dialysis or who have undergone kidney transplantation, the 
parathyroid glands become hypertrophic with autonomous function and inappropri-
ately increased levels of PTH associated with hypercalcemia: this condition is 
defined tertiary hyperparathyroidism (THPT).

L. Palmieri (*) · R. Lucchini · D. Angelucci · N. Avenia 
Endocrine Surgical Unit, S. Maria University Hospital, University of Perugia, Terni, Italy
e-mail: liviapalmieri1@gmail.com; r.lucchini@aospterni.it; danielaangelucci3@libero.it; 
nicola.avenia@unipg.it

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-92716-4_17&domain=pdf
https://doi.org/10.1007/978-3-031-92716-4_17#DOI
mailto:liviapalmieri1@gmail.com
mailto:r.lucchini@aospterni.it
mailto:danielaangelucci3@libero.it
mailto:nicola.avenia@unipg.it
mailto:nicola.avenia@unipg.it


138

17.1.2	� Pathogenesis

In normal kidney function, three hormones contribute to maintain calcium and 
phosphorus homeostasis: PTH, 1,25-dihydroxycholecalciferol (or calcitriol) and 
fibroblast growth factor 23 (FGF23). Normal physiology involves multiple factors:

•	 Calcium and phosphate concentration, regulated by intestinal absorption.
•	 PTH increases bone dissolution, releasing calcium and phosphate into the circu-

lation and increasing calcitriol conversion by 25-hydroxyvitamin D.
•	 Calcitriol blocks PTH production by vitamin D receptors (VDRs) in the parathy-

roid glands. The parathyroid expresses calcium-sensing receptors (CaSR)—
which regulate PTH secretion based on serum calcium concentration—and FGF 
receptors.

•	 FGF23, secreted by osteocytes and osteoblasts, reduces intestinal and renal 
phosphate absorption and reabsorption, and inhibits PTH secretion with cal-
citriol reduction.

In patients with CKD, this homeostasis is already unregulated when GFR falls to 
<70 mL/min/1.73 m2, and with disease progression it gradually worsens. Early on, 
FGF23 increases, with increasing urinary phosphate excretion, reducing calcitriol 
synthesis and suppressing PTH secretion [3]. When GFR falls to <60  mL/
min/1.73 m2, PTH secretion increases, but multifactorial compensation is still main-
tained and serum calcium and phosphorus concentration remain within normal 
ranges [4]. This precarious balance collapses when GFR falls to <20  mL/
min/1.73 m2, with the persistent increase of PHT, the increase in serum phosphorus, 
the rise of FGF23 and the reduction of calcitriol [4]. Continuous PTH stimulation 
leads to proliferation of the parathyroid cells and parathyroid hyperplasia, with 
reduced numbers of VDRs and FGF receptors and a consequent increase in PTH 
secretion [5].

17.1.3	� Clinical Presentation and Diagnosis

The first laboratory abnormality is increased FGF23, followed by a calcitriol reduc-
tion and PTH increase, with normal or high levels of calcium and phosphate. The 
most important changes occur in bone and the vascular system. Initially, patients 
may report pruritus, thirst and headaches; later on, fatigue, muscle weakness, bone 
pain, depression, fragility fractures, and vascular calcification develop [4]. Vascular 
calcification can include several organs: solid organs (heart, kidneys, pancreas), soft 
tissues, valvular calcification, calcific arteriolopathy. Vascular calcification increases 
morbidity and mortality: the increase in FGF23 promotes left ventricular hypertro-
phy and worsens the ejection fraction [6]. Calciphylaxis, i.e., calcific uremic arterio-
lopathy, manifests with painful violaceous subcutaneous nodules that can ulcerate 
and become infected or even septic, potentially leading the patient to death.
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Biochemical abnormalities (elevated PTH with low vitamin D, phosphate and 
calcium) are often sufficient for diagnosis, but the KDIGO (Kidney Disease Global 
Outcome) guidelines recommend monitoring the evolution of bone disease in these 
patients by using dual-energy X-ray absorptiometry (DEXA) [7].

17.1.4	� Medical Treatment

Most dialysis patients manage to control the disease with medical treatment, with 
only a fraction of them requiring surgery.

The first recommended supplementation for these patients is vitamin D, which 
led to decreased PTH, stable levels of calcium and improvement in vascular func-
tion [8]. The main target in medical treatment is to control serum levels of calcium 
and phosphorus and manage the abnormal PTH levels. Initially, restricted nutri-
tional phosphorus intake is recommended [7]. However, because adherence to a 
low-protein diet could be difficult, phosphate-binding agents are necessary, and the 
latest molecules are effective and safe [9]. An increase in phosphate removal through 
dialysis should be considered in patients who are unable to obtain satisfactory 
plasma levels of phosphorus.

The updated KDIGO guidelines [7] suggest maintaining the PTH levels between 
2 and 9 times the upper limit of normal. For this purpose, calcitriol analogs have 
been developed to control the intestinal absorption of calcium and phosphorus and 
maximize parathyroid suppression [10]. In 2004, cinacalcet, a calcimimetic agent 
that mimics increased extracellular calcium on the CaSR to increase intracellular 
calcium and reduce PTH release, was approved for use in dialysis patients.

17.1.5	� Surgical Treatment

17.1.5.1	� Indications for Parathyroidectomy
Precise indications for parathyroidectomy for SHPT are not easy to define, and a 
multidisciplinary approach involving a nephrologist, surgeon and anesthesiologist 
is essential. The KDIGO guidelines [7] suggest that patients with PTH more than 9 
times the normal range, hypercalcemia and/or hyperphosphatemia refractory to 
medical treatment should be considered for parathyroidectomy. Other possible indi-
cations can be: patients with the opportunity for kidney transplantation in the next 
6 months [11], presence of symptoms, and pathologic radiography or DEXA [7].

The introduction of new pharmacological treatments have reduced the rate of 
parathyroidectomy: from 30% between 1995 and 1999 to 5.4/1000 patients between 
2002 and 2011 [12]. Parathyroidectomy, leading to a reduction of PTH, serum cal-
cium and phosphorus, correlates with the improvement of cardiovascular and bone 
morbidity. A better quality of life in CKD patients after parathyroidectomy was 
shown, with improvement of all symptoms. Much debated is the potential influence 
of parathyroidectomy on renal transplantation: some studies show better outcomes 
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for transplantation if it is preceded by parathyroidectomy [13], but in other studies 
the outcomes are controversial [14].

The main surgical risk in these patients is due to the comorbidities and postop-
erative complications, especially the hungry bone syndrome with severe postopera-
tive hypocalcemia [7]. A total 30-day postoperative mortality rate of 3.1%, and a 
lower mortality rate (10–15%) have been demonstrated in patients undergoing para-
thyroidectomy compared to patients not treated with surgery [15]. Parathyroidectomy 
has been shown to be more cost-effective when compared to life-long calcimimetic 
therapy [16].

17.1.5.2	� Perioperative Strategy
Perioperative optimization is strongly recommended as CKD increases the risk of 
postoperative cardiac events, acute kidney injury (AKI) and overall mortality. A 
detailed preoperative risk assessment of cardiac function, coagulopathy, manage-
ment of hypertension are needed. Correct timing of dialysis relative to surgery must 
be assessed.

Preoperatively, all AKI predictors should be used to stratify the risk: serum cre-
atinine, eGFR and prediction tools. Timing of dialysis in relation to surgery is fun-
damental: an excessively long interdialytic period must be avoided and patients 
should be dialyzed the day before surgery [7]. In all patients preoperative electro-
cardiogram and echocardiogram are recommended, and in selected patients a stress 
test is necessary [17]. In patients with uncontrolled hypertension, surgery should be 
delayed until stabilization [18]. Iron anemia, erythropoietin deficiency and platelet 
dysfunction can increase the risk of postoperative bleeding. The KDIGO guidelines 
recommend erythropoietin-stimulating agents and iron supplementation to reach a 
hemoglobin value ≥10 g/dL [7]. Vitamin D supplementation is recommended in all 
patients to prevent postoperative hungry bone syndrome. Calcimimetics should be 
stopped 14 days before surgery, even though there are no concordant data on the 
optimal timing [19].

17.1.5.3	� Surgical Approaches
A bilateral four-gland exploration should be conducted in all patients. However 
three different surgical approaches have been described. There is no recommended 
approach, and the choice depends on the surgeon’s preference and the patient’s 
characteristics. In kidney transplant candidates subtotal parathyroidectomy should 
be preferred, to prevent the risk of hypoparathyroidism associated with total para-
thyroidectomy [20]. Total parathyroidectomy can be performed in patients ineligi-
ble for kidney transplantation [21].

	1.	 Total parathyroidectomy without autotransplantation. All identified parathyroid 
glands are removed and no parathyroid tissue is reimplanted, to avoid the risk of 
persistent or recurrent disease. The main risk of this approach is postoperative 
hypocalcemia, and a variable proportion of patients from 0% to 75% will require 
oral calcium supplementation [22]. A strong recommendation is to avoid this 
approach in patients who may undergo kidney transplantation [7].
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	2.	 Total parathyroidectomy with autotransplantation. After identification and resec-
tion of all identified glands, the surgeon chooses a site for the graft and prepares 
the parathyroid tissue for the autograft (several millimetric fragments of the cho-
sen gland). Most surgeons choose the visually smallest gland; however, real-
time histologic examination is recommended [23]. The choice of the optimal site 
for autotransplantation is based on patient factors, but all autograft sites should 
be marked with non-absorbable suture [7]. Several graft sites are reported:
•	 The brachioradialis site in non-dominant/non-shunt arm is the most common: 

the advantage is the possibility of demonstrating a PTH gradient in blood 
tests between the grafted arm and the ungrafted arm in recurrent disease.

•	 The sternocleidomastoid site has the advantage of not requiring any addi-
tional skin incisions.

•	 Other sites (trapezius, presternal site, abdominal adipose tissue).
Postoperative complications: the graft could require time to recruit a blood sup-
ply and parathyroid function could be delayed; graft failure is possible due to 
local ischemia; the graft could become hyperplastic with recurrence of dis-
ease [24].

	3.	 Subtotal parathyroidectomy. 3.5 of the glands are removed and a remnant of 
parathyroid tissue with its vascular pedicle is preserved to reduce postoperative 
hypocalcemia. Firstly, all four glands are visually inspected and one is selected 
to remain in situ (the smallest one or the most normal-appearing); then, this 
gland is partially resected, and the remnant (1/2 or 1/3 of the total gland) is 
marked with a non-absorbable suture; finally, the other three glands are removed.

17.1.6	� Postoperative Outcomes

The rate of postoperative complications after surgery is higher than that of surgery 
for primary HPT, varying from 3.8% to 15%, with a 30-day readmission rate of 
17% [25].

The most common postoperative complication is hypocalcemia, due both to the 
hungry bone syndrome (the bone uptake of calcium after the fall of PTH) and to the 
metabolic rearrangements after surgery. Patients must be monitored after surgery 
and treated aggressively to avoid life-threatening consequences of hypocalcemia; 
this explains the longer postoperative hospital stay and higher readmission rate 
(4–17%) compared to surgery for primary HPT [26]. In 9% of patients affected by 
CKD, permanent hypoparathyroidism after surgery is reported [21]. Another cause 
for the longer postoperative hospital stay is the higher risk of postoperative hema-
toma, which occurs in 0.1–2% of patients and reaches 5.7% in patients receiving 
anticoagulation therapy [25]. Cardiovascular and cerebrovascular events in the 
immediate postoperative period are more frequent in patients affected by CKD 
compared to patients with primary HPT, with a reported cardiac-related death rate 
ranging from 1.8% to 7% [25].

Recurrent or persistent HPT is common after surgery. Persistent HPT is a failure 
of PTH to decrease after surgery, with a PTH level above the upper normal limit 
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immediately after surgery. Recurrent HPT is when, after an initial decrease to nor-
mal levels, PTH increases within 6 months after surgery. Causes of recurrent or 
persistent hyperparathyroidism can be ectopic localizations of glands, regrowth of 
the remnant gland/graft, and parathyromatosis (spread of parathyroid cells in the 
surgical field).

17.2	� Thyroid Pathology in Uremic Patients

Several studies show an increased prevalence of hypothyroidism, nodular goiter and 
thyroid carcinoma in patients affected by CKD [27] when compared with the gen-
eral population.

In patients with CKD, thyroid hormone metabolism is impaired due to CKD-
induced modification of the hypothalamic-pituitary-thyroid axis [28]: 20% of dialy-
sis patients have reduced serum levels of free triiodothyronine (FT3) and free 
thyroxine (FT4) hormones [29]. These anomalies can be explained by the hormonal 
removal during dialysis, the altered hormonal catabolism, the increased thyroid 
autoantibodies and the decreased peripheral conversion [28]; also the chronic meta-
bolic acidosis can contribute to the reduction of FT3 [30]. The prevalence of hypo-
thyroidism increases with the reduction of GFR: from 7% for a value <90  mL/
min/1.73 m2 up to 18% for a value <60 mL/min/1.73 m2 [31].

Metabolic changes in prolonged dialysis patients could also contribute to the 
increased incidence of thyroid nodules, especially malignant ones. The prevalence 
of thyroid cancer is also correlated with years of dialysis, with a higher rate of mul-
tifocal carcinomas compared to the general population [32]. Higher genomic insta-
bility, impaired antigen recognition and altered T-cell and B-cell function may 
explain the higher incidence of malignancies in CKD patients [33]. Another stimu-
latory effect on thyroid malignancies might result from the action of SHPT: dialysis 
patients with SHPT showed a 10.2 higher risk of developing thyroid carcinoma 
compared to dialysis patients without SHPT [34]. An issue that remains debated is 
radioiodine treatment in these patients, due to the renal excretion of iodine. 
Radioiodine treatment could cause hematological toxicity (anemia, leukopenia, 
thrombocytopenia or, extremely rarely, leukemia), which would add to the already 
higher risk of these patients for hematological events [35]. Thus, a lower than stan-
dard dose of radioiodine might be a more cautious approach in patients with CKD 
and thyroid carcinoma [36].

References

1.	Hedgeman E, Lipworth L, Lowe K, et al. International burden of chronic kidney disease and 
secondary hyperparathyroidism: a systematic review of the literature and available data. Int J 
Nephrol. 2015;2015:184321.

2.	Levin A, Bakris GL, Molitch M, et al. Prevalence of abnormal serum vitamin D, PTH, calcium, 
and phosphorus in patients with chronic kidney disease: results of the study to evaluate early 
kidney disease. Kidney Int. 2007;71(1):31–8.

L. Palmieri et al.



143

3.	 Isakova T, Wahl P, Vargas GS, et al. Fibroblast growth factor 23 is elevated before parathyroid 
hormone and phosphate in chronic kidney disease. Kidney Int. 2011;79(12):1370–8.

4.	Cunningham J, Locatelli F, Rodriguez M. Secondary hyperparathyroidism: pathogenesis, dis-
ease progression, and therapeutic options. Clin J Am Soc Nephrol. 2011;6(4):913–21.

5.	Tokumoto M, Tsuruya K, Fukuda K, et al. Reduced p21, p27 and vitamin D receptor in the 
nodular hyperplasia in patients with advanced secondary hyperparathyroidism. Kidney Int. 
2002;62(4):1196–207.

6.	Nielsen TL, Plesner LL, Warming PE, et  al. FGF23  in hemodialysis patients is associ-
ated with left ventricular hypertrophy and reduced ejection fraction. Nefrologia (Engl Ed). 
2019;39(3):258–68.

7.	Kidney Disease: Improving Global Outcomes (KDIGO) CKD-MBD Update Work Group. 
KDIGO 2017 Clinical Practice Guideline Update for the diagnosis, evaluation, prevention, 
and treatment of chronic kidney disease-mineral and bone disorder (CKD-MBD). Kidney Int 
Suppl (2011). 2017;7(1):1–59.

8.	Kumar V, Yadav AK, Lal A, et al. A randomized trial of vitamin D supplementation on vascular 
function in CKD. J Am Soc Nephrol. 2017;28(10):3100–8.

9.	Goldsmith DR, Scott LJ, Cvetković RS, Plosker GL. Sevelamer hydrochloride: a review of its 
use for hyperphosphataemia in patients with end-stage renal disease on haemodialysis. Drugs. 
2008;68(1):85–104.

10.	Tarrass F, Yazidi A, Sif H, et  al. A randomized trial of intermittent versus continuous oral 
alfacalcidol treatment of hyperparathyroidism in end-stage renal disease. Clin Nephrol. 
2006;65(6):415–8.

11.	Kidney Disease: Improving Global Outcomes (KDIGO) CKD-MBD Work Group. KDIGO 
clinical practice guideline for the diagnosis, evaluation, prevention, and treatment of chronic 
kidney disease-mineral and bone disorder (CKD-MBD). Kidney Int Suppl. 2009;113:S1–S130.

12.	Fligor SC, Li C, Hamaguchi R, et al. Decreasing surgical management of secondary hyper-
parathyroidism in the United States. J Surg Res. 2021;264:444–53.

13.	Schwarz A, Rustien G, Merkel S, et al. Decreased renal transplant function after parathyroid-
ectomy. Nephrol Dial Transplant. 2007;22(2):584–91.

14.	van der Plas WY, El Moumni M, von Forstner PJ, et al. Timing of parathyroidectomy does 
not influence renal function after kidney transplantation. World J Surg. 2019;43(8):1972–80.

15.	Kestenbaum B, Andress DL, Schwartz SM, et al. Survival following parathyroidectomy among 
United States dialysis patients. Kidney Int. 2004;66(5):2010–6.

16.	Narayan R, Perkins RM, Berbano EP, et al. Parathyroidectomy versus cinacalcet hydrochloride-
based medical therapy in the management of hyperparathyroidism in ESRD: a cost utility 
analysis. Am J Kidney Dis. 2007;49(6):801–13.

17.	Weiner DE, Tighiouart H, Amin MG, et al. Chronic kidney disease as a risk factor for cardio-
vascular disease and all-cause mortality: a pooled analysis of community-based studies. J Am 
Soc Nephrol. 2004;15(5):1307–15.

18.	Sear JW.  Perioperative control of hypertension: when will it adversely affect perioperative 
outcome? Curr Hypertens Rep. 2008;10(6):480–7.

19.	Dream S, Kuo LE, Kuo JH, et al. The American Association of Endocrine Surgeons Guidelines 
for the definitive surgical management of secondary and tertiary renal hyperparathyroidism. 
Ann Surg. 2022;276(3):e141–76.

20.	Pitt SC, Sippel RS, Chen H. Secondary and tertiary hyperparathyroidism, state of the art surgi-
cal management. Surg Clin North Am. 2009;89(5):1227–39.

21.	Puccini M, Carpi A, Cupisti A, et al. Total parathyroidectomy without autotransplantation for 
the treatment of secondary hyperparathyroidism associated with chronic kidney disease: clini-
cal and laboratory long-term follow-up. Biomed Pharmacother. 2010;64(5):359–62.

22.	Coulston JE, Egan R, Willis E, Morgan JD. Total parathyroidectomy without autotransplanta-
tion for renal hyperparathyroidism. Br J Surg. 2010;97(11):1674–9.

23.	Li C, Lv L, Wang H, et al. Total parathyroidectomy versus total parathyroidectomy with auto-
transplantation for secondary hyperparathyroidism: systematic review and meta-analysis. Ren 
Fail. 2017;39(1):678–87.

17  Endocrine Surgery: Thyroid and Parathyroid



144

24.	Puccini M, Ceccarelli C, Meniconi O, et al. Near total parathyroidectomy for the treatment of 
renal hyperparathyroidism. Gland Surg. 2017;6(6):638–43.

25.	Schneider R, Slater EP, Karakas E, et al. Initial parathyroid surgery in 606 patients with renal 
hyperparathyroidism. World J Surg. 2012;36(2):318–26.

26.	Cheng SP, Liu CL, Chen HH, et al. Prolonged hospital stay after parathyroidectomy for sec-
ondary hyperparathyroidism. World J Surg. 2009;33(1):72–9.

27.	Rhee CM, Chen Y, You AS, et al. Thyroid status, quality of life, and mental health in patients 
on hemodialysis. Clin J Am Soc Nephrol. 2017;12(8):1274–83.

28.	 Iglesias P, Díez JJ.  Thyroid dysfunction and kidney disease. Eur J Endocrinol. 
2009;160(4):503–15.

29.	Rhee CM.  Thyroid disease in end-stage renal disease. Curr Opin Nephrol Hypertens. 
2019;28(6):621–30.

30.	Wiederkehr MR, Kalogiros J, Krapf R. Correction of metabolic acidosis improves thyroid and 
growth hormone axes in haemodialysis patients. Nephrol Dial Transplant. 2004;19(5):1190–7.

31.	Da Costa ABBA, Pellizzari C, Carvalho GA, et al. High prevalence of subclinical hypothyroid-
ism and nodular thyroid disease in patients on hemodialysis. Hemodial Int. 2016;20(1):31–7.

32.	Demirer AN, Kemal Y, Gursoy A, et al. Clinicopathological characteristics of thyroid cancer in 
patients on dialysis for end-stage renal disease. Thyroid. 2008;18(1):45–50.

33.	Sandoval SB, Pastor S, Stoyanova E, et al. Genomic instability in chronic renal failure patients. 
Environ Mol Mutagen. 2012;53(5):343–9.

34.	Lin SY, Lin WM, Lin CL, et al. The relationship between secondary hyperparathyroidism and 
thyroid cancer in end stage renal disease: a population based cohort study. Eur J Intern Med. 
2014;25(3):276–80.

35.	Ortega AJM, Vázquez RG, Cuenca JIC, et al. (131)I treatment in differentiated thyroid cancer 
and end-stage renal disease. Rev Esp Med Nucl Imagen Mol. 2016;35(1):29–33.

36.	Pahlka RB, Sonnad JR. The effects of dialysis on (131)I kinetics and dosimetry in thyroid 
cancer patients – a pharmacokinetic model. Health Phys. 2006;91(3):227–37.

Open Access  This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/), 
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate 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 
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder.

L. Palmieri et al.

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


145© The Author(s) 2026
M. Santangelo, F. Vistoli (eds.), Surgery in Uremic Patients, Updates in Surgery, 
https://doi.org/10.1007/978-3-031-92716-4_18

18Endocrine Surgery: Adrenal and Breast 
Surgery

Angela Gurrado, Francesco Prete, Elisabetta Poli, 
and Mario Testini

18.1	� Adrenal Surgery

The identification of adrenal gland disease (AD) in uremic patients is challenging. 
Resistant and refractory hypertension is very common in chronic kidney disease 
(CKD) [1] and may dissimulate symptoms of AD [2], while conventional blood and 
urinary tests for adrenal hormone excess are not reliable [3]. Hypertension from AD 
in CKD is most commonly due to primary aldosteronism (PA), less commonly to 
pheochromocytoma (PH) and Cushing’s syndrome (CS) [4].

18.1.1	� Indications for Adrenal Surgery

Adrenal surgery (AS) is indicated in CKD for malignancy or excessive hormone 
secretion.

Functioning adrenal masses are aldosteronoma, cortisol- or androgen-secreting 
tumors, and pheochromocytoma (PH). Of the adrenal masses found incidentally on 
imaging (incidentaloma), 85% is non-functioning. Approximately 2% of tumors 
<4 cm diameter, 6% of those 4–6 cm, and up to 25% >6 cm are known to be malig-
nant [5]. Primary adrenal cancer is rare. Malignant PH occurs more frequently in 
familial syndromes such as MEN 2A, 2B and von Hippel-Lindau disease [6]. 
Adrenal tumors secreting more than one hormone are often malignant [7]. Adrenal 
metastasis from the lung, kidney, breast, melanoma and gastrointestinal tract may 
be considered for AS [5].
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Higher surgical risks from renal failure and associated comorbidities make the 
indication for AS more complex; multidisciplinary teams including nephrologists, 
endocrinologists and surgeons are key to assessing individual risks and bene-
fits [5, 6].

18.1.2	� Incidence

In CKD, hypertension from AD is most commonly due to PA, although PA in CKD 
is underdiagnosed and undertreated [1]. PH occurs in approximately 0.1% to 0.6% 
of patients with hypertension [8, 9]. PHs are rare in HD patients, with only 22 cases 
described in the English literature [10]. Incidence data of Cushing’s disease in 
patients with CKD are limited.

18.1.3	� Symptoms

Hypertension is a common symptom of AD, but it is easily attributed to underlying 
renal disease:

•	 excessive mineralocorticoid receptor activation in PA results in kidney and car-
diac fibrosis and progression of CKD [11, 12];

•	 PH in CKD patients is usually suspected based on symptoms from catechol-
amine (CA) overload, such as hypertension unresponsive to therapy or hemody-
namic instability. Hypertension is present in >90% of patients and it is paroxysmal 
in 25–50% of cases. Other paroxysmal symptoms are: episodic headaches, 
sweating, and tachycardia [8].

•	 manifestations of Cushing’s syndrome considerably overlap with hypertension, 
elevated cardiovascular risk, insulin resistance, dyslipidemia, sarcopenia, osteo-
porosis, immune dysfunction or mood disturbance observed in CKD [11]; altered 
biochemical tests and equivocal radiology also render the diagnosis challeng-
ing [13].

18.1.4	� Work-Up

18.1.4.1	� Imaging
CT with adrenal protocol gives information about size, density, contrast uptake and 
washout, and extra-adrenal invasion; MRI may add better determination of invasion 
into surrounding organs in selected cases [6]. Imaging in PA, while useful, cannot 
suggest laterality of hypersecretion [6]. Metaiodobenzylguanidine (MIBG) scan 
shows higher rates of PH detection (88%) than 18-fluorodeoxyglucose (FDG)-PET 
(77%), and is useful for excluding PH in HD with high CA levels and an adrenal 
mass; 10% of PHs that are not detectable by MIBG should be confirmed by FDG-
PET. FDG-PET cannot reliably differentiate benign from malignant PH while it has 
a role in the evaluation of adrenal metastasis [14].
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18.1.4.2	� Laboratory Tests
Symptoms guide the choice of hormone tests.

Conventional CA tests for PH in CKD are not reliable, as CA metabolite excre-
tion is tied to creatinine clearance. Compared to controls, in HD patients plasma 
epinephrine and norepinephrine levels are 3 times higher and dopamine is doubled, 
so only CA concentrations >three-fold are suspicious for PH [14, 15]; plasma 
deconjugated metanephrines, chromogranine A and vanillymandelic acid levels are 
unreliable for diagnosing PH [3]. Free plasma metanephrine (FM) levels are rela-
tively independent of renal function, less frequently elevated, and any increases 
mostly depend on sympathetic nervous system activation in end-stage renal disease 
(ESRD); plasma normetanephrine >410 pg/mL or metanephrine >142 pg/mL are 
highly likely indicative of PH [4].

Labetalol, sotalol, tricyclic antidepressants, benzodiazepines, buspirone, amphet-
amines, ethanol, methyldopa, levodopa, CA-based decongestants, physical stress 
and obstructive sleep apnea can cause false-positive results [8].

In CKD, the absence of circadian rhythms of cortisol and ACTH is a more sensi-
tive indicator of Cushing’s disease than low-dose dexamethasone suppression test-
ing; 24-h urinary free cortisol is not recommended due to its impaired clearance 
[16]. Late-night salivary cortisol measurement is preferred in CKD, although stage-
specific cutoffs for diagnosis are not well established [17].

18.1.4.3	� Biopsy
Needle biopsy is not reliable for differentiating functional from non-functional ade-
noma, or adenoma from adrenocortical carcinoma. Violating an adrenal cortical car-
cinoma is oncologically unfavorable; in PH it may result in hemorrhage or potentially 
fatal hypertensive crisis [6].

18.1.4.4	� Adrenalectomy
Since 1992, laparoscopic adrenalectomy (LA) has been the gold standard for exci-
sion of the majority of benign adrenal lesions [5, 6].

Adrenalectomy for PA in CKD has been associated with fewer antihypertensive 
requirements [1, 4] and improved outcomes regarding progression to ESRD and 
mortality [2].

LA for PH is feasible in CKD [10]. Preoperative antihypertensive treatment is 
recommended. HD patients may suffer severe volume depletion despite high arterial 
blood pressure; therefore, increasing intravascular volume before AS appears to 
make perioperative management safer [18].

18.1.4.5	� Open vs Laparoscopic Adrenalectomy
When planning the approach we should consider:

•	 Patient characteristics:
	– prior AS or trauma;
	– comorbidities: coagulopathy, chronic obstructive pulmonary disease, cardiac 

disease [5];
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•	 Tumor characteristics:
	– size >6 cm is not a contraindication, in the absence of local invasion [19];
	– local invasion suggests an open approach to facilitate lymph node dissection 

and en bloc resection, tumor thrombectomy or vascular reconstruction [20];
•	 Surgeon experience, crucial in large tumors
•	 Reasons for conversion during LA: intraoperative hemorrhage, difficult anatomy, 

suspicion of malignancy and difficulty to perform a radical resection [5];

Minimally invasive approaches (LA or robotic-assisted) are:

•	 Lateral (left-flank, right-flank);
•	 Anterior transabdominal;
•	 Posterior retroperitoneoscopic.

Open adrenalectomy access can be:

•	 Transabdominal;
•	 Extrapleural-extraperitoneal (incision in the X-XI intercostal space);
•	 Transpleural-transdiaphragmatic [5, 6].

18.2	� Breast Surgery

Many studies have confirmed that patients with CKD (GFR <60 mL/min/1.73 m2 or 
markers of kidney damage for >3 months) have a higher incidence of malignancy 
and mortality [21].

Breast cancer (BC) is the most diagnosed cancer worldwide among women and 
the second most common cause of cancer death [22]. BC is a highly heterogeneous 
neoplasm with a variety of histologic and molecular subtypes: luminal-like (A/B; 
60–70%), HER2-enriched (12–20%), and basal-like (15%). The molecular subtypes 
are categorized based on tumor biomarkers expression status: estrogen receptor 
(ER), progesterone receptor (PR), and HER2/neu overexpression [22].

Some studies have shown an increased risk of BC and higher mortality in HD 
patients [23]. This increase in mortality was attributed to a few different reasons. 
First, adjusting the dose of cytotoxic agents for patients with reduced kidney func-
tion can be challenging, and therefore treatment can be suboptimal. Second, patients 
with ESRD may have more aggressive BC, given the state of chronic inflammation 
induced by continuous exposure to oxidative stress and uremia (accentuating 
mitogenesis).

Although the occurrence of combined CKD among these patients is even rarer, it 
poses a significant challenge for BC treatment. Surgery, radiation, and systemic 
therapies are the mainstay of the treatment of BC.

Patients with early-stage operable BC initially undergo upfront surgery (BCS or 
mastectomy and sentinel lymph node biopsy/axillary lymph node dissection), and 
adjuvant systemic therapy if indicated, based on primary tumor characteristics and 
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molecular subtypes. Radiation is typically sequenced after definitive surgery and 
after systemic chemotherapy (if delivered).

Systemic therapies can be administered as adjuvant, neoadjuvant, or palliative. 
The primary categories include chemotherapy, hormone therapy, anti-HER2 ther-
apy, CDK4/6 and PARP inhibitors. In patients with operable tumors, neoadjuvant 
therapy (NAC) is the preferred approach in cases of triple negative (TNBC) or 
HER2+ BC that is clinical stage T2N0 and higher or is clinically node-positive.

When treating BC patients with ESRD, HD does not limit the utility of surgical 
treatment and radiotherapy. Treating such patients often requires both targeted and 
endocrine therapies.

In the literature, there are few studies [24] on the treatment of BC in patients with 
ESRD, and these patients rarely successfully complete the standard regimens of 
surgery and systemic therapy.

This stems mainly from the altered pharmacokinetics in these patients. The 
decision-making process is further complicated by the need for potential dose 
adjustments and the impact of renal function on drug efficacy and toxicity. While 
hormone therapies and other systemic treatments offer additional options, their use 
in the ESRD population also requires a nuanced understanding of their interaction 
with renal dysfunction.

18.2.1	� Hormone Therapies

Tamoxifen is a selective ER modulator and is often used for premenopausal women. 
The study by Langenegger et al. [25] reported that the use of tamoxifen in HD does 
not need any dose adjustments. However, concomitant medications used in HD may 
inhibit these enzyme systems, leading to reduced efficacy of tamoxifen.

18.2.2	� Aromatase Inhibitors

Aromatase inhibitors (Ais) include anastrozole, letrozole, and exemestane, and are 
preferred over tamoxifen for treating postmenopausal women with HR+ BC [22]. 
The study by Langenegger et al. [25] mentioned that the serum concentrations of 
anastrozole in HD patients are similar to those seen in patients with normal renal 
function. Therefore, no dose adjustment is needed. There are no specific guidelines 
on the administration and safety of exemestane for patients with a GFR below 
30 mL/min/1.73 m2, including patients on HD. It is preferable to avoid the drug and 
use other alternative options if available [26].

18.2.3	� CDK 4/6 Inhibitors

More recently, CDK 4/6 inhibitor drugs (palbociclib, ribociclib, and abemaciclib) 
have been introduced for HR+ and metastatic BCs [27]. Although no studies are 
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available yet, according to the drug pharmacokinetics, there is no need to reduce the 
dose in CKD/ESRD patients on HD.

18.2.4	� Cyclophosphamide

Cyclophosphamide (CTX) is utilized with following regimens: AC (doxorubicin/
cyclophosphamide) followed or preceded by paclitaxel; TC (+ docetaxel); EC (+ 
epirubicin) and TAC (+ docetaxel/doxorubicin). The exploration of CTX in patients 
undergoing HD has been limited [28]. Based on the findings, it is evident that CTX 
is dialyzable. In another study, the AUC was increased in HD patients. Thus, it is 
necessary to reduce the dose of CTX by 25% in HD patients.

18.2.5	� Two-Drug Regimen: AC/EC

Anthracyclines have renal clearance. For HD patients, there are specific guidelines 
for the anthracycline regimen. A reduction in the doxorubicin dose of 20–25% is 
considered safe for patients with CKD/ESRD, including those receiving HD treat-
ment [29].

18.2.6	� Paclitaxel and Docetaxel (Taxane)

Studies indicate that the pharmacokinetics of a standard dose of paclitaxel in patients 
on HD mirrors that in subjects with normal renal function [30].

18.2.7	� Platinum Compounds

Basal-type BCs like BRCA1/2 mutation and TNBC are uniquely susceptible to 
platinum compounds. Carboplatin has less protein binding than cisplatin with 
greater elimination in the kidney and it is a choice when CKD limits the use of cis-
platin [31]. The AIOM (Italian Association of Medical Oncology) guidelines rec-
ommend adjusting an AUC × 25 mg dosage for HD patients [29].

18.2.8	� Anti-Her2 Monoclonal Antibodies

For patients with HER2+ BC, candidates for NAC, chemotherapy and trastuzumab-
based therapy are recommended. After surgery, trastuzumab and chemotherapy 
regimens, followed by 1 year of HER2-targeted therapy, are a backbone of adjuvant 
therapy. To our knowledge, there are no reports of trastuzumab/pertuzumab-induced 
nephrotoxicity.
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18.2.9	� PARP Inhibitors (Olaparib, Talazoparib)

PARP inhibitor drugs have been approved as monotherapies for metastatic or locally 
advanced HER2- BC like BRCA1/2 mutation.

The substantially higher olaparib exposure levels associated with CKD could 
potentially lead to heightened toxicity risks, especially hematologic side effects, 
over time [32]. Consequently, dose reductions are recommended, but there are no 
solid guidelines.

18.2.10	� Conclusion

The approach to BC treatment in individuals with CKD/ESRD undergoing HD 
demands a comprehension of the pharmacokinetic changes resulting from renal 
dysfunction. In BC patients with CKD, drug metabolism and dosage selection are 
issues that must be considered to avoid aggravation of systemic toxicity caused by 
renal failure. Considering the clearance of drugs during dialysis, appropriate timing 
of medication should be selected for HD patients. More research is advised given 
the scarcity of data in literature.
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19Bariatric Surgery

Armando Di Dato, Silvana Nardi, and Carlo Socci

19.1	� Introduction

Obesity is a chronic disease that stems from excessive fat deposits in the body and 
impairs health. The World Health Organization defines obesity as a body mass index 
(BMI) >30 kg/m2, severe obesity as a BMI >35 kg/m2, and extreme obesity as a 
BMI >40 kg/m2 [1].

In 2022, one in eight individuals worldwide were obese [1]. The obesity preva-
lence is constantly rising also in the chronic kidney disease (CKD) population [2]. 
This increased prevalence has become a major barrier to the best medical treatment 
(transplantation) and has increased the patients’ morbidity [3–6].

Obesity is associated with a lower arteriovenous fistula survival in patients 
receiving hemodialysis (HD), and patients on peritoneal dialysis (PD) are more sus-
ceptible to catheter insertion site infections. In kidney transplant recipients, obesity 
is associated with a greater risk of onset of diabetes, acute rejection or delayed graft 
function (DGF) [4–8]. A direct correlation has been demonstrated between obesity 
severity and increased postoperative complication rate [6, 9]. Obesity is an emer-
gent cause of inactive status on waitlists for kidney transplant, immediately after 
cardiovascular diseases and suspected malignancies [9].
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19.2	� How Obesity Influences Chronic Kidney Disease 
in the Pre-transplant Setting

There is evidence that obesity impairs the treatment of the CKD patients and delays 
or precludes renal transplant. Obesity poses challenges to both HD and PD patients.

In the HD group, the survival of arteriovenous fistulae (AVF) is lower than in 
normal BMI patients. The 3-year AVF survival among obese patients was shown to 
be significantly lower than in non-obese patients (47% vs 70%, p = 0.04) [10], and 
these findings were supported by later studies on obese CKD patients [10, 11]. It has 
also been reported that obese patients need a prolonged dialysis time to achieve dry 
weight status [12]. Moreover, obesity is associated with a higher frequency of car-
diovascular disease, so an intensive dialytic treatment increases the risk of hypoten-
sion and failure to achieve the goal of desired creatinine levels.

In the PD setting, on the other hand, catheter malfunction, site infection, perito-
nitis and abdominal wall hernias are more frequently reported. Visceral fat wraps 
around the catheter and blocks the drain holes. There is no evidence in support of 
omentectomy or omentopexy during first catheter insertion [13, 14]. Finally, an 
obese patient on PD treatment has also metabolic complications. Indeed, the dialy-
sate contains glucose that is absorbed during dialysis and provides extra calories 
and thus weight gain [15]. Abdominal wall hernias are more common in obese PD 
patients owing to the increased intra-abdominal pressure. Despite all these problems 
PD is recommended and used in obese patients [16, 17].

19.3	� How Obesity Influences Renal Transplant Outcomes

In the recent past, obesity was considered a contraindication for kidney transplanta-
tion, with intervention being postponed indefinitely in obese patients, particularly 
those with a BMI >35 kg/m2 [18]. Obesity is a relative contraindication for renal 
transplant and obese transplant recipients have been shown to be more susceptible 
to DGF, wound infection, and new-onset diabetes as a result of immunosuppressive 
therapy, compared to normal BMI patients [19].

Moreover, patients with a BMI >35 kg/m2 are almost 30% less likely to receive 
a kidney transplant if compared to normal BMI patients [18]. Obesity is detrimental 
to kidney function (both native or grafted kidney) owing to its pro-inflammatory 
action that leads to proteinuria and obesity-related kidney damage. Leptin and inter-
leukin-6 pathway modifications have been studied and reported [20–22]. 
Additionally, obesity impairs the metabolism of immunosuppressive drugs [23].

A systematic review has demonstrated how obesity negatively impacts the post-
operative outcomes of renal transplant, and specifically: A) biopsy-proven acute 
rejection (BPAR); B) postoperative death; C) allograft loss; D) diabetes after trans-
plant; E) DGF. After multivariate analysis obese patients were significantly more 
susceptible to BPAR, allograft loss and DGF (respectively, hazard ratioBPAR 1.51, 
hazard ratioallograft loss 1.54, odds ratioDGF 1.81, confidence interval > 95%) [24].
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19.4	� Medical Therapies

To reduce patient weight, and give patients access to transplant, different therapies 
have been experimented. For example, a low-calorie diet with physical activity [25] 
is considered a cost-effective therapy but results in a modest weight loss, up to 10% 
[26]. Other disadvantages are that this strategy needs to be strictly followed by the 
patient, dietary restrictions and high protein intake are not recommended in dialysis 
patients, and the weight loss is not durable [25].

There is no clear evidence that deferring transplantation for weight improvement 
leads to better outcomes, and it is no coincidence that CKD patients living with 
obesity have worse survival rates compared to non-obese patients waiting for a kid-
ney transplant [8, 26, 27].

Finally, most drugs used for weight loss in the past are contraindicated in dialysis 
patients [28].

In July 2024, the New England Journal of Medicine published a paper in which 
patients living with both CKD and diabetes were randomly assigned to receive 
semaglutide, a GLP-1 receptor agonist, or placebo. The primary outcome was major 
kidney disease events, such as a reduction of at least 50% of eGFR or initiation of 
dialysis and transplantation. The secondary outcomes were death from kidney-
related causes or cardiovascular causes [29]. Among above 3000 patients recruited, 
the risk of a primary outcome was 24% lower in the semaglutide group than in the 
placebo group, and the result was statistically significant (p = 0.0003). Comparable 
results were reported for mean annual eGFR decrease in the semaglutide group 
(p < 0.001), risk of major cardiovascular events (18%, hazard ratio 0.82; p = 0.029). 
The investigators assume that semaglutide has a protective effect on renal function 
thanks to its anti-inflammatory and antioxidative stress effect [29].

19.5	� Surgical Therapies

In CKD and obese patients, bariatric surgery is currently the best medical treatment 
for weight loss. According to the recommendations issued by the DECARTES 
group (European Renal Association Developing Education Science and Care for 
Renal Transplantation in European States) on behalf of the European Renal 
Association, bariatric surgery should be considered in a possible kidney transplant 
candidate with a BMI ≥40 kg/m2 or BMI ≥35 kg/m2 with a major obesity-related 
condition (diabetes, fatty liver disease, heart disease, obstructive sleep apnea syn-
drome) improved by weight loss [30].

Essentially there are two types of bariatric surgery strategies: (A) restrictive 
intervention, with reduction of stomach volume, such as laparoscopic sleeve gas-
trectomy (LSG); (B) malabsorptive intervention with restriction, prototypically rep-
resented by the Roux-en-Y gastric bypass (RYGB), in which a segment of small 
intestine is excluded from alimentary absorption, thereby reducing the calorie intake 
and nutrients absorbed plus reducing the stomach volume to a little pouch of almost 
50–60  mL of volume. Alexander et  al. already in 2004 proved that metabolic 
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surgery could be safely performed in the dialysis and kidney transplant population 
by using open RYGB [31, 32].

Today the best way to achieve weight loss with bariatric surgery is still unclear.
Comparable short-term weight loss has been shown in randomized clinical trials 

in the general population between LSG and L-RYGB at 3 and 12 months [33, 34]. 
Furthermore, the long-term efficacy of estimated weight loss for LSG and L-RYGB 
at 3 years was comparable (68% vs 62%) [35]. A randomized clinical trial in dia-
betic patients without renal disease compared intensive medical weight loss with 
LSG and L-RYGB. Glycemic control at 1 year was significantly better in the two 
surgical groups compared to the group receiving medical therapy alone, and this 
result was clear also for weight loss [36]. Also, insulin use was significantly reduced 
in the surgical groups (4% in the RYGB group and 8% in the LSG group, p < 0.01). 
Bariatric surgery was associated with a resolution of diabetes in over 60% of patients 
in the general population [36].

Data published by Sheetz reported that LSG is the preferred bariatric surgical 
option owing to the reduced rate of complications compared to RYGB, and the lack 
of potential malabsorptive effect on immunosuppressive drug pharmacokinet-
ics [37].

Freeman et al. reported that, of 52 patients with end-stage renal disease (ESRD) 
who underwent LSG, 40% had resolution of diabetes and 50% reduced or elimi-
nated antihypertensive medications [38]. Another study reported a mortality rate of 
3.8%, which is higher than the mortality rate among the non-CKD population, 
whose value is 0.08% [39], but lower than the mortality rate among patients on the 
wait list, which is 7%.

Over the years LSG has become the mainstay of bariatric surgery for CKD 
patients living with obesity, with an increase from <1% in 2006 to 84% in 2016 
[37]. This result can be explained firstly by the fact that LSG is simpler but equally 
efficient to RYGB and, secondly, there is a chance that RYGB may alter the serum 
levels of immunosuppressive drugs [40]. As reported by one of the authors in a ret-
rospective study, there is no immunosuppressive change after LSG bariatric surgery 
[41]. The importance of avoiding malabsorptive procedures is still unknown. LSG 
has recently been described as the procedure of choice in pre-transplantation candi-
dates [42], and in patients who have undergone kidney transplantation [43].
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20.1	� Introduction

The aging of the global population is rising due to a sustained decline in birth rates 
alongside increased longevity, a result of advancements in both preventive and cura-
tive medical interventions [1].

Comorbidities in the elderly often present as a pathological bundle that requires 
multidisciplinary assessment and combined therapeutic strategies tailored to the 
stage of the disease, and assessment of the status of the individual’s overall health is 
often required to manage these complexities.

Estimates of GFR in humans support hyperfiltration as a relevant pathophysio-
logic mechanism. Elevated GFR is combined with risk factors for disease progres-
sion, which include obesity, a family history of end-stage renal disease (ESRD), and 
increased glomerulosclerosis and atherosclerosis. These factors indicate a compen-
satory mechanism in the remaining neurons to maintain total GFR [2, 3]. The 
decline in kidney function in chronic kidney disease (CKD) is initially typically 
asymptomatic. However, as renal function deteriorates, patients may exhibit symp-
toms of advanced kidney failure, including volume overload, hyperkalemia, meta-
bolic acidosis, hypertension, anemia, and mineral and bone disorders. The onset of 
ESRD presents with a constellation of signs and symptoms collectively referred to 
as uremia. Following progression to ESRD, kidney transplantation becomes the 
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treatment of choice, and is the most widely performed solid organ transplant. 
Compared to maintenance dialysis, transplantation improves the quality of life and 
reduces the risk of mortality for most patients. The complexity of managing elderly 
surgical patients is compounded by a longer recovery period and an increased risk 
of complications, which can have a significant impact on prognosis. Postoperative 
complications can lead to prolonged hospital stays, readmissions, and a decline in 
patient quality of life [4].

This chapter delves into the specialized field of geriatric surgery, focusing on the 
unique challenges and considerations when operating on elderly uremic patients. It 
explores the intricacies of surgical care in this demographic, highlighting age-
related factors and perioperative challenges that must be addressed for optimal 
outcomes.

20.2	� Surgical Care for Elderly Uremic Patients

Considering the many different conditions that can affect kidney function, a com-
plete evaluation is imperative in patients with renal dysfunction undergoing surgery.

The National Kidney Foundation recommends the following assessments for 
uremic patients:

•	 Diagnosis (specific kidney disease)
•	 Comorbidities
•	 Severity, estimated by renal function level
•	 Complications associated with renal function level
•	 Risk of loss of kidney function
•	 Risk of cardiovascular disease.

These are the most important evaluations for accurate preoperative assessment, but 
it is mandatory that a complete multidisciplinary surgical risk work-up be performed 
to tailor surgery.

Uremic patients often have multiple major comorbidities, and the primary pur-
pose of the preoperative evaluation must be to optimize the variable risk factor sta-
tus before surgery [5].

Cardiac complications are the most common cause of perioperative complica-
tions and death in surgical patients of all ages, but especially in the elderly. This is 
because patients often have concurrent cardiac impairment, combined with poor 
functional reserve. The combined effects of intravascular volume depletion, age-
related impairment of catecholamine responsiveness, and prolongation of myocar-
dial relaxation time adversely affect cardiac function in an elderly patient under 
stress in the perioperative period [6]. Pulmonary complications account for up to 
50% of postoperative complications and 20% of preventable deaths. Risk factors for 
pulmonary complications include a positive smoking history, the presence of short-
ness of breath, or clinical evidence of chronic obstructive pulmonary disease [7]. 
There is also an increased incidence of renal complications in the perioperative 
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period in elderly surgical patients. Renal size and volume decrease with age, accom-
panied by intrarenal vascular changes. The number of glomeruli and nephron mass 
is reduced, resulting in a decreased filtering area. However, serum creatinine con-
centration is an insensitive indicator of renal function in the elderly.

Functional assessment is an important part of the preoperative evaluation of 
elderly surgical candidates, including an assessment of cognitive function. This will 
ensure that surgery will not have a significant impact on the quality of life of an 
elderly surgical candidate. An elderly patient’s functional status directly and 
inversely correlates with pulmonary and cardiac complications that can follow sur-
gery [8]. Performing surgery in elderly patients must be a considered compromise 
of surgical strategies in order to minimize perioperative complications.

Laparoscopic surgery has become an attractive option in elderly patients in all 
abdominal specialties due to advances in surgical techniques. A comprehensive 
multidisciplinary preoperative evaluation is essential to identify appropriate surgi-
cal candidates. Morbidity and comorbidity factors must be considered. Elderly 
patients are particularly susceptible to adverse surgical outcomes due to more severe 
primary disease, higher comorbidity burden, and reduced functional reserve. Some 
technical problems must also be considered, as well as prolonged operative times, 
increased pulmonary and systemic vascular resistance due to pneumoperitoneum, 
and potential heart failure, which leads many surgeons to limit the use of laparo-
scopic techniques in elderly patients. However, the benefits of reduced operative 
time and blood loss, earlier postoperative mobilization, and improved enteral toler-
ance have become apparent in all age groups as surgical techniques have been per-
fected. It is now becoming accepted that the laparoscopic approach may have special 
advantages for the elderly patient [9].

A wider range of conditions, both cancerous and benign, may require surgery in 
older patients. The impact of age-related impairments in immune function can be 
exacerbated by coexisting medical issues and changes in mental status as a result of 
dementia, medications, infection, or nutritional deficiencies. Biliary diseases, 
including acute cholecystitis, intestinal obstruction, and incarcerated hernia, are the 
most common benign surgical emergencies in the elderly. Often these are condi-
tions that are delayed or misdiagnosed in the elderly. This frequently results in 
higher rates of perforation and complications that have a negative impact on mor-
bidity and mortality. This is perhaps due to age-related changes in the biliary sys-
tem, such as an alteration in the lithogenicity of bile, and an associated increase in 
the prevalence of cholelithiasis. Complications such as ascending cholangitis, gall-
bladder perforation or gallstone ileus can result from delayed diagnosis due to atyp-
ical or misleading symptoms. Because of a suppressed immune response, elderly 
patients with acute peritonitis may not present with the typical symptoms of acute 
abdominal pain, fever, or leukocytosis [10].

Most cancers are age-related, and a growing elderly population is rapidly result-
ing in an increasing number of older patients requiring multidrug therapy for a 
variety of cancers, including lung, breast, hepatobiliopancreatic (HPB), gastric, and 
colorectal cancers. The development of a multimodal treatment plan for an elderly 
patient with a surgically resectable malignancy is based on careful consideration of 
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the expectation of the patient’s life expectancy. The major potential risk associated 
with major HPB surgery in elderly patients is the expected higher risk; therefore, a 
better understanding of the surgical risk is critical in optimizing management in 
these patients.

Liver resection (Fig. 20.1) and pancreatic surgery (Fig. 20.2) are the treatment of 
choice for a variety of primary and secondary cancers. Primary tumors of the liver 
are one of the most common solid tumors in the world, and the incidence of hepato-
cellular carcinoma (HCC) is the fourth highest of all tumors. HCC is often associ-
ated with cirrhosis, and can occur 20–30  years after exposure to the injury. 
Nevertheless, 25% of patients show no risk factors for developing cirrhosis. 
Extensive liver dysfunction limits treatment options, and many patients die from 
liver failure due to tumor progression. The incidence of HCC is most common in the 
sixth decade of life, and the number of elderly HCC patients being referred for liver 
surgery is growing due to the aging of the world’s population [11].

Fig. 20.1  Robotic liver resection in geriatric uremic patient. Major open surgeries often require 
large fluid shifts, prolonged anesthesia, and increased stress response, all of which can worsen 
renal function in uremic patients. Robotic surgery minimizes these risks by reducing operative 
time, hemodynamic fluctuations, and fluid requirements, preserving residual renal function. 
Advanced robotic technology allows for safe resection of tumors in difficult liver segments (e.g., 
posterior or caudate lobe) without the need for large incisions

Fig. 20.2  Robotic pancreatic resection in geriatric uremic patient. Enhanced 3D visualization and 
instrument dexterity allow precise dissection of the pancreas and spleen, reducing trauma to sur-
rounding structures. Geriatric uremic patients often have multiple comorbidities, making open 
surgery riskier, whereas robotic surgery offers a safer, less invasive alternative
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20.3	� Age-Related Considerations 
and Perioperative Challenges

In frail patients, surgery can be particularly dangerous and lead to irreversible func-
tional decline. Quality care for elderly surgical patients should achieve patient-
centered outcomes and requires clear communication and coordination among 
many health care professionals. Enhanced recovery after surgery (ERAS) and pre-
vention are an interesting combination that can improve the health status of the 
elderly frail patient. These pathways could potentially increase the ability of these 
patients to tolerate the stresses of surgery. ERAS programs are treatment regimens 
that combine evidence-based changes in perioperative care with the goal of reduc-
ing organ dysfunction and optimizing patient performance status. This program 
involves an evaluation by a multidisciplinary medical team, including surgeons, 
anesthesiologists, physical therapists, and nurses with the goal of optimizing the 
perioperative course of elderly patients [12].

20.4	� Conclusions

Surgical decisions in the elderly should be individualized. Potential benefits should 
be weighed against predicted risks. Preoperative assessment that evaluates medical, 
functional, and psychosocial problems can improve surgical outcomes in older 
patients by highlighting medical conditions that may adversely affect outcome, 
especially when associated with age-related physiologic changes. Specific interven-
tions to minimize complications such as functional decline and malnutrition are 
included in postoperative management. Planning for discharge begins with preop-
erative assessment.

A comprehensive assessment and interdisciplinary collaboration can improve 
the outcomes of the elderly patient while at the same time mitigating the potential 
adverse effects of hospitalization. Therefore, careful preoperative assessment, 
including screening for and addressing modifiable health concerns, is paramount in 
preventing adverse outcomes. Surgeons, anesthesiologists, and the entire surgical 
team must be aware of the unique needs of the aging population in order to imple-
ment appropriate measures to ensure patient safety and optimize surgical outcomes.
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21.1	� Introduction

Surgical risk is fundamentally linked to two main factors: the surgical procedures 
and the patient’s condition, which interact with each other.

Emergency abdominal surgery (EAS) is associated with high complication rates 
and postoperative mortality in the general population, and these risks are further 
elevated in patients with organ dysfunction or pre-existing conditions, with chronic 
kidney disease (CKD) being a recognized significant prognostic factor. The rela-
tionship between EAS and CKD exemplifies this interaction.
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This chapter aims to assess the prognostic impact of CKD on EAS and to explore 
specific situations that may arise in uremic patients undergoing such surgeries.

21.2	� Relevance of Emergency Abdominal Surgery 
and Chronic Kidney Disease

EAS is an independent risk factor for postoperative complications and mortality, 
with a 5–8 times higher mortality rate compared to elective surgery [1–4]. 
Postoperative complications following emergency general surgery occur in 21% to 
58% of cases, and 80–92.6% of patients who develop a serious complication  
(classified as Clavien-Dindo class >III) may die within 30 days [5, 6].

In Italy, it is estimated that 1 in 7 individuals has moderate CKD [7], defined as a 
halved GFR, with an annual increase of 6%–8% [8]. The CARHES study by the 
Italian Society of Nephrology indicates a CKD (stage 1–5) prevalence of 8.1% in men 
and 7.8% in women, suggesting that 2.5–3.0 million individuals in Italy have CKD [9].

Clinically, various preoperative and intraoperative factors are linked to severe 
postoperative outcomes. CKD is a recognized independent risk factor, alongside 
American Society of Anesthesiologists (ASA) grade ≥ IV, chronic heart failure, a 
Barthel index (BI) <35, general anesthesia, emergency, and major surgery [10].

CKD increases the risk of postoperative morbidity and mortality after major 
abdominal surgery [11]. Moreover, acute kidney failure (AKI) alone, AKI on top of 
CKD, and end-stage renal disease (ESRD) are independent mortality risk factors, 
whereas CKD alone is not [12]. AKI and CKD are interrelated syndromes, with the 
presence of CKD being a significant risk factor for developing AKI [13].

21.3	� Strategies for Rapid Assessment and Intervention

Patients facing EAS are critically ill and often lack the luxury of time for thorough 
preparation. Those with CKD suffer from a condition that is not curable but can some-
times be stabilized. It is crucial to evaluate the timing of surgery, prepare patients to 
the best of our ability, and ensure vigilant care throughout the perioperative period. 
EAS must be performed swiftly to address life-threatening conditions like hemor-
rhagic shock, while in other cases, correcting metabolic imbalances is the priority.

The adverse effects of comorbidities can be mitigated through proper preopera-
tive assessment and management. Coordinated perioperative care involving physi-
cians, anesthesiologists, and surgeons is essential. Factors such as ASA grade, body 
mass index (BMI), emergency surgery, intraoperative blood loss, extended surgical 
time, intraoperative complications, and contaminated wounds are linked to postop-
erative complications but can be modified to lower risks.

During the perioperative phase, fluid management in CKD patients must be care-
fully balanced; appropriate fluid therapy positively affects surgical outcomes. 
Preventing organ hypoperfusion due to hypovolemia and avoiding tissue edema 
from excessive fluid volume are critical. Excessive fluids can lead to heart failure in 
those with compromised cardiac function, and fluid overload is a known risk factor 
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for AKI [14, 15]. Conversely, a restrictive fluid approach has been associated with a 
higher incidence of AKI following major abdominal surgeries [16]. Therefore, a 
goal-directed fluid therapy (GDFT) approach is advocated. Some studies have 
shown that GDFT reduces morbidity within 30–180 days post-surgery and shortens 
hospital stays [17]. However, another study found no reduction in complications or 
mortality within 30 days post-surgery with GDFT [18]; patients with postoperative 
complications exhibited higher fluid inputs and total input excesses, yet the ratio of 
over-input per unit of time was lower [18]. Currently, numerous controversial issues 
surround fluid therapy, including the debate over liberal versus restrictive fluid strat-
egies and the use of crystalloid versus colloid solutions in fluid resuscitation, all in 
the absence of definitive data.

For patients assigned a color code other than “red”, the decision-making time for 
further diagnostic investigations or treatments may be prolonged. Therefore, it is 
crucial for a surgeon to be involved early in the clinical pathway if any of the fol-
lowing conditions are present [19]:

•	 Clinical instability or signs of hypoperfusion.
•	 A NEWS score >7, indicating a severe risk that necessitates “prompt emergency 

assessment by a clinical team with critical care competencies” [20].
•	 Clinical stability with a quick SOFA score >2 and lactate levels >2, as per “The 

Third International Consensus Definitions for Sepsis and Septic Shock” [21].
•	 A yellow or green code with risk indicators and a waiting time exceeding twice 

the expected duration.

The promptness of diagnostic imaging is vital for time-sensitive pathways, both due 
to the complexity of accumulating tests and the need for 24-h staff availability in 
high-volume facilities. This aligns with the guidelines set forth by the diagnostic 
and therapeutic care pathways (PDTA) of the Società Italiana di Chirurgia d’Urgenza 
e Trauma (SICUT) (Table 21.1) [19].

Surgeons must be aware of the risk of iodinated contrast media-induced nephrop-
athy (CIN) following an enhanced CT scan. Both iodine-based and gadolinium-
based agents can be cleared from the bloodstream through hemodialysis or peritoneal 
dialysis (PD). However, there is no evidence to suggest that hemodialysis can pre-
vent kidney damage. The risk of CIN is significantly higher in patients with CKD, 
increasing the risk by 20-fold, and when combined with diabetes, the risk of devel-
oping CIN is 50% [22, 23]. It is recommended to adhere to the Società Italiana di 
Radiologia Medica e Interventistica (SIRM) guidelines for the use of radiological 
contrast media as much as possible (Table 21.2).

In EAS appropriate antibiotic therapy is vital, yet it poses a dual challenge in 
CKD: renal function affects drug pharmacokinetics, and many antibiotics are neph-
rotoxic. Before prescribing an antibiotic and determining the correct dosage, an 
accurate assessment of renal function is essential, with creatinine clearance (CrCl) 
being the most reliable indicator. To maintain effective blood levels of antibiotics in 
CKD, dosages can be reduced while keeping the administration frequency the same, 
or the interval between doses can be extended [24–26]. Typically, dose reduction is 
preferred for antibiotics that require steady blood levels, whereas extending the 
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Table 21.1  Patients’ conditions and diagnostic approach

Patient’s condition Timing Procedure
Unstable or 
hypoperfused patient or 
NEWS >7

Within 
1 h

E-FAST
Contrast-enhanced CT if condition has stabilized.

Stable with diffuse 
abdominal pain

Within 
1 h

Possible US
Contrast-enhanced CT as first choice in the presence of: 
history of abdominal aneurysm; quick SOFA >2 and lactate 
values >2; significant increase in biological markers 
C-reactive protein and/or procalcitonin.

Stable with obstipation Within 
2 h

Plain abdominal radiography
Depending on history and clinical review, choice between 
the use of prokinetic drugs with subsequent radiological 
check or proceed directly to contrast-enhanced CT.

Stable with pain in the 
right quadrants or with 
renal colic

Within 
2 h

US of anatomical region
CT scan if indicated by US findings.

E-FAST Extended Focused Assessment with Sonography in Trauma, NEWS National Early 
Warning Score, SOFA Sequential (sepsis-related) Organ Failure Assessment

Table 21.2  Protocols for at-risk patients

GFR mL/
min/1.73 m2

>60 No prophylaxis
>30 Consider an alternative investigation if possible

Otherwise proceed without prophylaxis
<30 Before the examination:

(a) Hydration with sodium bicarbonate 1.4% (or 154 mmol/L in dextrose 
5%) i.v.: 3 mL/kg/h for 1 h before contrast medium administration
Or
(b) Hydration with saline solution 0.9% i.v.: 1 mL/kg/h for 3–4 h before 
contrast medium administration and for 4–6 h after

<15 Personalized prophylaxis with multidisciplinary decision

dosing interval is used for those with a prolonged half-life. Additionally, it is impor-
tant to remember that certain antibiotics can induce renal damage through direct 
toxicity or an immuno-allergic mechanism, leading to acute interstitial nephritis 
(Table 21.3).

21.4	� Management of Acute Abdomen in Uremic Patient

During surgery, operative time, intraoperative blood loss, and complications must 
be managed with proper control strategies. Intraoperative hypotension is closely 
associated with postoperative adverse events. Prolonged perioperative hypotension 
can lead to hypoperfusion in vital tissues and organs, resulting in postoperative 
complications. It has been reported that intraoperative hypotension lasting over 
20 min significantly increases the risk of postoperative complications. A decrease in 
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Table 21.3  Antibiotics and renal damage [26]

Direct toxicity Immuno-allergic mechanism
Aminoglycosides
Amphotericin b
Vancomycin
Tetracyclines
Sulfamides
Pentamidine

Penicillins (ampicillin, amoxicillin, piperacillin)
Cephalosporins (ceftazidime, cefotaxime)
Macrolides (erythromycin, azithromycin)
Quinolones (ciprofloxacin, norfloxacin)
Vancomycine
Tetracyclines

intraoperative systolic blood pressure by more than 20% for over 20 min can nota-
bly raise the risk of postoperative complications. Thus, for patients undergoing 
emergency surgery, it is crucial to keep the decrease in intraoperative systolic blood 
pressure within 20% of the baseline to minimize the risk of a poor prognosis.

Furthermore, longer surgical durations and greater blood loss during surgery 
contribute to an increased risk of postoperative complications. Studies on adverse 
events in hospitalized patients have shown that postoperative complications in lon-
ger surgeries are linked to increased blood loss, extended anesthesia duration, and 
the nature of the surgery itself [27].

Occlusion, perforation, ischemia, peritonitis and bleeding require EAS in the 
general population as well as in the uremic patient, although in the latter they may 
present different frequency and severity. In uremic patients, however, there are 
peculiar aspects that must be known and promptly detected.

21.4.1	� Bleeding

Gastrointestinal bleeding (GIB) is a prevalent yet often underappreciated condition 
that leads to increased morbidity and mortality in patients with CKD [28]. Numerous 
studies have highlighted the escalating issue of GIB in CKD patients [29–31]. GIB 
is a leading cause of death in those with CKD and ESRD, responsible for 3–7% of 
mortalities [32–35]. GIB in individuals on hemodialysis typically stems from peptic 
ulcers (20–30%), gastritis (20%), and telangiectasia in the stomach, duodenum, 
jejunum, and colon (20–30%) [36]. Research has identified risk factors for GIB in 
hemodialysis patients, including the use of anticoagulants, platelet dysfunction, and 
anticoagulation during dialysis [35, 37–39]. In uremic patients, addressing bleeding 
is a delicate matter. Red blood cell (RBC) transfusion should be judiciously used 
and avoided, if possible, as it may trigger anti-HLA antibody formation, reducing 
kidney transplantation success and causing hypervolemia and congestive heart fail-
ure symptoms, especially in older patients. The risks and benefits of transfusion 
therapy must be weighed on a case-by-case basis. In emergencies like severe bleed-
ing or urgent surgery, RBC transfusion can stabilize the patient. For stable CKD 
patients, transfusion is an option when erythropoiesis-stimulating agent (ESA) 
treatment fails (due to hemoglobinopathies, bone marrow failure, or ESA resis-
tance). While the hemoglobin threshold for transfusion is not definitive, it is gener-
ally considered when hemoglobin falls below 7 g/dL [40].
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21.4.2	� Occlusion

Encapsulating peritoneal sclerosis (EPS) is specific complication of prolonged PD 
therapy, with its major risk factor being closely linked to episodes of peritonitis 
[41–43]. EPS is commonly used interchangeably with terms such as “peritoneal 
sclerosis”, “peritoneal fibrosis”, “peritoneal sclerosing syndrome”, and “sclerosing 
encapsulating peritonitis”. In 1998, the International Society for Peritoneal Dialysis 
Ad Hoc Committee defined EPS as a syndrome that manifests with symptoms of 
intestinal obstruction due to adhesions from a diffusely thickened peritoneum, mak-
ing it a clinical diagnosis. It represents an advanced stage of disease with consider-
able morbidity and mortality [44, 45]. Peritoneal thickening and fibrosis in EPS can 
lead to a fibrous cocoon enveloping the bowel, causing intestinal obstruction, isch-
emia, and perforation. These occlusions stem from bowel adhesions, which are 
common in EPS patients. Radiological tests for diagnosing EPS are non-specific 
and challenging, often necessitating confirmation through laparoscopy or laparot-
omy [43, 46].

21.4.3	� Perforation and Peritonitis

Global surveys of dialysis patients indicate that 11% were receiving PD in 2004 [45, 
47], and this figure rose to 15.8% in 2009 [47]. Peritonitis is the primary complica-
tion of PD, contributing to increased morbidity and mortality rates, and is also the 
leading cause of technique failure. Severe or recurrent peritonitis episodes can result 
in ultrafiltration failure. The goal of peritonitis treatment is to quickly reduce inflam-
mation to maintain the functional integrity of the peritoneal membrane. PD perito-
nitis treatment primarily involves antibiotic therapy, with surgical intervention 
usually not required.

PD patients most commonly experience PD-related peritonitis, whereas endog-
enous peritonitis is rarer but has a mortality rate of 46.3% [48]. The causes of infec-
tion vary, with gastrointestinal perforation being one source of endogenous 
peritonitis, which is a significant reason for emergency laparotomy and often pres-
ents with severe abdominal signs and symptoms like muscular guarding and colicky 
pain. Perforations may be due to peptic ulcers, diverticulitis, cholecystitis, ischemic 
colitis, appendicitis, malignancy, ingestion of foreign objects like fish or chicken 
bones and, more rarely, bamboo slivers or indwelling catheters [49–54].

It is crucial to distinguish “catheter-related” peritonitis from secondary peritoni-
tis caused by visceral lesions, where surgical treatment is prioritized. Confusing 
secondary with “catheter-related” peritonitis can lead to grave mistakes in treatment 
selection, putting the patient’s life at risk. Diagnosing whether a PD patient has 
refractory or secondary peritonitis can be challenging. In cases of refractory PD 
peritonitis, it is imperative not to delay surgical exploration.

Peritonitis in PD patients has distinct characteristics that differentiate it from the 
“classical” scenarios (Table 21.4).
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Persistent effluent turbidity after 5 days of appropriate antibiotic treatment indi-
cates refractory peritonitis, which necessitates catheter removal to safeguard the 
peritoneal membrane [56, 57].

Prompt surgical evaluation and continuous monitoring are crucial to differentiate 
PD-related peritonitis from surgical peritonitis in PD patients [56, 58]. This issue 
requires swift resolution. A thorough clinical multidisciplinary assessment, includ-
ing laboratory and imaging studies for encapsulated collections and associated 
digestive and genital pathologies, is imperative. Misdiagnosis and delays in etio-
logical treatment can significantly impact the patient’s prognosis [56].

Three CT scan indicators are predictive of perforation sites: localized extralumi-
nal air bubbles adjacent to the bowel wall; a distinct defect in the bowel wall; and 
localized bowel wall thickening [59]. Meanwhile, CT scans show intraperitoneal 
free air in 30% of PD patients without perforative peritonitis [60, 61].

For all patients whose peritonitis symptoms persist beyond 5 days of proper anti-
biotic treatment, exploratory laparotomy or laparoscopy should be considered [56, 
62]. However, confirming a diagnosis of perforated peritonitis is challenging with-
out an exploratory laparotomy. Studies have reported diagnostic delays of over 
10 days and increased mortality rates (16–50%) [54, 63–65] in PD patients com-
pared to non-PD patients with appendicitis (4%) [54, 63, 66] or cholecystitis 
(9.5–15.2%) [67–71].

Finally, in uremic patients, specific perforative events are observed:

•	 Delayed perforation, a rare and specific complication of PD [72], involves ero-
sion or perforation of hollow viscera [73], primarily due to the peritoneal cathe-
ter and, on rare occasions, from direct exposure to hot dialysate or hot water [74].

•	 EPS, accounting for about 20% of small intestinal perforations [43, 64].

21.4.4	� Ischemia

Colitis is commonly associated with CKD, though severe colitis remains rare, as 
indicated by an autopsy study of 78 patients with end-stage renal disease (ESRD) 
on hemodialysis [75, 76]. Ischemic colitis may occur in up to 3% of cases [77] 
(Figs. 21.1 and 21.2). Intestinal necrosis in patients with uremia was first reported 
decades ago [78, 79]. The risk factors for colon necrosis apply to both uremic and 
non-uremic patients [80] (Table  21.5). The combination of sorbitol and sodium 
polystyrene sulfonate has been linked to intestinal necrosis in uremic patients [81]. 
Ischemic colitis can also occur without any identifiable trigger.

Table 21.4  Diagnosis of PD peritonitis (presence of at least 2)

Cloudy dialysis effluent with white blood cell count of more than 100 cells/mm3 (usually more 
than 50% polymorphonuclear neutrophils)—present in 98% of the cases
Abdominal pain (present in approximately 75% of the cases)
Positive cultures from dialysate [55, 56]
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Fig. 21.1  Superior mesenteric artery stenosis in an autosomal dominant polycystic kidney 
(ADPKD) patient affected by angina abdominis who underwent previous right nephrectomy 
(Angio CT scan: (a, b, c) sagittal reconstruction; (d) coronal reconstruction; (e) axial section). 
(Courtesy Prof. U.M. Bracale)

Fig. 21.2  Previous case. Endovascular treatment: superior mesenteric artery stenting and reperfu-
sion. (Courtesy Prof. U.M. Bracale)
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Table 21.5  Risk factors for ischemic colitis [82–87]

Low cardiac output Intrinsic cardiac 
causes

Heart failure, myocardial infarction, 
arrhythmia

Extrinsic factors Sepsis, hypovolemia, shock
Vascular risk factors Atherosclerosis, vasculitis, and 

microembolism
Drugs Digoxin, vasopressors, diuretics, and 

estrogens
Constipation and colonic 
distension

An enhanced abdominal CT scan can help to point to the cause of ischemia. 
Colonoscopy is a sensitive and specific way to assess colon ischemia but does not 
always allow a doctor to make a definitive diagnosis and should be performed as 
early as possible, preferably within the first 3  days after symptom onset [77, 
82, 88–90].

21.5	� Conclusion

The improved longevity of patients with CKD has led to an increased incidence of 
surgical issues.

Prompt diagnosis and proper perioperative management are critical for a positive 
outcome. Whenever feasible, uremic patients should be stabilized before surgery, 
necessitating a multidisciplinary approach, particularly in coordination with a 
nephrologist for fluid infusion, accurate drug dosing, and potential hemodialysis.

The surgeon must be meticulous in selecting the most suitable surgical method, 
aiming to minimize operation duration, bleeding, ischemia, leaks, or any other com-
plications that could arise in a patient as vulnerable as one with uremia.
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22The Role of Interventional Radiology in 
Uremic Patients

Domenico Santangelo and Francesco De Cobelli

22.1	� Percutaneous Nephrostomy

Recent diagnostic, interventional and technological advances (e.g., US, CT, cone-beam 
CT) currently allow multimodal and combined approaches for the treatment of renal 
pathology, optimizing outcomes. Percutaneous nephrostomy (PCN) is a widespread, 
minimally invasive procedure, mostly performed by interventional radiologists.

PCN is indicated for treatment of both intrinsic and extrinsic urinary obstruction 
(e.g., lithiasis, cancer, iatrogenic lesions). Hydronephrosis without infection may 
account for 72–97% of PCN, while infected cases account for 3–19% [1], with a high 
risk of evolution to sepsis, requiring urgent drainage. The onset of acute renal failure 
leading to hyperkalemia and cardiac conduction alterations also requires an emer-
gent PCN. PCN is also indicated in urinary leaks/fistulae (urinary diversions) or to 
provide an access to the pelvicalyceal system for other procedures (e.g., anterograde 
ureteral stent placement, endoscopic procedure). The Society of Interventional 
Radiology classifies PCN as a level 3 procedure (significant bleeding risk/bleeding 
difficult to detect) requiring well-defined coagulation parameters (INR <1.5 and 
platelet count >50,000/cm3 [2]). In renal transplant patients, PCN indications are the 
same as in the native kidney, yet the etiology may differ (e.g., ureterovesical 
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anastomosis stenosis/fistula). The placement of a PCN is generally more challenging 
as the non-anatomical position of the kidney often forces a transperitoneal puncture, 
requiring this procedure to be performed by experienced interventional radiologists. 
In cases of anastomotic fistula, an anterograde ureteral stent may be placed to accel-
erate fistula healing (Fig. 22.1).

For native kidneys, the procedure is generally performed with the patient in the 
prone position under combined fluoroscopic-US guidance; a supine position may 
also be considered. Access to the collecting system should be performed through 
Brödel’s avascular line, targeting the dorsolateral calyx. The best access site is the 
inferior third which presents less risk of complications. The calyx is punctured 
using a Chiba needle (22 gauge); urine is then collected to confirm correct position. 

a b

c d

Fig. 22.1  Percutaneous descending pyelography of a right iliac fossa transplanted kidney show-
ing distal urinary leakage (red arrow) (a). Cone-beam CT demonstrates urinary leakage at the 
ureterovesical anastomosis (b). A percutaneous nephrostomy tube and anterograde double-J ure-
teral stent were placed (c). 1-month follow-up showing complete healing of the fistula, with PCN 
(yellow arrow) and DJ stent (blue arrow) still in place (d)
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A wire is advanced into the proximal ureter and a three-step introducer is advanced 
over this guide. The wire is then replaced with a stiffer guidewire and the nephros-
tomy drainage tube (8–12 Fr) is advanced. A post-procedural US scan is highly 
recommended to rule out acute complications (perirenal hemorrhages, subcapsular 
hematomas). Acute hemorrhage requiring blood transfusion is the most common 
serious complication after PCN placement (0.5–4% procedures) [3]. Hemorrhages 
more frequently occur in the renal parenchyma and are generally self-limiting as the 
drainage tube works as a hemostat. Delayed hemorrhage is observed in less than 1% 
of procedures, is mainly sustained by arteriovenous fistulae (AVF) and pseudoaneu-
rysm, and is managed with endovascular techniques. Injuries to the collecting sys-
tem are usually identified intraoperatively and managed by placing a larger caliber 
PCN tube or an additional urinary drainage system (ureteral stent) in severe cases. 
Colon perforation is an uncommon complication (0.2–0.5% [4]), especially in the 
US-guided procedure. Hydrothorax/pneumothorax development is strictly linked to 
the access site; the literature reports a frequency of 4.6% above the 12th rib and 
26.7% above the 11th rib [5].

22.2	� Dialysis Arteriovenous Fistula Management

The most frequent hemodialysis access is a surgically created AVF; 20–60% of 
these do not mature, prolonging dependence on the temporary dialysis system [6]. 
Endovascular AVFs represent a valid alternative procedure. Approved devices are 
the WavelinQ™ (BD, Franklin Lakes, New Jersey) and Ellipsys™ (Medtronic, 
Minneapolis, Minnesota), both relying on the presence of a perforator vein on the 
proximal forearm able to arterialize the deep venous system, directing the flow into 
the superficial veins. Ellipsys™ is a single-catheter system that uses thermal energy 
to create an autogenous fistula between the proximal radial artery and the perforator 
vein. The WavelinQ™ is a dual-catheter system embedded with magnets that allow 
device alignment under US and fluoroscopic guidance, delivering radiofrequency 
energy to create radio-radial/ulno-ulnar fistula, verified through contrast medium 
injection. Embolization of the deep brachial veins close to the elbow is recom-
mended to redirect the flow to the superficial venous system and increase fistula 
flow. A recent metanalysis demonstrated an overall technical success rate of both 
systems of 97.5%, with a 90-day maturation rate of 89%, high patency rates at 6 and 
12  months (92% and 86%), and a low rate of procedure-related adverse events 
(5.5%) [7].

Complications of AVF techniques are vascular stenosis and thrombosis. 
Maturation failure in surgical AVFs is often associated with underlying stenosis. A 
retrospective study [8] showed an 88% clinical success rate of balloon percutaneous 
angioplasty (PTA) for immature autogenous fistulas (80% of the stenoses were in 
the juxta-anastomotic zone) (Fig. 22.2).

US-guided PTA access avoids multiple puncture attempts with consequent ves-
sel spasm and hematoma formation. PTA is performed using a high-pressure, semi-
compliant or non-compliant balloon. Venous stenosis may also develop upstream 
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a b c

Fig. 22.2  Phlebography of a prosthetic humeral-cephalic arteriovenous fistula with distal pros-
thetic anastomosis stenosis (red arrow) (a). Percutaneous angioplasty with a 6 mm semi-compliant 
balloon, showing stenosis incision on the balloon (yellow arrow) (b). Post-procedural phlebogra-
phy demonstrating stenosis resolution (green arrow) (c)

from the anastomosis; in these cases, PTA is indicated to improve fistula flow. Small 
caliber of the vein drainage tube is associated with poor outcomes after fistula cre-
ation [9]. Dilatations should be divided into different treatment sessions to prevent 
vessel trauma [10]. AVF thrombosis is nearly always linked to underlying stenoses. 
Endovascular intervention shows short- and long-term benefit compared to the con-
ventional Fogarty technique [11]. The main complication of mechanical thrombec-
tomy is arterial embolism (up to 7%); other complications include vessel rupture 
and pulmonary embolism. Thrombo-aspiration is a more rapid and less expensive 
option than mechanical thrombectomy and does not require thrombolytics, with the 
advantage of exposing patients to a lower risk of lung emboli [12].

22.3	� Renal Artery Stenosis

Renal artery stenosis (RAS) has different etiologies which lead to different proba-
bilities of developing renal failure. Treatment options available for RAS are medical 
therapy (antihypertensive therapy and therapies to limit atherosclerosis), percutane-
ous intervention (PTA and stenting), and surgery.

Atherosclerosis RAS (ARAS) is the most frequent etiology (90%), with a very 
high prevalence (50–60%) in elderly patients with hypertension and chronic kidney 
disease (CKD) [13]. CKD is the most common outcome with approximately half of 
the patients developing renal atrophy and GFR reduction within 3 years of diagnosis 
[14]. Stenosis progression is frequent, with 8–16% of ARAS evolving to complete 
occlusion within 5 years [15]. According to the guidelines [16], percutaneous revas-
cularization is indicated in: (a) malignant hypertension leading to acute pulmonary 
edema (class I); (b) unstable angina, renal failure, and uncontrolled hypertension 
(class IIA); (c) unilateral ARAS with CKD (class IIB). Stenting is preferred over 
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a b c

Fig. 22.3  Angiography of a right transplanted renal artery showing anastomotic stenosis (red 
arrow) (a). Percutaneous revascularization with balloon-expandable stent placement (6 × 18 mm) 
(yellow arrow) (b). Post-procedural angiogram showing resolution of stenosis (green arrow) (c)

PTA, and generally performed with balloon-expandable stents due to their high 
radial strength. Stenting revascularization has demonstrated to improve renal func-
tion with a significant increase of GFR [13]. Medical therapy should be optimized 
in all ARAS patients, regardless of revascularization [17].

Renal fibromuscular dysplasia (FMD), most common in young women 
(<50 years), accounts for 10% of RAS, often involving the right renal artery. FMD 
can be unifocal, which occurs in younger patients with severe hypertension, or mul-
tifocal and is often asymptomatic, although some patients develop severe hyperten-
sion. FMD does not generally lead to renal failure, unless associated with dissection 
or thrombosis [13]. Optimal candidates for treatment are patients <35 years with 
acute onset of hypertension, or patients with resistant/malignant hypertension 
regardless of age. PTA is generally sufficient, with stent placement being reserved 
for patients with artery dissection [18].

Vasculitis is a rare cause of large-vessel RAS (<1%), also affecting the renal 
microcirculation in patients with systemic lupus erythematosus, polyarteritis nodosa 
and Wegener’s granulomatosis.

Transplant RAS (TRAS), usually diagnosed during the first year after transplanta-
tion, is defined as >50% reduction of the graft artery lumen, with increased systolic 
peak velocity at Doppler US, and it has a documented incidence of 1–12% [19]. Early-
onset TRAS is associated with surgical procedure, while a late onset may indicate 
atherosclerosis apposition or aberrant immune response [19]. Treatment is required in 
cases of uncontrolled hypertension or deterioration of graft function. TRAS is usually 
localized at the anastomosis (25–75% [20]), but pre−/post-anastomotic or diffuse ste-
nosis may also occur. PTA and stenting are the main effective treatment options, with-
out high-evidence documented superiority [21] (Fig.  22.3). The complication rate 
ranges from 0–25%, with 3.2% puncture site hematoma/pseudoaneurysm, 1.8% artery 
dissection, 1% stent misplacement and 0.5% allograft loss [19].
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23Additional Iconography to Some 
Chapters of the Monograph

Michele Santangelo and Fabio Vistoli

Regarding surgery in uremic patients, visual representation plays a crucial role in 
illustrating anatomical challenges, surgical strategies, and potential complications.

This chapter, entirely devoted to surgical illustrations and related visual material, 
is designed to complement and expand on the images already included in some 
specific sections of the monograph.

The images presented here (Figs. 23.1, 23.2, 23.3, 23.4, 23.5, 23.6, 23.7, 23.8, 
23.9, 23.10, 23.11, 23.12 and 23.13) come from the authors’ personal archives and 
constitute a valuable iconographic resource, documenting key moments of surgical 
practice. These moments range from the preoperative phase to the execution of the 
procedure, and include the management of complications and the analysis of excised 
surgical specimens.

Each image has been carefully selected for its educational value and its ability to 
provide a clear and immediate representation of the challenges and strategies 
involved in treating specific pathological conditions of uremic patients.
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This visual collection complements the textual content, offering the reader a 
direct and concrete perspective of the procedures described in the preceding chap-
ters. The strength of iconography lies in its ability to overcome language barriers, 
offering an immediate and detailed representation of surgical reality.

We hope that this section will serve as a valuable teaching and reference tool for 
readers of this monograph and for all professionals involved in the surgical manage-
ment of uremic patients.

a

c

e f

d

b

Fig. 23.1  Additional iconography to Chap. 3. Case 1: (a, b) Side-to-end arteriovenous fistula 
(AVF) (Courtesy Prof. Paride De Rosa/Prof. Michele Santangelo). Case 2: (c–f) Performance of 
femoral-femoral AVF with biological prosthesis (autologous saphenous vein). (Courtesy Prof. 
Paride De Rosa/Prof. Michele Santangelo)

M. Santangelo and F. Vistoli



191

Fig. 23.2  Additional iconography to Chap. 3. Performance of axillary-axillary arteriovenous fis-
tula with biological prosthesis (bovine ureter). (Courtesy Prof. Paride De Rosa/Prof. Michele 
Santangelo)

a b c

d e f

Fig. 23.3  Additional iconography to Chap. 4. Case 1: (a) Engagement of ureter of transplanted 
kidney (green arrow) in inguinal hernia. Spermatic funiculus is also visible (yellow arrow). (b–f) 
Laparocele after kidney transplantation. Performance of laparoplasty with biological prosthesis 
(porcine dermis) placed extraperitoneally. Yellow arrow indicates transplanted kidney. (Courtesy 
Prof. Michele Santangelo)
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Fig. 23.4  Additional iconography to Chap. 10. Case 1: Compression of stomach by large cyst of 
hepatic segments II-III in a patient with autosomal dominant polycystic kidney (ADPKD): (a–c) CT 
scan of large cyst (arrowheads) arising from the liver (axial, coronal and sagittal sections). (d–f) 
Intraoperative laparoscopic images of cyst fenestration and omentoplasty. Yellow arrow > hepatic 
cyst; green arrow > compressed stomach; red arrow > kidney cysts; blu arrow > omentoplasty 
(Reproduced with permission from: Eleonora Riccio, Michele Santangelo, Alessandro Scotti, 
Antonio Pisani. A strange epigastric pain. Clin Kidney J. 2014 Oct;7(5):493–4, doi: 10.1093/ckj/
sfu088. Epub 2014 Aug 21. This figure is excluded from the CC-BY-NC 4.0 licence under which this 
book is published. Any reuse requires permission from the publisher—see https://academic.oup.com/
journals/pages/access_purchase/rights_and_permissions/). Case 2: Mediastinal deflection, T-wave 
inversion in v1–v3, dyspnea caused by giant cyst in right hepatic lobe in a patient with ADPKD, 
treated with percutaneous drainage. (g, h) X-ray and CT before percutaneous treatment. (i, j) X-ray 
and CT after percutaneous treatment. (Courtesy Prof. Michele Santangelo)
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a b c d e

Fig. 23.5  Additional iconography to Chap. 14: Partial nephrectomy/enucleoresection for renal 
cell carcinoma (RCC) in a monorenal patient: (a) Axial section CT scan; (b) Coronal section CT 
scan; (c) Renal surgical bed after exeresis of RCC; (d) Completed surgery; (e) Open operative 
specimen with visible healthy perilesional tissue. (Courtesy Prof. Michele Santangelo)

a b c d

Fig. 23.6  Additional iconography to Chaps. 12 and 21: Graft pancreatectomy in patients undergo-
ing combined kidney and pancreas transplantation. Case 1: (a, b) Graft pancreatectomy performed 
for severe hemorrhagic shock from bleeding from transplanted duodenum unresponsive to conser-
vative and angioradiologic therapy. Case 2: (c, d) Graft pancreatectomy performed for peritonitis 
caused by necrosis of transplanted duodenum. (Courtesy Prof. Michele Santangelo)

a b c

Fig. 23.7  Additional iconography to Chap. 15. Case 1: (a) Kidney transplantation. Arrows indi-
cate arterial termino-lateral anastomosis without Carrel patch on the external iliac artery, and 
venous termino-lateral anastomosis on the external iliac vein (Courtesy Prof. Fabio Vistoli). Case 
2: (b, c) Kidney transplantation with endarterectomy of the recipient’s external iliac artery. (b) 
Atherosclerotic plaque removed from the recipient’s external iliac artery via endarterectomy. (c) 
Kidney transplantation following endarterectomy of the recipient’s external iliac artery. Arrows 
indicate the post-endarterectomy suture line and the termino-lateral arterial anastomosis between 
the renal artery (with Carrel patch) and the recipient’s external iliac artery (Courtesy Prof. Fabio 
Vistoli)
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Fig. 23.8  Additional iconography to Chap. 15. Deceased-donor pediatric kidney transplantation 
in an adult recipient. (a) Deceased pediatric donor kidney graft harvested en bloc with aortic and 
caval stumps. (b) Deceased pediatric donor kidney graft transplanted en bloc into an adult recipient 
using aortic and caval stumps for arterial and venous anastomoses. Arrows indicate the termino-
lateral arterial anastomosis between the distal stump of the aortic graft and the recipient’s external 
iliac artery, and the termino-lateral venous anastomosis between the proximal stump of the caval 
graft and the recipient’s external iliac vein. (Courtesy Prof. Fabio Vistoli)

a b

Fig. 23.9  Additional iconography to Chap. 15. Reconstruction options in cases of kidney graft 
with multiple arteries. (a) Arrows indicate arterial termino-terminal anastomosis of two renal arter-
ies on the two bifurcation arms of the recipient’s internal iliac artery. (b) Arrows indicate termino-
lateral anastomosis of the polar renal artery on the main renal artery trunk, and arterial 
termino-terminal anastomosis of the main renal artery on the recipient’s internal iliac artery. 
(Courtesy Prof. Fabio Vistoli)
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Fig. 23.10  Additional iconography to Chap. 15. Living-donor kidney with renal artery aneurysm. 
(a) Angiogram of the living donor kidney showing a double-chamber sacciform aneurysm (arrow) 
of the trifurcation of the main trunk of the renal artery. (b–d) Progressive isolation and excision of 
the double-chamber aneurysm of the trifurcation of the main trunk of the renal artery. Arrows 
indicate the isolated and resected arterial branches. (e) The removed double-chamber sacciform 
aneurysm of the renal artery trifurcation. (f) Arrows indicate the three branches to be reconstructed 
to maintain complete vascularization of the transplanted kidney. (g) Internal iliac artery graft 
(arrow) removed from the recipient and ready to be used to reconstruct renal graft vascularization. 
(h) Arrows indicate the termino-terminal anastomoses between the branches of the recipient inter-
nal iliac artery graft and two renal arteries; the other renal artery is anastomosed termino-laterally 
to the common branch of the recipient internal iliac artery graft, thus completing the arterial recon-
struction. (Courtesy Prof. Ugo Boggi/Prof. Fabio Vistoli)

a b

Fig. 23.11  Additional iconography to Chap. 16. (a, b) Intraoperative finding of right nephrec-
tomy of a giant polycystic kidney, weighing over 10 kg. (Courtesy Prof. Michele Santangelo)
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Fig. 23.13  Additional iconography to Chap. 22. Obstructive acute renal failure from left uretero-
vesical stricture (red arrow) arising after transurethral resection of bladder (TURB) in a patient 
with chronic renal failure. (a) Stricture crossing using a hydrophilic guidewire and an angiographic 
catheter. (b) Ureteroplasty with a 5 × 40 mm balloon, highlighting the stenosis (yellow arrow). (c) 
Anterograde placement of a double-J ureteral stent to protect the treated stricture. (Courtesy Prof. 
Francesco De Cobelli)

Fig. 23.12  Additional iconography to Chap. 21. Hypertensive lymphocele after kidney trans-
plant. (a–e) Drainage performed with ultrasound-guided minimally invasive technique. (Courtesy 
Prof. Michele Santangelo)
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24Surgery in Uremic Patients: Challenges, 
Innovations, Future Prospects 
and Concluding Remarks

Michele Santangelo and Fabio Vistoli

The surgical management of uremic patients remains a complex challenge in clini-
cal practice.

Chronic kidney disease (CKD) is responsible for numerous homeostatic alterations 
that impact every surgical procedure. Precisely because of the systemic effects of these 
alterations and their clinical implications, any surgical procedure in these patients 
involves not only the treatment of the local disease but also the comprehensive manage-
ment of associated comorbidities, making a multidisciplinary approach mandatory.

Cardiovascular, metabolic, and immunologic dysfunction, common in patients 
with CKD, significantly increases the risk of perioperative and postoperative com-
plications. Electrolyte imbalances, hypertension, bleeding, and susceptibility to 
infection require meticulous preoperative preparation, careful intraoperative man-
agement, and vigilant postoperative care.

As discussed in previous chapters—both general and disease-specific—the sur-
gical approach to patients with CKD must be individualized, with an emphasis on 
risk stratification and optimization of systemic function prior to any intervention.

Different chapters of the monograph also underscore the role of minimally inva-
sive techniques in the treatment of these patients. However, although laparoscopic 
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and robotic surgeries have indeed proven valuable in reducing the surgical trauma 
associated with traditional open procedures—thereby facilitating faster recovery, 
shorter hospital stays, and potentially fewer complications—these techniques 
require careful consideration in the patient with CKD, where factors like compro-
mised tissue healing and limited vascular supply may complicate the benefits of 
minimal-access surgery. In addition, the increased risk of bleeding of the patient 
with CKD must be carefully considered and managed when using these techniques.

Even today the creation of dialysis accesses, whether through arteriovenous fis-
tulas or hemodialysis/peritoneal catheters, remains a cornerstone of the care of 
patients with CKD. As highlighted by the contributors to this monograph, the opera-
tive management of patients with CKD undergoing surgery is not easy due to the 
increased risk of infection, occlusion and thrombosis; therefore, optimal access 
placement and continuous monitoring are essential to prevent complications, espe-
cially in patients undergoing multiple operations.

Renal transplantation is another critical procedure for many CKD patients, offer-
ing the potential to significantly improve quality of life and long-term survival. 
However, patient selection remains a challenging process, since coexisting comor-
bidities, such as cardiovascular disease and diabetes, can adversely affect transplant 
survival. The chapters on renal transplant surgery offer valuable insights into both 
surgical technique and postoperative management of transplant recipients, empha-
sizing the importance of immunosuppressive therapy and careful monitoring of 
complications.

The complexity of managing patients with CKD requires a highly individualized 
approach to care. Each patient presents a unique set of challenges based on the 
degree of renal impairment, the presence of comorbidities, and his or her overall 
functional status. As emphasized by the experts who contributed to this monograph, 
collaboration among nephrologists, cardiologists, anesthesiologists, and surgeons is 
critical for optimal outcomes. In addition, it is crucial to address the nutritional and 
psychosocial status of patients with CKD, as the burden of CKD and uremia often 
involves considerable mental and emotional stress.

Looking ahead, advances in research and technology have the potential to further 
revolutionize the surgical management of patients with CKD. The use of new bio-
markers for preoperative risk stratification, advanced imaging techniques for pre-
cise surgical planning, and new perioperative monitoring systems could help 
improve surgical outcomes. In addition, regenerative medicine may offer attractive 
alternatives to traditional surgical interventions, potentially reducing the need for 
invasive procedures and improving tissue repair.

In conclusion, although the surgical management of patients with CKD remains 
an unresolved challenge, the growing body of knowledge and technological 
advances offer new opportunities for more effective and safer treatment. Advances 
in surgical techniques, together with an increasingly integrated and personalized 
approach to care, offer not only more targeted intervention but also a real opportu-
nity to improve the quality of life of this vulnerable patient population. 
Interdisciplinary collaboration and ongoing research will continue to be the corner-
stones of the future of surgery in uremic patients, with the ultimate goal of optimiz-
ing both survival and well-being.
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