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Preface

Abdominal surgery is at the heart of general and pediatric surgical practice. It 
includes a broad spectrum of surgical procedures such as appendectomy, cholecys-
tectomy, resection of abdominal tumors, and procedures for gastro-esophageal reflux 
disease, among many other surgeries. Indications, preoperative and postoperative 
patient care, and approaches and techniques involved with abdominal surgeries have 
been a subject of clinical research for a long time with many questions remaining 
unanswered.

This book is for junior surgeons in practice, surgical trainees, medical and nursing 
students, as well as all healthcare practitioners involved with the care of patients 
undergoing abdominal surgeries. It provides readers with a comprehensive overview 
of the theoretical and practical knowledge necessary for healthcare providers to look 
after their patients who are planning to or have already undergone an abdominal 
surgical procedure. This book outlines common indications of abdominal procedures 
in both adults and children and discusses important technical aspects of abdominal 
surgeries such as laparoscopic versus open approaches, incision types, fascial closure 
techniques, and the use of peritoneal drains. This is in addition to information on 
state-of-the-art preoperative preparation and postoperative patient care guidelines, 
and a discussion of potential complications of abdominal surgeries.

Ahmad Zaghal, MD, FEBPS, FHEA and Arwa El Rifai, MD
Department of Surgery,

American University of Beirut Medical Center,
Beirut, Lebanon
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Chapter 1

Introductory Chapter: Abdominal 
Surgeries
Arwa El-Rifai and Ahmad Zaghal

1. Historical background

Over the past centuries, knowledge about abdominal pathologies and management 
transformed gradually into the field we know today. The elucidation of the multiplic-
ity of diseases underlying Hippocrates “ileus” came after the tremendous efforts, 
successes and often failures of the surgical forefathers. Far from being a comprehen-
sive timeline, from the coining of “peritonitis” to the description of appendicitis to 
the successful treatment of an appendiceal abscess was a journey that took nearly a 
hundred years. However, the breakthrough of anesthesia and asepsis in the 1840s  
and 1870s respectively brought about surgical innovation and advancement at  
unprecedented pace [1].

2. Examples of abdominal surgeries

Abdominal surgeries constitute a heterogeneous group of procedures that 
 constitute the core of the general and pediatric surgical practice as well as a multi-
tude of surgical training programs. This includes a long list of operations that are 
performed on elective and emergency basis. Classic examples include, but not lim-
ited to, the resection of inflamed gastrointestinal organs such as appendectomy for 
acute appendicitis and cholecystectomy for acute cholecystitis, operations for com-
plicated inflammatory bowel diseases such as Crohn’s disease and ulcerative colitis, 
bariatric operations such as sleeve gastric resections and gastric bypass, tumor 
resections such as Whipple procedure for pancreatic malignancies, and bowel resec-
tions for colon cancer. Laparotomies also allow repair of diaphragmatic hernias both 
congenital and acquired, vascular procedures such as emergency and elective repair 
of abdominal aortic aneurysms. Liver procedures are also an important example of 
abdominal procedures such as liver resections for malignant conditions of the liver. 
Other indications include repair of the abdominal wall and inguinal hernias, gastro-
esophageal reflux, hiatal hernias, abdominal trauma, and bowel obstruction among 
others. Moreover, urologists and gynecologists also perform abdominal surgeries 
for a wide variety of indications including and not limited to uterine and ovarian 
resections for a variety of malignant and benign conditions, nephrectomies, urinary 
bladder resections and reconstructions, pyeloplasties and other procedures.

3. Minimally invasive approach

A relatively recent momentum is shifting the operative paradigm towards 
a minimally invasive approach. Initially with the advent of laparoscopy that 
re-invented the surgical technique to single port access and advanced robotic 



1

Chapter 1

Introductory Chapter: Abdominal 
Surgeries
Arwa El-Rifai and Ahmad Zaghal

1. Historical background

Over the past centuries, knowledge about abdominal pathologies and management 
transformed gradually into the field we know today. The elucidation of the multiplic-
ity of diseases underlying Hippocrates “ileus” came after the tremendous efforts, 
successes and often failures of the surgical forefathers. Far from being a comprehen-
sive timeline, from the coining of “peritonitis” to the description of appendicitis to 
the successful treatment of an appendiceal abscess was a journey that took nearly a 
hundred years. However, the breakthrough of anesthesia and asepsis in the 1840s  
and 1870s respectively brought about surgical innovation and advancement at  
unprecedented pace [1].

2. Examples of abdominal surgeries

Abdominal surgeries constitute a heterogeneous group of procedures that 
 constitute the core of the general and pediatric surgical practice as well as a multi-
tude of surgical training programs. This includes a long list of operations that are 
performed on elective and emergency basis. Classic examples include, but not lim-
ited to, the resection of inflamed gastrointestinal organs such as appendectomy for 
acute appendicitis and cholecystectomy for acute cholecystitis, operations for com-
plicated inflammatory bowel diseases such as Crohn’s disease and ulcerative colitis, 
bariatric operations such as sleeve gastric resections and gastric bypass, tumor 
resections such as Whipple procedure for pancreatic malignancies, and bowel resec-
tions for colon cancer. Laparotomies also allow repair of diaphragmatic hernias both 
congenital and acquired, vascular procedures such as emergency and elective repair 
of abdominal aortic aneurysms. Liver procedures are also an important example of 
abdominal procedures such as liver resections for malignant conditions of the liver. 
Other indications include repair of the abdominal wall and inguinal hernias, gastro-
esophageal reflux, hiatal hernias, abdominal trauma, and bowel obstruction among 
others. Moreover, urologists and gynecologists also perform abdominal surgeries 
for a wide variety of indications including and not limited to uterine and ovarian 
resections for a variety of malignant and benign conditions, nephrectomies, urinary 
bladder resections and reconstructions, pyeloplasties and other procedures.

3. Minimally invasive approach

A relatively recent momentum is shifting the operative paradigm towards 
a minimally invasive approach. Initially with the advent of laparoscopy that 
re-invented the surgical technique to single port access and advanced robotic 



Abdominal Surgery - A Brief Overview

2

platforms. Minimally invasive approaches in abdominal surgeries reduce the 
postoperative recovery time and allow for an earlier return to normal life, is associ-
ated with reduced risk of wound-related infections and bowel obstruction related 
to adhesion formation, this is in addition to its cosmetic superiority over the classic 
open approach [2]. That said, the open abdominal procedure remains an important 
element of the general surgeons’ armamentarium with its valid indications, such as 
in cases of hemodynamically unstable trauma patients (such as in shattered spleens 
and high grade liver lacerations), bowel obstruction with massive intestinal disten-
tion, and large tumors involving major abdominal vessels particularly in children 
such as in patients with large neuroblastoma.

4. Dilemmas in abdominal surgeries

Indications, preoperative and postoperative patient care, approaches and tech-
niques involved with abdominal surgeries have been a subject of clinical research 
for a long time; some questions have been answered with relatively high confidence 
based on well-designed clinical and non-clinical trials while many other questions 
remain unanswered and subject to debate. Examples of commonly discussed dilem-
mas include the following:

1. What is the ideal prepping solution for disinfecting the abdominal skin before 
surgeries? Betadine-based or chlorhexidine-based?

2. What is the best type of and technique for bowel-to-bowel anastomosis?

3. Which is better: hand-sewn or stapled anastomosis?

4. Which type of suture material is ideal for bowel anastomosis, fascial and 
 abdominal wall closure?

5. How can the risk of post-operative superficial and deep wound infection 
 complications be reduced?

6. What is the role of bowel preparation before surgeries involving the colon and 
rectum? Mechanical preparation versus chemical preparation.

7. When is non-operative management indicated versus surgical explorations in 
specific disease processes?

5. Focus and content

The primary focus of this book is to present a brief and basic overview on 
abdominal surgeries, both theoretical knowledge and practical tips and clues. Our 
target audiences are junior general and pediatric surgeons in practice, obstetricians 
and gynecologists, urologists, surgical and medical residents and fellows, operat-
ing room and surgical ward nurses, medical and nursing students, and all other 
healthcare providers involved with the care of patients undergoing abdominal 
procedures of any type. The book tackles common indications for surgeries of the 
abdomen across all age groups, as well some important technical considerations 
such as minimally invasive approaches, wound closure and bowel anastomosis 
techniques, and the indications, pros and cons of the utilization of peritoneal drains 
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after abdominal surgeries. In addition, this book reviews the up-to-date periopera-
tive care guidelines and recommendations. That said, this book is not intended to be 
a comprehensive reference for all the abdominal surgical pathologies and details of 
the surgical techniques.

6. Conclusion

We hope that this book will provide the readers with a general flavor and basic 
information around the different types, indications, and potential complications of 
abdominal surgeries as well as the optimal care of patients undergoing abdominal 
procedures.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 2

Paraumbilical/Umbilical Hernia
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Abstract

Umbilical hernia is a common pathology that occurs in around 2% of the  
population. About 10% of abdominal hernias are umbilical hernias and umbili-
cal hernia repair is among the most commonly performed surgeries in adults. The 
diagnosis is straightforward when tissues or organs such as the omentum or a bowel 
segment bulge out through an opening in the muscles of the abdominal wall in the 
umbilical region. The treatment options for umbilical hernia include non-operative 
and operative management strategies via open or minimally invasive techniques. This 
chapter provides a comprehensive review of umbilical hernias in adults.

Keywords: hernias, abdominal hernia, umbilical hernia, mesh, surgery

1. Introduction

Hernias constitute a broad spectrum of a well-known clinical entity and run 
throughout the whole history of humankind. One of the first illustrations that 
describe an umbilical hernia (UH) is seen in a Phoenician terracotta sculpture 
from the 4th–5th century B.C. Abdominal hernias are defined as a protrusion of 
structures through a defect of the abdominal wall that normally contains it. An 
umbilical hernia is a primary ventral hernia with the defect located in the midline 
at-or within 3 cm around the umbilicus. [1, 2] This is a common type of hernia in 
the adult population and is exceeded only by the inguinal hernia. Approximately up 
to 166,000 primary umbilical hernia repairs are performed annually in the United 
States. [3]

2. Epidemiology

It was estimated that about 2% of adult population have an umbilical hernia that 
is clinically demonstrable [1–5]. The results of a study performed by a radiologist on 
the ultrasound examination of the anterior abdominal wall examination wall done, 
for reasons other than hernia, showed that asymptomatic UH may be present with 
an incidence of 25% in females and 23% in males. [4, 5] The incidence rate of UH 
varies substantially with age and gender. The age-specific prevalence is typically 
higher for men (61–70 years), compared to women (31–40 years); adipose deposi-
tion differs between men and women, this may contribute to the gender differences 
in the development of UH. Furthermore, the overall numbers of UH repairs are 
higher in men than in women. [4–8]
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3. Etiology and pathophysiology

There are several risk factors for the development of umbilical/paraumbilical 
hernia, some are congenital and others are acquired (90% of cases). (Figure 1). 
[1–3, 8, 9] Congenital UH is related to an incomplete closure of the umbilical ring, 
which usually, closes spontaneously within three to five years after birth; in cases of 
umbilical hernia development, the ring does not close and the muscles which should 
unite during development fail to form a strong union. A large portion of umbilical 
hernias labeled as “acquired hernias” because they are diagnosed in adulthood, 
knowing that some of these may be present from birth but have gone undetected. 
Despite many studies involving UH, there is lack of data on its development; 
commonly documented causes for acquired UH include the following: connective 
tissue disorder (lower type I collagen), overweight, pregnancy (frequent or mul-
tiple gestation pregnancies), obesity, ascites, cirrhosis, rectus diastase, peritoneal 
dialysis, large abdominal tumor, and trisomy 21 syndrome. [8, 9] All conditions 
that may cause an increase in the intra-abdominal pressure that results in stretching 
of the abdominal muscles and separate muscle bundles which weaken the fascial 
layer strength and favor the occurrence of UH. [1, 2, 8, 9] Another factor that has 
been evaluated over the past decade is the rising rates of obesity in adolescents and 
adult population. Sports hernia is one particular form of this disease addressed in 
athletes. Despite the higher prevalence of inguinal hernias in athletes, the anatomi-
cal and biomechanical considerations of the central abdominal wall theoretically 
makes the umbilical are at risk for hernia formation in this group of individuals. 
That may be due to disproportionate pull of abdominal rectus muscles as the 
proposed mechanism for creation of inguinal hernias in athletes. [7–9]

In adults, the abdominal wall usually has sufficient strength to resist rising 
abdominal pressure to prevent herniation of intra-abdominal contents. In certain 
abdominal wall weakening conditions, such as chronic abdominal distension the 
rising pressure from within may be responsible for the occurrence of UH. [10] 

Figure 1. 
Umbilical hernia stranguled.
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Hernia development is more common in pregnancy due to two main components, 
hormonally induced increased laxity of the pelvic ligaments and high abdominal 
pressure. It is also more common in the elderly due to degenerative weakness of 
muscles and fibrous tissue. [1, 2, 7, 8]

4. Clinical history and presentation

The presentation of UH is variable, from asymptomatic to requiring emergency 
surgery (4% after 5 years). [1, 2, 4, 8] Small-size hernia with incarcerated omentum 
could produce intermittent or constant pain, sometimes associated with general 
symptoms. Larger hernias may be asymptomatic. Patients often present with mild 
symptoms, some degree of discomfort usually appears first. UH typically, presents 
with protrusion or bulging under the skin at the umbilical ring, one should deter-
mine whether the hernia reduces spontaneously or needs to be reduced manually. 
Progressively, the hernia (fascial) defect enlarges and in most cases becomes tender or 
irreducible with time. Severe pain should alert the surgeon to a high risk of strangula-
tion: compromised blood supply to herniated tissues/organs. This is a serious compli-
cation with signs of skin color changes and, intestinal obstruction if the sac contains 
a loop of small bowel (Figure 1). It is important to remember that UH can lead to 
complications many of which can be fatal if not properly treated. Strangulation can 
occur in irreducible, also known as incarcerated hernias, and can lead to peritonitis, 
septic shock and a rapid deterioration in the patient’s condition. Some reports show 
that older age, female gender, umbilical hernia defects between 2 and 7 cm are poten-
tial risk factors for the development of acute complications. [1, 2, 7, 9]

The European Hernia Society and Americas Hernia Society (EHS and AHS) 
classification for umbilical/epigastric hernia is a clinically relevant system based on 
defect diameter (Table 1). [8]

5. Diagnosis and investigations

Umbilical hernia is usually diagnosed by inspection and palpation with the 
patient lying down and standing, as this will usually make the hernia bulge more 
apparent and demonstrable. The patient is asked to cough or make a Valsalva’s 
maneuver, this can cause an occult hernia to be more evident. It is important to 
estimate both the fascial defect size and hernia content. Careful examination of 
the entire abdominal wall is crucial in order to evaluate for hernia complications or 
the presence of multiple defects. Skin must be evaluated, the appearance of bruises 
suggests venous engorgement of the hernia contents; this may be due to underlying 
complications such as incarceration or strangulation. Local and generalized abdom-
inal pain, irreducible hernia, fever, leucocytosis and signs of bowel obstruction are 
signs that warrant immediate attention and management as they may potentially be 
related to significant complications.

Primary Umbilical Hernia size Dimension

Small 1.1 cm

Medium More than 1 cm up to 4 cm

Large Over 4 cm

Table 1. 
The European and Americas hernia society classification for umbilical/epigastric.
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When a patient has symptoms but no hernia demonstrated on meticulous and 
detailed physical exam, or there is clinical uncertainty, imaging may be helpful to 
establish the diagnosis. In these patients, abdominal ultrasound and/or computed 
tomography are very useful in establishing the diagnosis as well as preoperatively 
planning, for instance, they can influence surgical decision making in terms of 
choosing open versus laparoscopic approaches [3].

6. Management

There are two main treatment options for patients with umbilical hernia, 
non-operative management and surgical repair. Non-operative management can be 
divided into three categories:

1. Non-operative management except for acute presentations suitable for  
high-risk patients.

2. Initial non-operative management: in symptomatic or patients who desire to 
have the hernia repaired but have modifiable risk factors such as smoking, 
uncontrolled diabetes, BMI > 30 Kg/m2).

3. Watchful waiting and “wait for symptoms to appear”: suitable in patients 
with acceptable surgical risks but have few hernia symptoms or  
signs [1, 2, 4, 7–9, 11].

Outcomes of patients treated non-operatively and the risk of delayed acute pre-
sentation are unclear. However data from a retrospective study showed that within 
5 years of follow-up 4% of cases underwent surgical procedures in emergency 
settings. Little is known about the results of watchful waiting approach in patients 
with UH but this strategy seems safe.

The common risks of non-operative management include increasing discom-
fort or pain (worsening during coughing and defecation), increasing hernia size, 
skin complications, constipation due to worsening abdominal function and acute 
presentations such as sharp pain and irreducibility.

Typically, adult symptomatic umbilical hernias need to be fixed to reduce the 
potential risk of complications. Umbilical hernia repair can be achieved with either 
sutured or mesh repair. The latest guidelines by SAGE and EHS-AHS (European 
Hernia Society-American Hernia Society) recommended the mesh usage in order to 
reduce hernia recurrences. Sutured repair can be considered for small-size hernia 
defects of less than one cm [9].

Umbilical hernia repair can be achieved either via an open procedure or minimally 
invasive surgery as laparoscopic or robotic technique.

6.1 Open umbilical hernia repair, suture alone

Mayo technique has been considered for many years to be the standard 
technique for primary umbilical hernia repair. This technique, described in 
1901, involves a fascial closure using two suture lines: some interrupted perma-
nent sutures and some running absorbable sutures; the author found that the 
transverse direction of closure may be advantageous. [11] The recurrence rates 
with this technique has remained high over time. The modified technique used 
today is a simple defect closure with a single line of sutures. It is recommend to 
use non-absorbable sutures in order to reduce hernia recurrence (low level of 

9

Paraumbilical/Umbilical Hernia
DOI: http://dx.doi.org/10.5772/intechopen.96186

evidence). [8] It is important to remember that sutured repair of primary small 
umbilical hernia (<1 cm) with the presence of muscles diastasis is a significant 
risk factor for recurrence, hence prosthetic reinforcement, using a mesh, for 
clean cases is recommended. [12]

6.2 Open umbilical hernia mesh repair

An infra-umbilical incision is usually used (transverse and vertical incision 
shave similar outcomes) and then the umbilical stalk is dissected. The hernia sac is 
dissected down to the fascia. Reduction of hernia sac and its content into abdominal 
cavity is done. Fascial edges should be refurbished by incising at least 2 mm margins 
from the umbilical ring. Gentle blunt dissection to the posterior rectus sheath is 
done to prepare the posterior field. A space of 5 cm in all directions should be devel-
oped. The mesh generally can be placed in either the sublay position (retrorectus 
space) or the underlay pre-peritoneal position. Moreover, there are commercially 
available umbilical hernia patches with mesh coated by tissue-separating layer 
designed to allow for intra-peritoneal mesh placement. The defect can be closed 
with absorbable or non-absorbable sutures [13, 14]. The skin closure is done with 
material based on the surgeon’s preferences.

6.3 MIS: Intraperitonial Onlay mesh (IPOM)

To be able to perform the IPOM repair, preparation of the needed laparoscopic 
instruments is imperative. These include: camera port, one 11 mm blunt trocar, 
one 5 mm trocar, 30°endoscope, bipolar coagulation clamp, monopolar coagula-
tion scissor. The patient is placed in the supine position with bilateral arms tucked 
to the sides on a flexed table. The monitor is placed in front of the surgeon. 
Pneumoperitoneum is then established with the surgeon’s preferred technique 
(Verres needle, open approach, optically trocar). A 12 mmHg CO2 pressure creates 
the working space. Once a good working space is established, either an 11 or 5-mm 
trocars are placed on the left lateral side. The hernia ring is dissected with reduction 
of the contents and the hernia sac. Usually peritoneal fat and falciform ligament are 
dissected to expose the fascia. This is important in order to improve mesh fixation 
which is done using tacs to anchor and prevent the mesh from sliding [15]. Hernia 
defect closure is a good practice and can be performed using absorbable barbed 
sutures either laparoscopically or using Reverdin needle techniques, based on 
surgeon’s preferences, may be used. Based on the published literature, it is reason-
able to cover the hernia defect with 3–5 cm mesh overlap to avoid hernia recurrences 
(primary UH repair open or MIS technique). The coated mesh is then secured to 
the abdominal wall using double crown absorbable or non-absorbable. [16–20] The 
procedure may be performed either laparoscopically or robotically with some varia-
tions pertaining to docking and positioning. [20]

6.4 MIS: retro-rectus repair (Rives-Stoppa)

Several advances brought about by the prosthetics mesh industry, allowed for 
an effective intraperitoneal mesh placement for UH repair. However, safety prob-
lems have been raised and were reported in some cases series. In these series, late 
complication that emerged included adhesions, fistula formation, mesh migrations, 
and further damage to the abdominal viscera. In an attempt to reduce the incidence 
of these complications many authors proposed the placement of the prosthesis 
between the recto-muscle and posterior rectus fascia (retro-muscular) or between 
the posterior rectus sheath and the peritoneum when possible.
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evidence). [8] It is important to remember that sutured repair of primary small 
umbilical hernia (<1 cm) with the presence of muscles diastasis is a significant 
risk factor for recurrence, hence prosthetic reinforcement, using a mesh, for 
clean cases is recommended. [12]

6.2 Open umbilical hernia mesh repair

An infra-umbilical incision is usually used (transverse and vertical incision 
shave similar outcomes) and then the umbilical stalk is dissected. The hernia sac is 
dissected down to the fascia. Reduction of hernia sac and its content into abdominal 
cavity is done. Fascial edges should be refurbished by incising at least 2 mm margins 
from the umbilical ring. Gentle blunt dissection to the posterior rectus sheath is 
done to prepare the posterior field. A space of 5 cm in all directions should be devel-
oped. The mesh generally can be placed in either the sublay position (retrorectus 
space) or the underlay pre-peritoneal position. Moreover, there are commercially 
available umbilical hernia patches with mesh coated by tissue-separating layer 
designed to allow for intra-peritoneal mesh placement. The defect can be closed 
with absorbable or non-absorbable sutures [13, 14]. The skin closure is done with 
material based on the surgeon’s preferences.

6.3 MIS: Intraperitonial Onlay mesh (IPOM)

To be able to perform the IPOM repair, preparation of the needed laparoscopic 
instruments is imperative. These include: camera port, one 11 mm blunt trocar, 
one 5 mm trocar, 30°endoscope, bipolar coagulation clamp, monopolar coagula-
tion scissor. The patient is placed in the supine position with bilateral arms tucked 
to the sides on a flexed table. The monitor is placed in front of the surgeon. 
Pneumoperitoneum is then established with the surgeon’s preferred technique 
(Verres needle, open approach, optically trocar). A 12 mmHg CO2 pressure creates 
the working space. Once a good working space is established, either an 11 or 5-mm 
trocars are placed on the left lateral side. The hernia ring is dissected with reduction 
of the contents and the hernia sac. Usually peritoneal fat and falciform ligament are 
dissected to expose the fascia. This is important in order to improve mesh fixation 
which is done using tacs to anchor and prevent the mesh from sliding [15]. Hernia 
defect closure is a good practice and can be performed using absorbable barbed 
sutures either laparoscopically or using Reverdin needle techniques, based on 
surgeon’s preferences, may be used. Based on the published literature, it is reason-
able to cover the hernia defect with 3–5 cm mesh overlap to avoid hernia recurrences 
(primary UH repair open or MIS technique). The coated mesh is then secured to 
the abdominal wall using double crown absorbable or non-absorbable. [16–20] The 
procedure may be performed either laparoscopically or robotically with some varia-
tions pertaining to docking and positioning. [20]

6.4 MIS: retro-rectus repair (Rives-Stoppa)

Several advances brought about by the prosthetics mesh industry, allowed for 
an effective intraperitoneal mesh placement for UH repair. However, safety prob-
lems have been raised and were reported in some cases series. In these series, late 
complication that emerged included adhesions, fistula formation, mesh migrations, 
and further damage to the abdominal viscera. In an attempt to reduce the incidence 
of these complications many authors proposed the placement of the prosthesis 
between the recto-muscle and posterior rectus fascia (retro-muscular) or between 
the posterior rectus sheath and the peritoneum when possible.



Abdominal Surgery - A Brief Overview

10

Several methods have been suggested by different authors to achieve the 
retro-muscle or preperitoneal mesh placement. These techniques include theeTEP 
(enhanched-view Totally Extra-Peritoneal), MILOS (Minimally Invasive Less 
Open Sublay), Emilos, (Endoscopic/MILOS), Costa “the Brazilian technique”, 
TARUP (Robotic Transabdominal Retromuscular Umbilical Prosthetic) [15–22]. 
Moreover, some of these surgical techniques can be performed using minimally 
invasive approaches as posterior component separation technique (advancement 
of rectus-muscle), to allows reconstruction of large abdominal wall defects.

6.5  MIS: enhanced-view totally extraperitoneal (eTEP) retromuscular hernia 
repair

We describe eTEP technique popularized by Dr. Jorge Daes in 2012 and 
Belyansky in 2017 (used in inguinal hernia repair and in incisional ventral hernia 
repair), this technique enlarges the surgical field in comparison with the conven-
tional TEP procedure, this approach can be performed either laparoscopically or 
robotically. Equipment for laparoscopic instrumentation, as we have previously 
described, included: camera port, one 12 mm blunt trocar, one 5 mm trocars (all 
with balloon), 30° endoscope, bipolar coagulation clamp, monopolar coagulation 
scissor, articulating radio frequency device [17, 22]. The patient is placed supine 
with bilateral arms tucked by the sides.

Foley catheter is placed in all cases. Operating room table is flexed as indicated 
by Belyansky. [16] The monitor is placed in front of the surgeon. The key elements 
of port placement depend on defect extension, lower midline umbilical hernia 
defects or upside midline umbilical hernia defect (Figures 2, 3). [16–21] The eTEP 

Figure 2. 
Port position for upper side defects (black line; red line trocars additional).
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umbilical hernia repair technique begins with a one side retro-rectus dissection. 
The first incision is indicated with by the camera view as in Figures 2, 3. The 
anterior rectus sheath is incised. The rectus muscle fibers are opened and working 
space is created with a balloon dissector. Carbone dioxide is used as in laparoscopic 
techniques to establish pneumoperitoneum. A 6–8 mmHg CO2 pressure is set 
inside the working space. Dissection of one retro-rectus space is made with energy 
source (bipolar articulating tissue sealer or radio frequency device). Other trocars 
are placed as described in Figures 2, 3. Extra trocars can be placed if deemed 
necessary. Then crossing over to the contralateral retrorectus space, the two space 
are joined. Gentle dissection of the tissue is performed without violating the perito-
neum. Then the, right posterior sheath is dissected to achieve the right retro-rectus 
space. Dissection of right retro-rectus space is made and the right and left posterior 
sheath are divide both until arcuate line (Figure 4). Laterally the dissection is 
limited by the linea semilunaris. The hernia ring is dissected with reduction of the 
contents and hernia sac. Posterior defect is closed using 2–0 absorbable barbed 
sutures. The hernia defect is closed too with number 0 absorbable barbed suture. 
Mesh is positioned to cover umbilical hernia defect with 5 cm of overlap. The mesh 
is secured with cyanoacrylate.

Figure 3. 
Port position for lover side defects (red line; black line trocars aditional).
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7. Surgical complications

Umbilical hernia repair is associated with good outcomes and a lower rates 
of hernias recurrences and overall complications. The hernia size and the fascial 
defect are important risk factors predicting surgical complications. There is still a 
spectrum of complications within each of these categories including minor wound 
separation and complete wound separation both of which would be categorized 
as wound dehiscence. The leading complications include wound complications 
(seroma, haematoma, infections), bowel injury and hernia recurrences. [2, 7]. 
The disadvantage of synthetic mesh placement must be considered; however, no 
significant differences in complication rates when comparing mesh to suture repair.

Recent studies have shown lower rate of mesh complications. [8] Mesh infection 
complicates in most cases open ventral hernia repairs than laparoscopic repairs. 
Mesh erosion into the gastro-intestinal tract is published and likely an underre-
ported late complication of mesh placement particularly the intra-peritoneal mesh 
position which has been associated with erosion and the development of late fistula.

8. Conclusions

Since the original description by Mayo in 1901, a wide variety of options became 
available for the repair of umbilical hernias, in order to reduce surgical morbidity 
and improve the patient’s quality of life. Umbilical hernia is a disease process that 
requires the general surgeon to have a wide armamentarium of repair techniques. 
An understanding of anatomy is key for tailored treatment. Utilization of advanced 
techniques requires careful patient selection, knowledge of abdominal wall 
anatomy and technical details in order to reduce the need for reoperations. Several 
of these innovations, including either minimally invasive techniques and the uses 
of different types and positions of meshes to be used in reinforcement. Despite this, 
it is clear that mesh repair of incisional and inguinal hernias reduces recurrence 
rates, the impact of mesh for umbilical hernia repair remains a subject of debate. To 
date, some prospective randomized controlled trials have addressed this question. 
These studies found lower recurrence rates after mesh versus primary suture repair, 

Figure 4. 
Left posterior rectus sheath is incised from cephalad to caudal direction.
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without a significant increase in the risk of wound-related infectious complica-
tions. Based on current evidence, primary hernia repair remains reasonable and 
appropriate only for small (1 cm) umbilical hernias. As always, in abdominal wall 
reconstruction we believe that the specific technique for repair should be tailored to 
the individual patient.
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it is clear that mesh repair of incisional and inguinal hernias reduces recurrence 
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Figure 4. 
Left posterior rectus sheath is incised from cephalad to caudal direction.
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without a significant increase in the risk of wound-related infectious complica-
tions. Based on current evidence, primary hernia repair remains reasonable and 
appropriate only for small (1 cm) umbilical hernias. As always, in abdominal wall 
reconstruction we believe that the specific technique for repair should be tailored to 
the individual patient.
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Chapter 3

Foreign Bodies Ingestion
Leen Jamel Doya and Ali Ibrahim

Abstract

Foreign body ingestion is a common problem among children especially under 
psychological stress. More than 110.000 ingested foreign bodies were reported in 
the United States, of which more than 85% occurred in the pediatric population. 
Ingested foreign bodies usually pass through the alimentary tract without any 
problem. However, they can occasionally be trapped and require endoscopic or 
surgical management. In the asymptomatic patient, a series of abdominal X-rays 
are recommended to follow up on the progress of the foreign body. When a foreign 
body becomes immobile in the distal bowels a high suspicion that the foreign body 
has become trapped must be considered and surgical management is recommended 
with or without signs of inflammation. Here we describe the cases scenarios of 
foreign bodies trapped in the gastrointestinal tract and the management options.

Keywords: Foreign bodies, surgical cases, gastrointestinal tract

1. Introduction

Foreign bodies (FBs) ingestion is a very common worldwide health problem in 
children between 6 months and 3 years of age (25% of them younger than 1 year) 
[1]. FBs ingestion affects up to 75% of children especially that infants evalu-
ate objects by tasting and swallowing [2]. Frequent cases of FBs ingestion often 
occur in children with intellectual disability or those with behavioral disorders 
[3]. FBs ingestion generally does not cause complications and passes through the 
gastrointestinal tract spontaneously [4]. About 80–90% of FBs pass through the 
gastrointestinal (GI) tract spontaneously without complications, whereas 10–20% 
of them are removed endoscopically. Few children (1%) require open surgical 
removal secondary to complications [5]. The initial diagnosis is based on sudden 
onset of symptom coupled by seeing the child putting an item in his/her mouth 
while playing [6]. The assessment and management of FBs ingestion depends on 
the patient’s presentation and physical examination (patient status, vital signs and 
airway evaluation) [7]. FBs ingestion morbidity is dependent on the type of FBs 
ingested; disc batteries lead to esophageal perforation and tracheoesophageal fistula 
formation with significant morbidity and mortality [8]. Coins and multiple magnet 
ingestion can require surgery to prevent secondary perforation-related attraction 
and necrosis of the bowel [9].

2. FBs ingestion

The risk of FBs ingestion increases in children with congenital or acquired abnor-
malities of the gastrointestinal tract (atresia, history of surgery) [10]. The most 
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important issue when a foreign body enters the digestive tract is its passage through 
the esophagus. The esophagus has 3 physiological areas of narrowing that can 
potentially trap the swallowed body. 50–80% of cases of impaction of the esophagus 
occur at the level of the cricopharyngeal muscle above the esophagus, then the lower 
sphincter, and finally the site of intersection of the aorta with the esophagus [8]. FBs 
often pass through the digestive tract without significant problems; the estimated 
time of the passage through the anus is seven days [9].

3. Epidemiology and etiology of FBs ingestion

FBs ingestion is relatively serious common problem. Annually, more than 
100000 cases of FBs ingestion reported each year in the United States (US); 85% 
occurred in pediatric population [11]. It is responsible for about (1500–3000) deaths 
per year in the US. There is equal incidence among boys and girls (1: 1) [12]. FBs 
ingestion may be accidental or deliberate. Majority of the children with FBs inges-
tion are healthy. Some of them have disease as strictures, achalasia, eosinophilic 
esophagitis, or rings [6]. The most common children FBs ingestion in US is coins, 
while it is different in other countries (the fish bones is most common in Asian coun-
tries). In Adolescents and adults, the most common type is food impaction [8].

4. Initial assessment

Initial assessment includes a thorough medical history should be obtained 
immediately to determine any medical problem and prompt physical examination 
should be performed [7]. FBs ingestion may be asymptomatic (10–50)% of all cases 
or symptomatic, depending on the location of the FBs.

In the esophagus, it may present as dysphagia, refusal of food intake, salivation, 
pain behind the sternum or respiratory symptoms (wheezing, stridor, frequent 
pneumonia, weight loss) [8].

In the stomach, it is usually asymptomatic except large FBs causes obstruction 
in the outlet of the stomach and appears as non-bilious vomiting and/or refusal to 
feed [10].

FBs in the distal parts of the gastrointestinal tract can cause right lower quad-
rant pain due to impaction at the level of the terminal ileum and hence mimicking 
acute appendicitis [11]. Neck swelling, erythema, or skin crepitus may be present 
on physical examination and may indicate the need for surgical consultation / 
intervention [8]. When the FBs is pressing on the trachea, inspiratory stridor or 
expiratory wheezing can be detected on the chest auscultation [9]. The most com-
mon clinical symptoms include dysphagia (37%), drooling (31%), chocking (17%). 
Other symptoms included: cough, abdominal pain, chest pain, stridor, vomiting, 
and refusal to eat [1]. FBs may lead to intestinal obstruction or perforation and 
present with distention or guarding on abdominal examination [10].

4.1 Radiology evaluation

Diagnosis of FBs confirmed using X-ray, barium swallow, Echography, com-
puted tomography (CT) scan or magnetic resonance imaging (MRI). 64% of 
patient ingested a radiopaque object. 25–30% of FBs are not visible through X-ray, 
but in all cases it should be performed to look for signs of obstruction as indicated 
by air-fluid levels or free air indicating perforation. CT scan may be necessary to 
characterize the size, shape and anatomic location of the swallowed body [5].
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5. Types of FBs ingestion

5.1 Coins

The most commonly ingested FBs in children are coins (80% of FBs). 
Approximately 30% of them, spontaneously pass through the digestive system 
without complications depending on its location, age of the child, and the size of 
the coin [7]. Coins measuring more than 23.5 mm in size are more likely to become 
impacted, particularly in children aged under 5 years, and coins measuring more 
than 25 mm in diameter are unlikely to pass through the pylorus [13]. Children 
with an ingested coin without any history of esophageal disease or surgery and 
no respiratory symptoms can be observed over 12–24 hours before performing an 
invasive procedure (endoscopic or surgical removal) [14].

5.2 Button batteries (BBs)

The frequency of button batteries (BBs) ingestion has increased due to their 
widespread use as power sources in electronic devices. Lithium batteries hold enough 
charge to cause harm even after they are used up [15]. The pathogenesis of BBs 
ingestion is dependent on the production of hydroxyl radical (OH−) in the esophageal 
mucosa, causing caustic damage due to an elevated PH value in addition to thermal 
electrical damage [16]. PH value increases from 7 to 13 at the negative electrode of 
the battery 30 minutes after ingestion. Necrosis of the basal plate of the esophagus 
within 15 minutes of ingestion extends to the outer muscle layer within 30 minutes. 
The damage can last for days or weeks after the battery is removed, which can lead to 
death as a result of the formation of an aortic esophageal fistula after about 19 days 
[17]. The risk of BBs ingestion is greater in children Less than 5 years old who swallow 
more than 20 mm battery or multiple batteries [15]. The most important complica-
tions of BBs ingestion are necrosis, perforation, esophagotracheal fistula, cervical 
abscess, and stenosis of the esophagus [17]. An anterior, posterior, and lateral x-ray of 
the neck, chest, and abdomen should be performed which shows a double-ring sign or 
double halo signs in an anterior–posterior imaging (circle-within-a-circle appearance) 
and step-off mark in lateral appearance (characteristic two-layer appearance) [18].

5.3 Sharp or pointed foreign bodies

Sharp or pointed foreign bodies (FBs) ingestion (such as Pins, needles, bones, 
etc.….) is associated with high morbidity and mortality [19]. It can cause serious 
complications such as perforation (15–35)%, abscess formation, trachea-esophageal 
fistula, aortic esophageal fistula, peritonitis, and even death [20]. Less than 
0.0005% of them get trapped in the appendix and require surgical management. 
Therefore, it is preferable to remove pointed and sharp bodies from the esophagus 
or stomach whenever possible to reduce the incidence of adverse events [19]. 
X-ray examination is necessary to diagnose radiopaque objects (as needles, pins, 
etc.…), while radiolucent FBs such as plastic, glass, or wood cannot be identified. 
Therefore, an emergency endoscopy is recommended when high index of suspicion 
exists for ingestion of sharp FBs even with a negative X-ray [21].

5.4 Magnets

Magnet ingestion is a serious health risk associated with significant mortality 
and mobility. In recent years, children’s ingestion of magnets has increased. The 
greatest risk of its ingestion when multiple magnets or a single magnet with a 
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death as a result of the formation of an aortic esophageal fistula after about 19 days 
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more than 20 mm battery or multiple batteries [15]. The most important complica-
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and step-off mark in lateral appearance (characteristic two-layer appearance) [18].

5.3 Sharp or pointed foreign bodies

Sharp or pointed foreign bodies (FBs) ingestion (such as Pins, needles, bones, 
etc.….) is associated with high morbidity and mortality [19]. It can cause serious 
complications such as perforation (15–35)%, abscess formation, trachea-esophageal 
fistula, aortic esophageal fistula, peritonitis, and even death [20]. Less than 
0.0005% of them get trapped in the appendix and require surgical management. 
Therefore, it is preferable to remove pointed and sharp bodies from the esophagus 
or stomach whenever possible to reduce the incidence of adverse events [19]. 
X-ray examination is necessary to diagnose radiopaque objects (as needles, pins, 
etc.…), while radiolucent FBs such as plastic, glass, or wood cannot be identified. 
Therefore, an emergency endoscopy is recommended when high index of suspicion 
exists for ingestion of sharp FBs even with a negative X-ray [21].

5.4 Magnets

Magnet ingestion is a serious health risk associated with significant mortality 
and mobility. In recent years, children’s ingestion of magnets has increased. The 
greatest risk of its ingestion when multiple magnets or a single magnet with a 
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metallic FB has been ingested. Children may be asymptomatic or present with vom-
iting, cough, gagging and drooling. They may present as a result of magnet related 
complications [1] . It may lead to mucosal pressure necrosis, intestinal obstruc-
tion, fistula, perforation, and many other complications that necessitates surgical 
intervention. In addition, magnet may lead to bowel obstruction and volvulus [22]. 
That can lead to peritonitis, sepsis, and death.

5.5 Bezoars

A bezoar is a large ball like collections of material within the gastrointestinal 
system. It may be associated with pica, especially in developmentally delayed chil-
dren or having psychosocial problem. Rarely, it may occur in normal children with 
no psychosocial issues [23]. The risk factors for the formation of a bezoar include 
excessive fiber consumption, chronic antacid treatment, psychiatric or develop-
mental disorders, previous gastric surgery including vagotomy or pyloroplasty, and 
gastrointestinal dysmotility [24]. Bezoars are classified to phytobezoars, pharmaco-
bezoars, trichobezoars, lactobezoars, and foreign body bezoars [25].

5.5.1 Trichobezoars or phytobezoars

It composed of bubble gum, seeds and vegetable matter. Majority in older 
children particularly those with psychiatric problems and young female [23].

5.5.2 Medication bezoars

It may occur in the infants treated for upper gastrointestinal bleeding or esopha-
gitis with intragastric or frequent oral administration of aluminum hydroxide [25].

It has usually nonspecific clinical manifestations that mimic many gastrointes-
tinal diseases [23]. Patients may present with abdominal pain, nausea, vomiting, 
anorexia, weight loss, intestinal bleeding from pressure ulcer necrosis, or intestinal 
obstruction. The most common site of bezoar is the stomach; however, It may be 
found in the esophagus or any site along the gastrointestinal system [24].

6. Management

There are many factors to consider when determining how to decrease the 
foreign bodies ingestion, especially in the extremely young. Certain object 
characteristics such as size, shape, and material must keep away from children. 
Education for parents should continue to be prioritized when possible. This can 
be through positions such as pediatricians, and school teachers as well as media 
advertisements and printed materials.

6.1 Coins

Esophageal coins must be removed within 24 hours to reduce the incidence 
of complications [7]. Asymptomatic children with ingested coins in the stomach 
should be monitored closely and the stool examined to check for the passage of the 
coin, and serial X-rays should be obtained every 1 or 2 weeks until the passage of 
the coin has been confirmed. The coin that remains in the stomach after 2–4 weeks 
should be endoscopically removed [11]. Patient with asymptomatic small bowel 
coins should be clinically observed. While children with symptoms of bowel 
obstruction or perforation require, surgical removal (Figure 1) [13].
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6.2 Button batteries (BBs)

Batteries in the stomach often passed without complications. The American 
Society for Gastrointestinal Endoscopy (ACGE) recommendations is to extract the 
BBs in the stomach if the diameter is greater than 20 mm and has remained for more 
than 48 hours after radiological investigation [23]. The probability of the battery 
being expelled out of the body is 85% when it passes the duodenum within 72 hours 
[16]. Recent research recommends performing esophageal endoscopy in all BBs 
ingestion, even if they are in the stomach to evaluate the esophageal mucosa before 
the battery is transferred to the stomach (Figure 2) [26].

6.3 Sharp or pointed foreign bodies

Gastrointestinal endoscopic removal is necessary for sharp or pointed FBs, large 
and wide objects (more than 2.5 cm diameter in older children, more than 2 cm 
diameter in infants and young children), or long objects (more than 6–10 cm diame-
ter in older children, more than 4–5 cm diameter in infants and young children) that 
are located in the stomach [20]. Surgical removal can be considered in symptomatic 
children if the FBs does not show the expected passage after 4 days or passed into the 
small bowel (distal to the ligament of Treitz). While asymptomatic patients should 
be clinically and radiographically followed-up with serial X-rays (Figure 3) [21].

6.4 Magnets

In asymptomatic children, an X-ray is necessary to detect whether the ingested 
magnets are single or multiple magnets or have a metallic part. If multiple magnets 

Figure 1. 
Kramer’s algorithm of coin ingestion.
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Figure 3. 
Kramer’s algorithm of sharp object ingestion.

Figure 2. 
Kramer’s algorithm of BB ingestion.
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or magnet with a metallic FB are located within the esophagus or the stomach, 
these FBs must be endoscopically removed [27]. Symptomatic children with either 
multiple magnets or a single magnet with a metallic FB in any site of the digestive 
system need to consult a pediatric surgeon (Figure 4) [22].

6.5 Bezoars

Management of Phytobezoar may resolve spontaneously over weeks to months. 
Small feedings containing digestive or mucolytic enzymes (several types of 

Figure 4. 
Kramer’s algorithm of magnet ingestion.
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chemical dissolution or prokinetic agents as cotazym, viokase, or mucomyst) may 
use if there is no outlet obstruction. If the bezoar is symptomatic in large objects or 
does not dissolve, extraction by endoscopic or surgical removal is recommended. In 
medication Bezoars, Gastric lavage with saline is usually effective is dissolving the 
bezoar within ten days [24, 25].

7. Conclusion

Although some cases of ingestion of FBs are dangerous and require surgical 
intervention, educating parents about the risk of swallowing FBs remains the most 
important procedure in the prevention.
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Bowel Anastomoses: Manual or 
Mechanical
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Abstract

An anastomosis is a connection between two tubular anatomical structures. 
Anastomoses have been a great surgical challenge from antiquities to modern 
times. Main research on the manual techniques and healing processes of digestive 
anastomoses took place during the 19th century. They were later improved by the 
advent of mechanical devices in the early 20th century. For both types of anasto-
moses, local and general conditions required for a good healing are the same. Many 
devices, both for manual and mechanical anastomoses have been developed. The 
devices’ uses depend on their availability, surgeons usual practice and the relative 
difficulty of the anastomosis. The debate is still lively about the advantages and 
the potential inconveniences of one technique versus the other in regards to many 
parameters such as operating time and the incidence of anastomotic leakage.

Keywords: bowel, anastomosis, manual, stapled, outcomes

1. Introduction

Many methods of intestinal anastomoses have been performed since the earli-
est days of surgery, from the manual anastomoses that were developed in the 19th 
century to our days where stapled anastomoses are gaining significant popularity. 
The results of studies comparing the two techniques are still contradictory and can-
not prove one’s superiority over the other. Our objective in this chapter is to present 
a brief review of the history of bowel anastomosis, bowel healing process, and 
comprehensive comparison of hand-sewn and mechanical bowel anastomoses.

2. Historical aspects

Anastomosis is a connection between two solid or hollow structures. Performing 
a digestive anastomosis has long represented a major challenge in surgical practice, 
and as early as the 19th century, it was established that the first-line digestive 
healing required edge-to-edge facing of the walls in a sealed and hemostatic man-
ner. The work of Antoine Lembert in 1826 had established “as a dogma” the need to 
oppose the serosa by inverting the digestive tunics using needles set with silk thread 
or catgut [1]. This theory was then questioned few months later by the Belgian 
Henroz, who proved the feasibility of an anastomosis by eversion using rings [1]. 
Europe was thus the region of abundant research on digestive anastomoses. In 1887, 
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Abstract

An anastomosis is a connection between two tubular anatomical structures. 
Anastomoses have been a great surgical challenge from antiquities to modern 
times. Main research on the manual techniques and healing processes of digestive 
anastomoses took place during the 19th century. They were later improved by the 
advent of mechanical devices in the early 20th century. For both types of anasto-
moses, local and general conditions required for a good healing are the same. Many 
devices, both for manual and mechanical anastomoses have been developed. The 
devices’ uses depend on their availability, surgeons usual practice and the relative 
difficulty of the anastomosis. The debate is still lively about the advantages and 
the potential inconveniences of one technique versus the other in regards to many 
parameters such as operating time and the incidence of anastomotic leakage.

Keywords: bowel, anastomosis, manual, stapled, outcomes

1. Introduction

Many methods of intestinal anastomoses have been performed since the earli-
est days of surgery, from the manual anastomoses that were developed in the 19th 
century to our days where stapled anastomoses are gaining significant popularity. 
The results of studies comparing the two techniques are still contradictory and can-
not prove one’s superiority over the other. Our objective in this chapter is to present 
a brief review of the history of bowel anastomosis, bowel healing process, and 
comprehensive comparison of hand-sewn and mechanical bowel anastomoses.

2. Historical aspects
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and as early as the 19th century, it was established that the first-line digestive 
healing required edge-to-edge facing of the walls in a sealed and hemostatic man-
ner. The work of Antoine Lembert in 1826 had established “as a dogma” the need to 
oppose the serosa by inverting the digestive tunics using needles set with silk thread 
or catgut [1]. This theory was then questioned few months later by the Belgian 
Henroz, who proved the feasibility of an anastomosis by eversion using rings [1]. 
Europe was thus the region of abundant research on digestive anastomoses. In 1887, 
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Halsted demonstrated the importance of the submucosal layer as the only solid 
structure that guarantees the watertightness of the assembly [2]. While a large 
trend was for sutures to be fashioned in two planes (mucosa by overlock and sero-
muscular at separate points), it is to the brave tenacity of Pierre Jourdan that we owe 
the possibility of performing the bowel anastomosis in one plane which according 
to the author “held on very well” [3]. Few years later across the Atlantic, Orr clearly 
showed in 1969 that continuous overlock suturing in one plane was effective and 
safe. This message was then confirmed by several other authors [4–6]. Experimental 
work on the manual techniques continued to develop until the 1980s, focusing both 
on the type of material to use and on how to deal with the digestive tunics.

Along with the development of manual suturing, mechanical technique was also 
the subject of much work. In 1892, John Murphy of Chicago developed a two-button 
cholecysto-jejunal anastomosis technique, which was later extended to other diges-
tive structures [7]. Most of the principles of mechanical stapling were laid down by 
the Hungarian Hult in 1909: compression of the tissues, form of B-staples, staggered 
arrangement of staples [8]. Von Petz developed in 1921 a device widely used for 
gastric stapling, later improved by the Japanese Nakayama [9, 10]. The former USSR 
contributed to the development of the mechanical stapling devices by the end of 
World War II. In a very large and war-torn country, it was necessary to develop easy 
to teach techniques for poorly trained surgeons. The research institute then created 
linear and circular staplers, efficient but too heavy in steel [11]. In 1958, returning 
from a study trip to Ukraine, American Mark Ravitch developed the technique in 
his laboratory in Baltimore, first on the lungs, then extended to other surgeries. 
He founded a company in order to establish, with his students, an entire successful 
range of mechanical anastomosis equipment whose main advances were: lighter and 
more manageable instruments, staggered staples already pre-installed and sterilized 
allowing several uses with the same forceps. In 1976, the first single-use mechanical 
stapler was marketed. Numerous technical developments contributed to the pro-
gressive improvement in the devices such as articulated grippers, and replacement 
of the stainless steel of the clips with a biocompatible titanium alloy [12].

3. Anastomosis healing BASIS

The healing of a digestive anastomosis is achieved through tissue regeneration 
processes that respond to the general laws of inflammation [13]. It does not there-
fore depend directly on the suturing technique. The digestive gap created will be 
filled in three successive stages:

1. A loose edematous infiltrate, following the vascular response to trauma: after 
immediate formation of a platelet nail, secondary vasodilation allows the 
influx of pro-inflammatory substances (histamine and prostaglandins) and 
the release of proteolytic substances; A cellular influx occurs in the following 
hours in the form of polynuclear neutrophils, macrophages then fibroblasts, 
cells resulting from the interstitial tissue and differentiated locally in order to 
produce fibrin, key element of the solidity.

2. A cellular granulation tissue then appears towards cicatricial sclerosis allowing 
restoration ad integrum or with a local scar.

3. Re-epithelialization begins very early (approximately 24 hours) after trauma. 
The mucous layer and basement membrane thicken at the wound and the 
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basal cells migrate to the wound, dividing and producing daughter cells. The 
reconstituted mucous layer is thus thinner at the level of the scar and rests on a 
fibrinous support frame.

The healing process is then influenced by many factors of two categories; local 
and general [14]:

• Local factors:

 ○ The Parietal breach is the most dependent on surgical technique. Too much 
stitch spacing or improper contact creates spaces that are difficult for the 
granulation tissue to fill.

 ○ Alteration of the granulation tissue depends on many factors such as the extent 
of the necrosis, the inclusion of foci of mucous membrane and intestinal 
germs, the foreign body reaction to the sutures or staples.

 ○ Infection modifies the healing phenomena through enzymatic reactions 
 altering the quality of local collagen.

• General factors

Several other factors are often neglected; however, they contribute to the quality 
of healing. These include the nutritional status, the defensive capacity and hemody-
namic status of the patient. A digestive anastomosis should be omitted in the events of 
hemodynamic failure, significant patient undernutrition, significant inflammation, 
generalized sepsis, advanced cancer, and emergency interventions for generalized 
peritonitis, intestinal obstruction, or significant fecal contamination. Likewise, the 
presence of patient-specific immunosuppressive factors such as chronic smoking, 
diabetes or long-term corticosteroid therapy may prompt surgeons to either giving up 
performing an anastomosis, or postponing it, and/or protecting it with a temporary 
diverting enterostomy. These risk factors are potentially responsible for real changes in 
the operating strategy and must be communicated to the patient before the procedure.

• Surgical technical factors:

 ○ The ABSENCE OF ANY TENSION is easily achieved for mobile structures 
like the small intestine

 ○ The ANASTOMOTIC EDGES MUST BE WELL VASCULARIZED, both 
arterially and venously.

 ○ VALID ENTEROSYNTHESIS PROCESS (MANUAL OR MECHANICAL): 
the manual anastomosis technique must be of high quality and it is only 
at this precise point that the surgeon influences the quality of healing. 
Mechanical stapling pliers must be reliable. Two checks are useful after 
anastomosis: the quality control of the flanges in case of circular stapling, the 
airtightness test which seems useful but not essential [15];

 ○ HEMOSTASE OF ANASTOMOTIC SEGMENTS: Local bleeding can activate 
proteolytic enzymes and damage local granulation tissue. However, this last 
point could be in contradiction with the good vascularization of the tissues: 
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basal cells migrate to the wound, dividing and producing daughter cells. The 
reconstituted mucous layer is thus thinner at the level of the scar and rests on a 
fibrinous support frame.

The healing process is then influenced by many factors of two categories; local 
and general [14]:

• Local factors:

 ○ The Parietal breach is the most dependent on surgical technique. Too much 
stitch spacing or improper contact creates spaces that are difficult for the 
granulation tissue to fill.

 ○ Alteration of the granulation tissue depends on many factors such as the extent 
of the necrosis, the inclusion of foci of mucous membrane and intestinal 
germs, the foreign body reaction to the sutures or staples.

 ○ Infection modifies the healing phenomena through enzymatic reactions 
 altering the quality of local collagen.

• General factors

Several other factors are often neglected; however, they contribute to the quality 
of healing. These include the nutritional status, the defensive capacity and hemody-
namic status of the patient. A digestive anastomosis should be omitted in the events of 
hemodynamic failure, significant patient undernutrition, significant inflammation, 
generalized sepsis, advanced cancer, and emergency interventions for generalized 
peritonitis, intestinal obstruction, or significant fecal contamination. Likewise, the 
presence of patient-specific immunosuppressive factors such as chronic smoking, 
diabetes or long-term corticosteroid therapy may prompt surgeons to either giving up 
performing an anastomosis, or postponing it, and/or protecting it with a temporary 
diverting enterostomy. These risk factors are potentially responsible for real changes in 
the operating strategy and must be communicated to the patient before the procedure.

• Surgical technical factors:

 ○ The ABSENCE OF ANY TENSION is easily achieved for mobile structures 
like the small intestine

 ○ The ANASTOMOTIC EDGES MUST BE WELL VASCULARIZED, both 
arterially and venously.

 ○ VALID ENTEROSYNTHESIS PROCESS (MANUAL OR MECHANICAL): 
the manual anastomosis technique must be of high quality and it is only 
at this precise point that the surgeon influences the quality of healing. 
Mechanical stapling pliers must be reliable. Two checks are useful after 
anastomosis: the quality control of the flanges in case of circular stapling, the 
airtightness test which seems useful but not essential [15];

 ○ HEMOSTASE OF ANASTOMOTIC SEGMENTS: Local bleeding can activate 
proteolytic enzymes and damage local granulation tissue. However, this last 
point could be in contradiction with the good vascularization of the tissues: 
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it is therefore necessary to find the right compromise and not to excessively 
electro-coagulate the digestive walls. Hemostasis with fine threads or bipolar 
forceps is often very useful for this purpose [15].

4. Types of anastomoses

Digestive anastomoses are designated after the two types of viscera involved 
(esophagus, stomach, jejunum, ileum, colon, rectum, bile duct), and, on the way 
in which the stoma mouths are anastomosed. The term “terminal” (T) is used 
when the entire mouth of the bowel is involved with the anastomosis, and the term 
“lateral” (L) when the side of the bowel segment and not its mouths is incorporated 
into the anastomosis. There are thus four types of anastomosis:

• End-to-end (TT) when the two digestive segments are “mouth-to-mouth” 
anastomosis.

• Terminolateral (TL) when the mouth of the first designated segment is anasto-
mosed on the side of the second designated segment.

• Lateroterminal (LT): the reverse of the previous one.

• Laterolateral (LL) when the two segments are anastomosed side by side, 
the ends requiring elective closure. This is referred to as a “terminal” LL 
anastomosis.

Thus, a “terminal colorectal” anastomosis is the opening of the colonic mouth on 
the anterior or posterior surface of the rectum, while a “lateroterminal colorectal” 
anastomosis is the connection from the lateral surface of the colon to the rectal mouth.

• Hand-sewn anastomoses

Traditionally, anastomoses were hand-sewn. The two-layer technique generated 
a certain sense of security in the past but single-layer anastomoses are now pre-
ferred because they heal faster. In fact, they allow a more accurate musculo-mucosal 
realignment and cause less reduction in lumen size and less tissue strangulation 
than two-layer techniques [16].

Interrupted single-layer serosubmucosal suture is the preferred hand-sewn tech-
nique. Interrupted sero-submucosal sutures allow the best tissue apposition and 
cause minimal damage to the submucosal vascularization.

Continuous single-layer serosubmucosal suture is particularly effective if digestive 
tract’s access is good and the anastomosis is technically simple as in the upper gastro-
intestinal tract (gastro- jejunostomy and bilio-enteric anastomoses). It is preferred 
to the interrupted single-layer technique in these cases because it is quicker [16].

Monofilament threads (like polydioxanone) are preferred because they usually 
cause less fibrosis formation than the braided ones (polyglactin). It has been noted 
that more inflammation is likely to happen in the braided suture lines. Local edema 
can lead to increased digestive transit difficulty and colicky pain [17].

• Stapled anastomoses

Three types of suturing devices have been developed: non-cutting linear suturing 
forceps, cutting linear suturing forceps and circular suturing forceps. However, there 
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exists a great diversity of materials currently available in the market that are being 
constant upgraded. Staplers are appealing because they are easy to use and may be 
quicker than some sutured anastomoses. In situations where anastomosis is difficult 
(low colorectal) or if multiple anastomoses are required at the end of a lengthy pro-
cedure, mechanical devices can be very useful. The anatomy of the stapled intestinal 
anastomosis is similar to traditional two-layer hand-sewn anastomosis and they 
require the same attention as hand-sewn anastomoses. Anastomoses can be made 
with linear or circular stapling devices, used alone or in combination. The choice of 
a technique (triangulation with a cutting or non-cutting linear forceps, combined 
use of cutting and non-cutting forceps, use of a circular forceps) is made by the 
surgeon during the operation. This choice depends on the dimensions of the tissue, 
in particular their thickness, the diameter of the viscera to be anastomosed and their 
site (deep or superficial anastomosis in abdominal surgery). The use of mechanical 
sutures respects the main principles of classical surgery, with its indications, precau-
tions for use and contraindications [18].

• Sutureless anastomoses

They have been in use since Murphy’s button in 1892 [19]. Nowadays, sutureless 
devices include compression magnetic rings, tissue glue, laser-YAG or self-gripping 
mesh. But most of these techniques remain experimental [20–22].

5. Choice between manual and mechanical anastomoses

The choice of anastomotic technique is between hand-sewn sutures and staples, 
because sutureless anastomoses remain experimental. The selection of technique is 
often made on the grounds of personal convenience, cost, and personal experience. 
Objective evidence has failed to show an outstanding benefit that would favor the 
use of staples over manual sutures. Most randomized trials comparing a variety of 
suture techniques with staples did not confirm the advantage of stapled anastomo-
ses in terms of leaks, mortality or cancer recurrence. The increased rate of stapled 
anastomoses stenosis is well documented. Only few strictures require treatment, 
usually by dilation or endoluminal incision/resection. Surgeons in training should 
adopt an anastomotic method that is easily reproductible. Hand-sewn single-layer 
techniques (continuous or interrupted) should be mastered before relying on 
stapling devices, allowing the surgeon to take action if technical problems occur 
with stapling.

Stapled intestinal anastomoses have been widely studied and are preferred over 
hand-sewn anastomoses because of their safety and efficacy profiles [23–25]. There 
is evidence suggesting that decreased operative time and anastomotic leak rates may 
be associated with the use of a stapled technique, in some types of anastomoses such 
as ileocolic anastomosis [26]. Overall, the evidence that is available has shown no 
difference between stapled and hand-sewn anastomotic techniques [27–30]. Stapled 
anastomoses are supposed to take less time, therefore, the operative stress on the 
patient should be lower leading to faster recovery with lower rate of postoperative 
ileus and shorter hospital stay as Bragg et al. could show in their study (operating 
time p = 0,02; anastomotic failures p = 0,03; hospital days p < 0,01) [31]. Jurowich 
et al., compared stapled versus hand-sewn anastomoses in 4062 patients with 
right sided hemicolectomy due to right colon cancer, published similar results even 
though less operating time did not translate into shorter overall hospital stay in that 
study [31]. The occurrence of post-operative ileus also depends on the extent of 
the resection, the intraoperative fluid management, the use of minimally-invasive 
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it is therefore necessary to find the right compromise and not to excessively 
electro-coagulate the digestive walls. Hemostasis with fine threads or bipolar 
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• Laterolateral (LL) when the two segments are anastomosed side by side, 
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anastomosis.

Thus, a “terminal colorectal” anastomosis is the opening of the colonic mouth on 
the anterior or posterior surface of the rectum, while a “lateroterminal colorectal” 
anastomosis is the connection from the lateral surface of the colon to the rectal mouth.

• Hand-sewn anastomoses

Traditionally, anastomoses were hand-sewn. The two-layer technique generated 
a certain sense of security in the past but single-layer anastomoses are now pre-
ferred because they heal faster. In fact, they allow a more accurate musculo-mucosal 
realignment and cause less reduction in lumen size and less tissue strangulation 
than two-layer techniques [16].

Interrupted single-layer serosubmucosal suture is the preferred hand-sewn tech-
nique. Interrupted sero-submucosal sutures allow the best tissue apposition and 
cause minimal damage to the submucosal vascularization.

Continuous single-layer serosubmucosal suture is particularly effective if digestive 
tract’s access is good and the anastomosis is technically simple as in the upper gastro-
intestinal tract (gastro- jejunostomy and bilio-enteric anastomoses). It is preferred 
to the interrupted single-layer technique in these cases because it is quicker [16].

Monofilament threads (like polydioxanone) are preferred because they usually 
cause less fibrosis formation than the braided ones (polyglactin). It has been noted 
that more inflammation is likely to happen in the braided suture lines. Local edema 
can lead to increased digestive transit difficulty and colicky pain [17].
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Three types of suturing devices have been developed: non-cutting linear suturing 
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constant upgraded. Staplers are appealing because they are easy to use and may be 
quicker than some sutured anastomoses. In situations where anastomosis is difficult 
(low colorectal) or if multiple anastomoses are required at the end of a lengthy pro-
cedure, mechanical devices can be very useful. The anatomy of the stapled intestinal 
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surgeon during the operation. This choice depends on the dimensions of the tissue, 
in particular their thickness, the diameter of the viscera to be anastomosed and their 
site (deep or superficial anastomosis in abdominal surgery). The use of mechanical 
sutures respects the main principles of classical surgery, with its indications, precau-
tions for use and contraindications [18].

• Sutureless anastomoses

They have been in use since Murphy’s button in 1892 [19]. Nowadays, sutureless 
devices include compression magnetic rings, tissue glue, laser-YAG or self-gripping 
mesh. But most of these techniques remain experimental [20–22].

5. Choice between manual and mechanical anastomoses

The choice of anastomotic technique is between hand-sewn sutures and staples, 
because sutureless anastomoses remain experimental. The selection of technique is 
often made on the grounds of personal convenience, cost, and personal experience. 
Objective evidence has failed to show an outstanding benefit that would favor the 
use of staples over manual sutures. Most randomized trials comparing a variety of 
suture techniques with staples did not confirm the advantage of stapled anastomo-
ses in terms of leaks, mortality or cancer recurrence. The increased rate of stapled 
anastomoses stenosis is well documented. Only few strictures require treatment, 
usually by dilation or endoluminal incision/resection. Surgeons in training should 
adopt an anastomotic method that is easily reproductible. Hand-sewn single-layer 
techniques (continuous or interrupted) should be mastered before relying on 
stapling devices, allowing the surgeon to take action if technical problems occur 
with stapling.

Stapled intestinal anastomoses have been widely studied and are preferred over 
hand-sewn anastomoses because of their safety and efficacy profiles [23–25]. There 
is evidence suggesting that decreased operative time and anastomotic leak rates may 
be associated with the use of a stapled technique, in some types of anastomoses such 
as ileocolic anastomosis [26]. Overall, the evidence that is available has shown no 
difference between stapled and hand-sewn anastomotic techniques [27–30]. Stapled 
anastomoses are supposed to take less time, therefore, the operative stress on the 
patient should be lower leading to faster recovery with lower rate of postoperative 
ileus and shorter hospital stay as Bragg et al. could show in their study (operating 
time p = 0,02; anastomotic failures p = 0,03; hospital days p < 0,01) [31]. Jurowich 
et al., compared stapled versus hand-sewn anastomoses in 4062 patients with 
right sided hemicolectomy due to right colon cancer, published similar results even 
though less operating time did not translate into shorter overall hospital stay in that 
study [31]. The occurrence of post-operative ileus also depends on the extent of 
the resection, the intraoperative fluid management, the use of minimally-invasive 
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surgery versus open surgery and many more factors. It is the combination of many 
of those parameters that contribute to the development of postoperative ileus and 
therefore a consecutive prolonged hospital stay [31–33].

Higher hospital readmission rate after bowel resection is often associated with 
anastomotic leakage [34]. Some authors showed a 30-day readmission rate around 
10% after hand-sewn colo-rectal surgery, slightly higher than those with stapled 
anastomoses [35]. Determining the type of anastomosis (stapled or hand-sewn) 
which may lead to a reduced risk of anastomotic leak is still a matter of debate. 
On one hand, some authors like Farrah et al., showed a 2-times elevated risk of 
developing anastomotic leakage after stapled anastomoses compared to hand-sewn 
anastomoses. Nordholm-Carstens et al. in Denmark, conducted a retrospective 
cohort study that found 5.4% anastomotic leaks in the stapled versus 2.4% leaks 
in the hand-sewn group, this was statistically significant (p = 0.004) [36]. In 
contrast, Choy et al., in a Cochrane Database Review, showed a significantly lower 
anastomotic leakage rate in stapled anastomoses. These conflicting results may be 
attributed to the different ways of performing the stapled and sutured anastomo-
sis, varying stapling and suture material and varying experience of the surgical 
team [37–39].

Performing perfect anastomoses is, of course, associated with higher levels of 
training and experience of the surgeon. It has always been a subject of discussion 
if and which anastomoses can be safely performed by an intern or surgical trainee. 
Schineis et al. in Germany provided some evidence that bowel anastomosis can be 
as safely performed by a surgical trainee as by a more experienced surgeon [40]. 
Cost is one of the major concerns that may prohibit the use of stapling devices. The 
impact of the use of stapling devices on hospitals’ costs has rarely been explored. 
Devices cost may differ from hospital to another due to individual contracts negoti-
ated between the individual hospitals and the distributing industries, it also varies 
between different countries [40].

6. Conclusion

There is a lot of debate around the choice of hand-sewn versus stapled intestinal 
anastomosis in view of multiple variables such as surgeon’s convenience and experi-
ence, results concerning hospital length of stay and occurrence of anastomotic leak-
age. Stapled anastomoses seem to be favored compared to hand-sewn anastomoses 
in terms of operation time, cost in the operating rooms and total hospital costs in 
many studies on adult patients. Finally, it is up to the surgeons, in accordance to 
their usual practice and their individual patients’ needs, to choose one technique 
over the other.
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Chapter 5

Postoperative Follow-Up and 
Recovery after Abdominal Surgery
Stelian Stefanita Mogoanta, Stefan Paitici  
and Carmen Aurelia Mogoanta

Abstract

Postoperative patient care has several components: - surveillance, − prevention 
of complications associated with surgical disease or other preexisting comorbidi-
ties, − specific postoperative treatment of the surgical disease and its complications. 
While these distinctions are purely didactic, the postoperative care merges into an 
active surveillance with a higher level of standardization than it would seem at first 
glance. Computing, interpreting and integrating signs and symptoms with active 
search of proofs by lab tests or other paraclinical explorations highly depends on 
skills and dedication of the entire healthcare team. Those attributes gained through 
continuous theoretical preparation but validated by current practice bring added 
value, always in favor of the patients’ best interests. In this chapter, we propose to 
explore the main clinical and paraclinical means and tools that can improve the 
outcomes of surgical procedures for a faster and safer recovery. We will also discuss 
the need for different types of surgical bed drains placement and their manage-
ment, the use of antibiotics and thrombotic event prophylaxis.

Keywords: postoperative, follow-up, surgery, complication, prophylaxis, treatment

1. Introduction

The surgical act, defined as the time that a surgeon effectively operates on the 
patient, remains the center of surgical therapy, however, it is increasingly clear 
that the preoperative and more importantly the postoperative care can enhance 
or unfortunately compromise the results of a technically successful surgery. For 
reducing the mortality and morbidity rates in the postoperative period, it is crucial 
to identify risk factors, prevent and treat as soon as possible any deviation of the 
patient state from the normal rehabilitation course. Timely interventions reduce the 
impact of the negative events in the patient’s recovery. Early recognition of signs 
and symptoms by close surveillance is the key and starting point for active surveil-
lance. This allows targeted lab testing or imaging (if needed) to rapidly identify any 
undesired event in patient recovery and allow for specific and proper action.

2. Fever

To monitor the operated patient, we have at our disposal the clinical and para-
clinical parameters. The patient’s temperature, despite being a general and non-
specific parameter, is one of the most important and easy to monitor.
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During the follow-up period of the surgical patient, the temperature is usually 
measured at least twice a day, in the morning and in the afternoon, and whenever 
there is a suspicion of fever. The determinations are included in the observation 
sheet completing the temperature graph whose oscillations become suggestive in a 
clinical context. A single febrile rise, below 38 degrees Celsius can often be caused 
by the resorption of blood degradation products from the operative wound or sec-
ondary to the excessive maintenance of a drainage tube, without major pathological 
significance [1]. However, the persistence of the fever with the configuration of 
“saw teeth” on the thermal chart suggests the development of a septic process. The 
first to be checked is the surgical site, then the lung and urinary system, as these 
are the most frequent sites of infection after surgery. Particular attention should be 
paid to the occult causes of fever such as endocarditis, phlebitis, lamellar atelectasis 
that should be systematically searched for in the context of an unjustified febrile 
syndrome with an apparently good evolution in the operative site. In a large cohort 
study [2], the most common causes of fever development were stratified a few days 
after surgery. On the day of surgery, cardiac pathology and specific myocardial 
infarction seem to be the most common, then pulmonary pathology – pneumonia 
and atelectasis seem to cause fever in days 1–3 postoperatively. Urinary infections 
usually occur in 2–3 days postoperatively but can also begin later. From day 4 to 30 
postoperatively, superficial or profound surgical site infections become the main 
cause for fever development, while thrombosis can cause fever at any time between 
the day of surgery and postoperative day 30. When the febrile ascension appears 
suddenly on the fifth day after surgery, without signs of wound infection anasto-
mosis dehiscence should be suspected, however, it can also be caused by thrombo-
phlebitis. Therefore, we can conclude that fever is a general sign that should always 
be interpreted in accordance with other signs and symptoms but it is an alarming 
sign that should lead to careful and complete physical examination and laboratory 
tests or imaging studies evaluated on a case-by-case basis.

3. Supervision of the cardiovascular system

Cardiovascular system stability is crucial in the postoperative evolution of 
the patient. Complex surveillance is needed in many cases and the rehabilitation 
measures must be intensive and prompt, conducted in most cases by the intensive 
care specialist or cardiologist. However, the surgeon must be prepared to recognize 
cardiac risks and main syndromes and even manage the patient until one of the 
above mentioned specialists are available.

Heart rate is systematically monitored several times a day. Immediately postop-
eratively, the pulse rate is usually higher than normal with a decreased amplitude, 
may be justified by intra operative blood loss, which may remain insignificant in the 
overall economy of the patient’s healing, or by anesthetic drugs, the extent of surgi-
cal “aggressiveness”, pain, etc. As these factors are progressively corrected, the heart 
rate should return to normal. Additional oxygen administration can help achieve a 
faster normal rate as it improves tissue oxygenation [3]. It is very important to com-
pare the pulse frequency with the values   noted preoperatively taking into account 
the patient’s underlying pathology (thyroid, heart, etc.). The pulse with increasing 
frequency from one determination to another, with a small amplitude that becomes 
progressively filiform, associated with hypotension in a sweaty and pale patient, 
may be caused by a bleeding at the operating site (which is not always in the drain 
tube or in the container); this may require analysis of reoperation for hemostatic 
purposes. Tachycardia with low pulse amplitude and a decrease in blood pressure 
that occurs on days 4–6 postoperatively, may indicate a septic complication or 
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anastomosis dehiscence. On the other hand, bradycardia is however associated with 
increased cardiac, pulmonary, renal and pain-related morbidity at 3 and 5 days after 
surgery [4]. The discovery of arrhythmias whether extrasystolic or atrial fibrillation 
as a new event, requires rapid correction of ionic and hydric imbalances and the 
search for a septic process, the most likely causes in this context. Both bradycardia 
and arrythmias always require a postoperative cardiac consult [4, 5].

Blood pressure is determined at least twice a day. The recorded values   are 
interpreted in a dynamic clinical context, always compared with the normal values   
of the patient determined preoperatively. Low blood pressure levels  can be found 
immediately postoperatively, in conditions of shock, dehydration, bleeding or 
heart failure, etc. All these causes of low blood pressure require immediate and 
accurate diagnosis and correction as they bring increased mortality [6]. Elevated 
blood pressure levels   occur especially in patients with a history of hypertension in 
the context of an exaggerated postoperative catecholamine reaction, fluid overload 
or inadequate pain control. When they exceed certain values,   beyond physiological 
variations, both increases and decreases in blood pressure values   must be promptly 
corrected to prevent cerebral or cardiac events or ischemia of a recent anastomosis 
[7, 8]. Due to the high complexity of the measures required, it is recommended 
that an unstable cardiovascular patient be transferred to the intensive care unit and 
evaluated by a cardiologist [8].

4. Respiratory surveillance and care

The quality of respiratory function has a major impact on the patient’s postop-
erative recovery, especially after major surgery. Immediately postoperatively, the 
anesthetist cleans the oropharyngeal and orotracheal cavities by suction to evacuate 
excessive secretions; this should be done easily so as not to increase or trigger local 
inflammation and spasm. Additional oxygen administration (via facemask or nasal 
tube) is recommended to reduce the effort of the respiratory muscles. In patients 
with ventilatory deficit, a high back position of 30–40 degrees can be adopted [9]; 
this improves respiratory dynamics and promotes the drainage of secretions [10]. 
For this purpose, back percussion is usually performed several times a day with the 
patient in sitting position, followed by respiratory toilet. The patient is encouraged 
to take deep breaths in order to relax and open the alveolar spaces thus reducing 
the ventilation “dead spaces” [9–11]. Under conditions of tracheobronchial fluid 
overload with excessive secretions, expectorants and mucolytics may be admin-
istered [12]; this improves drainage and reduces the effort of coughing. In such 
conditions, the patient is encouraged to cough in a controlled and effective manner, 
with the protection of the abdomen [13] (the most common site of surgery) either 
by gentle external pressure exerted by patient, doctor or nurse (as appropriate), or 
by using means of abdominal restraint like girdles. Prolonged, inefficient coughing 
may result in undue strain and tension on the surgical wounds, increasing the risk 
of evisceration or eventration. Aerosol solutions can be very useful [14] adminis-
tered 2–3 times a day by nebulization for 5–10 minutes helps to “dry” or “thin” of 
the secretions as needed. It should be noted that postoperative pneumonia is one 
of the most common causes of significant morbidity and mortality after major 
surgery [9–11]. Prophylactic or therapeutic antibiotic therapy may not protect 
the patient from such a complication if excessive secretions remain undrained in 
the tracheobronchial tree [15]. The impact of a deficient oxygenation is systemic 
[16, 17], manifested at the level of the operative site (with the hypooxygenation 
of an anastomosis for example), at the cardiac level (decompensation of an isch-
emic heart disease), cerebral, etc. However supplemental oxygen should not be 
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phlebitis. Therefore, we can conclude that fever is a general sign that should always 
be interpreted in accordance with other signs and symptoms but it is an alarming 
sign that should lead to careful and complete physical examination and laboratory 
tests or imaging studies evaluated on a case-by-case basis.

3. Supervision of the cardiovascular system

Cardiovascular system stability is crucial in the postoperative evolution of 
the patient. Complex surveillance is needed in many cases and the rehabilitation 
measures must be intensive and prompt, conducted in most cases by the intensive 
care specialist or cardiologist. However, the surgeon must be prepared to recognize 
cardiac risks and main syndromes and even manage the patient until one of the 
above mentioned specialists are available.
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overall economy of the patient’s healing, or by anesthetic drugs, the extent of surgi-
cal “aggressiveness”, pain, etc. As these factors are progressively corrected, the heart 
rate should return to normal. Additional oxygen administration can help achieve a 
faster normal rate as it improves tissue oxygenation [3]. It is very important to com-
pare the pulse frequency with the values   noted preoperatively taking into account 
the patient’s underlying pathology (thyroid, heart, etc.). The pulse with increasing 
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may be caused by a bleeding at the operating site (which is not always in the drain 
tube or in the container); this may require analysis of reoperation for hemostatic 
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anastomosis dehiscence. On the other hand, bradycardia is however associated with 
increased cardiac, pulmonary, renal and pain-related morbidity at 3 and 5 days after 
surgery [4]. The discovery of arrhythmias whether extrasystolic or atrial fibrillation 
as a new event, requires rapid correction of ionic and hydric imbalances and the 
search for a septic process, the most likely causes in this context. Both bradycardia 
and arrythmias always require a postoperative cardiac consult [4, 5].

Blood pressure is determined at least twice a day. The recorded values   are 
interpreted in a dynamic clinical context, always compared with the normal values   
of the patient determined preoperatively. Low blood pressure levels  can be found 
immediately postoperatively, in conditions of shock, dehydration, bleeding or 
heart failure, etc. All these causes of low blood pressure require immediate and 
accurate diagnosis and correction as they bring increased mortality [6]. Elevated 
blood pressure levels   occur especially in patients with a history of hypertension in 
the context of an exaggerated postoperative catecholamine reaction, fluid overload 
or inadequate pain control. When they exceed certain values,   beyond physiological 
variations, both increases and decreases in blood pressure values   must be promptly 
corrected to prevent cerebral or cardiac events or ischemia of a recent anastomosis 
[7, 8]. Due to the high complexity of the measures required, it is recommended 
that an unstable cardiovascular patient be transferred to the intensive care unit and 
evaluated by a cardiologist [8].

4. Respiratory surveillance and care

The quality of respiratory function has a major impact on the patient’s postop-
erative recovery, especially after major surgery. Immediately postoperatively, the 
anesthetist cleans the oropharyngeal and orotracheal cavities by suction to evacuate 
excessive secretions; this should be done easily so as not to increase or trigger local 
inflammation and spasm. Additional oxygen administration (via facemask or nasal 
tube) is recommended to reduce the effort of the respiratory muscles. In patients 
with ventilatory deficit, a high back position of 30–40 degrees can be adopted [9]; 
this improves respiratory dynamics and promotes the drainage of secretions [10]. 
For this purpose, back percussion is usually performed several times a day with the 
patient in sitting position, followed by respiratory toilet. The patient is encouraged 
to take deep breaths in order to relax and open the alveolar spaces thus reducing 
the ventilation “dead spaces” [9–11]. Under conditions of tracheobronchial fluid 
overload with excessive secretions, expectorants and mucolytics may be admin-
istered [12]; this improves drainage and reduces the effort of coughing. In such 
conditions, the patient is encouraged to cough in a controlled and effective manner, 
with the protection of the abdomen [13] (the most common site of surgery) either 
by gentle external pressure exerted by patient, doctor or nurse (as appropriate), or 
by using means of abdominal restraint like girdles. Prolonged, inefficient coughing 
may result in undue strain and tension on the surgical wounds, increasing the risk 
of evisceration or eventration. Aerosol solutions can be very useful [14] adminis-
tered 2–3 times a day by nebulization for 5–10 minutes helps to “dry” or “thin” of 
the secretions as needed. It should be noted that postoperative pneumonia is one 
of the most common causes of significant morbidity and mortality after major 
surgery [9–11]. Prophylactic or therapeutic antibiotic therapy may not protect 
the patient from such a complication if excessive secretions remain undrained in 
the tracheobronchial tree [15]. The impact of a deficient oxygenation is systemic 
[16, 17], manifested at the level of the operative site (with the hypooxygenation 
of an anastomosis for example), at the cardiac level (decompensation of an isch-
emic heart disease), cerebral, etc. However supplemental oxygen should not be 



Abdominal Surgery - A Brief Overview

40

administered on a regular basis, but only when the oximetry drops under 90–92%, 
due to secondary risks of hyperoxia [18, 19]. The presence of prolonged, produc-
tive cough, especially when associated with fever and altered general condition, 
becomes an indication for a chest X-ray in order to capture changes responsible for 
the occurrence of this symptomatology and take appropriate measures [20, 21]. In 
this context, the findings suggest that pneumonia is a strong indication for antibi-
otic therapy. Irritant cough associated with sore throat and hoarseness, reported 
by the patient, are elements that draw attention to a digestive reflux with second-
ary aspiration in the airways and glottis irritation. The situation is not unusual in 
conditions of prolonged postoperative intestinal paresis. In such cases, the first goal 
is to combat gastric stasis and hyper pressure and the most rapid way is by placing 
a nasogastric decompression tube. If we already have a nasogastric tube in position, 
we need to ensure its permanent patency because the tube can be obstructed with 
cloths, fibrin deposits partially digested food or gastric mucosa. Otherwise, the tube 
becomes a reflux promoting factor by keeping the cardia open and incompetent 
[22]. Concurrently adopting a semi-sitting position (maintained also during sleep) 
to prevent or reduce reflux is an extremely useful element in combating Mendelson’s 
syndrome (aspiration of the digestive fluid with acid content in the patient 
airways).

5. Surveillance of the excretory system

It is usually done by tracking the quantity and quality of urine output over a 
given time and more importantly in 24 hours. All patients undergoing medium and 
major abdominal surgery usually have a urinary catheter placed under anesthesia 
[23]. Catheter placement should be performed under sterile conditions, usually 
in preanesthetic room or on-table [24] to avoid infection, bladder injury during 
surgery, and to accurately monitor renal function during surgery. There are numer-
ous causes of acute kidney injury or otherwise low urine output in the periopera-
tive period, the risk being reported up to 5–10% in surgical patients [25]. In the 
immediate postoperative setting, low flow and concentrated urine indicate a good 
renal function but poor hydration of the patient or a state of shock due to blood 
loss or impaired cardiovascular function. Decreased urinary flow that occurs under 
conditions of proper hydration and previously normal renal function may be an 
indicator of fluid retention in the setting of third spacing, abdominal compartment 
syndrome or blood transfusions adverse reactions [10, 25]. If this event occurs 
within 4 to 6 days postoperatively, it is usually secondary to the development of 
fistular or suppurative complications at the site of surgery, alerting the surgeon and 
allowing a prompt diagnosis of the complication. Failure to recognize the causes 
and the attempt to obtain adequate diuresis can lead to overloading the patient with 
fluids; this impairs the function of all the systems up to acute pulmonary edema or 
cardiac decompensation by increased preload.

Hyperchromic urine also occurs in conditions of mechanical jaundice when 
the urine turns intensely yellow to brown due to the renal elimination of soluble 
bile pigments [26]. The presence of large amounts of urobilinogen in urine usu-
ally indicates the hemolytic or hepatocellular nature of jaundice. Hematuria is 
the evacuation of blood into the urine. Bleeding can be located at any level of the 
urinary tract from the kidneys to the urethra and usually denotes an intraoperative 
lesion or clotting disorder. Hematuria can be microscopic and constantly appears 
after pelvic or retroperitoneal surgery [27] or macroscopic - when the red color of 
the urine is obvious, sometimes with deposits and blood clots to the point of obvi-
ous blood (Gross hematuria). Usually, hematuria caused by minor intraoperative 
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lesions or produced at the placement of the urethro-bladder catheter is self-limiting. 
Persistent hematuria requires a complete specialist diagnosis. Hemoglobinuria 
defines hyperchromic urine, purple to dark brown that occurs during major 
hemolysis after transfusion accidents [28]. Early recognition is extremely impor-
tant because if undiagnosed and subsequently untreated, it can precipitate acute 
irreversible renal failure by blocking glomerular filtration.

The proper timing of catheter removal is debatable, numerous studies and 
metanalyses have addressed this question as the risk of urinary infections increases 
with the duration of catheterization. For abdominal surgery that does not involve 
the genitourinary systems or pelvic surgery it seems that the optimal timing of 
catheter removal is the first postoperative day [29] which in most cases coincides 
with the time when the patient becomes ambulatory. However, for major surgery 
(extensive dissection, usually for cancer) involving the pelvic organs or requiring 
a longer period of immobilization, the catheterization period can be extended to 
3–6 days or even longer, adapted to the clinical needs [29]. For instance, whenever 
the bladder is sutured (after iatrogenic lesions or deliberated partial resection) the 
urinary catheter should be left in place for at least 10–14 days.

6. Digestive system surveillance

The digestive system is the most common surgical site in general surgery, hence 
the special attention paid to its care. Systematic clinical examination can provide 
valuable information about the patient’s progress, adapting postoperative measures 
for an eventless and rapid recovery.

Usually forgotten or neglected, oral cavity inspection provides information 
about the patient’s hydration level; dry oral mucosa, for instance, requires an 
increase in fluid intake. The presence of whitish deposits on the lingual mucosa 
may suggest candidiasis infection caused by prolonged antibiotic use, while red 
depapillated glossy mucosa suggests iron deficiency. Toileting of the oral cavity by 
brushing and washing with antiseptic solutions is almost as important as postopera-
tive wound care, as germs ingested at this level colonize and contaminate the lower 
levels of the digestive tract accentuating dysmicrobism and promoting complica-
tions. Moreover, pathogens in the oral cavity can colonize the lung and lead to 
postoperative pneumonia with increased morbidity and mortality [30]. Until the 
patient is able to exercise basic hygiene, the task must be performed systematically 
by the medical personnel.

Pain therapy. Pain is one of the main factors that can delay the recovery of 
the operated patient. Pain delays the patient’s mobilization, limits the range 
of motion of the diaphragm, delays the resumption of intestinal transit, and 
psychologically stresses the patient. Postoperative pain therapy begins during 
surgery, avoiding excessive traction, tension in the sutures or unjustified exten-
sive dissections outside anatomic planes. From this point of view, laparoscopic 
surgery and generally mini-invasive surgery, whenever possible, brings major 
advantages. Also, a very important role in combating pain is the position-
ing of the patient in bed after surgery. The patient should be positioned as 
comfortably as possible, avoiding tension on the muscles around the incision 
areas. The movement of the patient in bed after surgery should not be forbid-
den; on the contrary the patient should be encouraged to adopt the position in 
which the pain is minimal and to change his/her position periodically. Beds with 
semi-rigid elastic mattresses are preferable, which can provide the patient with 
effective support to achieve active movements and which evenly distribute the 
patient’s weight.
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[23]. Catheter placement should be performed under sterile conditions, usually 
in preanesthetic room or on-table [24] to avoid infection, bladder injury during 
surgery, and to accurately monitor renal function during surgery. There are numer-
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loss or impaired cardiovascular function. Decreased urinary flow that occurs under 
conditions of proper hydration and previously normal renal function may be an 
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fistular or suppurative complications at the site of surgery, alerting the surgeon and 
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lesions or produced at the placement of the urethro-bladder catheter is self-limiting. 
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defines hyperchromic urine, purple to dark brown that occurs during major 
hemolysis after transfusion accidents [28]. Early recognition is extremely impor-
tant because if undiagnosed and subsequently untreated, it can precipitate acute 
irreversible renal failure by blocking glomerular filtration.

The proper timing of catheter removal is debatable, numerous studies and 
metanalyses have addressed this question as the risk of urinary infections increases 
with the duration of catheterization. For abdominal surgery that does not involve 
the genitourinary systems or pelvic surgery it seems that the optimal timing of 
catheter removal is the first postoperative day [29] which in most cases coincides 
with the time when the patient becomes ambulatory. However, for major surgery 
(extensive dissection, usually for cancer) involving the pelvic organs or requiring 
a longer period of immobilization, the catheterization period can be extended to 
3–6 days or even longer, adapted to the clinical needs [29]. For instance, whenever 
the bladder is sutured (after iatrogenic lesions or deliberated partial resection) the 
urinary catheter should be left in place for at least 10–14 days.

6. Digestive system surveillance

The digestive system is the most common surgical site in general surgery, hence 
the special attention paid to its care. Systematic clinical examination can provide 
valuable information about the patient’s progress, adapting postoperative measures 
for an eventless and rapid recovery.

Usually forgotten or neglected, oral cavity inspection provides information 
about the patient’s hydration level; dry oral mucosa, for instance, requires an 
increase in fluid intake. The presence of whitish deposits on the lingual mucosa 
may suggest candidiasis infection caused by prolonged antibiotic use, while red 
depapillated glossy mucosa suggests iron deficiency. Toileting of the oral cavity by 
brushing and washing with antiseptic solutions is almost as important as postopera-
tive wound care, as germs ingested at this level colonize and contaminate the lower 
levels of the digestive tract accentuating dysmicrobism and promoting complica-
tions. Moreover, pathogens in the oral cavity can colonize the lung and lead to 
postoperative pneumonia with increased morbidity and mortality [30]. Until the 
patient is able to exercise basic hygiene, the task must be performed systematically 
by the medical personnel.

Pain therapy. Pain is one of the main factors that can delay the recovery of 
the operated patient. Pain delays the patient’s mobilization, limits the range 
of motion of the diaphragm, delays the resumption of intestinal transit, and 
psychologically stresses the patient. Postoperative pain therapy begins during 
surgery, avoiding excessive traction, tension in the sutures or unjustified exten-
sive dissections outside anatomic planes. From this point of view, laparoscopic 
surgery and generally mini-invasive surgery, whenever possible, brings major 
advantages. Also, a very important role in combating pain is the position-
ing of the patient in bed after surgery. The patient should be positioned as 
comfortably as possible, avoiding tension on the muscles around the incision 
areas. The movement of the patient in bed after surgery should not be forbid-
den; on the contrary the patient should be encouraged to adopt the position in 
which the pain is minimal and to change his/her position periodically. Beds with 
semi-rigid elastic mattresses are preferable, which can provide the patient with 
effective support to achieve active movements and which evenly distribute the 
patient’s weight.
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The abdomen should be examined at least twice a day. In the first 24 hours after 
surgery, the patient may complain of low to moderate pain in the abdomen, accentu-
ated by active movements or coughing. The pain must be combated accordingly, 
in order to avoid the development of the “fear” of mobilization. Pain therapy must 
be adjusted to the extent of surgery and known mechanisms of pain. Multimodal 
postoperative analgesia appears to provide better outcomes [31]. Usually, the combi-
nation of acetaminophen with a non-steroidal anti-inflammatory drug is sufficient 
for most patients, but in some cases, local analgesia [32], or even patient-controlled 
epidural analgesia may be needed. In case of prolonged use of non-steroidal anti-
inflammatory drugs (NSAID), prophylaxis of gastroduodenal disorders like ero-
sions, hemorrhage or ulcers should be considered, especially if the patient’s oral 
feeding has been temporarily suspended. In those cases, proton pump inhibitors and 
E-prostaglandin analogs seem to be the most effective, then the histamine receptors 
antagonists, while barrier agents are mostly useless since they do not interfere with 
the pathogeny of NSAID-induced ulcer. However, proton pump inhibitors are to be 
diverted in patients with a current or recent history of antibiotherapy, since the two 
conditions act synergically favouring severe Clostridium difficile colitis [33]. The use 
of major opioid analgesics is not indicated because it contributes to the accentuation 
of intestinal paresis and favors the accumulation of tracheobronchial secretions [34]. 
There are combinations of painkillers (analgesics) that combine a non-steroidal anti-
inflammatory and an opioid in low concentrations where the side effects are absent 
or negligible. In the context of intense pain that does not yield to milder painkillers, 
it is recommended to place an epidural catheter to ensure the effective analgesia 
administration with minimal effects on the intestinal smooth muscles [35, 36].

The inspection of the abdomen helps in monitoring the degree of distension of 
the abdomen due to the accumulation of gases and fluids in the digestive tract lumen. 
This condition is mainly caused by the absence of peristalsis but also by the change of 
microbiome. Postoperative paresis, present after interventions involving or exposing 
the intestinal loops, must be actively prevented. Prevention can and should begin in 
the preoperative period and continue in the operating room and beyond. The very 
important measures are related to the optimum hydration and correction of the elec-
trolyte imbalances. Because - Enhanced Recovery After Surgery - (ERAS) protocols 
have been progressively adopted, the patient is usually advised to avoid starving in 
the preoperative period and to have a light liquid diet in the evening, before sched-
uled operation. Clear fluid diet is allowed up to 2 hours preoperatively [37]. Specific 
medications – prokinetics - like anticholinesterases and parasympathomimetics may 
be prescribed in order to stimulate peristalsis [38]. Neostigmine, a synthetic anticho-
linesterase alkaloid, stimulates intestinal peristalsis with less extensive side effects 
on the cardiovascular and respiratory systems [39]. Local-acting intestinal peristaltic 
stimulants, such as castor oil may be administered orally or introduced through the 
nasogastric tube (NGT). Prolonged paresis requires the placement of an NG-tube for 
decompression of the digestive tract, prevention of vomiting and airway aspiration 
or Mendelson’s syndrome. We do not usually use nasogastric decompression tube, 
but only in emergency surgery and just in cases associated with high fluid and gas 
distension or in cases with expected prolonged ileus [40].

Various methods of reducing postoperative ileus have been studied. It seems 
that something as simple as abdominal massage after colonic surgery can reduce 
the postoperative pain and help resume intestinal transit [41]. Similarly, numerous 
studies including a metanalysis advocate for the use of chewing gum in order to 
reduce the ileus period [42] but the results have been contradicted by other studies 
[43]. Chewing gum is adopted by the Enhanced Recovery After Surgery (ERAS) 
protocols as a measure that could reduce ileus [37]; we recommend its selective use 
whenever applicable.
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Commonly used opioids such as morphine and fentanyl can prolong the postop-
erative ileus, by acting like agonists on mu receptors; it is recommended to reduce 
their use at least in the postoperative settings. In contrast, some kappa agonists 
like fedotozine U-50, 488H, bremazocine or asimadoline appear to reduce ileus in 
animal models studies but have never entered clinical practice [44, 45].

For the lower digestive tract surgery, the placement of a transanal gas tube 
may be used, in order to evacuate the increased pressures that may develop at this 
level [46]. The procedure is safe and very effective especially in low rectal anasto-
mosis [47]. The transanal tube (TAT), usually 28–30 CH (Charrierre), is placed at 
the end of the procedure foiled in greased gauze and is primarily used for intraop-
erative leakage test. The tube is usually left in place for 48 hours or more, accord-
ingly to the patient evolution. The TAT seems to reduce anastomotic leakage (AL), 
the need for re-interventions for AL, and it is proposed by some authors for the 
reduction of defunctioning stoma [48]. After interventions that do not involve 
the colon, an evacuation enema may be performed at 2–3 days postoperatively; 
this reduces stasis and microbial load at this level, and stimulate the resumption 
of normal peristalsis.

Close patient surveillance with abdominal palpation is required in order to 
take and adapt the appropriate postoperative measures. Palpation aims to detect 
possible areas of deep tenderness and infiltration in the abdomen, painful areas 
in which any discrete signs of peritoneal irritation draw attention to the occur-
rence of a complication. The jerky palpation may show flapping, a sign with great 
specificity for postoperative occlusive syndrome, especially when the patient has 
initially resumed intestinal transit. Percussion highlights diffuse tympanism during 
intestinal paresis, while persistent localized hypersonority in an area after hesitant 
resumption of intestinal transit may draw attention to a complication that may 
have developed at this level. Auscultating the abdomen can reveal a silent abdomen 
during the paretic period or vice versa- vivid noises, accompanied by whistling and 
crackling, an expression of the “struggle” of a loop to overcome a distal obstacle/
obstruction. Anastomotic leakage is the most feared complication because it comes 
with significant morbidity and mortality in short but also in long term [49]. The 
earlier the recognition of an anastomotic leakage the better and prompter measures 
can be taken in order to limit or avoid major morbidity [50]. Postoperative peritonitis 
following an anastomotic leakage usually develops quietly and may remain unde-
tected since the patient is on pain-killers and the peritoneal surface is less reactive 
after surgical aggression. CT scan can be falsely negative for anastomotic leakage in 
fairly large number of cases, therefore, in such cases, it is advisable to take action on 
first clinical signs of peritonism [51]. Measures may include various combinations 
of relaparotomy, percutaneous drainage, postoperative wound opening, antibiotics 
and complete parenteral nutrition. Earlier detection of the underlying pathology 
result in prompt intervention and therefore better outcomes [52]. In cases of diffuse 
peritonitis, relaparotomy is mandatory to remove the peritoneal contamination and 
try to gain control of its source. There is no ideal solution for controlling anastomotic 
leakage. In some cases, re-resection and anastomotic reconstruction can be an option 
depending on the local and general conditions. In some cases, the anastomosis may 
be suppressed, followed by closure of the distal end, while the proximal partner 
is exteriorized in a stoma. This seems to be the safest approach but it is not always 
feasible. In other cases, perianastomotic drainage might be enough [53], but usually 
a proximal diverting stoma is advisable in addition to local drainage. The decision 
is highly dependent on the surgeon’s experience who should always thoroughly 
evaluate the local and general condition of the patient; it also depends on ICU level, 
and the local feasibility of endoscopic stenting, interventional radiology, and other 
interventions.
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The abdomen should be examined at least twice a day. In the first 24 hours after 
surgery, the patient may complain of low to moderate pain in the abdomen, accentu-
ated by active movements or coughing. The pain must be combated accordingly, 
in order to avoid the development of the “fear” of mobilization. Pain therapy must 
be adjusted to the extent of surgery and known mechanisms of pain. Multimodal 
postoperative analgesia appears to provide better outcomes [31]. Usually, the combi-
nation of acetaminophen with a non-steroidal anti-inflammatory drug is sufficient 
for most patients, but in some cases, local analgesia [32], or even patient-controlled 
epidural analgesia may be needed. In case of prolonged use of non-steroidal anti-
inflammatory drugs (NSAID), prophylaxis of gastroduodenal disorders like ero-
sions, hemorrhage or ulcers should be considered, especially if the patient’s oral 
feeding has been temporarily suspended. In those cases, proton pump inhibitors and 
E-prostaglandin analogs seem to be the most effective, then the histamine receptors 
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inflammatory and an opioid in low concentrations where the side effects are absent 
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be prescribed in order to stimulate peristalsis [38]. Neostigmine, a synthetic anticho-
linesterase alkaloid, stimulates intestinal peristalsis with less extensive side effects 
on the cardiovascular and respiratory systems [39]. Local-acting intestinal peristaltic 
stimulants, such as castor oil may be administered orally or introduced through the 
nasogastric tube (NGT). Prolonged paresis requires the placement of an NG-tube for 
decompression of the digestive tract, prevention of vomiting and airway aspiration 
or Mendelson’s syndrome. We do not usually use nasogastric decompression tube, 
but only in emergency surgery and just in cases associated with high fluid and gas 
distension or in cases with expected prolonged ileus [40].

Various methods of reducing postoperative ileus have been studied. It seems 
that something as simple as abdominal massage after colonic surgery can reduce 
the postoperative pain and help resume intestinal transit [41]. Similarly, numerous 
studies including a metanalysis advocate for the use of chewing gum in order to 
reduce the ileus period [42] but the results have been contradicted by other studies 
[43]. Chewing gum is adopted by the Enhanced Recovery After Surgery (ERAS) 
protocols as a measure that could reduce ileus [37]; we recommend its selective use 
whenever applicable.
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is exteriorized in a stoma. This seems to be the safest approach but it is not always 
feasible. In other cases, perianastomotic drainage might be enough [53], but usually 
a proximal diverting stoma is advisable in addition to local drainage. The decision 
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evaluate the local and general condition of the patient; it also depends on ICU level, 
and the local feasibility of endoscopic stenting, interventional radiology, and other 
interventions.
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Some cases may be managed conservatively with the main purpose being to 
transform the leak into an isolated enterocutaneous fistula [53]. Adequate drainage 
of the leak results in reduction of the general and local signs of sepsis and inflam-
mation with resuming of intestinal transit, tolerance to dietary intake and improve-
ment of the general condition of the patient. The use of a low-pressure drainage 
system [54] can help organize the fistular tract, avoiding extensive contamination 
or digestion (by the activated intestinal enzymes) of neighboring tissues. For the 
success of this method, we need to ensure that the lumen of the tube remains patent 
and the surrounding tissues are not being sucked into the holes of the draining tube. 
The normal evolution of the fistula is with progressive reduction of the flow (which 
must be noted every 24 hours). In 5–7 days after fistular organization (clinically 
documented and by contrast enhanced imaging) and the reduction of the flow, we 
can progressively mobilize the drain by 2 cm every 2–3 days. This allows the tissues 
to collapse and close the fistula. Sudden reduction of a fistula flow or the early and 
fast suppression (in a single gesture, not progressively mobilized) of a tube that 
drains the leak, can result in local abscess formation or even peritonitis. Usually, the 
fistula closes in 2–3 weeks for the colon and 1–3 month for the small bowel but the 
time is variable depending on the various factors like type of surgery, age, general 
performance status, nutrition, level of anastomosis and partners of anastomosis 
quality [55], but most importantly dependent on the functional status of the bowel. 
If there are no anatomic (adherences or strictures for instance) or functional 
obstacles (residual abscess, Crohn disease, etc.) distally, the fistula closure will be 
faster. Insufficient drainage of the fistula or abdominal sepsis will result in persis-
tence of local inflammation with secondary impairment of the peristaltic move-
ments, creating a vicious circle that will delay fistula closure.

7. Postoperative wound surveillance

The postoperative wound should be closely monitored on daily basis. In the 
immediate postoperative period, a sterile dressing covers the wound so we may not 
be able to directly inspect the sutures. In the first postoperative hours soaking of 
the dressing [56] with blood is the main sign to look for. The presence of the blood 
prompts the physician to look for a source of bleeding at the superficial or deeper 
level and perform adequate hemostasis. In most cases, it is a low-flow bleeding 
from a dermal vessel that can be controlled by as simple as a local pressure dress-
ing, placing a mesh with hydrogen peroxide, fibrin glue, or a supplementary stitch 
under local analgesia. This may also have psychological consequences on the patient 
since the psychological impact of the presence of blood in sight of the patient may 
induce a state of anxiety and agitation. For deeper bleedings that tend to form 
hematomas between the wound layers or margins, the evacuation of cloths is 
mandatory otherwise impairing wound healing. We should not forget that digestive 
surgery is a contaminated one, because of the breach of gut mucosa, and that blood 
is the ideal culture medium for bacteria. Therefore, leaving a dead space filled with 
a hematoma between the margins of the postoperative wound is equivalent with 
initiating a germ culture. Left in place, in the following days, the cloth will become 
a more or less profound abscess. At this moment, even if we drain it, the damage has 
happened already, and short-term morbidity as well as long-term (such as incisional 
hernia) increase. In order to avoid those unfavorable outcomes, the most appropri-
ate action seems to be the immediate opening of the postoperative wound, (more or 
less extensive, but usually 2–4 stitches in the area of the bleeding), evacuating the 
hematoma under sterile conditions, lavage of the wound with antiseptic solutions, 
targeted hemostasis and primary closure. If there is doubt on definitive hemostasis 
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or sterility conditions the wound can be left open, covered with sterile dressing 
until granulation is obtained and secondary superficial suture can be accomplished.

Sometimes under the blood-soaked dressing, we may find a diffuse bleeding, 
accompanied by an ecchymotic aspect of the wound edges aspects that usually 
indicates poor coagulation. In this context, we must not forget that the superficial 
operative wound is a mirror of what is happening in depth, in the operative site, 
and the general measures for restoring the coagulation balance must be prompt and 
vigorous. Of course, an ecchymosis of the postoperative wound may seem a benign 
and maybe minor to negligible complication requiring no action or simply a bag of 
ice, but if the same happens at the level of the anastomosis deep in the abdomen, 
anastomotic leakage becomes plausible. In this context, we immediately adjust the 
anticoagulation treatment, postponing or even skipping a dose until we further 
investigate coagulation status of the patient. As long as the anticoagulation therapy 
is suspended, it is advisable to use alternative methods to prevent DVT in lower limbs 
such as intermittent compressive therapy [57, 58] or at least compressive stockings.

In the following days, the normal surgical wound is usually uncovered, “in plain 
sight” or “exposed to the air”. There is no reason for covering with sterile dressing 
since the wound is already sealed by the fibrin that is organized between the two 
edges. Usually, this normal wound sealing process takes 24–48 hr. in clean or clean-
contaminated wounds. Even if there is no strong evidence or consensus [54, 56] on 
how long we should keep a sterile dressing, our current practice is to avoid dressing 
after 48 hr. The zonal erythema of the wound accompanied by a localized swelling, 
possibly centered on a slightly ecchymotic area, suggests the development of the 
suppurative complication. In this context, the wound must be explored with a stylus 
or a fine forceps inserted relatively easily in the respective area. The evacuation of 
a seroma or hematoma that has already turned purulent will prompt the removal 
of several stitches, with wide opening of the wound, followed by mechanical and 
antiseptic debridement [56]. Insufficient opening of the wound without adequate 
drainage will perpetuate the infection and allow the infection to spread to new 
spaces in the vicinity of the wound. In such instances a superficial infection can 
become profound and healing may be delayed and deficient, with wound granulo-
mas, postoperative incisional hernias or even eviscerations. Of course, in extensive 
surgical site infections, local measures must be accompanied by systemic antibiotic 
therapy, initially with large spectrum according to the most plausible germs and 
then targeted when culture results become available [10, 56].

8. Postoperative drainage monitoring

Drainage is one of the fundamental means of treatment and prophylaxis in general 
surgery. Intraoperatively, drainage can be established in various areas of the peritoneal 
or pleural cavity (in the case of interventions involving the opening of the pleura), 
at the level of segments of the digestive tract (stomach, intestine, bile ducts) or in 
remaining cavities following the evacuation of pathological processes (abscesses, hyda-
tid cysts, on the soft parts after evacuation of abscesses, hematomas, tumors, etc.).

8.1 Drainages of the peritoneal cavity

They are usually placed after medium or major and contaminated abdominal 
surgical interventions that open the peritoneum. That said, there is no consensus 
in the literature around the need for drain(s) placement after abdominal surgeries 
[59–61]. It is advisable to use drains only when and where they are justified. Drains 
are then removed in due time after they have served their purposes [62].
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or sterility conditions the wound can be left open, covered with sterile dressing 
until granulation is obtained and secondary superficial suture can be accomplished.

Sometimes under the blood-soaked dressing, we may find a diffuse bleeding, 
accompanied by an ecchymotic aspect of the wound edges aspects that usually 
indicates poor coagulation. In this context, we must not forget that the superficial 
operative wound is a mirror of what is happening in depth, in the operative site, 
and the general measures for restoring the coagulation balance must be prompt and 
vigorous. Of course, an ecchymosis of the postoperative wound may seem a benign 
and maybe minor to negligible complication requiring no action or simply a bag of 
ice, but if the same happens at the level of the anastomosis deep in the abdomen, 
anastomotic leakage becomes plausible. In this context, we immediately adjust the 
anticoagulation treatment, postponing or even skipping a dose until we further 
investigate coagulation status of the patient. As long as the anticoagulation therapy 
is suspended, it is advisable to use alternative methods to prevent DVT in lower limbs 
such as intermittent compressive therapy [57, 58] or at least compressive stockings.

In the following days, the normal surgical wound is usually uncovered, “in plain 
sight” or “exposed to the air”. There is no reason for covering with sterile dressing 
since the wound is already sealed by the fibrin that is organized between the two 
edges. Usually, this normal wound sealing process takes 24–48 hr. in clean or clean-
contaminated wounds. Even if there is no strong evidence or consensus [54, 56] on 
how long we should keep a sterile dressing, our current practice is to avoid dressing 
after 48 hr. The zonal erythema of the wound accompanied by a localized swelling, 
possibly centered on a slightly ecchymotic area, suggests the development of the 
suppurative complication. In this context, the wound must be explored with a stylus 
or a fine forceps inserted relatively easily in the respective area. The evacuation of 
a seroma or hematoma that has already turned purulent will prompt the removal 
of several stitches, with wide opening of the wound, followed by mechanical and 
antiseptic debridement [56]. Insufficient opening of the wound without adequate 
drainage will perpetuate the infection and allow the infection to spread to new 
spaces in the vicinity of the wound. In such instances a superficial infection can 
become profound and healing may be delayed and deficient, with wound granulo-
mas, postoperative incisional hernias or even eviscerations. Of course, in extensive 
surgical site infections, local measures must be accompanied by systemic antibiotic 
therapy, initially with large spectrum according to the most plausible germs and 
then targeted when culture results become available [10, 56].
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Drainage is one of the fundamental means of treatment and prophylaxis in general 
surgery. Intraoperatively, drainage can be established in various areas of the peritoneal 
or pleural cavity (in the case of interventions involving the opening of the pleura), 
at the level of segments of the digestive tract (stomach, intestine, bile ducts) or in 
remaining cavities following the evacuation of pathological processes (abscesses, hyda-
tid cysts, on the soft parts after evacuation of abscesses, hematomas, tumors, etc.).

8.1 Drainages of the peritoneal cavity

They are usually placed after medium or major and contaminated abdominal 
surgical interventions that open the peritoneum. That said, there is no consensus 
in the literature around the need for drain(s) placement after abdominal surgeries 
[59–61]. It is advisable to use drains only when and where they are justified. Drains 
are then removed in due time after they have served their purposes [62].
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In the first hours after surgery, peritoneal drains usually produce small amounts 
of serosanguinous fluid. Pure blood drainage usually indicates a hemostasis defect 
that can be minor in small vessels, often secondary to clotting disorders, or major 
by slipping of ligatures placed on relatively large vessels. Under these conditions, 
it is extremely important that the drainage be interpreted in the clinical context of 
the patient, the association with a hemodynamic instability raising the problem of 
an immediate reintervention to complete the hemostasis. It is advisable to check the 
condition of the drain tube and especially its permeability frequently, as it can be 
clogged with clotted blood [63]. In this case, the tube remains unproductive, “hid-
den” under a clean dressing on the surface, thus providing a false sense of surgical 
reassurance. Unclogging of the drain tube leads to the resumption of blood flow. If 
the hemorrhage is still active, the drainage will be with reddish coagulable blood, 
drop by drop, and will be a strong indication for relaparotomy or laparoscopy [64]. 
In some cases, not uncommonly, the source of bleeding can be identified in the 
parietal trajectory of the drainage tube that intercepted a more or less important 
blood vessel. Local anesthesia and targeted hemostasis can save the patient from an 
unnecessary laparotomy. Sometimes the drainage resumes with blackish, incoagu-
lable blood, mixed with small partially lysed cloths. This aspect of drainage, which 
usually persists for several days, sometimes up to weeks, indicates the progressive 
evacuation of a clot or a large hematoma. Particular attention must be paid in these 
situations to dressing maneuvers as they can lead to germ contamination and the 
transformation of the hematoma into an abscess.

The normal evolution of the drainage in the following days is towards the dimi-
nution and progressive clearing up. This is the optimal moment to remove the drain. 
When the drainage is supposed to “protect” an anastomosis we remove the tube 
after 5–7 days, once the anastomosis has passed the critical period and the intestinal 
transit is resumed [60]. The tube does not prevent anastomotic dehiscence but 
may avoid relaparotomy to control an anastomotic dehiscence. If the drainage is to 
be maintained for a longer period, it is recommended to mobilize the tubes after 
several days, with their dislocation from the fibrin deposits that form around, a 
condition for the drainage to remain effective and to prevent pressure lesions that 
the tube can determine on certain structures such veins, nerves, ureters, etc.

Persistence of significant drainage, over 500 mL/24 hr. (sometimes 3 L/24 hr), 
with serous fluid, denotes ascites production, secondary to an advanced malignancy 
(ovarian, peritoneal or massive hepatic metastases), liver cirrhosis or associated 
hypoproteinemia. Most often these conditions are suspected based on preoperative 
work-up and then well-documented by the intraoperative exploration. Few recent 
studies advise to avoid drainage in cirrhotic patients after abdominal surgery [65, 66]. 
If drainage is necessary, the same studies recommend discontinuing them as soon as 
possible. When suppressing the drain tube in these cases, a parietal restraint suture is 
often required to control the discharge of ascites that will otherwise persist through 
the parietal path of the tube. However, surgical suture dehiscence is frequent in such 
patients accounting between 20 and 45% [66], forced by the pressure exerted by the 
fluid and favored by hypoproteinemia and dysmetabolism. In those patients, we use a 
controlled-flow drainage tube or an abdominal decompression catheter left intraperi-
toneally until the wound is well healed and/or ascites production is therapeutically 
reduced. This management allow a controlled drainage of the ascites, in a closed 
system avoiding the infectious risk. Otherwise, if the tube is removed too early, 
intraabdominal pressure of the ascitic fluid will force the wound dehiscence and will 
leak uncontrollably.

After interventions involving an extended lymph node dissection, the initial 
drainage with serosanguinous appearance becomes sero-citrine after 2–3 days, but 
persistent, sometimes at flows between 50 and 300 ml / 24 h, consisting of lymph 
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fluid rich in protein. Since there is not a consensus [67] our practice is to keep the 
tube in position until a significant decrease in the amount drained, otherwise there 
is a risk of developing lymphatic collections [68] (lymphocele), which can become 
secondarily infected.

Under the conditions of perianastomotic drainage, the resumption of a bloody 
drainage, cherry colored with low flow, sometimes gray to frank purulent with 
specific odor, associated or following a febrile episode is most often the sign 
of the onset of an anastomotic fistula. This moment usually coincides with the 
recurrence of the intestinal paresis, the alteration of the general condition of 
the patient, the increase of the digestive aspirate or vomiting. Muscle guarding 
may be present but the specific contracture of peritonitis is most often missing. 
Postoperatively, most signs of peritonism are less pronounced [69], especially in 
the elderly patients. Abdominal examination usually reveals localized but difficult 
to delineate tenderness, accompanied by a local dull pain which is accentuated on 
palpation. Frequently associated is the suppuration of the surgical wound that must 
be monitored and opened as early and as wide as needed, a unique gesture that has 
the ability to limit the extensive evolution in depth. Over the next few days, diges-
tive content according to the level at which the anastomosis was performed, will 
be evacuated on the drain tube or directly through the surgical wound. Under the 
conditions of a favorable evolution, the drainage tube will be the “splint” on which 
an entero-cutaneous fistula forms, the inflammation then gradually decreases, 
the patient becomes afebrile, resumes his intestinal transit, tolerates diet, and 
the abdominal signs gradually subside. The development of signs of generalized 
peritonitis with the persistence of fever and the progressive alteration of the general 
condition means an insufficient drainage of the anastomotic dehiscence defining a 
grade C leakage [70] and forces to reintervention. Prompt diagnosis is the key for 
better outcomes and in this respect the CT exam seems to offer the best diagnostic 
chances [69]. Either conservative or interventional management is applied, in such 
conditions addition of antibiotherapy in curative course and a non-steroidal anti-
inflammatory drug is always necessary.

8.2 The drainages of some segments of the digestive tract

The drainages of some segments of the digestive tract are generally established 
intraoperatively and aim at achieving temporary decompression of the organs 
they drain (stomach, common bile duct, etc.) As mentioned, their main role is 
to evacuate the secretions accumulated in the conditions of postoperative paresis 
and fight against intraluminal hyper pressures. The most common form is rep-
resented by the upper digestive aspiration through a nasogastric tube (NGT), in 
which the probe inserted trans-nasally and is conducted intraoperatively at the 
level of the drained segment - esophagus, stomach, duodenum, small intestine. 
In general, the probe is placed in the conditions of performing anastomoses or 
sutures at the level of these segments having as main role the protection of the 
suture. (anastomotic dehiscence prophylaxis role). The quality and quantity of 
the digestive aspirate must be systematically monitored and interpreted in the 
context of the general and local examination of the abdomen (diagnostic tool role). 
Occasionally the tube can be used to administer medications, to perform lavage or 
even enteral nutrition (therapeutic role) [71]. Congruently with literature reviews 
we do not systematically use the nasogastric tube [72] but only in cases with 
stasis, intense paresis or expected impaired temporary deglutition.

The normal evolution of the aspirate is towards “clarification” and progressive 
decrease in the context of the resumption of the intestinal transit and the reduc-
tion of the abdominal distension, aspects that mark the optimal moment of NGT 
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In the first hours after surgery, peritoneal drains usually produce small amounts 
of serosanguinous fluid. Pure blood drainage usually indicates a hemostasis defect 
that can be minor in small vessels, often secondary to clotting disorders, or major 
by slipping of ligatures placed on relatively large vessels. Under these conditions, 
it is extremely important that the drainage be interpreted in the clinical context of 
the patient, the association with a hemodynamic instability raising the problem of 
an immediate reintervention to complete the hemostasis. It is advisable to check the 
condition of the drain tube and especially its permeability frequently, as it can be 
clogged with clotted blood [63]. In this case, the tube remains unproductive, “hid-
den” under a clean dressing on the surface, thus providing a false sense of surgical 
reassurance. Unclogging of the drain tube leads to the resumption of blood flow. If 
the hemorrhage is still active, the drainage will be with reddish coagulable blood, 
drop by drop, and will be a strong indication for relaparotomy or laparoscopy [64]. 
In some cases, not uncommonly, the source of bleeding can be identified in the 
parietal trajectory of the drainage tube that intercepted a more or less important 
blood vessel. Local anesthesia and targeted hemostasis can save the patient from an 
unnecessary laparotomy. Sometimes the drainage resumes with blackish, incoagu-
lable blood, mixed with small partially lysed cloths. This aspect of drainage, which 
usually persists for several days, sometimes up to weeks, indicates the progressive 
evacuation of a clot or a large hematoma. Particular attention must be paid in these 
situations to dressing maneuvers as they can lead to germ contamination and the 
transformation of the hematoma into an abscess.

The normal evolution of the drainage in the following days is towards the dimi-
nution and progressive clearing up. This is the optimal moment to remove the drain. 
When the drainage is supposed to “protect” an anastomosis we remove the tube 
after 5–7 days, once the anastomosis has passed the critical period and the intestinal 
transit is resumed [60]. The tube does not prevent anastomotic dehiscence but 
may avoid relaparotomy to control an anastomotic dehiscence. If the drainage is to 
be maintained for a longer period, it is recommended to mobilize the tubes after 
several days, with their dislocation from the fibrin deposits that form around, a 
condition for the drainage to remain effective and to prevent pressure lesions that 
the tube can determine on certain structures such veins, nerves, ureters, etc.

Persistence of significant drainage, over 500 mL/24 hr. (sometimes 3 L/24 hr), 
with serous fluid, denotes ascites production, secondary to an advanced malignancy 
(ovarian, peritoneal or massive hepatic metastases), liver cirrhosis or associated 
hypoproteinemia. Most often these conditions are suspected based on preoperative 
work-up and then well-documented by the intraoperative exploration. Few recent 
studies advise to avoid drainage in cirrhotic patients after abdominal surgery [65, 66]. 
If drainage is necessary, the same studies recommend discontinuing them as soon as 
possible. When suppressing the drain tube in these cases, a parietal restraint suture is 
often required to control the discharge of ascites that will otherwise persist through 
the parietal path of the tube. However, surgical suture dehiscence is frequent in such 
patients accounting between 20 and 45% [66], forced by the pressure exerted by the 
fluid and favored by hypoproteinemia and dysmetabolism. In those patients, we use a 
controlled-flow drainage tube or an abdominal decompression catheter left intraperi-
toneally until the wound is well healed and/or ascites production is therapeutically 
reduced. This management allow a controlled drainage of the ascites, in a closed 
system avoiding the infectious risk. Otherwise, if the tube is removed too early, 
intraabdominal pressure of the ascitic fluid will force the wound dehiscence and will 
leak uncontrollably.

After interventions involving an extended lymph node dissection, the initial 
drainage with serosanguinous appearance becomes sero-citrine after 2–3 days, but 
persistent, sometimes at flows between 50 and 300 ml / 24 h, consisting of lymph 
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fluid rich in protein. Since there is not a consensus [67] our practice is to keep the 
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peritonitis with the persistence of fever and the progressive alteration of the general 
condition means an insufficient drainage of the anastomotic dehiscence defining a 
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better outcomes and in this respect the CT exam seems to offer the best diagnostic 
chances [69]. Either conservative or interventional management is applied, in such 
conditions addition of antibiotherapy in curative course and a non-steroidal anti-
inflammatory drug is always necessary.

8.2 The drainages of some segments of the digestive tract

The drainages of some segments of the digestive tract are generally established 
intraoperatively and aim at achieving temporary decompression of the organs 
they drain (stomach, common bile duct, etc.) As mentioned, their main role is 
to evacuate the secretions accumulated in the conditions of postoperative paresis 
and fight against intraluminal hyper pressures. The most common form is rep-
resented by the upper digestive aspiration through a nasogastric tube (NGT), in 
which the probe inserted trans-nasally and is conducted intraoperatively at the 
level of the drained segment - esophagus, stomach, duodenum, small intestine. 
In general, the probe is placed in the conditions of performing anastomoses or 
sutures at the level of these segments having as main role the protection of the 
suture. (anastomotic dehiscence prophylaxis role). The quality and quantity of 
the digestive aspirate must be systematically monitored and interpreted in the 
context of the general and local examination of the abdomen (diagnostic tool role). 
Occasionally the tube can be used to administer medications, to perform lavage or 
even enteral nutrition (therapeutic role) [71]. Congruently with literature reviews 
we do not systematically use the nasogastric tube [72] but only in cases with 
stasis, intense paresis or expected impaired temporary deglutition.

The normal evolution of the aspirate is towards “clarification” and progressive 
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tion of the abdominal distension, aspects that mark the optimal moment of NGT 
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suppression. The sudden decrease of the aspirate with the persistence or the accen-
tuation of the distension denotes the clogging of the tube and the need to re-perme-
abilize it. It should not be forgotten that a significant amount of electrolytes is lost 
in the aspirated fluid, a loss that must be compensated by intravenous perfusion, 
correlated with the serum ionogram and the quality and quantity of the aspirate. 
Fluid loss through nasogastric tube must also be compensated by parenteral intake.

In some cases, the drainage of specific segments can be realized by tubes that are 
trans-parietally externalized, such as duodenostomies or jejunostomies. In the first 
2–3 days postoperatively the main role of the tube is to decompress the bowel segments 
that they drain. The “prototype” for this use is lateral duodenostomy after total gas-
trectomy with “Roux en-Y” esojejunal anastomosis, in which the duodenum is partially 
excluded from digestive transit. After normal peristalsis resumption announced by the 
decreasing of the fluid output per tube over 24 hr., the drainage tube placed laterally in 
the duodenum can be used as a temporary feeding path [73] until the esojejunal anasto-
mosis can support oral feeding. Although considered a “forgotten” method [73–75], the 
use of lateral duodenostomy gave us satisfaction (yet unpublished data), being the path 
that we use in order to achieve early enteral feeding, one of the main goals of ERAS 
protocol, especially in doubtful anastomosis or documented leakage.

External biliary drainage aims at decompressing the intra- and extrahepatic bile 
ducts after CBD exploration in the presence of a distal obstruction, or to obtain a 
controlled biliary fistula after major hydatid cyst resections or major hepatecto-
mies [76]. The most common use is the “Kehr” drain with a “T” tube placed in the 
common bile duct (CBD) which will be suppressed in a controlled manner after 
resolving the distal obstruction or the proximal leakage. The indications for T tube 
decreased in the era of endoscopic retrograde colangio-pancreatography (ERCP), 
endoscopic drainage and stenting, etc. However, there are specific situations when 
the T tube remains a very good option. Usually the T tube is “guarded” by a sub-
hepatic intraperitoneal drainage that in the first days after surgery will take over 
small amounts of bile that may leak around the T tube. In the following days the 
quantity and quality of bile drained by the T tube will be attentively monitored. 
Normal drainage should be clear bile with a flow of 3-400 ml/24 h and progressively 
decreasing. The persistence of a high flow clear yellow bile that sometimes can reach 
1.5 l/day is a clear indication that the liver functions normally but the common bile 
duct is still obstructed. In those situations, the T tube becomes also a diagnostic 
tool, since it allows a rapid cholangiography that in most cases will clarify the 
diagnostic. Bile drainage containing floaters and deposits that persists for a few days 
raises the suspicions for intrahepatic acute cholangitis. In those cases, the T tube 
offers the possibility to collect seriated bile samples for bacteriology exam, culture 
and antibiogram, allowing thus a specific targeted antibiotherapy. In case that the 
drainage flow is low with a translucid uncolored fluid hepatic insufficiency should 
be suspected. Without becoming exhaustive in approaching an extremely complex 
subject, it should be mentioned that in conditions of abundant biliary drainage that 
persists for long periods, the imbalances induced in the body become major both by 
the complex loss of electrolytes, salts and bile acids but also by insufficient nutrient 
absorption from the digestive tract, generated by insufficient digestion. In such con-
ditions, the reintroduction of the drained bile into the digestive tract by oral admin-
istration, via the naso-gastric tube or jejunostomy, should be considered especially 
in critical ill patients that do not support an internal diversion of the bile flow.

8.3 The drainage of residual cavities

The drainage of residual cavities after the evacuation of some pathological 
processes is generally a drainage with a long maintenance period (sometimes 
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1–2 month or more), time necessary for the repair processes to progressively reduce 
and eliminate the cavities (ex: infected hydatid cyst of the liver, pancreatic or 
peripancreatic abscess, etc.). The quality and quantity of drainage will be con-
stantly monitored. Periodically the drain tube will be mobilized with dislocation 
of 1–2 cm in order to prevent its “anchoring” in the repair tissue, decubitus injuries 
on adjacent organs or structures, as well as to allow the progressive reduction of the 
depth of the cavity. If the drained process was a septic one, it is advisable to change 
periodically the drain tube since the germs tend to form biofilms on them. The 
profound tip of the drain will be sent for bacteriologic exam and cultures.

8.4 Drainage of the pleural cavity

Drainage of the pleural cavity is used after openings of the pleura, usually 
during esophageal interventions, a situation in which the drain is placed intraopera-
tively after re-expansion of the lung. The simplest drainage is with a transthoracic 
tube conducted in a half-loaded vessel with sterile saline solution, below the liquid 
level, to prevent pneumothorax. Mobile kits with unidirectional valves are available 
and considered better because they facilitate an easier and early mobilization of the 
patient. Normal drainage in the first days is serous, perhaps with a light serosan-
guinous color but with a low output, usually under 200 ml/24 h. Higher flows are 
reported after extended lymph node dissection (performed for esophageal carci-
nomas) or important bleeding [77]. The production of the bubbling phenomenon 
in the bottle usually denotes the existence of a “valve” through which air enters the 
pleural cavity - damage to the lung parenchyma or tracheobronchial-pleural fistula, 
another unrecognized pleural lesion (rupture), or lack of tightness of the drain tube 
in the parietal tract. If the intraoperative pleural lesions remain unrecognized, a 
situation sometimes encountered during at the esogastric junction interventions, 
especially in interventions for large hiatal hernias, postoperative dyspnea will 
require immediate clinical examination and chest X-ray which will evidence pneu-
mothorax. In those cases, a pleural drain will be instituted under local analgesia. 
Pleural drainage will be removed when it becomes unproductive for gases and fluids 
and control X-ray will show normal pulmonary expansion, usually 5–10 days after 
surgery. During the removing maneuver the tube will be closed with a forceps and 
the parietal route will be closed with a suture and tight dressing for 24 h in order to 
avoid air aspiration in pleural cavity.

9. Postoperative nutrition

The postoperative diet should be strictly individualized. Current protocols 
recommend resuming oral feeding as early as possible [10, 37]. In conjunction with 
minimally invasive surgery, less aggressive anesthesia with reduced side effects, 
patient mobilization as early as possible, multimodal analgesia, all of which are part 
of the ERAS (enhanced recovery after surgery) protocol or fast track surgery.

Postoperatively, oral feeding is usually resumed progressively, starting with 
fluids, sometimes even from the day of surgery. Fluids can initially be administered 
in small amounts of “testing” of tolerance. The quantities of ingested fluids can 
then be increased even in the presence of the digestive tract high anastomosis 
[78]. In addition to the cleansing effect of the digestive tract, the dilution of toxic 
products and digestive enzymes, there is a proven trophic effect on the digestive 
mucosa, especially for glucose rich fluids, which strongly support this type of 
approach. The resumption of normal peristaltic and intestinal transit for gas usually 
marks the moment when we switch to a semi-solid diet based on vegetable purees, 
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suppression. The sudden decrease of the aspirate with the persistence or the accen-
tuation of the distension denotes the clogging of the tube and the need to re-perme-
abilize it. It should not be forgotten that a significant amount of electrolytes is lost 
in the aspirated fluid, a loss that must be compensated by intravenous perfusion, 
correlated with the serum ionogram and the quality and quantity of the aspirate. 
Fluid loss through nasogastric tube must also be compensated by parenteral intake.

In some cases, the drainage of specific segments can be realized by tubes that are 
trans-parietally externalized, such as duodenostomies or jejunostomies. In the first 
2–3 days postoperatively the main role of the tube is to decompress the bowel segments 
that they drain. The “prototype” for this use is lateral duodenostomy after total gas-
trectomy with “Roux en-Y” esojejunal anastomosis, in which the duodenum is partially 
excluded from digestive transit. After normal peristalsis resumption announced by the 
decreasing of the fluid output per tube over 24 hr., the drainage tube placed laterally in 
the duodenum can be used as a temporary feeding path [73] until the esojejunal anasto-
mosis can support oral feeding. Although considered a “forgotten” method [73–75], the 
use of lateral duodenostomy gave us satisfaction (yet unpublished data), being the path 
that we use in order to achieve early enteral feeding, one of the main goals of ERAS 
protocol, especially in doubtful anastomosis or documented leakage.

External biliary drainage aims at decompressing the intra- and extrahepatic bile 
ducts after CBD exploration in the presence of a distal obstruction, or to obtain a 
controlled biliary fistula after major hydatid cyst resections or major hepatecto-
mies [76]. The most common use is the “Kehr” drain with a “T” tube placed in the 
common bile duct (CBD) which will be suppressed in a controlled manner after 
resolving the distal obstruction or the proximal leakage. The indications for T tube 
decreased in the era of endoscopic retrograde colangio-pancreatography (ERCP), 
endoscopic drainage and stenting, etc. However, there are specific situations when 
the T tube remains a very good option. Usually the T tube is “guarded” by a sub-
hepatic intraperitoneal drainage that in the first days after surgery will take over 
small amounts of bile that may leak around the T tube. In the following days the 
quantity and quality of bile drained by the T tube will be attentively monitored. 
Normal drainage should be clear bile with a flow of 3-400 ml/24 h and progressively 
decreasing. The persistence of a high flow clear yellow bile that sometimes can reach 
1.5 l/day is a clear indication that the liver functions normally but the common bile 
duct is still obstructed. In those situations, the T tube becomes also a diagnostic 
tool, since it allows a rapid cholangiography that in most cases will clarify the 
diagnostic. Bile drainage containing floaters and deposits that persists for a few days 
raises the suspicions for intrahepatic acute cholangitis. In those cases, the T tube 
offers the possibility to collect seriated bile samples for bacteriology exam, culture 
and antibiogram, allowing thus a specific targeted antibiotherapy. In case that the 
drainage flow is low with a translucid uncolored fluid hepatic insufficiency should 
be suspected. Without becoming exhaustive in approaching an extremely complex 
subject, it should be mentioned that in conditions of abundant biliary drainage that 
persists for long periods, the imbalances induced in the body become major both by 
the complex loss of electrolytes, salts and bile acids but also by insufficient nutrient 
absorption from the digestive tract, generated by insufficient digestion. In such con-
ditions, the reintroduction of the drained bile into the digestive tract by oral admin-
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in critical ill patients that do not support an internal diversion of the bile flow.
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1–2 month or more), time necessary for the repair processes to progressively reduce 
and eliminate the cavities (ex: infected hydatid cyst of the liver, pancreatic or 
peripancreatic abscess, etc.). The quality and quantity of drainage will be con-
stantly monitored. Periodically the drain tube will be mobilized with dislocation 
of 1–2 cm in order to prevent its “anchoring” in the repair tissue, decubitus injuries 
on adjacent organs or structures, as well as to allow the progressive reduction of the 
depth of the cavity. If the drained process was a septic one, it is advisable to change 
periodically the drain tube since the germs tend to form biofilms on them. The 
profound tip of the drain will be sent for bacteriologic exam and cultures.

8.4 Drainage of the pleural cavity

Drainage of the pleural cavity is used after openings of the pleura, usually 
during esophageal interventions, a situation in which the drain is placed intraopera-
tively after re-expansion of the lung. The simplest drainage is with a transthoracic 
tube conducted in a half-loaded vessel with sterile saline solution, below the liquid 
level, to prevent pneumothorax. Mobile kits with unidirectional valves are available 
and considered better because they facilitate an easier and early mobilization of the 
patient. Normal drainage in the first days is serous, perhaps with a light serosan-
guinous color but with a low output, usually under 200 ml/24 h. Higher flows are 
reported after extended lymph node dissection (performed for esophageal carci-
nomas) or important bleeding [77]. The production of the bubbling phenomenon 
in the bottle usually denotes the existence of a “valve” through which air enters the 
pleural cavity - damage to the lung parenchyma or tracheobronchial-pleural fistula, 
another unrecognized pleural lesion (rupture), or lack of tightness of the drain tube 
in the parietal tract. If the intraoperative pleural lesions remain unrecognized, a 
situation sometimes encountered during at the esogastric junction interventions, 
especially in interventions for large hiatal hernias, postoperative dyspnea will 
require immediate clinical examination and chest X-ray which will evidence pneu-
mothorax. In those cases, a pleural drain will be instituted under local analgesia. 
Pleural drainage will be removed when it becomes unproductive for gases and fluids 
and control X-ray will show normal pulmonary expansion, usually 5–10 days after 
surgery. During the removing maneuver the tube will be closed with a forceps and 
the parietal route will be closed with a suture and tight dressing for 24 h in order to 
avoid air aspiration in pleural cavity.

9. Postoperative nutrition

The postoperative diet should be strictly individualized. Current protocols 
recommend resuming oral feeding as early as possible [10, 37]. In conjunction with 
minimally invasive surgery, less aggressive anesthesia with reduced side effects, 
patient mobilization as early as possible, multimodal analgesia, all of which are part 
of the ERAS (enhanced recovery after surgery) protocol or fast track surgery.

Postoperatively, oral feeding is usually resumed progressively, starting with 
fluids, sometimes even from the day of surgery. Fluids can initially be administered 
in small amounts of “testing” of tolerance. The quantities of ingested fluids can 
then be increased even in the presence of the digestive tract high anastomosis 
[78]. In addition to the cleansing effect of the digestive tract, the dilution of toxic 
products and digestive enzymes, there is a proven trophic effect on the digestive 
mucosa, especially for glucose rich fluids, which strongly support this type of 
approach. The resumption of normal peristaltic and intestinal transit for gas usually 
marks the moment when we switch to a semi-solid diet based on vegetable purees, 
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cheese, eggs, etc., which gradually begin to bring protein capital to the organism. 
Meat based products are introduced in the diet usually 2–3 days postoperatively 
using easy to digest white meat like fish and poultry. In the immediate postoperative 
period we avoid uncooked food, especially raw fruits and vegetables since their fer-
mentative potential and fiber content that make hem harder to digest and can cause 
distension. After transit resuming, a banana can be daily eaten for its potassium 
content and then small amounts of other fruits, but always taken during the meal.

Given that in some cases the enteral diet is impractical (ex: esophageal anasto-
mosis dehiscence) the complex products of amino acids, lipids and vitamins will be 
added in parenteral nutrition. Because large amounts are required it is preferably 
to administer them on a central venous catheter. However, it should be noted that 
this type of nutrition can replace the normal oral diet only for a limited time. For 
patients who expect a long period of oral nutrition suspension, it is preferable to 
perform a feeding jejunostomy [79].

10. Postoperative antibiotic therapy

Postoperative antibiotic therapy is reserved for pathologies involving extensive 
infections, stray patients with major interventions involving prolonged septic time, 
soft tissue infections, associated urinary tract infections, infectious pneumonia or 
another well-documented infectious syndrome.

Prolonged postoperative “so-called prophylaxis” antibiotic therapy has no 
justification in another context [80]. It brings major disadvantages by selecting 
resistant bacteria, altering the normal intestinal flora, the strain of liver and/or 
kidney function. In localized infections as well as in wound suppurations, the heal-
ing process starts with the appropriate drainage and not the antibiotic therapy that 
will be useful but to limit extensive infections and prevent dissemination. In these 
situations, the antibiotic therapy will be initiated according to the clinical suspected 
pathogen and the bacteriological profile of the nosocomial infections in the respec-
tive service, and modified according to the antibiogram after culture results are 
available [56].

11.  Prevention of deep vein thrombosis and pulmonary 
thromboembolism

To this end, anticoagulant therapy is usually started preoperatively with very 
broad indications for interventions exceeding 30 minutes, knowing that a large 
number of thrombotic events in the venous system of the lower limbs begin during 
surgery [81]. Fractionated (or low molecular weight - LMWH) heparins as well as 
low dose unfractioned heparin are currently used [82]. Anticoagulant therapy is 
continued postoperatively for several days after the patient’s usual mobilization, 
sometimes up to 3 weeks depending on the risks. After this period, as appropriate, 
anticoagulant therapy with HGMM will be replaced with oral anticoagulants - 
acenocoumarin derivatives, novel oral anticoagulants (NOACs) or antiaggregants. 
For each aspects of the anticoagulation therapy (when to start, which type, what 
dose, for how long, etc.) there are numerous predictive scores and tables, mostly 
used being the PADUA Score [83] and the Caprini Score.

In at risk patients, the calves should be inspected and palpated at least once a 
day. Immobilized patients are encouraged to perform active exercises in bed until 
complete mobilization. The appearance of a seemingly unjustified swelling or leg 
pain, a discrete unilateral edema of the leg, sometimes with a positive Homans sign 
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(pain at the dorsiflexion of the foot) requires a Doppler ultrasound of the venous 
system of the lower limbs and the transition from prophylactic doses of anticoagu-
lant to curative doses.

In patients with coagulation defects, with severe anemia (such as a gastroin-
testinal bleeding) often associated with coagulation disorders, in patients with 
unresectable gastrointestinal neoplasms, in polytraumatized patients with extensive 
hematomas at various levels or whenever heparin administration is considered 
risky, compressive therapy is recommended [84]. Compressive therapy can be 
passive, using pressure stockings, but desirable active using an intermittent 
compression system of the lower limbs, equipped with pneumatic cuffs that are 
progressively inflated and decompressed automatically, with computerized control 
of pressure and application times.

12. Prevention of bedsores and patient mobilization

The development of bedsores is an undesirable event that significantly influ-
ences the patient’s recovery with increasing morbidity, hospitalization, medication 
consumption, time and resources. Elderly, deproteinized patients, diabetics, stroke 
patients, patients with urinary or fecal incontinence, patients with fractures or 
immobilized for a long time are susceptible to the development of bedsores [85]. 
Whenever we treat such patients, we must take into account those risk factors for 
an early application of bedsores prophylaxis. The most common areas affected 
by the development of bedsores are the sacral region, buttocks, trochanters and 
shoulder blades. Prophylaxis includes intermittent inflated mattresses that periodi-
cally change the pressure on the support areas, powdering of wet areas, passive 
mobilization for immobilized patients. They are passively transferred to alternative 
positions (left lateral decubitus, right lateral, dorsal, ventral) at the shortest pos-
sible time intervals (2–3 hours) after a schedule established and strictly observed. 
The pressure areas must be massaged to promote the opening of blood circulation in 
the area.

Postoperative mobilization as early as possible is an extremely important factor 
in the patient’s recovery since it promotes the resumption of intestinal motility, 
reduces the risk of decubitus pneumonia and postoperative pneumonia by promot-
ing normal respiratory dynamics, requires and stimulates the adaptation of the 
cardiovascular system, reduces the risk of deep vein thrombosis and thrombo-
embolic events, prevents the appearance and development of bedsores. Thus, the 
patient must be passively mobilized on the edge of the bed from the first postopera-
tive day and encouraged to repeat the maneuver several times during the day. The 
next day the patient will be accompanied for a few steps in the room and will later 
become independent at distances of 20–50 m. Of course, this mobilization program 
will have to be adapted to each case depending on the particularities (age, type of 
surgery, comorbidities, etc).
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cheese, eggs, etc., which gradually begin to bring protein capital to the organism. 
Meat based products are introduced in the diet usually 2–3 days postoperatively 
using easy to digest white meat like fish and poultry. In the immediate postoperative 
period we avoid uncooked food, especially raw fruits and vegetables since their fer-
mentative potential and fiber content that make hem harder to digest and can cause 
distension. After transit resuming, a banana can be daily eaten for its potassium 
content and then small amounts of other fruits, but always taken during the meal.

Given that in some cases the enteral diet is impractical (ex: esophageal anasto-
mosis dehiscence) the complex products of amino acids, lipids and vitamins will be 
added in parenteral nutrition. Because large amounts are required it is preferably 
to administer them on a central venous catheter. However, it should be noted that 
this type of nutrition can replace the normal oral diet only for a limited time. For 
patients who expect a long period of oral nutrition suspension, it is preferable to 
perform a feeding jejunostomy [79].

10. Postoperative antibiotic therapy

Postoperative antibiotic therapy is reserved for pathologies involving extensive 
infections, stray patients with major interventions involving prolonged septic time, 
soft tissue infections, associated urinary tract infections, infectious pneumonia or 
another well-documented infectious syndrome.

Prolonged postoperative “so-called prophylaxis” antibiotic therapy has no 
justification in another context [80]. It brings major disadvantages by selecting 
resistant bacteria, altering the normal intestinal flora, the strain of liver and/or 
kidney function. In localized infections as well as in wound suppurations, the heal-
ing process starts with the appropriate drainage and not the antibiotic therapy that 
will be useful but to limit extensive infections and prevent dissemination. In these 
situations, the antibiotic therapy will be initiated according to the clinical suspected 
pathogen and the bacteriological profile of the nosocomial infections in the respec-
tive service, and modified according to the antibiogram after culture results are 
available [56].

11.  Prevention of deep vein thrombosis and pulmonary 
thromboembolism

To this end, anticoagulant therapy is usually started preoperatively with very 
broad indications for interventions exceeding 30 minutes, knowing that a large 
number of thrombotic events in the venous system of the lower limbs begin during 
surgery [81]. Fractionated (or low molecular weight - LMWH) heparins as well as 
low dose unfractioned heparin are currently used [82]. Anticoagulant therapy is 
continued postoperatively for several days after the patient’s usual mobilization, 
sometimes up to 3 weeks depending on the risks. After this period, as appropriate, 
anticoagulant therapy with HGMM will be replaced with oral anticoagulants - 
acenocoumarin derivatives, novel oral anticoagulants (NOACs) or antiaggregants. 
For each aspects of the anticoagulation therapy (when to start, which type, what 
dose, for how long, etc.) there are numerous predictive scores and tables, mostly 
used being the PADUA Score [83] and the Caprini Score.

In at risk patients, the calves should be inspected and palpated at least once a 
day. Immobilized patients are encouraged to perform active exercises in bed until 
complete mobilization. The appearance of a seemingly unjustified swelling or leg 
pain, a discrete unilateral edema of the leg, sometimes with a positive Homans sign 
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(pain at the dorsiflexion of the foot) requires a Doppler ultrasound of the venous 
system of the lower limbs and the transition from prophylactic doses of anticoagu-
lant to curative doses.

In patients with coagulation defects, with severe anemia (such as a gastroin-
testinal bleeding) often associated with coagulation disorders, in patients with 
unresectable gastrointestinal neoplasms, in polytraumatized patients with extensive 
hematomas at various levels or whenever heparin administration is considered 
risky, compressive therapy is recommended [84]. Compressive therapy can be 
passive, using pressure stockings, but desirable active using an intermittent 
compression system of the lower limbs, equipped with pneumatic cuffs that are 
progressively inflated and decompressed automatically, with computerized control 
of pressure and application times.

12. Prevention of bedsores and patient mobilization

The development of bedsores is an undesirable event that significantly influ-
ences the patient’s recovery with increasing morbidity, hospitalization, medication 
consumption, time and resources. Elderly, deproteinized patients, diabetics, stroke 
patients, patients with urinary or fecal incontinence, patients with fractures or 
immobilized for a long time are susceptible to the development of bedsores [85]. 
Whenever we treat such patients, we must take into account those risk factors for 
an early application of bedsores prophylaxis. The most common areas affected 
by the development of bedsores are the sacral region, buttocks, trochanters and 
shoulder blades. Prophylaxis includes intermittent inflated mattresses that periodi-
cally change the pressure on the support areas, powdering of wet areas, passive 
mobilization for immobilized patients. They are passively transferred to alternative 
positions (left lateral decubitus, right lateral, dorsal, ventral) at the shortest pos-
sible time intervals (2–3 hours) after a schedule established and strictly observed. 
The pressure areas must be massaged to promote the opening of blood circulation in 
the area.

Postoperative mobilization as early as possible is an extremely important factor 
in the patient’s recovery since it promotes the resumption of intestinal motility, 
reduces the risk of decubitus pneumonia and postoperative pneumonia by promot-
ing normal respiratory dynamics, requires and stimulates the adaptation of the 
cardiovascular system, reduces the risk of deep vein thrombosis and thrombo-
embolic events, prevents the appearance and development of bedsores. Thus, the 
patient must be passively mobilized on the edge of the bed from the first postopera-
tive day and encouraged to repeat the maneuver several times during the day. The 
next day the patient will be accompanied for a few steps in the room and will later 
become independent at distances of 20–50 m. Of course, this mobilization program 
will have to be adapted to each case depending on the particularities (age, type of 
surgery, comorbidities, etc).
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Chapter 6

Special Considerations in Pediatric 
Abdominal Surgeries
Arwa El Rifai and Ahmad Zaghal

Abstract

Pediatric surgery, as a specialty, pertains to the diagnosis, treatment and operative 
management of pediatric patients with congenital as well as acquired pathologies. 
The physiology and functional reserve of children is different than adults and this 
necessitates special considerations when dealing with this subgroup of patients. This 
includes careful anesthesia planning, perioperative care, as well as in-depth knowl-
edge and appreciation of anatomic variations and operative techniques.

Keywords: Pediatrics, abdominal surgery, laparoscopy

1. Introduction

A pearl of wisdom “Children are not small adults” [1].

Pediatric surgery is a discipline that gradually came to light after the efforts of 
pioneering surgeons who dedicated their practice and refined their skills for the 
care of children. This sequentially provided the setting stones to establish organized 
training and scholarly platforms to share scientific knowledge and evidence-based 
practice [2].

In this chapter, we aim to highlight the peculiarities of abdominal open and 
minimally invasive surgery in the pediatric population with emphasis on periop-
erative preparation, types of incisions and wound considerations.

2. Special physiologic considerations in the pediatric patient

2.1 Anesthesia

Anesthesia in the pediatric population poses its challenges from airway manage-
ment to medication prescription, however generally speaking it is well tolerated. 
During laparoscopy, some physiologic changes require careful management espe-
cially due to the particular patient positions as well as the pneumoperitoneum. These 
effects span the cardiovascular system and can manifest as bradycardia, decreased 
venous return, reduced cardiac output and rarely venous gas embolism. To minimize 
these consequences a lower insufflation pressure is recommended at 6 mmHg for 
infants and not above 10-12 mmHg for older children [3]. The respiratory system 
is also affected by the reduced diaphragmatic motion as well as the reduced lung 
compliance [3]. The central nervous system, the gastrointestinal system as well as 
coagulation can be affected as well. All these changes vary depending on patient 
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Chapter 6

Special Considerations in Pediatric 
Abdominal Surgeries
Arwa El Rifai and Ahmad Zaghal

Abstract

Pediatric surgery, as a specialty, pertains to the diagnosis, treatment and operative 
management of pediatric patients with congenital as well as acquired pathologies. 
The physiology and functional reserve of children is different than adults and this 
necessitates special considerations when dealing with this subgroup of patients. This 
includes careful anesthesia planning, perioperative care, as well as in-depth knowl-
edge and appreciation of anatomic variations and operative techniques.

Keywords: Pediatrics, abdominal surgery, laparoscopy

1. Introduction

A pearl of wisdom “Children are not small adults” [1].

Pediatric surgery is a discipline that gradually came to light after the efforts of 
pioneering surgeons who dedicated their practice and refined their skills for the 
care of children. This sequentially provided the setting stones to establish organized 
training and scholarly platforms to share scientific knowledge and evidence-based 
practice [2].

In this chapter, we aim to highlight the peculiarities of abdominal open and 
minimally invasive surgery in the pediatric population with emphasis on periop-
erative preparation, types of incisions and wound considerations.

2. Special physiologic considerations in the pediatric patient

2.1 Anesthesia

Anesthesia in the pediatric population poses its challenges from airway manage-
ment to medication prescription, however generally speaking it is well tolerated. 
During laparoscopy, some physiologic changes require careful management espe-
cially due to the particular patient positions as well as the pneumoperitoneum. These 
effects span the cardiovascular system and can manifest as bradycardia, decreased 
venous return, reduced cardiac output and rarely venous gas embolism. To minimize 
these consequences a lower insufflation pressure is recommended at 6 mmHg for 
infants and not above 10-12 mmHg for older children [3]. The respiratory system 
is also affected by the reduced diaphragmatic motion as well as the reduced lung 
compliance [3]. The central nervous system, the gastrointestinal system as well as 
coagulation can be affected as well. All these changes vary depending on patient 



Abdominal Surgery - A Brief Overview

60

characteristics as well as the nature and duration of the operation together with the 
patient position [3]. Laparoscopy, be it intraperitoneal or extraperitoneal, can have 
hemodynamic as well as cardiovascular effects on pediatric patients [4].

For some pathologies, such as tracheoesophageal fistula (TEF), diaphragmatic 
hernia and abdominal wall defects early surgical intervention might be necessary. 
This should not come at the expense of thorough screening of other associated 
anomalies that may be associated with these entities. As such, meticulous physical 
examination, careful cardiac evaluation with echocardiography and ultrasound 
examination to screen for associated congenital anomalies is key. For example, 
associated anomalies in TEF occur in around 50% of the patients. Therefore, the 
conditions within the VACTREL association should be looked for, including verte-
bral, anal, cardiac, renal as well as limb malformations [5]. Similarly, diaphragmatic 
hernia is associated with other anomalies in 40% of cases and can present with 
respiratory distress at birth; therefore, they require optimization of their cardiopul-
monary status as well as control of pulmonary hypertension before embarking on 
surgical repair [6]. Lastly, congenital abdominal wall defects particularly ompha-
locele is associated with chromosomal, cardiac, and renal malformations [7]. In 
view of the possible associated anomalies and the limited physiologic reserve that 
pediatric patients have, some require preoperative optimization prior to the surgical 
intervention. For instance, evaluation and pre-operative correction of electrolytes 
and fluid status is crucial in cases of pyloric stenosis to avoid peri-operative ventila-
tory and circulatory complications [8].

Pediatric patients include neonates and infants and span up to adolescence and 
often the cutoff is set at 21 years of age [9]. Despite this seemingly wide continuum, 
the smaller the size of the patient the more restricted is the working space during 
surgery including laparoscopy [10]. Additionally, due to the high surface area to 
body mass ratio in the younger patients it is imperative to regulate intraoperative 
temperature to avoid the sequel of hypothermia [11].

2.2 Abdominal wall

Surgery in the pediatric age group poses a challenge due to physiologic reasons 
inherent to this age group. Abdominal wall elasticity is higher in this age group and 
can compensate for the smaller space available to operate. This is significant mainly 
in laparoscopic procedures whereby pneumoperitoneum is imperative for generat-
ing the space. Even though, pediatric patients have higher abdominal wall elasticity 
which is advantageous in laparoscopy, this is limited by the non-linearity of the 
relationship with intra-abdominal pressure [12]. Therefore, a balance between the 
added space and the optimal intra-abdominal pressure is key. Moreover, it is also 
important to note that the decreased thickness of the abdominal wall can pose chal-
lenges for trocar secure placement. Most laparoscopic instruments are also available 
in small calibers including 2-, 3- and 5-mm sizes [10].

2.3 Urethral-catheter and nasogastric tube decompression

In children, the abdominal cavity provides restricted space for operation; 
therefore, urinary bladder (Foley catheter) and naso-gastric decompression can 
deflate the bladder and stomach respectively. Moreover, depending on the surgical 
procedure required such as pelvic operations a urinary catheter may be required to 
avoid inadvertent injury [10]. As an alternative to urinary catheter insertion, in case 
of short operation time, some surgeons might opt for Crede’s maneuver to empty 
the bladder [13]. This maneuver entails applying suprapubic pressure onto the blad-
der to decompress the bladder without instrumentation [14].
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2.4 Skin preparation

An important part of preparing the patient for surgery is skin preparation 
with the aim of decreasing the risk of wound complications. Several solutions are 
available including povidone-iodine, chlorhexidine and alcohol-based solutions. In 
adults several studies including randomized control studies showed the superiority 
of using chlorhexidine-alcohol solution as compared to povidone-iodine solution 
with respect to prevention of wound infection [15]. In the pediatric age group, 
the common practice is using povidone-iodine solutions despite ample evidence 
on the risk especially in the neonates and premature [16]. One study assessed the 
transcutaneous absorption of Iodine in infants younger than 3-months and showed 
significant increase is plasma levels of iodine [17]. Another study demonstrated an 
increase in urinary excretion of iodine in infants exposed to povidone-iodine in the 
first months of life, this was coupled with a rise in thyrotropin as well as a decrease 
in thyroxine when compared to the group receiving chlorhexidine solutions [18] 
Comparably, the use of chlorhexidine in neonates for PICC-line care was associated 
with skin compromise and dermatitis [19] and some studies showed transdermal 
absorption [20]. There is discrepancy in evidence and the guidelines aren’t clear on 
which type of antiseptic agent to be used [21].

2.5 Use of electrosurgical energy

The advent of electrosurgical devices was a great achievement in surgery. It 
allowed for precise dissection as well as hemostasis. For the neonatal and pediatric 
surgeons alike, it is imperative to use the lowest possible setting to get the desired 
effect. For monopolar devices, this includes the utilization of low-voltage continu-
ous or blended waveforms to cut or coagulate effectively. Bipolar devices, which are 
considered a safer option than monopolar, use low voltage with good vessel sealing 
effects with minimal collateral tissue damage [22].

3. Open surgery in the pediatric patient

When evaluating an infant or a child, timely diagnosis and treatment are 
essential in view of the limited physiologic reserve these patients have. The most 
common abdominal emergencies in pediatrics are acute appendicitis, symptom-
atic hernia, intussusception as well as congenital anomalies such as atresia and 
malrotation [23].

3.1 Access for open surgery

Whenever planning an operation, special considerations need to be entertained 
for choosing the type of incision. This often takes into account the surgical pathology, 
the contamination status as well as the patient’s anatomy, the most commonly used 
incision in the pediatric age group is the transverse laparotomy incision.

3.2 Access for redo surgery

Reoperations, planned or unplanned, can pose significant morbidity in adults 
as well as in children. Several indications for reoperation arise in the pediatric age 
group, these include wound complications, bleeding as well as intra-abdominal 
infections [24]. One of the important considerations in reoperations is incision 
planning since adhesions are likely to form and bowel loops might adhere to the 



Abdominal Surgery - A Brief Overview

60

characteristics as well as the nature and duration of the operation together with the 
patient position [3]. Laparoscopy, be it intraperitoneal or extraperitoneal, can have 
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view of the possible associated anomalies and the limited physiologic reserve that 
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and fluid status is crucial in cases of pyloric stenosis to avoid peri-operative ventila-
tory and circulatory complications [8].

Pediatric patients include neonates and infants and span up to adolescence and 
often the cutoff is set at 21 years of age [9]. Despite this seemingly wide continuum, 
the smaller the size of the patient the more restricted is the working space during 
surgery including laparoscopy [10]. Additionally, due to the high surface area to 
body mass ratio in the younger patients it is imperative to regulate intraoperative 
temperature to avoid the sequel of hypothermia [11].

2.2 Abdominal wall

Surgery in the pediatric age group poses a challenge due to physiologic reasons 
inherent to this age group. Abdominal wall elasticity is higher in this age group and 
can compensate for the smaller space available to operate. This is significant mainly 
in laparoscopic procedures whereby pneumoperitoneum is imperative for generat-
ing the space. Even though, pediatric patients have higher abdominal wall elasticity 
which is advantageous in laparoscopy, this is limited by the non-linearity of the 
relationship with intra-abdominal pressure [12]. Therefore, a balance between the 
added space and the optimal intra-abdominal pressure is key. Moreover, it is also 
important to note that the decreased thickness of the abdominal wall can pose chal-
lenges for trocar secure placement. Most laparoscopic instruments are also available 
in small calibers including 2-, 3- and 5-mm sizes [10].

2.3 Urethral-catheter and nasogastric tube decompression

In children, the abdominal cavity provides restricted space for operation; 
therefore, urinary bladder (Foley catheter) and naso-gastric decompression can 
deflate the bladder and stomach respectively. Moreover, depending on the surgical 
procedure required such as pelvic operations a urinary catheter may be required to 
avoid inadvertent injury [10]. As an alternative to urinary catheter insertion, in case 
of short operation time, some surgeons might opt for Crede’s maneuver to empty 
the bladder [13]. This maneuver entails applying suprapubic pressure onto the blad-
der to decompress the bladder without instrumentation [14].
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significant increase is plasma levels of iodine [17]. Another study demonstrated an 
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in thyroxine when compared to the group receiving chlorhexidine solutions [18] 
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considered a safer option than monopolar, use low voltage with good vessel sealing 
effects with minimal collateral tissue damage [22].
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When evaluating an infant or a child, timely diagnosis and treatment are 
essential in view of the limited physiologic reserve these patients have. The most 
common abdominal emergencies in pediatrics are acute appendicitis, symptom-
atic hernia, intussusception as well as congenital anomalies such as atresia and 
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3.1 Access for open surgery

Whenever planning an operation, special considerations need to be entertained 
for choosing the type of incision. This often takes into account the surgical pathology, 
the contamination status as well as the patient’s anatomy, the most commonly used 
incision in the pediatric age group is the transverse laparotomy incision.

3.2 Access for redo surgery

Reoperations, planned or unplanned, can pose significant morbidity in adults 
as well as in children. Several indications for reoperation arise in the pediatric age 
group, these include wound complications, bleeding as well as intra-abdominal 
infections [24]. One of the important considerations in reoperations is incision 
planning since adhesions are likely to form and bowel loops might adhere to the 
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wound site. This may constitute an increased risk of iatrogenic injuries while trying 
to gain access to the abdominal cavity [25]. One way to avoid this is choosing a 
virgin area for the incision.

3.3 Laparotomy incisions

In infants, unlike adults, a supraumbilical transverse incision provides exposure 
to the whole abdomen. On the other hand, the midline laparotomy incision is less 
commonly used in children as compared to adults. It is found to be associated with 
higher risk of dehiscence in comparison to the transverse laparotomy incision [26]. 
Depending on the surgical pathology other incision types can be used.

3.4 Subcostal incisions

A subcostal incision, also known as Kocher incision can be performed when access 
to the right and left upper quadrants is needed. As such a left subcostal incision can 
provide access to the spleen, diaphragm and esophagus. A right subcostal incision can 
provide access of the biliary tree in major hepatobiliary operations. The incision is 
generally started in the midline at the subxiphoid area and extended laterally parallel 
to the costal margin. The incision can be extended to gain better exposure bilaterally 
as a rooftop modification. Another modification that can be used in liver transplant 
surgery is the Mercedes-Benz modification. It entails fashioning the subcostal inci-
sions lower than the standard unilateral subcostal incision with an extension in the 
midline towards the xyphoid process [27].

3.5 Trans-umbilical incision

Another less invasive access to the peritoneal cavity in children utilizes the trans-
umbilical route and utilizes the advantageous abdominal wall elasticity to have a 
large operating field. It is performed by incising circumferentially around the umbi-
licus completely or partially and then incising the fascia in the midline and access-
ing the peritoneum guided by the site of the pathology [28]. The circum-umbilical 
access in children was first utilized to perform a pyloromyotomy in 1986 [29] and 
since then it has been used for several operations such as hypertrophic pyloric 
stenosis and intestinal atresia repair [28] This access technique is gaining popular-
ity in older children for operations such as Meckel’s diverticulum and ovarian cysts 
with comparable operative time and good cosmesis [30]. A wound protector can 
be utilized to stretch the wound further and allow exteriorization of the specimen 
as needed. Moreover, the incision can be extended to form an “Omega sign” and 
gain wider access if deemed necessary. Also, a variation to the incision can be done 
by performing it at the outer umbilical fold [30]. As compared to the traditional 
transverse incision one study by Suri et al. reported comparable operative times, use 
of narcotics as well as length of hospital stay and wound infection rate. However, 
they noted a higher hernia rate than the transverse incision group but not requiring 
operative intervention for resolution [31]. During umbilical access in the neonates, 
it is necessary to carefully ligate any urachal remnant, umbilical vessels or vitelline 
duct remnants [32].

3.6 Other incisions

Despite the decreased popularity of the open approach for acute appendicitis, it 
is still used in certain cases of complicated appendicitis, lack of laparoscopic equip-
ment and expertise. The open approach using a McBurney/Gridiron incision which 
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is an oblique right lower quadrant incision or a more transverse Lanz incision in the 
same quadrant [33].

Another common incision used in pediatric surgery is the Pfannenstiel incision. 
It provides a wide surgical field and good cosmetic result. It has been used for repair 
of inguinal hernia in emergency setting [34] as well as in urologic operations [35]. 
Another lower abdominal incision, the concealed arch incision, has been used in 
pediatric urologic surgery. It involves an incision, mainly in females, fashioned on 
the inner aspect of the labia majora bilaterally with care taken to avoid the clitoris. 
This incision was shown to provide similar exposure as the traditional Pfannesntiel 
incision [36].

Another commonly used incisions are those needed to access the gastrointestinal 
tract either for decompression or for diversion of fecal stream. In children most 
commonly a sigmoid or transverse colostomy are most commonly used. Stomas are 
fashioned away from the laparotomy incision (if any) and are brought through the 
rectus muscle.

Depending on the segment of bowel chosen a right or left lower quadrant incision 
is used or an upper quadrant site for a transverse colostomy [37].

4. Laparoscopic surgery in the pediatric patient

Laparoscopic surgery has gained popularity ever since it was first described 
by Kelling in 1923 [38]. It includes working in the peritoneal cavity as well as the 
retroperitoneal space covering a myriad of procedures such as gastrointestinal and 
urologic procedures. However, the abdominal cavity in children and neonates is 
much smaller posing some technical challenges as well as a steep learning curve 
for most pediatric laparoscopic procedures [10]. The most common procedures 
performed for children are cholecystectomy, appendectomy and fundoplication. 
Some of the complications associated with these surgeries include wound infection, 
abscess formation as well as obstruction. These complications are noted to occur at a 
lower rate when compared to open surgery [39].

4.1 Access for laparoscopy

Several techniques are available to gain access to the peritoneal cavity for the 
purpose of performing a laparoscopic or a robotic procedure. Open access method is 
one technique of gaining entry to the peritoneal cavity, it entails making an incision 
usually for the camera port and then incising the peritoneum under direct vision. 
This is a very safe method and reduces the risk of inadvertent injury to the abdomi-
nal viscera during entry. Another method of entry to the abdominal cavity and 
establishing pneumoperitoneum is via the Veress needle. It utilizes a special needle 
that penetrates through the abdominal wall and alerts the surgeon by transmitting 
two haptic pops indicating successful entry. Moreover, correct placement can be 
tested by aspiration using a syringe with no blood or enteric fluid return. Lastly, 
direct access can be used, in this technique a transparent trocar is placed directly 
over the incision and using the scope penetration of the abdominal wall layers is 
done under vision. Regardless of the access method, the risk of inadvertent injury 
decreases with operator experience [10].

4.2 Single-incision

As part of the thrive for minimally invasive approaches to surgery, the advent of 
single-incision operations came about. By definition, it is surgery performed using 
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wound site. This may constitute an increased risk of iatrogenic injuries while trying 
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as a rooftop modification. Another modification that can be used in liver transplant 
surgery is the Mercedes-Benz modification. It entails fashioning the subcostal inci-
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since then it has been used for several operations such as hypertrophic pyloric 
stenosis and intestinal atresia repair [28] This access technique is gaining popular-
ity in older children for operations such as Meckel’s diverticulum and ovarian cysts 
with comparable operative time and good cosmesis [30]. A wound protector can 
be utilized to stretch the wound further and allow exteriorization of the specimen 
as needed. Moreover, the incision can be extended to form an “Omega sign” and 
gain wider access if deemed necessary. Also, a variation to the incision can be done 
by performing it at the outer umbilical fold [30]. As compared to the traditional 
transverse incision one study by Suri et al. reported comparable operative times, use 
of narcotics as well as length of hospital stay and wound infection rate. However, 
they noted a higher hernia rate than the transverse incision group but not requiring 
operative intervention for resolution [31]. During umbilical access in the neonates, 
it is necessary to carefully ligate any urachal remnant, umbilical vessels or vitelline 
duct remnants [32].

3.6 Other incisions

Despite the decreased popularity of the open approach for acute appendicitis, it 
is still used in certain cases of complicated appendicitis, lack of laparoscopic equip-
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is an oblique right lower quadrant incision or a more transverse Lanz incision in the 
same quadrant [33].

Another common incision used in pediatric surgery is the Pfannenstiel incision. 
It provides a wide surgical field and good cosmetic result. It has been used for repair 
of inguinal hernia in emergency setting [34] as well as in urologic operations [35]. 
Another lower abdominal incision, the concealed arch incision, has been used in 
pediatric urologic surgery. It involves an incision, mainly in females, fashioned on 
the inner aspect of the labia majora bilaterally with care taken to avoid the clitoris. 
This incision was shown to provide similar exposure as the traditional Pfannesntiel 
incision [36].

Another commonly used incisions are those needed to access the gastrointestinal 
tract either for decompression or for diversion of fecal stream. In children most 
commonly a sigmoid or transverse colostomy are most commonly used. Stomas are 
fashioned away from the laparotomy incision (if any) and are brought through the 
rectus muscle.

Depending on the segment of bowel chosen a right or left lower quadrant incision 
is used or an upper quadrant site for a transverse colostomy [37].

4. Laparoscopic surgery in the pediatric patient

Laparoscopic surgery has gained popularity ever since it was first described 
by Kelling in 1923 [38]. It includes working in the peritoneal cavity as well as the 
retroperitoneal space covering a myriad of procedures such as gastrointestinal and 
urologic procedures. However, the abdominal cavity in children and neonates is 
much smaller posing some technical challenges as well as a steep learning curve 
for most pediatric laparoscopic procedures [10]. The most common procedures 
performed for children are cholecystectomy, appendectomy and fundoplication. 
Some of the complications associated with these surgeries include wound infection, 
abscess formation as well as obstruction. These complications are noted to occur at a 
lower rate when compared to open surgery [39].

4.1 Access for laparoscopy

Several techniques are available to gain access to the peritoneal cavity for the 
purpose of performing a laparoscopic or a robotic procedure. Open access method is 
one technique of gaining entry to the peritoneal cavity, it entails making an incision 
usually for the camera port and then incising the peritoneum under direct vision. 
This is a very safe method and reduces the risk of inadvertent injury to the abdomi-
nal viscera during entry. Another method of entry to the abdominal cavity and 
establishing pneumoperitoneum is via the Veress needle. It utilizes a special needle 
that penetrates through the abdominal wall and alerts the surgeon by transmitting 
two haptic pops indicating successful entry. Moreover, correct placement can be 
tested by aspiration using a syringe with no blood or enteric fluid return. Lastly, 
direct access can be used, in this technique a transparent trocar is placed directly 
over the incision and using the scope penetration of the abdominal wall layers is 
done under vision. Regardless of the access method, the risk of inadvertent injury 
decreases with operator experience [10].

4.2 Single-incision

As part of the thrive for minimally invasive approaches to surgery, the advent of 
single-incision operations came about. By definition, it is surgery performed using 
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one incision through which access to the abdomen, chest or retroperitoneum will 
be provided. The first pediatric single-incision operation was an appendectomy 
done in 1998 [40]. Since then, several operations have been attempted using this 
approach. Besides the most commonly performed appendectomy, Inguinal hernia 
repairs were second in frequency followed by cholecystectomy and varicocelectomy 
[41]. For single-port operation in children, the umbilicus is of small caliber and 
thus restricts instrumentation and specimen exteriorization. The Benz incision, an 
inverted Y-shaped incision, through the umbilicus has been reported as a means to 
overcome this [42].

4.3 Robotic surgery

Some of the challenges faced in laparoscopic surgery can be overcome by using 
the robotic platforms. Robotic surgery allows higher precision and ease of instru-
mentation with 360-degree hand movements while providing a three-dimensional 
view [10].

5. Closure techniques and use of drains

Abdominal closure techniques encompass mass or layered closure with variable 
use of absorbable versus non-absorbable suture material, monofilament versus 
polyfilament and continuous versus interrupted patterns [43]. The literature 
is scarce on comparing each technique of closure in the pediatric age group. A 
Cochrane review that looked at studies in adults and children regarding wound 
closure concluded absorbable suture material resulted in less risk of fistulization. 
Moreover, it showed no superiority of interrupted versus continuous closure tech-
niques with respect to hernia formation. Lastly, the use of monofilament sutures 
was associated with reduced hernia risk [44]. Evidence regarding the long-term 
effect of abdominal wall closure technique is scarce and stems from literature with 
prolonged follow up until adulthood in patients undergoing surgery for congenital 
abdominal wall defects in infancy. One study reported on the need for reoperation 
later in life in up to 22% of the patients due to occurrence of hernias or sequelae 
of atresia [45]. Another study reported that adult patients who had congenital 
abdominal wall defects repaired in childhood showed comparable quality of life 
as the general population [46]. The common practice nowadays is to use absorb-
able sutures to close abdominal wall defects as well as surgical incisions including 
laparotomies [44]. These sutures will dissolve before a significant abdominal wall 
growth is noted and hence unlikely to affect or retard growth.

5.1 Use of drains

Drain insertion after surgery is debatable with the theoretical benefit of clearance 
of residual infection, debris and as a window to hemostasis. One of the most com-
mon operations where drains are used is perforated appendicitis. In these cases, a 
Jackson-Pratt (JP) drain is commonly used which utilizes a negative pressure closed 
system to clear fluid. However, evidence against the use of JP drains is accumulating 
with evidence showing increased postoperative complications including abscess 
formation, and small bowel obstruction [47]. Another study failed to show decrease 
in intra-abdominal abscess formation with the use of Blake drains in perforated 
appendicitis [48]. If a drain was placed after perforated appendicitis, the timing of 
removal is dictated by the output volume and character. It is generally considered 
optimal to remove drains once output is clear and less than 20 ml/day [49]. Another 
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classic indication for drain insertion is after Roux-en-Y hepatojejunostomy in cho-
ledochal cyst operations, However, with the advent of laparoscopy the use of drains 
after this operation is reserved for a particular subset of patients with significant 
inflammation at the operative field, perforated biliary peritonitis and a cyst that is 
majorly embedded within the pancreatic parenchyma [50].

Yet there remains a role for drains in certain clinical scenarios. This includes 
placement of Penrose drain in a subcutaneous abscess cavity after adequate drain-
age and debridement of infected wounds and abscesses. Often these drains are 
removed once the drainage from the cavity is minimal and surrounding soft tissue 
infection has resolved [51]. Moreover, there is a potential role for peritoneal drain-
age as a definitive measure in necrotizing enterocolitis (NEC) with perforation with 
or without laparotomy as clinically indicated in the course of follow up [52].

6. Wound considerations

Wound complications can pose a serious postoperative morbidity on surgical 
patients including children. The incidence ranges from 0.4 [26] to 1.2% [53] however 
it has a high mortality rate that can range from 8% [26] up to 34% in cases of eviscera-
tion [54]. Several risk factors have been reported including vertical incisions namely 
in children younger than one year of age [26]. Other independent risk factors included 
age less than one-year with an odds ratio of 9.5, wound infection OR 3.7, median  
incision OR 2.9 and emergency surgery 2.8 [55].

7. Conclusion

Despite the similarities in surgical principles between adult and pediatric 
surgery it is imperative to appreciate the differences that remain. With this in 
mind, surgical pathologies in the pediatric age group remain the most diverse and 
intriguing yet challenging cases.
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[54] Cığdem M, Onen A, Otcu S, 
Duran H. Postoperative abdominal 
evisceration in children: possible risk 
factors. Pediatr Surg Int (2006) 22:677-
680 DOI 10.1007/s00383-006-1722-8

[55] Ramshorst G, Salu N, Bax N. 
Risk Factors for Abdominal Wound 
Dehiscence in Children: A Case-
Control Study. World J Surg. 2009 
Jul;33(7):1509-1513. DOI: 10.1007/
s00268-009-0058-7



Abdominal Surgery - A Brief Overview

68

a review and clinical correlations. 
Frontiers of Medicine. 2016:10(3):271-
277. DOI: 10.1007/s11684-016-0457-8

[33] Khirallah M, Eldesouki N,  
Elzanaty A, Ismail K, Arafa M.  
Laparoscopic versus open 
appendectomy in children with 
complicated appendicitis. Ann Pediatr 
Surg 13:17-20. DOI: 10.1097/01.
XPS.0000496987.42542.dd

[34] Koga H, Yamataka A, Ohshiro K, 
Okada Y. Pfannenstiel Incision for 
Incarcerated Inguinal Hernia in 
Neonates. Journal of Pediatric Surgery 
volume 38:8, E16E18. DOI:https://doi.
org/10.1016/S0022-3468(03)00293-8

[35] Kim C, Docimo S. Use of 
Laparoscopy in Pediatric Urology. Rev 
Urol. 2005;7(4):215-223

[36] Snow B. Journal of Pediatric 
Urology (2015) xx, 1e2, Journal 
of Pediatric Urology (2015) xx, 
1e2. http://dx.doi.org/10.1016/j.
jpurol.2015.05.021

[37] Minkes R, Grewal H. Stomas of the 
Small and Large Intestine in Children 
Treatment & Management [Internet]. 
2019. Available from: https://emedicine.
medscape.com/article/939455-
treatment#d1 [Accessed: 2021-01-22]

[38] Litynski G. Laparoscopy - The 
Early Attempts: Spotlighting Georg 
Kelling and Hans Christian Jacobaeus. 
JSLS. 1997:1(1):83-85. PMID: 9876654, 
PMCID: PMC3015224

[39] Billingham M, Basterfield S.  
Pediatric Surgical Technique: 
Laparoscopic or Open Approach? A 
systematic Review and Meta-Analysis. 
Eur J Pediatr Surg. 2010:20(2):73-77. 
DOI: 10.1055/s-0029-1241871

[40] Esposito C. One-trocar 
appendectomy in pediatric surgery. 
Surg Endosc. 1998:12(2):177-178. DOI: 
10.1007/s004649900624

[41] Saldana L, Targarona E. Single-
Incision Pediatric Endosurgery: 
A Systematic Review. Journal of 
Laparoendoscopic & Advanced Surgical 
Techniques. 2013 May;23(5):467-480. 
DOI: 10.1089/lap.2012.0467

[42] Amano H, Uchinda H, 
Kawashima H. The Umbilical Benz 
Incision for Reduced Port Surgery 
in Pediatric Patients. JSLS. 
2015;19(1):e2014.00238. DOI: 10.4293/
JSLS.2014.00238

[43] Khan S, Saleem M, Talat N. Wound 
dehiscence with continuous versus 
interrupted mass closure of transverse 
incisions in children with absorbable 
suture: a randomized controlled trial. 
World Jnl Ped Surgery. 2019;2:e000016. 
DOI:10.1136/wjps-2018-000016

[44] Patel S, Paskar D, Nelson R. Closure 
methods for laparotomy incisions 
for preventing incisional hernias and 
other wound complications. Cochrane 
Database of Systematic Reviews. 
2017 Nov; 2017(11): CD005661. DOI: 
10.1002/14651858.CD005661.pub2

[45] Tunell W, Puffinbarger N, Tuggle D, 
Taylor D, Mantor P. Abdominal Wall 
Defects in Infants Survival and 
Implications for Adult Life. Ann Surg. 
1995 May; 221(5): 525-530. DOI: 
10.1097/00000658-199505000-00010

[46] Koivusalo A, Lindahl H, Rintala R. 
Morbidity and quality of life in adult 
patients with a congenital abdominal 
wall defect: a questionnaire survey. J 
Pediatr Surg. 2002 Nov;37(11):1594-
1601. doi: 10.1053/jpsu.2002.36191

[47] Song R, Jung K. Drain insertion 
after appendectomy in children with 
perforated appendicitis based on a 
single-center experience. Ann Surg 
Treat Res 2015;88(6):341-344. http://
dx.doi.org/10.4174/astr.2015.88.6.341

[48] Ferguson D, Anderson K, Arshad S, 
et al., Prophylactic intraabdominal 

69

Special Considerations in Pediatric Abdominal Surgeries
DOI: http://dx.doi.org/10.5772/intechopen.96189

drains do not confer benefit in 
pediatric perforated appendicitis: 
Results from a quality improvement 
initiative. Journal of Pediatric Surgery, 
In Press. https://doi.org/10.1016/j.
jpedsurg.2020.06.031.

[49] Eysenbach L, Caty M,  
Christison-Lagay E, Cowles R. 
Outcomes following adoption of a 
standardized protocol for abscess drain 
management in pediatric appendicitis. 
Journal of Pediatric Surgery 56 (2021) 
43-46. https://doi.org/10.1016/j.
jpedsurg.2020.09.050

[50] Diao M, Li L, Cheng W. To 
drain or not to drain in Roux-en-Y 
hepatojejunostomy for children with 
choledochal cysts in the laparoscopic 
era: a prospective randomized 
study. Journal of Pediatric Surgery 
(2012) 47, 1485-1489. DOI:10.1016/j.
jpedsurg.2011.10.066

[51] Ladd A, Levy M, Quilty J. Minimally 
invasive technique in treatment of 
complex, subcutaneous abscesses in 
children. Journal of Pediatric Surgery 
(2010) 45, 1562-1566. DOI:10.1016/j.
jpedsurg.2010.03.025

[52] Downward C, Renaud E, Peter S, 
Abdullah F. Treatment of necrotizing 
enterocolitis: an American Pediatric 
Surgical Association Outcomes and 
Clinical Trials Committee systematic 
review. Journal of Pediatric Surgery 
(2012) 47, 2111-2122. http://dx.doi.
org/10.1016/j.jpedsurg.2012.08.011)

[53] Gruessner R, Pistor G, Kotei DN.  
Relaparotomie im Kindesalter 
[Relaparotomy in childhood], 
Langenbecks Arch Chir, 1986: 
367(3):167-180. DOI: 10.1007/
BF01258935
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