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      Introduction 

 Surgeons continually strive to provide the best care possible to their patients. 
Employing smaller incisions to reduce postoperative pain and lower the risk of 
wound infection and incisional hernia, improving technology of surgical instru-
ments to facilitate safer dissection of tissues, and utilizing imaging techniques dur-
ing surgery to perform more precise resections are some examples of the focus on 
enhancing quality of surgery. Major progress has been realized during the past 
decades; diagnostic invasive surgical procedures have been replaced by a variety of 
imaging techniques which provide high-resolution three-dimensional insight in the 
anatomical aspects of the disease allowing surgical teams to refi ne their surgical 
approach; large abdominal incisions have been replaced by stab incisions allowing 
patients to ambulate very early after surgery and resume their activities within days 
instead of long postoperative stays in the hospital, endoluminal and image-guided 
percutaneous placement of stents or drains to relieve obstructions or fl uid collec-
tions which impede recovery of the patient. 

 Quality of surgery has increased greatly but many surgical interventions are still 
hampered by imperfect outcomes coined “complications,” a term whose defi nition 
is subject to debate. Francis D. Moore described in his book  A Miracle and a 
Privilege  the introduction by Ernest Amory Codman of a system for classifying 
imperfect outcomes, as being due to errors in diagnosis, technique, or judgement. 
Moreover, these were sharply differentiated from a group identifi ed as patient’s 
disease. This classifi cation provides an excellent platform for further improvement. 
Intricate knowledge of the disease the patient presents with is of paramount 
importance. 

 The natural course of the disease, the impact of the disease on other organ sys-
tems, and the expected changes after surgical intervention are front and center dur-
ing assessment of the patient and determination of a plan on how to best manage the 
patient. This complex process requires collective intelligence of all those health- 
care professionals who have profound knowledge of various aspects of the disease 
and participate in the care of the patient. These multidisciplinary meetings are the 
gold standard of surgical practice of the twenty-fi rst century. 

xv



xvi

 Preparation and anticipation are key to successful surgery. In-depth understand-
ing of the anatomy, carefully determining the positioning of the patient, surgical 
approach, exposure and dissection, transection and ligation techniques, and, of great 
importance, discussing these with all members of the surgical and anesthesiological 
team are some of the elements which will determine the course of the surgery and 
the recovery after surgery. 

 Structured checklists have been implemented progressively to standardize and 
document the complex preoperative, intraoperative, and postoperative processes. 

 Management of the patient after surgery requires a team of health-care profes-
sionals that assesses the patient frequently and provides the knowledge and skills 
required to accelerate recovery on one hand and detect factors interfering with 
recovery on the other hand. 

 The objective of this book,  Postoperative Complications After Digestive Surgery , 
presented in two volumes, is to share the expertise of more than 50 highly dedicated 
and experience surgeons and surgical residents to allow the reader to learn the les-
sons learned by their teachers and colleagues. The fi rst volume, the main textbook, 
comprises 25 chapters with the focus on prevention and treatment of major compli-
cations by carefully proceeding through assessment, planning and preparation, per-
forming surgery, and managing the patient after surgery. 

 In the second part, a more practical and descriptive volume comprises more than 
100 case studies bringing daily surgical practice to the reader and provides a wealth 
of learning opportunities. Extensive imaging documentation of the different cases is 
provided along with drawing pictures of the pathology with great attention to ana-
tomical detail. In this digital age, there appears to be some hesitation to choose 
pencil over mouse. However, translating images and anatomical experience into 
drawings is invaluable in preparing the surgeon’s mind and that of the other mem-
bers of the surgical team. Wendy Vetter, Dana Hamers, and Miguel Cuesta have 
illustrated selected cases which provide great insight and hopefully inspire the 
reader to pick up colored pencils. 

 We hope that this book will enrich the knowledge and understanding of surgeons 
and surgical residents around the world and will inspire them to contribute to 
improving surgery continually. 

 Amsterdam, The Netherlands  Miguel A. Cuesta 
 Amsterdam, The Netherlands  H. Jaap Bonjer   

Introduction
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 Every surgical trauma is followed by unanticipated side effects such as pain and infec-
tion. A theory regarding the onset of these side effects is the surgical stress response with 
subsequent increased demands on the patient’s reserves and immune status. A demand on 
organ functions is increased following surgery and is thought to be mediated by trauma-
induced endocrine and metabolic changes. To circumvent this problem and reduce surgi-
cal trauma, the fi rst minimally invasive colectomy was described by Jacobs et al. in 1991 
[ 1 ]. Since, many studies have shown the clinical short-term benefi ts for laparoscopic col-
ectomy over open procedures without compromising oncological outcome [ 2 – 5 ]. 

 HLA-DR expression on monocytes is correlated to the competence of a 
patient’s specifi c immune response. C-reactive protein levels are associated with 
postoperative infectious complications. Interleukin-6 levels are associated with 
postoperative complication rates and are a predictor of morbidity following surgi-
cal intervention. Since the introduction of laparoscopic colectomies, several stud-
ies have studied these parameters and compared the postoperative stress response 
between open and minimally invasive procedures. Wu et al. [ 6 ] and Harmon et al. 
[ 7 ] both described lower interleukin-6 levels following laparoscopic colectomy. 

    Chapter 1   
 Postoperative Consequences 
of Surgical Trauma 

             Alexander     A.F.A.     Veenhof    ,     Colin     Sietses    , and     Miguel     A.     Cuesta    

        A.  A.F.A.   Veenhof     •     M.  A.   Cuesta  , MD       (*)  
  Department of Surgery ,  VU University Medical Center , 
  Amsterdam ,  The Netherlands   
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Both interleukin-6 levels and C-reactive protein levels were found to be lower for 
laparoscopic colectomies by Schwenk et al. [ 8 ]. Recently, this institution  published 
a series of 40 patients in which surgical stress response was compared between 
laparoscopic and open total mesorectal excision (TME) [ 9 ]. Only a signifi cant 
reduction in surgical stress response regarding HLA-DR expression in monocytes 
and interleukin-6 levels could be found for the laparoscopic TME 2 h postopera-
tively. No differences regarding leukocytes, monocytes, C-reactive protein, inter-
leukin-8, cortisol, growth hormone, and prolactin could be found at 24 and 72 h 
postoperatively, concluding that only a short-term benefi t in surgical stress 
response for laparoscopic TME procedures could be proven. 

 Recently, the introduction of fast-track postoperative care by Kehlet [ 10 – 12 ] 
has revived the discussion regarding postoperative immune and stress response. 
By high thoracic epidural anesthesia, the theory is that patient’s immune and 
stress status is reduced, therefore facilitating an enhanced postoperative recovery 
when compared to traditional care. Since the introduction of the fast-track multi-
modality postoperative care, no articles have been published to investigate the 
stress response and immune function between fast-track and conventional care. 
Therefore, two surgical departments in Amsterdam, the AMC and the VUmc, 
conducted a randomized trial as substudy of the LAFA trial [ 13 ] comparing open 
versus laparoscopic colectomy with fast-track or conventional postoperative care 
[ 14 ]. Patients with nonmetastasized colon cancer were randomized to laparo-
scopic or open colectomy with fast track or standard care. Blood samples were 
taken preoperatively (baseline), 1, 2, 24, and 72 h following surgery (Fig.  1.1 ). 
Systemic HLA-DR expression, C-reactive protein, IL-6, growth hormone, prolac-
tin, and cortisol were analyzed in these blood samples. Seventy-nine patients 
were randomized, and patient characteristics were comparable. A signifi cant 
difference in HLA-DR expression on monocytes (and therefore immune compe-
tence) was observed between the four groups (Fig.  1.2 ). Patient with laparoscopy 
and fast-track perioperative care remained the best immune competent with 
repeated measures of 2-way analysis of variance showing this could be attributed 
to type of surgery and not aftercare. Patients with open surgery and standard care 
were found to have higher postoperative C-reactive protein and interleukin-6 lev-
els when compared to the other groups (Figs.  1.3  and  1.4 ). Once again, following 
repeated measures of 2-way analysis of variance, this could be attributed to type 
of surgery and not aftercare. Concluding, the accelerated response reported fol-
lowing fast-track perioperative care [ 10 – 12 ] could not be explained by a better 
preserved postoperative immune competence or reduced surgical stress response 
in the present study. Laparoscopy seemed to better preserve immune status and 
reduce postoperative surgical trauma. On the other hand, in the present study, no 
clinical benefi ts such as less postoperative complications could be found.

      The discussion for a substrate as to why laparoscopy and fast-track surgery 
has clinical advantages remains. Up to date little evidence exists regarding a 
reduced postoperative surgical stress response as an explanation for enhanced 
patient recovery following laparoscopic colorectal surgery with or without fast-
track perioperative care.    

A.A.F.A. Veenhof et al.
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Enrollment Assessed for eligibility (n = 81)

Randomized (n = 79)

Laparosopic surgery with
fast track care (LFT)

N = 19

In 4 patients one time
interval was lost to

follow-up

Analysed (19 patients)

−72/76 intervals = 94.7%

Analysed (23 patients)

−87/92 intervals = 94.6%

Analysed (17 patients)

−65/68 intervals = 95.6%

Analysed (20 patients)

−75/80 intervals = 93.8%

In 5 patients one time
interval was lost to

follow-up

In 3 patients one time
interval was lost to

follow-up

In 5 patients one time
interval was lost to

follow-up

Laparoscopic surgery
with standard care (LS)

N = 23

Open surgery with fast
track care (OFT)

N = 17

Open surgery with
standard care (OS)

N = 20

Excluded (n = 2)

Declined to participate (n = 2) due to
  needle fobia (declined extra blood
  sampling moments)

Allocation

Follow-Up

Analysis

  Fig. 1.1    Consort algorithm randomization       
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         About Morbidity Rates and Defi nitions 

 Whenever questions arise about major complications after digestive surgery, the 
actual morbidity rates of the respective types of surgery are warranted and  important 
for the judgment of the clinical relevance and the continuous improvement of surgi-
cal management. There have been major advances in the reduction of postoperative 
complications following digestive surgery in the past years. The reasons for the 
improved outcome reside—beside others—in improved diagnostic tests leading to 
early intervention and a more precise surgical approach, better neoadjuvant  treatment 
options, and improved peri- and postoperative care and in modifi ed and innovative 
surgical techniques or devices. Surgical clinical trials have provided evidence of how 
to treat and prevent complications and abandoned some traditional treatment proto-
cols that clearly had no benefi t for the surgical outcome. A breakthrough in reduction 
of postoperative morbidity and improved surgical outcome has been provoked by the 
centralization of complex operations at specialized surgical high- volume centers. 

 Despite all medical advances, we are still lacking accurate morbidity rates of the 
various digestive surgical procedures when reviewing the literature. For example, 
anastomotic leak rates differ between 3 and 23 % after anterior rectal resection and 
the pancreatic fi stula rates between 2 and 20 % after pancreatic resection [ 1 ,  2 ] 
depending on multiple different defi nitions applied in each study. This has lead to the 
initiation and development of internationally accepted consensus defi nitions for 
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major postoperative complications that are now published for pancreatic, hepatobili-
ary, and rectal surgery [ 1 – 5 ]. Those consensus defi nitions also provide a discrimina-
tion of the complications into different grades, according to the clinical impact. The 
term “major” complication is probably best embodied by grade B and C  complications 
based on the new consensus defi nitions: grade B in general implies a change in the 
postoperative management including interventions except  re- laparotomy, and grade 
C complications require re-laparotomy. Grade A complications do neither necessi-
tate a change in the clinical management nor prolong the hospital stay of the patients. 

 It is in the nature of every profession to strive for continuously improved  outcome. 
All through the history of surgery, and up to now, surgeons would have positively 
answered the question if major complications after digestive surgery are prevent-
able, and every surgeon would have thought about the well-known paradigma of 
standard surgical care that were considered lege artis, that were trained, and that 
were known to prevent complication rates. 

 The present synoptic chapter aims not to list basic surgical principles but to high-
light certain fi elds, perioperative measures, and surgical techniques that suggest a 
further prospective reduction in postoperative morbidity if implemented in the 
broad surgical community. The following chapters of the book then provide insight 
into current state-of-the-art prevention and management of the various complica-
tions of digestive surgery.  

    Prevention of Major Complications: The Preoperative Setting 

 The last decade has shown that patient referral into specialized surgical high- volume 
centers for complex and high-risk visceral surgery is a key factor infl uencing post-
operative outcome, i.e., morbidity, mortality, and long-term survival in case of 
oncologic patients [ 6 ]. Despite an observable shift of complex surgical cases to 
high-volume centers, there is still signifi cant space for quality improvement through 
further centralization and training of surgeons from low-volume hospitals. 
Specialized and procedure-oriented training of low-volume medical staff by experi-
enced high-volume surgeons has improved the quality of rectal cancer surgery in 
the Netherlands [ 7 ,  8 ] and will prospectively result in lower complication rates if 
this model is transferred to and practiced in other fi elds of visceral surgery. 

 Surgeons can further prevent complications through optimization of patient selec-
tion and the use of individualized treatment plans. For years, patients with necrotizing 
pancreatitis and infected necrosis were classically treated surgical with open necro-
sectomy and lavage. A Dutch trial now revealed that a minimally invasive step-up 
approach tailored to the individual severely ill patients with necrotizing pancreatitis 
results in signifi cantly less major complications [ 9 ], exemplifying the need to evalu-
ate the right treatment for each individual patient. Another randomized controlled 
landmark trial focused on patients with pancreatic head tumors and demonstrated that 
routine preoperative biliary stenting in jaundiced patients with pancreatic head tumors 
provides no benefi t but increases the rate of postoperative complications [ 10 ]. 

T. Welsch and M.W. Büchler
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 Likewise, patients with impaired liver function (e.g., cirrhosis) are at increased 
risk to develop postoperative hepatic failure [ 11 ] and other severe, sometimes lethal, 
postoperative complications after hepatectomy but also after minor surgical proce-
dures. Identifi cation of patients at risk for postoperative liver failure is often demand-
ing, but the ongoing development of novel diagnostic tests (e.g., based on the 
metabolism of methacetin [ 12 ]) suggests further progress towards the optimal indi-
cation of the type and extent of surgery or minimally invasive intervention in patients 
with impaired liver function. 

 Much is unknown about the best physical and nutritional status of the patients 
before undergoing visceral surgery. It sounds logic that improvement of, e.g., car-
diac, pulmonary, or renal insuffi ciency, hepatic steatosis, extreme overweight, or 
physical activity prior to surgery can lower postoperative complications, but such 
preoperative programs are not broadly carried out and are diffi cult to realize and 
implement in daily practice. Heterogeneous results had been reported for the use of 
perioperative immunonutrition until a recent meta-analysis came to the conclusion 
that immunonutrition did positively infl uence gastrointestinal surgery and lowered 
postoperative complications [ 13 ]. 

 Colon surgery has ever been one of the most frequently performed operations in 
gastrointestinal surgery, and there is still a debate about the need of preoperative 
mechanical bowel preparation. Randomized trials have yielded convincing evi-
dence that preoperative mechanical bowel preparation in elective colon surgery 
offers no advantage with regard to postoperative complications and is no longer 
indicated [ 14 ]. The same results are expected for lower colorectal resections [ 15 ], 
but still many surgeons perform routine bowel preparation for all colorectal cases 
illustrating our skepticism towards advanced treatment protocols [ 16 ].  

    Prevention of Major Complications: Surgical Technique 

 The various anastomoses of the gastrointestinal tract are broadly considered as the 
most critical steps for a successful operation and postoperative course. Several dif-
ferent suture techniques, material, or devices were introduced, but none proved to 
be clearly superior. Besides a correct suture line, the principal factors mandatory 
for anastomotic healing remain a tension-free alignment of the anastomotic ends 
and a good blood supply and perfusion. Not long ago, we questioned elementary 
surgical steps that we encounter every day, i.e., if low anterior resection of the rec-
tum necessitates the simultaneous creation of a protective stoma, if abdominal 
wound drains should be placed, or how to close the midline laparotomy. Randomized 
controlled trials have now established some degree of evidence. The rate of anasto-
motic leak after low anterior resection of the rectum can be signifi cantly reduced 
by creation of a diverting stoma [ 17 ]. We have also learned that routine placement 
of abdominal wound drains is not benefi cial in many elective visceral surgery cases 
(e.g., cholecystectomy, liver or colorectal surgery [ 18 – 20 ]) but that late removal of 
the drains increases the risk of septic complications or even pancreatic fi stulas [ 21 ]. 

2 Are Major Complications After Digestive Surgery Preventable?
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Moreover, subcutaneous drains do not prevent the development of surgical site 
infections. 

 Every day, the visceral surgeon performs the closure of the abdomen, but which 
technique and suture material are ideally used to prevent midline hernia? Once 
again, a systematic approach of randomized controlled trials and systematic  analysis 
has provided an answer. Based on a meta-analysis, the elective midline laparotomy 
should be closed with a continuous, slowly absorbable suture material (evidence 
level 1) [ 22 ]. Most of those trials addressing the use of drains or suture material are 
however founded on elective procedures, and few evidence is available for treat-
ment of emergency cases that per se have a higher postoperative morbidity.  

    Prevention of Major Complications: Peri- and Postoperative 
Setting 

 The successful surgical outcome is well infl uenced by the peri- and  postoperative set-
ting and requires a perfect interplay of the various disciplines involved in the patient’s 
care, such as anesthesiology, radiology, the nursing staff, and physiotherapists. 

 For instance, the perioperative administered amount of fl uids can signifi cantly 
affect the postoperative outcome. Studies in colorectal surgery indicated that 
restrictive and goal-directed (controlled by esophageal Doppler-derived vari-
ables) fl uid administration reduces the postoperative morbidity [ 23 ]. Blood 
transfusions probably also have a detrimental effect on the postoperative out-
come. In the further postoperative course, especially after gastrointestinal sur-
gery, patients are more and more subjected to so-called fast track or early 
recovery after surgery (ERAS) protocols. These protocols are a multimodal 
approach and combine restrictive fl uid administration with optimized (epidural) 
analgesia, early forced mobilization, and early oral feeding beginning on the day 
of operation. The fast-track protocol has shown to signifi cantly reduce postop-
erative complications and to shorten the length of hospital stay [ 24 ]. Patients 
after resection of pancreatic malignancy further benefi t from prophylactic admin-
istration of somatostatin analogues that can additionally lower the overall mor-
bidity and pancreatic fi stula rate [ 25 ]. 

 In summary, this concise update on evidence in gastrointestinal surgery substan-
tiates that certain major complications after digestive surgery are certainly prevent-
able and that further improvement of surgical treatment prompts the continuous 
generation of evidence by excellent randomized controlled trials in the future. 
Often, clinical trials evaluating traditional standard practice reveal surprising results 
and sometimes provide milestone advances in medical care. Finally, all surgeons 
should be encouraged to organize and participate in morbidity and mortality (M&M) 
conferences that immensely contribute to the continuing education of surgeons. 
M&M conferences should be standard integrated into every surgical center aiming 
to improve patient care and safety.     
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 Quality assurance programs are well established in industry since decades. In the early 
1950s, research in quality assessment has been fi rst developed in Japan greatly having 
contributed to the success of this nation. Only many years later, the philosophy of improv-
ing quality by continuous measurement of specifi c outcome parameters has reached the 
Western industry. In medicine, however, a long time has elapsed until these principles 
were adopted. The lack of true competition between health- care providers has alleviated 
the motivation to develop quality assessment programs. Rising costs and constrained 
resources in health-care systems all over the world and evidence of variations in clinical 
practice have now triggered the interest and the development of such programs in health 
care. By tracking the hospitals’ performances, surgical morbidity and mortality could be 
decreased [ 1 ]. Moreover, outcome data are starting to be publicly reported in different 
countries what is considered to constitute a powerful market force towards a higher stan-
dard of care at lower costs. This development is driven also by patients who are today 
well informed about their diseases seeking the best possible treatment. However, reliable 
outcome data is crucial to improve surgical performance and for benchmarking. 

 According to Donabedian, medical quality is determined by structure, process, 
and outcome [ 2 ]. In surgery, outcome is still the most frequently used indicator of 
surgical quality. However, there is still a lack of a precise defi nition of a “good” or 
“bad” surgical outcome. In 1992, it was proposed that “negative outcome” should 
be subdivided into  complication, failure to cure,  and  sequelae  [ 3 ]. Complications 
were defi ned as “any deviation from the normal postoperative course.” Conditions, 
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which are inherent to the procedure and are expected to occur (such as pain or scar 
formation), should be discriminated from complications and be termed “sequelae.” 
Finally, diseases that remain unchanged after surgery or reoccur (e.g., R2-resected 
tumor or an early recurrence of an inguinal hernia) also refl ect negative outcomes, 
either, but constitute a failure to cure rather than a complication. 

 The incidence of complications is still the most often used surrogate marker for 
surgical quality. However, we still lack a consensus on how to defi ne and to grade 
surgical complications what substantially hampers the interpretation of surgical 
 performance. A number of attempts have been made to classify surgical complications 
[ 3 – 8 ], but none of them has gained widespread acceptance. Some surgeons advocated 
that intuition is an appropriate guide to defi ne what a complication might be and for 
grading [ 9 ]. However, any system reporting complications must narrow the room for 
mistakes and subjective interpretation. Therefore, the challenge is to use a scale sys-
tem, which has to be simple but must not impede accuracy or general  clinical 
applicability. 

 To standardize surgical outcome reporting, we have introduced a classifi cation of 
surgical complications consisting of fi ve grades [ 10 ]. The basic principle of this 
classifi cation—termed Clavien–Dindo classifi cation—is based on the therapy 
needed to treat the complication (Table  3.1 ). The classifi cation mainly focuses on 
the medical perspective, with major emphasis on the risk and invasiveness of the 
therapy used to correct a complication. This perspective minimizes subjective 

   Table 3.1    Classifi cation of surgical complications   

 Grades  Defi nition 

 Grade I  Any deviation from the normal postoperative course without the need for 
pharmacological treatment or surgical, endoscopic, and radiological 
interventions 

 Acceptable therapeutic regimens are drugs such as antiemetics, antipyretics, 
analgetics, diuretics, and electrolytes and physiotherapy. This grade also 
includes wound infections opened at the bedside 

 Grade II  Requiring pharmacological treatment with drugs other than such allowed for 
grade I complications 

 Blood transfusions and total parenteral nutrition are also included 
 Grade III  Requiring surgical, endoscopic or radiological intervention 
  Grade III-a   Intervention not under general anesthesia 
  Grade III-b   Intervention under general anesthesia 
 Grade IV  Life-threatening complication (including CNS complications) a  requiring IC/

ICU management 
  Grade IV-a   Single organ dysfunction (including dialysis) 
  Grade IV-b   Multiorgan dysfunction 
 Grade V  Death of a patient 
 Suffi x 'd'  If the patients suffers from a complication at the time of discharge, the suffi x 

“d” (for “disability”) is added to the respective grade of complication. 
This label indicates the need for a follow-up to fully evaluate the 
complication 

   IC  intermediate care,  ICU  intensive care unit 
  a Brain hemorrhage, ischemic stroke, subarachnoidal bleeding, but excluding transient ischemic 
attacks (TIA)  
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 interpretation and any tendency to down-rate complications because it is based on 
objective data. Such an approach is especially important in retrospective studies 
where postoperative complications are often poorly documented, whereas the ther-
apy to treat a complication is well recorded in both physician and nursing reports. It 
might be argued that policies in the management of a given surgical complication 
may vary among different physicians and centers or countries. As an example, an 
intra-abdominal abscess after bowel resection may be treated in some cases either 
by antibiotics, percutaneous drainage, or relaparotomy. The decision often depends 
on personal and somewhat subjective appraisals. Such variation is mostly due to the 
lack of an accepted paradigm for the “best practice” but may also depend on local 
determinates such as the availability of medical resources (e.g., interventional radi-
ologist). Despite such possible variations, the use of therapeutic consequences as 
the basis to rank complications remains the best approach: First, this is the most 
readily available and objective information regarding the postoperative course. 
Second, the treatment for a complication may induce stress to a patient and may 
lead to further morbidity, which justifi es inclusion in the ranking system. Third, 
medical resources are limited and have to be used with reluctance. The least inva-
sive or expensive treatment that is effective should be chosen to treat a complica-
tion. The approach to use the treatment required to correct a complication is also 
suggested by others [ 11 ].

   In 2004, our classifi cation was validated in a large cohort of patient, and it 
 signifi cantly correlated with complexity of surgery as well as with the length of 
hospital stay [ 10 ]. Evaluated through an international survey sent to leading surgical 
centers, the classifi cation demonstrated to be objective and reproducible [ 10 ]. The 
validity of this classifi cation was also shown in another study [ 12 ], in which 97 % 
of the recorded complications were correctly graded over a 6-month study period. 
Five years after the fi rst publication, we tested the general applicability of this clas-
sifi cation [ 13 ]. For that reason, complex clinical courses with complications were 
collected during the weekly morbidity and mortality conferences. These clinical 
case scenarios were sent to different centers all over the world, which had used our 
classifi cation for more than 3 years, asking them to grade each complication pre-
sented in the case scenarios. Additionally, we tested how the severity of each grade 
is perceived in three groups of individuals (physicians, nurses, and patients) by 
using predefi ned case presentation that had to be graded. The survey sent to the dif-
ferent surgical centers yielded a high and highly signifi cant degree of agreement 
(> 90 %), demonstrating that the classifi cation also withstands in complex compli-
cation scenarios, retaining its reproducibility and objectivity. Moreover, the classi-
fi cation signifi cantly correlated with the subjective perception of the severity of a 
complication [ 13 ]. Recently, the correlation between costs and complications—as 
assessed by our classifi cation—was investigated [ 14 ]. Morbidity of 1,200 consecu-
tive patients undergoing major surgery from 2005 to 2008 was analyzed and full 
in-hospital costs were assessed for each patient. The overall 30-day mortality was 
1.8 %, whereas the morbidity rate was 53.8 %. Patients with an uneventful course 
generated mean costs per case of US$ 27,946 (SD US$ 15,106). Costs increased 
dramatically with the severity of postoperative complications as assessed by the 
Clavien–Dindo classifi cation and rose to mean costs of US$ 159,345 (SD US$ 
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151,191) for grade IV complications. This increase in costs, up to 5 times the cost 
of a similar operation without complications, was observed for all types of analyzed 
procedures. This study demonstrates the dramatic impact of postoperative compli-
cations on full in-hospital costs per case. Furthermore, it again demonstrates the 
validity of the Clavien–Dindo complication classifi cation as it considerably corre-
lates with costs. 

 Classifi cations are mandatory to ease the interpretation of surgical performance 
and to assess surgical quality. However, to be valuable for clinical practice, such 
classifi cations must be reliable, objective, and easy to use. Complications are still 
the most often used parameter to evaluate quality in surgery. Classifi cations of sur-
gical complications are therefore needed for outcome comparison. Such a classifi -
cation should impede subjective interpretations of the severity of postoperative 
events to ensure comparability with other centers and over time. The Clavien–Dindo 
classifi cation has proofed to be an objective and reproducible tool for outcome 
assessment. In the last few years, it gained wide acceptance not only in surgery but 
also in other surgical specialties (such as urology or gynecology), and it is now 
increasingly used in surgical literature for outcome reporting with more than 1,000 
citations since 2004.    
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    Introduction 

    Surgical treatment of the various gastrointestinal diseases is inherently associated 
with risk for complications ranging from temporary disadvantage such as superfi -
cial wound infection to recovery after reoperation and even up to death. 

 During the diagnostic process and preoperative evaluation of patients with a GI dis-
ease eligible for surgical treatment, surgeons should always search for the balance 
between the potential benefi ts of surgery and the risk of complications of the procedure. 

 Several factors are important such as the general condition of the patient including age 
and comorbidity; the extent of the procedure; the stage of the disease, in particular for 
malignant tumors; and last but not least the experience of the surgeon in that particular 
fi eld of GI surgery as well as the experience of the other involved disciplines in the hospi-
tal such as interventional radiology, ICU, and endoscopy to manage the complications. 

 Accepting these general principles of quality of care implies establishment of a 
multidisciplinary approach in management of these GI diseases and in particular the 
complications. 

 This chapter will recapitulate that the outcome of surgery is dependent on multi-
disciplinary work, facilitated by the structure of care as well as the process of care 
in that particular hospital because both domains will eventually determine the 
 quality of care.  
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    Aspects of the Structure of Care 

    Hospital Volume/Surgeons Volume 

 Hospital volume and surgeon volume are the most recognized variables to be 
 correlated with complications and in particular with hospital mortality. The 
majority of studies (>90 %) on high-volume versus low-volume hospitals showed 
a lower mortality at high-volume hospitals [ 1 – 3 ]. The older studies were criti-
cized using clinical data without risk adjustment. Recent studies including a 
recent published meta-analysis on pancreatic resection, using risk adjustment, 
showed again signifi cant lower mortality in high-volume hospitals (odds ratio 
0.32; 95 % CI 0.16–0.64) [ 4 ]. 

 The relation of surgeon volume and mortality has also been shown for several 
procedures with odds ratios ranging from 1.24 for lung resection to 3.6 for pancre-
atic resection [ 5 ]. Most studies however focused on hospital volume. One should 
also realize that the relative importance of surgeon’s volume and hospital volume is 
diffi cult to analyze in detail because high-volume surgeons, generally after subspe-
cialty training, are frequently working in high-volume hospitals. 

 A recent study evaluated hospital mortality for fi ve different groups of hospitals 
assigned according to quintiles of hospital mortality varying from 3.5 to 6.9 % and 
analyzed rates of all complications, major complications and death in these fi ve 
categories [ 6 ,  7 ]. They showed no signifi cant difference in total and major compli-
cations in those hospitals, but differences in mortality of patients with major com-
plications were found ranging from 12.5 % up to 21.4 % due to more adequate 
management of these complications [ 7 ]. This is another argument that besides sur-
geons experience the basic hospital resources are an important factor for outcome 
and mortality. 

 Nevertheless, we should realize that with more complex (laparoscopic) proce-
dures nowadays, surgeon training and in particular subspecialty training or advanced 
fellow training is an important factor for outcome. It was shown recently that 
patients with cancer operated by board-certifi ed surgeons had lower local recur-
rence rates [ 8 ].  

    Hospital Resources 

 Hospital resources are important not only for management of complications of GI 
surgery but also for prevention of complications. 

 In particular, patients undergoing high-risk surgery will need more complex 
perioperative care as well as complex management of severe, life-threatening 
complications. 

 The Intensive Care Unit staffi ng is crucial, and it has been shown that the relative 
risk for hospital mortality with high-intensity ICU staffi ng is lower 0.71 (95 % CI 
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0.62–0.82) compared with low-intensity ICU staffi ng [ 9 ]. The same has been shown 
for nursing staffi ng and up-to-date technology and equipment on ICU and surgical 
wards [ 10 ]. So besides the surgeon staff other hospital specialties, in particular the 
ICU staff, interventional radiologists, interventional endoscopists, anesthesiolo-
gists, cardiology services, pain management team, etc., are of upmost importance 
for treatment of postoperative complications and outcome. In some hospitals, an 
interdisciplinary team for the postoperative management of patients has been estab-
lished to facilitate this process.   

    Aspects Related to Process of Care 

 The process of care refl ects different aspects starting with patient selection and 
evaluation for a surgical procedure. Discussion of all patients in a multidisciplinary 
meeting for the indication of surgery also prevents for bias in selection due to 
“surgeon- related aspects.” 

 In fact, there should be a clear general accepted (evidence-based) guideline of 
preoperative work-up of these patients and well-defi ned criteria to accept patients 
for a surgical procedure. All patients should have pre-assessment by the anesthesi-
ologist before the patient is accepted for surgery, and a checklist should be used to 
control the completeness of the different preoperative aspects [ 11 ]. 

 Another important factor to prevent complications is to reach a certain standard 
for the perioperative care and the surgical procedure. There is a wide variation of 
measures ranging from prophylaxis for venous thromboembolism, continuous use 
of cardiac medication, antibiotic prophylaxis, nutritional support, etc. 

 These measurements should also include other organizatorial aspects, such as 
preoperative control of instruments, different types of staplers, and counting gauche. 
Currently the checklist, including a time-out procedure, is introduced routinely in 
the Netherlands to facilitate this process [ 11 ]. 

 There should also be a certain standard set of steps to be taken during the proce-
dure. For example, the Critical View of Safety (CVS) has been included as a stan-
dard to perform before clipping the cystic duct and cystic artery during a laparoscopic 
cholecystectomy. 

 The next step for prevention of complications is adequate care on the ward and 
control by an experienced nursing and surgical staff. The multidisciplinary approach 
is also useful in terms of pain management together with anesthesiologists and 
interaction with general medicine staff for medication of cardiopulmonary disorders 
during the ward rounds. 

 One of the advantages of fast-track surgery or early recovering programs is that 
most postoperative measurements are standardized and by that more adequately 
managed/controlled by the nursing staff [ 12 ]. 

 The last but probably most important step in this process is early recognition of 
a complication and by that early intervention, for example, before hemodynamic 
instability due to persistent sepsis after leakage of an anastomosis. The enormous 
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development of radiology during the past decades improved diagnostic accuracy for 
intra-abdominal complications such as leakage, fl uid collections, and abscess for-
mation considerably. 

 Despite the progress of diagnostic tools, clinical observation and continuity of 
care to facilitate the observation of changes in the clinical condition are of upmost 
importance. 

 The “classical paper” of M. Trede on management of complication after pancre-
atic resection is still of inestimable value, and he already summarized nicely that 
changes in clinical fi nding are crucial for early diagnosis [ 13 ]. The simple clinical 
fi ndings suspect for leakage of the anastomosis are beginning of abdominal tender-
ness, in particular if none before; tongue slightly drier; a rise in temperature and 
pulse; respiratory rate is higher; oliguria; and barely perceptible agitation. 

 Laboratory tests will endorse infection/sepsis, and abdominal CT will facilitate 
to confi rm the diagnosis within hours and probably identify the intra-abdominal 
cause and subsequently lead to early intervention. 

 Generally intervention of complication can be performed by local staff (sur-
geons/radiologists) in the particular hospital of initial surgery. 

 For some complications, for example, a bile duct injury after laparoscopic chole-
cystectomy, it has been shown that treatment by the initial surgeon, who performed 
the procedure, will lead to higher mortality compared with referral to centers [ 14 ]. 

 In the earlier years, abdominal complications were generally managed by relapa-
rotomy and subsequent drainage of collections or management of postoperative 
bleeding. Nowadays, most interventions are done nonsurgically by interventional 
radiologists or endoscopists [ 15 ]. The 7 x 24 h availability of intervention radiology 
is however not available in each hospital. The strategy is therefore highly dependent 
on local expertise and, for example, patients with a bile duct injury still undergo 
relaparotomy in 20–30 % without further preoperative evaluation of the type of 
injury. 

 Referral to centers should be performed depending on the clinical situation of the 
patient combined with hospital resources (local expertise). The complications and 
management of complications of most GI surgery procedures will be discussed in 
detail in the next chapters. 

 Birkmeyer already reported extensively about the conceptual model of the rela-
tionship between the structure, process of care in hospitals, and outcome of surgery 
[ 6 ,  7 ] (Fig.  4.1 ).

       Monitoring System for Complications and Outcome 

 Quality assessment and continuous monitoring of specifi c aspects of outcome, for 
example, complications, is an important factor in stimulating improvement of qual-
ity of care. Therefore, surgical performance is now monitored in most countries and 
connected directly with quality improvement programs. 
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 The defi nition of surgical complications is however not well defi ned, and many 
different defi nitions have been used [ 16 ]. The development of these defi nitions is a 
challenging task, and Sokol already discussed that the more the defi nition is 
 specifi ed, the more restrictive it will be. In the Netherlands, there has been a plea to 
be more inclusive rather than exclusive, and a broad defi nition is used in the Dutch 
National Surgical Complication Registry (LHRC), for uniform registration of 
 surgical complications [ 17 ]. A complication is an unintended and undesirable event 
or condition following medical treatment, that is, harmful for the patient and 
 necessitates adjustment of medical treatment or that leads to permanent harm. 

 The complication registry includes all patients that are admitted under 
 responsibility of the Department of Surgery, and the complication must have 
occurred during the treatment or in a period of 4 weeks after discharge. The    severity 
of every complication is graded as follows: zero: no harm; 1: temporary disadvan-
tage, no [re]operation; 2: recovery after reoperation; 3: probably permanent dam-
age/disability; 4: death; and 5: unclear due to untimely death. These data are linked 
to  admission and discharge data, operative procedure details, and epidemiological 

Structure of care Process of care

Training/expertise
surgeon volume
subspecialisation

Patient selection
and evaluation

No complication
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Recovery after
reoperation

Permanent damage
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Early recognition
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complications

Prevention of
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Surgical procedure
perioperative careHospital volume

Hospital resources
multidisciplinary

approach
ICU staffing

interventional
radiology

endoscopy

Outcome of care*

  Fig. 4.1    Relation between structure and process of care and outcome in terms of complications 
and mortality. *Complication scale according to the National Surgical Complication Registry in 
The Netherlands (Adapted from the conceptual model from Birkmeyer and Dimick [ 6 ])       
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data (i.e., age, sex, American Society of Anesthesiologists [ASA] classifi cation). 
These systems allow analysis of a wide variety of complications and give valuable 
tools for quality improvement. This includes surgical and technical aspects as well 
as other aspects of care. Currently the system is modifi ed to allow comparison of 
hospitals in the Netherlands, but sofar this is still impossible without correction for 
risk adjustment of patients. 

 A study from the USA already showed that ranking of hospital mortality from 44 
hospitals might change enormously by using unadjusted versus risk-adjusted mor-
tality with a maximum change from 7 up to number 39 [ 18 ]. 

 The National Surgical Quality Improvement Program (NSQIP) in the USA even 
incorporated fi ve critical elements necessary to ensure validity for comparison 
between different hospitals:

    1.    Standardization of endpoints   
   2.    Standardization of defi nitions and terms   
   3.    System for data collection and prospective collection   
   4.    Data collectors themselves grading and training   
   5.    Validated system for risk adjustment     

 So accepting the ongoing attempts for transparency about outcome of surgical 
procedures and quality assessment, the abovementioned critical elements and in 
particular risk adjustment is mandatory before a general open grading system of 
quality of care can be accepted. 

 The abovementioned aspects of the structure and progress of care as well as the 
monitoring systems of complication and mortality should be taken into account in 
the following chapters on specifi c complications in GI surgery.     
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         Introduction 

 Major complications following surgery of the digestive tract are associated with 
increased morbidity, prolonged intensive care and hospital stay, and even mortality 
[ 1 – 10 ]. Infectious complications are frequent; an infectious complication rate of 
21 % has recently been described following colorectal surgery [ 11 ]. Among the 
most severe infectious complications are anastomotic failures. Reported leakage 
rates range from 0.6 to 23 % [ 1 – 10 ]. The reconstruction following resections, and 
not so much dissection and resection itself, causes most surgical adverse events. The 
frequency and consequences vary according to the target organ and the executed 
operation. A postoperative mortality of 12–39 % following anastomotic leakage has 
been reported, compared to 2–5 % without leakage [ 1 ,  2 ,  12 ,  13 ]. On the opposite, 
incidence of clinical anastomotic leakage was 42 % among patients who died and 
11 % in the uneventful group in a large population-based trial [ 3 ]. 

 Even if an anastomosis can be preserved, late complications are observed fre-
quently, such as anastomotic strictures leading to obstruction or continence prob-
lems. Furthermore, anastomotic leakages may result in permanent stomata. 
Confl icting results persist whether anastomotic leakage is associated with an 
increased local recurrence rate and a worse oncologic outcome [ 4 ,  12 ,  14 ]. 

    Chapter 5   
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 Early recognition and intervention can prevent severe consequences of major 
complications, such as systemic infl ammatory response syndrome (SIRS), sepsis, 
multiple organ failure, and death [ 1 – 3 ,  5 ]. Early diagnosis and repair within 5 days 
following initial surgery was not associated with mortality in a retrospective analy-
sis of 655 patients, whereas repair in a later postoperative course was associated 
with a mortality rate of 18 % [ 5 ]. 

 Sepsis can be diffi cult to distinguish from the systemic infl ammatory response 
related to surgical trauma. Since clinical features of complications can be nonspe-
cifi c and interpretation of diagnostic tests can be incorrect, early diagnosis remains 
a challenge, even in the era of the widespread availability of imaging techniques. A 
median time to clinical diagnosis of a complicated postoperative course was 8 days 
in recent studies [ 15 ]. 

 These results emphasize the importance of early recognition of complications. 
The question remains when anastomotic dehiscence occurs after a standard opera-
tive procedure. The daily assessment of patients’ clinical condition is the most 
important guidance for the surgeon. A patient has to clinically improve every day 
during a normal postoperative course, and every decline should prompt evaluation 
of the possible problem. 

 This chapter focuses on clinical features and diagnostics contributing to early 
recognition of major complications following abdominal surgery.  

    Clinical Principles 

 Clinical parameters such as pain, ileus, fever, tachycardia, hypotension, oliguria, 
and hypoxemia may raise the suspicion of postoperative complications. Most signs, 
however, are nonspecifi c. The occurrence of a combination of clinical signs yields a 
higher positive predictive value for anastomotic leakage [ 5 ]. Recently, a standard-
ized postoperative surveillance protocol has been developed, consisting of the fol-
lowing clinical parameters: fever, heart rate, respiratory rate, urinary production, 
mental status, clinical condition, ileus, gastric retention, fascial dehiscence, abdom-
inal pain (other than wound pain), leukocytes and CRP, urea and creatinine, and 
nutritional status [ 2 ]. This “leakage-score” is linked to a decision tree indicating 
diagnostic and treatment actions. Introduction of this standardized surveillance has 
resulted in a decrease in median time to the diagnosis of anastomotic leakage and a 
diminished delay in diagnosis of anastomotic leakage compared to a historical 
cohort [ 2 ]. Furthermore, a decrease in mortality following anastomotic leakage was 
observed, although this was statistically not signifi cant [ 2 ]. These results show that 
although clinical signs are often nonspecifi c, a standardized approach increases the 
awareness to the occurrence of possible complications. Additionally, this awareness 
should be increased in patients at risk. Established risk factors for postoperative 
morbidity are older age, male gender, comorbidity, smoking, steroid use, higher 
American Society of Anesthesiologists (ASA) classifi cation, perioperative blood 
transfusion, intraoperative septic conditions, the distance of the anastomosis to the 
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anal verge in rectal surgery, malnutrition, weight loss, hypoalbuminemia, and lon-
ger operation or anesthesia time [ 5 ,  16 – 19 ].  

    Laboratory Principles: The Value of CRP 

 C-reactive protein (CRP), an acute-phase reactant in peripheral blood, has been 
shown to be of predictive value for infectious complications [ 11 ,  15 ]. In contrast 
with other laboratory tests, such as determination of interleukins, CRP is widely 
available, clinically applicable, and not expensive. CRP is stimulated by interleu-
kin 6 (IL-6) and tumor necrosis factor α (TNF-α) in response to infl ammation. 
CRP acts as an early defense against infection in the innate immunity system by 
assisting complement binding to foreign and damaged cells and enhancing phago-
cytosis by macrophages [ 20 ]. In a recent study, CRP was determined daily until 
discharge in 160 patients undergoing elective colorectal resection for cancer. 
Overall infectious complication rate in this study was 21 %; 3 % of complications 
consisted of anastomotic leakage. CRP value was signifi cantly higher in the infec-
tious complication group from the 2nd postoperative day onwards. The point at 
which CRP achieved the highest combined sensitivity and specifi city for infec-
tious complications was on postoperative day 4, with an optimum cut-off value of 
145 mg⁄l. The negative predictive value of CRP < 145 mg⁄l for an infectious com-
plication on postoperative day 4 was 96 %; the corresponding positive predictive 
value was 61 % [ 11 ]. These results are in concordance with the results by Welsch 
et al., who reported an optimal cut-off value of 140 mg⁄ml and a predictive value 
of 50.5 % on day 4 in their series of 380 patients undergoing resection for rectal 
cancer [ 15 ]. 

 Other studies describe a persistent elevation of CRP levels when complications 
occur, and not so much the rise in CRP levels, observed in all postoperative 
patients [ 13 ].  

    Radiology Principles: The Value of CT Scanning 

 CT scanning is currently the most readily available diagnostic in the work-up of 
major complications [ 10 ,  21 ,  22 ]. Interpretation, however, can be diffi cult, since CT 
features and criteria for diagnosis of anastomotic leakage are not well established. 
Additionally, there can be overlap in signs on CT images between patients with and 
without complications. Furthermore, signs of leakage may be confused with signs 
of local recurrence [ 10 ]. 

 Recent literature analyzes predictors of anastomotic leakage on CT scanning. A 
case–control study compared postoperative CT fi ndings in 73 patients with a small 
or large bowel anastomosis with 26 patients following partial hepatectomy (control 
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group) [ 21 ]. A CT scan was performed in both groups for suspicion of septic com-
plications. A peri-anastomotic    fl uid collection containing air was the only fi nding 
that was statistically signifi cantly in the anastomotic leakage group compared to the 
group without leakage, 30.4 % versus 10 %, odds ratio 3.9 [confi dence interval (CI) 
1.1–14.1;  p  = 0.04] [ 21 ]. 

 A retrospective series described CT scan fi ndings for leakage following rectal 
surgery for cancer. Features included fl uid collections in the pelvis, thickening in 
the presacral region, and an extraluminal contrast collection. Only the last is spe-
cifi c for an anastomotic leakage; there is an overlap for the other two fi ndings 
between patients with and without leakage [ 10 ].  

    Own Study Results 

 We have reviewed 196 consecutive patients who were operated in our institution 
between January 2010 and December 2010. All patients underwent colorectal 
(122 patients), upper gastrointestinal (43 patients), or hepato-pancreatico-biliary 
(31 patients) surgery. The aim of the study was to analyze the value of CRP and CT 
scanning in the detection of complications following major abdominal surgery. We 
analyzed clinical parameters and complications in relation to perioperative CRP 
values and possible performed CT scans. Fifty-fi ve patients (28 %) clinically dete-
riorated. Seven (3.5 %) were reoperated without a preceding CT scan (two anasto-
motic failures, one postoperative hemorrhage, one necrotic colostomy, one fascial 
dehiscence, one empyema following transthoracic esophageal resection, one small 
bowel perforation). In 48 patients (24.5 %), one or more CT scans were performed 
during the postoperative course, after a median of 7 days (SD ± 11) postoperatively. 
Eleven (35 %) CT scans were performed following hepato-pancreatico-biliary, 13 
(30 %) following upper gastrointestinal, and 24 (20 %) following colorectal sur-
gery. The diagnosis of a major complication was made after a median of 8 days 
(SD ± 9) postoperatively. Twenty-one of 48 (44 %) scanned patients were diagnosed 
with a major complication (14 anastomotic failures, 6 abscesses, 1 diaphragmatic 
hernia following transhiatal esophageal resection). Reinterventions in these patients 
included 13 reoperations (5 colostomies) and 7 percutaneous drainages. In one 
patient, a drain was already in situ from the initial operation. In 26 patients (56 %), 
no reintervention was carried out following the results of the CT scan; in 14 patients, 
there were no abnormal fi ndings, 5 patients were diagnosed with an ileus, and in 5 
patients, a pulmonary complication was identifi ed. There was one false-positive CT 
result: a CT scan performed on the fourth postoperative day showing free air was 
interpreted by the radiologist as an anastomotic failure. This patient was managed 
successfully conservatively despite the CT scan results. One patient was reoperated 
despite a negative CT scan. Besides some ascites, no major complications were 
identifi ed during relaparotomy. In this small retrospective trial, the sensitivity of a 
postoperative CT scan is 96 %, the specifi city 100 %, the positive predictive value 
100 %, and the negative predictive value 96 %. These results confi rm the accuracy 
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of CT scanning in the detection of major complications in the postoperative course 
following major abdominal surgery. Additionally, we have analyzed perioperative 
CRP values in relation to a complicated postoperative course and CT scan results. 
CRP values were signifi cantly higher in patients in whom a CT scan was performed 
on postoperative days 4, 6–8, and 10–12. Subsequently, CRP values were signifi -
cantly higher in patients with complications compared to patients with an unevent-
ful postoperative course on days 2, 4, and 7–13 and in patients with major 
complications compared to patients with no or minor (no reinterventions) complica-
tions on days 4, 6, 7, and 11. The largest observed difference between minor/no and 
major complications was present on the fourth postoperative day, with a cut-off 
value of 217 mg/l ( p  = .027). However, with a CRP value of > 217 mg/l, the positive 
predictive value and the negative predictive value were only 69 %, the sensitivity 
52 %, and the specifi city 82 %. Finally, the median CRP in patients with major 
complications was 248 mg/l (range 125–539 mg/l) and in patients with minor/no 
complications 167 mg/l (range 51–325 mg/l). These results endorse    the value of 
perioperative CRP determination as additive in postoperative decision making, with 
the remark that the positive predictive value and the negative predictive value are 
only 69 %.  

    Discussion 

 Early detection and solution of postoperative surgical complications, especially 
anastomotic leakages, is imperative to reduce morbidity, preserve anastomoses, and 
reduce mortality. The opposite is related to delay in diagnosis and treatment of the 
problem. 

 There are two methods to detect complications: clinical assessment and the com-
bination of CRP and CT scanning. Clinical parameters are in our opinion essential 
in order to signalize problems; clinical interruption    in the recovery phase of a 
patient, fever and abdominal pain are important signs. These factors will link with 
the performance of a CT scan without delay. In this way, the surgeon can adopt a 
treatment policy, which will constitute sometimes of a wait-and-see policy and 
other times warrant interventions, such as antibiotic treatment, percutaneous drain-
ages, or reoperations. Currently, the policy to wait without progression of a patient 
to recovery is unacceptable and outdated. In our study, CT scanning has shown to 
be of value in the detection of postoperative complications with high positive and 
negative predictive values and the possibility to immediately treat certain complica-
tions by percutaneous means. Furthermore, this implies adoption for processes of 
quality control after surgery of any kind, but especially after major abdominal sur-
gery. Quality control is a normal aspect in every industrial process, as in the car 
industry. In surgery, quality control is mostly based on the experience of the sur-
geon. In addition, most of this control is subjective, such as the color of the bowel 
as a representative for perfusion, the avoidance of tension at an anastomotic site, 
patency control of the anastomosis using our fi ngers, control of correctness of the 
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anastomosis by inspection, completeness of doughnuts, methylene blue dye, saline, 
or air control. Quality control does not exist as a routine. Therefore, one should 
consider whether to perform a standard postoperative CT scan following major 
abdominal surgery and defi ne its results as possible discharge or reintervention cri-
teria. Before this strategy can be implemented, more research is needed. We are 
currently investigating this in a large prospective trial.     
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     Since the systematic introduction of minimally invasive surgery (MIS) beginning 
1990, questions continue to arise whether MIS compares to conventional surgery in 
terms of effi cacy and safety. Two special triggers for this quest were fi rst the appear-
ance of the port-site metastases after laparoscopic colon resection for cancer and 
second the progressive imperative to make surgical practice an objective science. 
Since then evidence-based surgery (EBS) has known a tremendous advancement. 

 The fi rst publications regarding the port-site metastasis have notably stimulated 
the performance of randomized control trials, mostly done multicentric, by which 
conventional surgery for cancer has been compared with its corresponding laparo-
scopic approach. 

 The reasons to think that the complication rate after a MIS-procedure could be 
lower than following its conventional counterpart are multiple: (a) a careful dissec-
tion technique, (b) less blood loss, (c) avoidance of huge-approach wounds such as 
with laparotomy or thoracotomy, and (d) systematic dissection by planes. 

    Chapter 6   
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 In this chapter we will try to answer the question if a laparoscopic approach 
causes a change in complication patterns of certain operative techniques by using 
primarily studies classifi ed at the level of evidence I, randomized studies, and meta- 
analysis in which randomized studies have been included. 

    Esophageal Surgery 

 Single series and systematic reviews have been published regarding different MIS 
approaches for esophageal cancer. 

 With respect to morbidity and cancer survival, Smithers et al. have compared 
patient outcomes from esophageal resection holding for three procedures: (a) 
open thoracotomy and laparotomy, (b) a thoracoscopic/laparotomy approach 
(thoracoscopic- assisted), and (c) a total thoracoscopic/laparoscopic approach (total 
minimally invasive esophagectomy, MIO) [ 1 ]. 

 Drawing from a prospective database of all patients managed with cancer of the 
esophagus or esophagogastric junction, Smithers et al. designed a database for assess-
ing certain postoperative variables, the adequacy of cancer clearance, and survival. 

 The number of patients selected for each procedure was as follows: (a) open 
esophagectomy, 114; (b) thoracoscopic-assisted, 309; and (c) total MIO, 23. The 
three groups were comparable with respect to preoperative variables.    The differ-
ences in the postoperative variables were found to be the following: less median 
blood loss in the thoracoscopic-assisted (400 mL) and total MIO (300 mL) groups 
versus open (600 mL), longer time for total MIO (330 min) versus thoracoscopic- 
assisted (285 min) and open (300 min), longer median time in hospital for open 
(14 days) versus thoracoscopic-assisted (13 days) and total MIO (11 days), and less 
stricture formation in the open (6.1 %) versus thoracoscopic-assisted (21.6 %) and 
total MIO (36 %). There were no differences in lymph node retrieval for each of the 
approaches. The open group had more stage III patients (65.8 %) versus the 
thoracoscopic- assisted (34.4 %) and total MIO (52.1 %) groups. There was no dif-
ference in survival rate when the groups were compared stage for stage for an over-
all median of 3-year survival span. 

 Hence, minimally invasive techniques to resect the esophagus in patients with 
cancer were confi rmed to be safe and comparable to an open approach with respect 
to postoperative recovery and cancer survival. 

 Recently, Butler et al. published a review about MIO current status and future 
direction [ 2 ]. They reviewed 31 articles at level III; they included single-center cohort 
studies and comparative series. Concerning morbidity and mortality, they analyzed 
data for anastomotic leakage, respiratory morbidity, and mortality. Regarding the 
fi rst point, they concluded that the MIO leakage rate ranged between 2.2 % and 
52.9 %! This is at least comparable to those leakage rates reported following the 
open esophageal resections. Moreover, there is no apparent difference between leak-
age rates in thoracic or cervical anastomosis following MIE. Concerning respiratory 
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morbidity, 12 series on MIO provide a weighted median respiratory complication 
rate of 31.7 % which is somewhat lower than the rates of the open transthoracic 
approach as found in the randomized study by Hulscher et al., who compared the 
transhiatal to the transthoracic esophageal resection—postoperative respiratory 
infections being in the transthoracic approach 57 % [ 3 ]. 

 In the largest series of MIE done by Luketich et al. using the lateral thoracoscopy 
with lung block, they reported a combined respiratory complication rate of 12.6 % 
defi ned as pneumonia and/or ARDS, being this complication rate in the series of 
Palanivelu et al., using the prone thoracoscopy of less than 7 % [ 4 ,  5 ]! 

 The only randomized study on this subject, the TIME trial, compared the thora-
coscopic in prone position (and laparoscopy) versus the conventional transthoracic 
(and laparotomy) with intrathoracic or cervical anastomosis. Between June 2009 
and March 2011, a total of 115 patients underwent randomization in fi ve centers. 
Fifty-six patients were analyzed in the open esophagectomy group (OO) and 59 in 
the MIO group [ 6 ]. 

 The pulmonary infection rate holding for the fi rst 2 weeks was 29 % (16 patients) 
in the OO group and 9 % (5 patients) in the MIO group ( p  = 0.005). The overall in- 
hospital incidence of pulmonary infections was 34 % (19 patients) in the OO group 
and 12 % (7 patients) in the MIO group ( p  = 0.005). An explanation for the lower 
incidence of pulmonary infections may be fi rst of all, the prone position used in 
which—contrasted with the lateral position—the mediastinum hangs in its usual 
mid-position. A second advantage may be the absence of a total collapse of the lung 
during the MIO in prone position in contrast with one-lung ventilation; thereby 
permitting optimal visualization of mediastinum with preserved ventilation and 
oxygenation. A third factor may be the thoracotomy wound itself. All three factors 
together could explain these advantages. 

 In addition, it was found that the MIO procedure preserved the quality of life 
better than the OO procedure. After 6 weeks, all the questionnaires, the SF 36, the 
EORTC C30, and the specifi c OES 18 questionnaire, showed better scores in the 
MIO group than in the OO group. 

 Hospital stay was signifi cantly shorter in the MIO group (14 versus 11 days, 
( p  = 0.044)). At 6 weeks, the postoperative quality of life was signifi cantly better in 
the MIO group. The shorter hospital stay in the MIO group refl ects a faster postop-
erative recovery. Other postoperative data including pathology parameters, major 
postoperative complications (anastomotic leakage, 7 % in the OO and 12 % in the 
MIO, ( p  = 0.390)), and mortality (1.8 % versus 3.4 %) were not signifi cantly differ-
ent. Interesting is the different rate for vocal cord paralysis, being 14 % in the OO 
group and only 2 % in the MIO ( p  = 0.012).Pneumatic dissection by CO 2  from tho-
racic cavity into the neck can simplify the dissection in the neck and reduce the 
recurrent nerve lesions. 

 In conclusion, this randomized trial comparing open esophagectomy for cancer 
with minimally invasive esophagectomy shows that MIO results in a lower inci-
dence of pulmonary infections, a shorter hospital stay, and a better short-term 
 quality of life without compromise of the quality of the resected specimen. 
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 Regarding esophageal benign pathology, it is interesting to take notice of the 
recent meta-analysis by Broeders et al. They compared with a systematic review 
and meta-analysis, the laparoscopic Nissen—considered the standard approach for 
refl ux disease (   GERD)—versus Toupet partial fundoplication, which has been said 
to reduce troublesome dysphagia and gas-related symptoms [ 7 ]. 

 Four electronic databases (MEDLINE, Embase, Cochrane Library, and ISI Web 
of Knowledge CPCI-S) were searched by them, and the methodological quality of 
the included trials was evaluated. Outcomes included recurrent pathological acid 
exposure, esophagitis, dysphagia, dilatation for dysphagia, and reoperation rate. 

 The fi ndings were that seven eligible randomized controlled trials (RCT) com-
paring LNF ( n  = 404) with LTF ( n  = 388) could be identifi ed. LNF was associated 
with a signifi cantly higher prevalence of postoperative dysphagia (RR 1.61 (95 % 
confi dence interval [CI] 1.06–2.44;  p  = 0.02)) and dilatation for dysphagia (RR 2.45 
(CI 1.06–5.68);  p  = 0.04). There were more surgical reinterventions after LNF (RR 
2.19 (CI 1.09–4.40);  p  = 0.03), but no differences regarding recurrent pathological 
acid exposure (RR 1.26 (CI 0.82–1.95); p = 0.29), esophagitis (RR 1.20 (CI 0.78–
1.85);  p  = 0.40), subjective refl ux recurrence, patient satisfaction, operating time, or 
in-hospital complications. Inability to belch (RR 2.04 (CI 1.19–3.49);  p  = 0.009) 
and gas bloating (RR 1.58 (CI 1.21–2.05);  p  < 0.001) were more prevalent after LNF. 

 Broeders et al. concluded that LTF reduces postoperative dysphagia and dilatation 
for dysphagia compared with LNF. Reoperation rate and prevalence of gas- related 
symptoms were lower after LTF, with similar refl ux control. These results provide 
level 1a support for the use of LTF as the posterior fundoplication of choice for GERD. 

 Moreover, the treatment of achalasia has been analyzed extensively in a recently 
published randomized study comparing the pneumatic dilatation with the laparo-
scopic Heller myotomy [ 8 ]. 

 Many experts consider laparoscopic Heller myotomy (LHM) to be superior to 
pneumatic dilation for the treatment of achalasia, and LHM is increasingly consid-
ered to be the treatment of choice for this disorder. 

 Patients with newly diagnosed achalasia were randomly assigned to pneumatic 
dilation or LHM with Dor’s fundoplication. Symptoms, including weight loss, dys-
phagia, retrosternal pain, and regurgitation, were assessed with the use of the 
Eckardt score (which ranges from 0 to 12, with higher scores indicating more pro-
nounced symptoms). The primary outcome was that of therapeutic success (a drop 
in the Eckardt score to ≤3) established at the yearly follow-up assessment. The 
secondary outcomes included the need for retreatment, pressure at the lower esoph-
ageal sphincter, esophageal emptying on a timed barium esophagogram, quality of 
life, and the rate of complications. 

 A total of 201 patients were randomly assigned to a pneumatic dilation (95 
patients) group or to a LHM (106) group. The mean follow-up time was 43 months 
(95 % CI, 40–47). Abiding by an intention-to-treat analysis, the primary outcome 
revealed no signifi cant difference between the two groups; the rate of therapeutic 
success with pneumatic dilation was 90 % after 1 year of follow-up and 86 % after 
2 years, as compared with a rate with LHM of 93 % after 1 year and 90 % after 
2 years ( p  = 0.46). After 2 years of follow-up, there was no signifi cant 
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between- group difference in the pressure at the lower esophageal sphincter (LHM, 
10 mmHg [95 % CI, 8.7–12]; pneumatic dilation, 12 mmHg [95 % CI, 9.7–14]; 
 p  = 0.27); esophageal emptying, as assessed by the height of barium-contrast col-
umn (LHM, 1.9 cm [95 % CI, 0–6.8]; pneumatic dilation, 3.7 cm [95 % CI, 0–8.8]; 
 p  = 0.21); or quality of life. Similar results were obtained in the per-protocol analy-
sis. Perforation of the esophagus occurred in 4 % of the patients during pneumatic 
dilation, whereas mucosal tears occurred in 12 % during LHM. Abnormal exposure 
to esophageal acid was observed in 15 % and 23 % of the patients in the pneumatic 
dilation and LHM groups, respectively ( p  = 0.28). 

 After 2 years of follow-up, LHM, as compared with pneumatic dilation, was not 
associated with superior rates of therapeutic success.  

    Gastric Surgery 

 In 2005, Hulscher et al. published the randomized study titled: “Laparoscopic ver-
sus open subtotal gastrectomy for distal gastric cancer: fi ve-year results of a ran-
domized prospective trial” [ 9 ]. 

 The aim of this study was to compare technical feasibility and both early and 
5-year clinical outcomes of laparoscopic-assisted and open radical subtotal gastrec-
tomy for distal gastric cancer. 

 The role of laparoscopic surgery in the treatment of gastric cancer has not yet 
been defi ned, and much doubt remains about the ability to satisfy all the oncological 
criteria that are to be met during conventional open surgery. 

 This study was designed as a prospective, randomized clinical trial with a total 
of 59 patients. Twenty-nine (49.1 %) patients were randomized to undergo open 
subtotal gastrectomy (OG), while 30 (50.9 %) patients were randomized to the lapa-
roscopic group (LG). To assess outcome differences between the groups, their 
demographics, ASA status, pTNM stage, histological type of the tumor, number of 
resected lymph nodes, postoperative complications, and 5-year overall and disease- 
free survival rates were studied. 

 The fi ndings by Hulscher et al. were that the demographics, preoperative data, 
and characteristics of the tumor were similar. The mean number of resected lymph 
nodes was 33.4 ± 17.4 in the OG group and 30.0 ± 14.9 in the LG ( p  = not signifi -
cant). Operative mortality rates were 6.7 % (2 patients) in the OG and 3.3 % 
(1 patient) in the LG ( p  = not signifi cant); morbidity rates were 27.6 % and 26.7 %, 
respectively ( p  = not signifi cant). Five-year overall and disease-free survival rates 
were 55.7 % and 54.8 % and 58.9 % and 57.3 % in the OG and the LG, respectively 
( p  = not signifi cant). 

 Hulscher et al. concluded that laparoscopic radical subtotal gastrectomy for dis-
tal gastric cancer is a feasible and safe oncological procedure and that its short- and 
long-term results are similar to those obtained with an open approach. Additional 
benefi ts for the LG were reduced blood loss, shorter time to resumption of oral 
intake, and earlier discharge from hospital. 
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 Kim et al. compared laparoscopy assisted and conventional open distal 
 gastrectomy and extraperigastric lymph node dissection in early gastric cancer [ 10 ]. 

 Laparoscopy-assisted gastrectomy with lymph node dissection for gastric can-
cer is considered technically more complicated than the open method. Moreover, 
the safety and effi cacy of laparoscopy-assisted distal gastrectomy (LADG) with 
lymph node dissection in patients with gastric cancer have not been established 
yet. To evaluate short-term surgical validity, surgical outcome of the laparoscopy-
assisted distal gastrectomy (LADG) with lymph node dissection was compared 
with that of the conventional open distal gastrectomy (CODG) in patients with 
early gastric cancer. 

 One hundred and forty-seven patients with early gastric cancer received conven-
tional radical distal gastrectomy during 2002 and 2003, whereby 71 patients under-
went LADG.    The groups were compared for aspects of clinicopathological 
characteristics, the postoperative outcomes and courses, and the postoperative mor-
bidities. Similar for both groups were the baseline characteristics, including gender, 
age, body mass index (BMI), American Society of Anesthesiology (ASA) class, 
tumor size, T-stage, and lymph node metastasis. No signifi cant differences were 
found between the groups in terms of the number of retrieved lymph nodes with 
respect to D1 + alpha (D1 + no. 7) and D1 + beta (D1 + no. 7, 8a, and 9) lymphade-
nectomy. In the LADG group, wound size was smaller ( P  < 0.0001), but operation 
time was longer ( p  = 0.0001) than in the CODG group. Perioperative recovery was 
faster in the LADG group than in the CODG group, as refl ected by a shorter hospital 
stay ( p  = 0.0176) and lesser time of additional analgesics ( p  = 0.0370). Serum albu-
min level in LADG was higher ( p  = 0.0002) on day 7 than that in CODG, and the 
leukocyte count in LADG lowers ( p  = 0.0445) on day 1 than that in CODG. 
Postoperative morbidities and mortalities were not signifi cantly different between 
the two groups. 

 This data confi rmed that LADG with no. 7, 8, and 9 lymph node dissections 
proved to be a feasible and acceptable surgical technique for early gastric cancer. 
From a surgical point of view, LADG with lymph node dissection at least suggests 
being preferred surgical option for patients with early gastric cancer. Its oncological 
validity awaits larger and prospective multicenter trials.  

    Colon Cancer Surgery 

 The fi rst published randomized study comparing laparoscopic versus open approach 
for segmental colon cancer was the “Barcelona trial” by Lacy et al., published in the 
Lancet in 2002 [ 11 ]. 

 The astonishing result was that a stage III colon cancer showed a better survival 
rate in the laparoscopic group than in the open group. This fi nding positively trig-
gered an increasing use of laparoscopic colon approach to colon cancer in daily 
surgery all over the world. Moreover, in this trial also important short-term 
 advantages were observed in favor of the laparoscopically operated patients. 
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 Since then, additional multicentric trials have been published, such as the 
CLASSIC study, the COST study, the COLOR I study, and the Transatlantic study. 

 A review of the outcome of these trials, starting with the initial study, can be given:

    1.    In the Barcelona trial, 111 laparoscopic patients versus 108 open patients were 
compared. Findings were that patients recovered quickly in the laparoscopic 
group for their hospital stay was shorter. Also the morbidity was signifi cantly 
lower (12 pts versus 31 pts) in the laparoscopic group; although laparoscopy did 
not infl uence the perioperative mortality. Other fi ndings were that morbidity 
included 8 pts with wound infection versus 18; persistent ileus, 3 versus 9 
patients; 2 eviscerations in the open group; 1 postoperative bleeding in open 
group; 2 anastomotic leaks in the open group; and the perioperative mortality of 
1 patient versus 3 patients, all respectively [ 11 ].   

   2.    The short-term end points of the MRC CLASICC study were published in 2005. 
They included colon and rectum cancers. This multicenter, randomized trial 
involved 794 patients of 27 British centers. Allocation of patients was 
laparoscopic- assisted 526 and open surgery 268 patients. Hundred forty-three 
patients (29 %) were converted to open surgery. Patients with complications 
were for colon and rectum not different in laparoscopic (35 % and 59 %) and 
open surgery (35 % and 50 %), respectively. Specifi c complications such as 
wound infection, chest infection, anastomotic dehiscence, and deep vein throm-
bosis were also not different between the two groups. Moreover mortality, 5 % 
versus 4 %, was not different as well. They concluded that laparoscopic-assisted 
surgery for cancer of the colon is as effective as open in the short term and is 
likely to produce similar long-term outcomes [ 12 ].   

   3.    The COST study included 435 laparoscopic patients versus 428 patients assigned 
to open surgery. The conversion rate was 21 %. Concerning complications, the 
conclusions for the two groups showed that the rates of intraoperative complica-
tions (4 % and 2 %), the 30-day postoperative mortality rate, the complications 
at discharge and at 60 days (19 % and 19 %), the hospital readmission rate, and 
reoperation rates were very similar for both groups. Mortality for the groups was 
less than 1 % and 1 %, respectively [ 13 ].   

   4.    The COLOR I study included 536 laparoscopic patients versus 546 open patients. 
Findings were that in the short term, even if the blood loss was less and the oper-
ating time longer, and the hospital stay signifi cantly shorter, yet the morbidity 
and mortality of the segmental colonic resection did not differ between the two 
groups. Other fi ndings were the overall complication rate was 21 % (laparo-
scopic) and 20 % (open), wound infection 4 % and 3 %, wound dehiscence less 
than 1 %, bleeding 2 % and 2 %, anastomotic failure 3 % and 2 %, intestinal 
obstruction 2 % and 3 %, and reinterventions 7 % and 5 %, all respectively [ 14 ].   

   5.    The Transatlantic study entailed the cooperative study of the Barcelona group, 
CLASSIC study, COST study, and COLOR I study regarding their long-term 
results for the laparoscopic and open groups of patients. No differences were 
found in being disease-free, their overall survival rate, and the local recurrences 
for patients between both groups of patients [ 15 ].   
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   6.    The study of Leung et al. on rectosigmoid cancers included 203 laparoscopic 
patients versus 200 open operated patients, respectively. They concluded that for 
the laparoscopic group, the operative time was longer, the recovery of patients 
was signifi cantly better, but that the morbidity did not differ between the two 
groups: being 40 versus 45 pts, respectively. Other fi ndings regarding aspects of 
the laparoscopic group and open groups were the differences in intra-abdominal 
bleeding 0 and 1 pt; anastomotic bleeding 2 and 3 patients; rectovaginal and 
rectovesical fi stula 2 versus 0 patients; anastomotic leakage, 1 versus 4 patients; 
wound infection, 9 versus 15 patients; and presence of the incisional hernia as 
delayed complication in 8 versus 4 patients, all respectively. Finally, the opera-
tive mortality was found to be 0.6 % versus 2.4 %, respectively [ 16 ].     

 Interesting are the outcomes of randomized trials on benign colonic diseases, 
such as IBD and diverticulitis. 

 In 2009, Klarenbeek et al. published the results of the SIGMA trial that com-
pared the laparoscopic and open approach for elective sigmoid resection after com-
plicated diverticulitis [ 17 ]. 

 Previously, no randomized controlled trial had compared laparoscopic sigmoid 
resection (LSR) to open sigmoid resection (OSR) for symptomatic diverticulitis of 
the sigmoid colon. Hence, this study tested the hypothesis that LSR is associated 
with decreased postoperative complication rates as compared with OSR. 

 This was a prospective, multicenter, double-blind, parallel-arm, randomized 
controlled trial. Eligible patients were randomized to either LSR or OSR. End points 
included postoperative mortality, and complications were classifi ed as major and 
minor. The generator of the allocation sequence was separated from the executor. 
Blinding was ensured by using an opaque wound dressing to cover the abdomen. 
Symptomatic diverticulitis of the sigmoid colon was defi ned as recurrent disease 
Hinchey I, IIa, IIb, symptomatic stricture, or severe rectal bleeding. The decision to 
discharge patients was made by independent physicians held blind to the allocation 
sequence. Data were analyzed according to the “intention to treat” principle. 

 From 2002 to 2006, 104 patients were randomized in fi ve centers. All patients 
underwent the allocated intervention. Fifty-two LSR patients were held comparable 
to 52 OSR patients for gender, age, BMI, ASA grade, comorbid conditions, previ-
ous abdominal surgery, and indication for surgery. Findings showed that LSR took 
longer ( p  = 0.0001) but caused less blood loss ( p  = 0.033). Conversion rate was 
19.2 %. Mortality rate was 1 %. There were signifi cantly more major complications 
in OSR patients (LSR 9.6 % versus OSR 25.0 %;  p  = 0.038). Minor complication 
rates were similar (LSR 36.5 % versus OSR 38.5 %;  p  = 0.839). LSR patients had 
less pain (Visual Analog Scale 1.6;  p  = 0.0003), systemic analgesia requirement 
( p  = 0.029), and returned home earlier ( p  = 0.046) than OSR patients did. The Short 
Form-36 health questionnaire (SF-36) showed a signifi cantly better quality of life 
for the group undergoing LSR. The overall conclusion was that LSR was associated 
with a 15.4 % reduction in major complication rates, less pain, an improved quality 
of life, and a shorter hospitalization at the cost of a longer operating time. 
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 Maartense et al. published in 2004 and 2006 two randomized studies on IBD, 
ulcerative colitis (UC) and Crohn’s disease, thereby comparing the outcome of an 
open approach and laparoscopic approach in each [ 18 ,  19 ]. 

 The aim of the fi rst study was to evaluate postoperative recovery after hand- 
assisted laparoscopic or open-restorative proctocolectomy with ileal pouch anal 
anastomosis (IAPA) for ulcerative colitis and familial adenomatous polyposis 
(FAP), and that was done in a randomized controlled trial. 

 Sixty patients were randomized for hand-assisted laparoscopic ( n  = 30) or open 
surgery ( n  = 30). Primary outcome parameter was postoperative recovery in the 
3 months after surgery, measured by quality of life questionnaires (SF-36 and 
GIQLI). Secondary parameters were postoperative morphine requirements and sur-
gical parameters, viz., operating time, morbidity, hospital stay, and costs. 

 They found no difference between the two procedures in terms of quality of life 
assessment in the 3 months after surgery. In the fi rst two postoperative weeks, 
there had been a signifi cant decline in quality of life on all scales of the SF-36 
( P  < 0.001) and total GIQLI score ( P  < 0.001) in both groups (no signifi cant differ-
ence between the groups). Quality of life returned to baseline levels after 4 weeks 
in the two groups. Operating times were longer in the laparoscopic group as com-
pared with the open group (210 and 133 min, respectively;  p  < 0.001). No signifi -
cant differences were found in morphine requirement. Neither morbidity nor 
postoperative hospital stay differed between the laparoscopic and open groups 
(20 % versus 17 %, in 10 versus 11 days, respectively). Median overall costs were 
16.728 euros for the hand-assisted laparoscopic procedure and 13.406 for the 
open procedure ( p  = 0.095). 

 Patient recovery rates, as measured by quality of life questionnaires, were found 
comparable for hand-assisted laparoscopic as well as for open-restorative procto-
colectomy with ileal pouch anal anastomosis. The laparoscopic approach can be 
held to be as safe, but more costly than the open procedure. 

 The question arose about what would happen if the operation should be com-
pletely performed laparoscopically and not done so hand assisted. Case–control 
study compared the group hand-assisted operated on and the group having a total 
laparoscopic proctocolectomy and IAPA. The only differences were regarding 
disadvantages holding for the last group, because the operative time was longer, 
and this group also experienced more reoperations during the early postoperative 
period [ 20 ]. 

 In a follow-up study, Maartense et al. focused on the cosmetic long-term effect 
of this trial [ 21 ]. Comparing the cosmetic scores and the body imaging scores 
between the laparoscopic and open groups, they concluded that scores for male 
patients were not different after a 2-year follow-up, whereas the scores for female 
patients demonstrated signifi cant differences. 

 In their second study Maartense et al., using a randomized trial, compared the 
postoperative outcome of laparoscopic-assisted approach with an open ileocolic 
resection for Crohn’s disease [ 19 ]. 
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 Sixty patients were randomized for laparoscopic-assisted or open surgery. 
Primary outcome parameter was the postoperative quality of life (QoL) during 
3 months of follow-up, measured by SF-36 and GIQLI questionnaires. Secondary 
parameters were the operating time, morbidity, hospital stay, postoperative mor-
phine requirement, pain level, and costs. 

 Patient characteristics were found not to be different. Conversion rate was 10 % 
( n  = 3). Median operating time was longer in the laparoscopic approach as compared 
with open surgery (115 versus 90 min;  p  < 0.003). Hospital stay was shorter in the 
laparoscopic group (5 versus 7 days;  p  = 0.008). The number of patients with post-
operative morbidity within the fi rst 30 days differed between the laparoscopic and 
open group (10 % versus 33 %; p = 0.028). There was no statistically signifi cant 
difference in quality of life between the groups during follow-up. Signifi cant time 
effects were found on all scales of the SF-36 ( P  < 0.001) and the GIQLI score 
( P  < 0.001). Quality of life declined in the fi rst week, returned to baseline levels 
after 2 weeks, and saw improvement at 4 weeks and 3 months after surgery. Median 
overall costs during the 3 months follow-up were signifi cantly different: Euro 6,412 
for laparoscopic and Euro 8,196 for open surgery ( p  = 0.042). 

 Although quality of life measured by SF-36 and GIQLI questionnaires was not 
different for the laparoscopic-assisted group as compared with the open group, yet, 
the ileocolic resection, morbidity, hospital stay, and costs were signifi cantly lower.  

    Rectal Cancer Surgery 

 Concerning the surgical treatment of rectal cancer, there is only one randomized 
protocol, namely, the CLASSIC trial [ 12 ], in which a part of the group of included 
patients underwent an operation because of rectal cancer. In the CLASSIC trial, 381 
patients with rectal cancer were randomized for either open approach or laparoscopic 
total mesorectal excision (TME). One-third of the laparoscopic procedures had to be 
converted to open surgery. Findings were that patients who had laparoscopic anterior 
resections for cancers located in the upper rectum were found to have positive cir-
cumferential margins in 11 % of the cases, although disease-free survival was no 
worse than in those who had undergone open surgery. These fi ndings led to questions 
concerning the safety of laparoscopic surgery in those patients having rectal cancer. 

 Therefore the COLOR II trial, with more than 1,000 patients included, has been 
carried out. It was designed for determining the safety of minimally invasive sur-
gery for patients with rectal cancer. Primary goal of the study was to observe if there 
were differences in local recurrence between the laparoscopic and open group at 
3 years postoperatively. Moreover, all the data of the departments of Pathology, 
including the resection and circumferential margins, as well as the operative data 
and short-term data were studied [ 22 ]. Currently, short-term results have been cal-
culated, and a pertaining paper has been sent to a renowned medical journal for 
publication.     
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        Introduction 

 In the past decades, there have been important developments in surgical care pro-
grams. Hospital stay after conventional major abdominal (colorectal) surgery used 
to be long for all patients, and this was accompanied by a high morbidity rate of 
20 %. Most patients are elderly and have a substantial prevalence of comorbidity. 
The question is if an accelerated recovery program including good information to 
the patient, rapid oral intake, and fast mobilization would result in shorter hospital 
stay and concomitantly in decreased morbidity. Such fast-track surgical programs 
were implemented with positive results regarding length of hospital stay. Large 
series and randomized studies comparing conventional with fast-track perioperative 
care had demonstrated superior outcome concerning hospital stay with no differ-
ences in morbidity. Different factors for the perioperative care are implemented to 
achieve an optimal enhanced recovery after surgery (ERAS) outcome. Additionally, 
the introduction of laparoscopic surgery has accelerated postoperative recovery and 
reduced hospital stay. An important question is if the introduction of fast-track 
programs can decrease complications. Moreover, the role of laparoscopic surgery in 
a fast-track program is important to investigate. 
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 In this chapter, we will discuss several leading studies involving the impact of 
fast-track surgical programs in open and laparoscopic surgery, offering the most 
recent evidence-based knowledge.  

    Fast Track in Complex Elective Open Surgery 

 Nowadays, many straightforward surgical procedures are routinely performed in 
day care. In addition, more complex procedures are more often performed in an 
accelerated perioperative multimodality care program, stimulating enhanced post-
operative recovery and a shorter hospital stay. The pioneer in fast-track surgery 
programs was Kehlet, who investigated the implementation in several studies 
[ 1 –  4 ]. Fast-track programs aim at a faster recovery after surgery by reducing surgi-
cal stress. 

 Length of hospital stay can be reduced from 6 to 10 days in conventional surgical 
care programs to 5 days after implementation of such a program [ 5 – 7 ]. It was even 
observed that the length of hospital stay, in the vast majority of open colonic 
 resection patients (excluding low anterior resection patients), could be reduced to 
2–3 days after implementation of a fast-track program [ 8 ]. This consists of  providing 
detailed and repeated information to patient and family concerning the fast- track 
program to follow preoperatively and postoperatively including suffi cient pain man-
agement, prompt normal enteral feeding, laxation, and enforced mobilization. 
Although it is hypothesized and expected that the morbidity concurrently decreases, 
there is no real evidence in those earlier studies due to small study populations and 
lack of randomization.  

    Laparoscopic Versus Open Surgery 
with a Fast-Track Program 

 In addition to the introduction of fast-track surgery, the introduction of laparoscopic 
surgery has reduced the length of hospital stay in gastrointestinal surgery [ 9 – 12 ]. 
Recently, several study groups investigated whether a difference could be  established 
between patients undergoing laparoscopic and patients undergoing open surgery, 
both implemented with the fast-track surgical care program. In a double-blind ran-
domized controlled trial, 60 patients underwent either laparoscopic or open elective 
colon surgery with accelerated rehabilitation. A rapid recovery was observed with a 
median hospital stay of 2 days [ 13 ]. No difference in length of stay or recovery to 
normal activities was detected in either of the two groups. Moreover, there were no 
signifi cant differences in postoperative morbidity, mortality, or readmissions, 
although three patients died in the open versus nil in the laparoscopic group. 
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Their conclusion was that recovery was rapid and without differences between open 
and laparoscopic operation. 

 King et al. performed a randomized trial in similar groups (2/1 randomization lapa-
roscopic versus open colectomy) and found a 32 % shorter hospital stay in the laparo-
scopic group compared to the open surgery group, with no difference in morbidity [ 14 ]. 
Convalescence was also signifi cantly shorter, and readmission less, in the laparoscopic 
group. Moreover morbidity, costs, and quality of life were not different between groups 
[ 14 ]. It seems likely that the detected difference in outcome between both studies is 
based on the different inclusion criteria. Basse et al. excluded patients undergoing low 
anterior resections and patients not living independently, whereas King et al. included 
those patients and observed the largest difference in those groups. Both studies are 
comprised of relatively small study populations though, which could have been an 
infl uence on the results. They did not report on the number of actual, implemented ele-
ments of the fast-track program, which could be an infl uence on the outcome as well. 

    Key Features of the Enhanced Recovery Program 

 (From PM King,  Br J Surg  2006, 93:300–8)

  Before admission 

  Conditioning and expectations  
  Counseling with patient and carer  
  Provision of written information  
  Meeting with stoma nurse if anticipated  
  Comorbid risk assessment  
  Optimized premorbid health status   

  Day before 

  Nutrition: three high-protein/high-calorie drinks  
  Bowel preparation: two enemas, evening before and morning of surgery for left 

colon, sigmoid, and rectum   

  Day of surgery 

  Thoracic epidural with Bupivacaine   ® T8–T9 level  
  Intraoperative fl uid standardized and limited  
  Local anesthesia infi ltration to the largest wound in minimally invasive surgery 

(MIS)   

  Surgery 

  MIS or transverse curved incisions  
  No nasogastric tubes or surgical drains   
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  Postoperative care 

  Pain relief: continuous epidural anesthesia 48 h, regular paracetamol and nonsteroi-
dal anti-infl ammatory drug or equivalent  

  Fluids: high-protein/high-calorie drinks on day of surgery (+ diet if tolerated)  
  Stop IV fl uids on morning after surgery   

  Mobilization, from arrival on ward 

  Laxative from day 1   

  Discharge 

  Aim for discharge on fi xed day   

  Follow-up 

  Provision of telephone numbers to allow discussion of problems  
  Expected review if problems occur within 2 weeks  
  Review on patient clinic on day 12 after surgery      

    The LAFA Trial 

 The hypothesis of combining the two important developments, focusing on acceler-
ated recovery as best perioperative strategy, needed more evidence [ 15 ]. A random-
ized multicenter clinical study, the LAFA trial, was initiated. Patients undergoing 
segmental colonic surgery were randomized into four arms: open with conventional 
care, open with a fast-track program, laparoscopic with conventional care, and lapa-
roscopic with a fast-track program [ 16 ]. Thus, four study groups were created, with 
each comprised of approximately a hundred patients. Protocol compliance was 
measured and reported on in all groups. In addition to the length of hospital stay, 
multiple secondary outcomes were investigated: morbidity rate among others. 
Length of hospital stay was signifi cantly shorter in patients that underwent laparo-
scopic surgery with a fast-track perioperative care program compared to all of the 
other combinations. The combination of open surgery with a conventional care pro-
gram resulted in the longest hospital stay. In a postoperative hospital stay, both lapa-
roscopy and a fast-track program are signifi cant factors of infl uence in reducing the 
length of the stay. If readmissions are taken into account, laparoscopy is the only 
hospital-stay-reducing factor. Regression analysis showed that laparoscopy was the 
only independent predictive factor to reduce hospital stay. With all of the results 
taken into account, it seems that an optimal fast-track surgery program is comprised 
of the abovementioned factors (pain relief, good information, immediate oral intake, 
and rapid mobilization) in combination with laparoscopic surgery [ 16 ]. Obviously, 
this is not always possible due to pathological features of the disease or physical 
condition of the patient. In these cases, the open procedure should preferentially be 
accompanied by an enhanced recovery program. 
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 There was no signifi cant difference in morbidity between the four study groups, 
but a trend towards less overall morbidity and major complications in the laparo-
scopic surgery groups was observed. Indeed, logistic regression analysis showed a 
signifi cantly lower overall and major morbidity rate for laparoscopy. 

 The fast-track surgery program, including laparoscopy, signifi cantly reduces 
length of hospital stay. Discharge should be based on multiple, objectifi ed, and pre-
defi ned criteria to minimize the readmission rate [ 16 ]. 

 Hormonal and stress response studied as substudy of the LAFA trial has  confi rmed 
the advantages of the laparoscopic fast-track surgery [ 17 ].  

    Conclusions 

 The best perioperative strategy in colonic surgery patients seems to be laparoscopy 
embedded in a fast-track surgical care program. When open surgery is the favorable 
option, accelerated recovery is best achieved in a fast-track program. Overall mor-
bidity rate does not differ signifi cantly between any of the perioperative strategy 
combinations, but seems to be decreased in laparoscopic surgery.     
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        Esophageal Surgery for Cancer 

    Introduction 

 Esophageal carcinoma is an aggressive disease with early lymphatic and hematog-
enous dissemination [ 1 ]. The incidence of esophageal carcinoma has been rising 
steadily over the past decades, which seems mainly to be a result of the sixfold 
increase in the number of patients with esophageal adenocarcinoma [ 2 ]. Surgical 
resection remains the most important part of a potentially curative treatment; how-
ever, even after esophagectomy, a substantial proportion of patients will develop 
local or distant recurrent disease, [ 3 ,  4 ] and 5-year survival rates rarely exceed 40 % 
[ 5 ,  6 ]. Esophagectomy can be performed by means of a transthoracic or transhiatal 
resection. Over the past few years, minimally invasive techniques for esophagec-
tomy have been developed in an attempt to decrease invasiveness without compro-
mising the extent of dissection and consequent survival. 
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   Table 8.1    Complication rate 
in 940 patients who underwent 
esophagectomy at the Academic 
Medical Center   

 All patients 
  N  (%) 

 No. of patients  940 (100) 
 Overall complications  636 (68) 
  Non-surgical complications  
 Pulmonary total b   285 (30) 
  Pneumonia  262 (28) 
 Cardiac  97 (10) 
  Surgical complications  
 Anastomotic leakage 
  Clinical  103 (11) 
  Subclinical a   80 (9) 
 Chylous leakage  51 (5) 
 Recurrent laryngeal nerve paralysis  98 (10) 
 In-hospital mortality  31 (3) 

  Adapted from van Heijl et al. [ 10 ] 
  a Only on radiological examination 
  b Pulmonary: pneumonia, atelectasis, pleura-empyema  

 Centralization of surgical resections, advances in surgical techniques, and improve-
ments in perioperative care have reduced the risk of esophagectomy to an acceptable 
level [ 7 ]. Esophageal surgery is however still associated with substantial morbidity. 
Early postoperative complication rates vary between 40 and 80 %, depending on the 
applied criteria and the type of resection [ 5 ,  8 ]. Centralization of esophageal surgery 
in high-volume centers has reduced in-hospital mortality to approximately 1–4 % [ 9 ]. 

 This chapter will discuss the incidence, diagnosis, and treatment of the most 
important complications that are associated with surgical resection of the esophagus.  

    Complications: Classifi cation and Prognostication 

 The overall incidence of complications after esophagectomy as reported in the lit-
erature varies between 40 and 80 %. In one of the largest series regarding esopha-
gectomy for esophageal carcinoma, the incidence of individual complications that 
are associated with surgical resection of the esophagus was described. This series 
included almost 1,000 patients over a period of 16 years (Table  8.1 ) [ 10 ].  

 Classifi cation of complications facilitates the evaluation and comparison of sur-
gical outcomes among different surgeons, centers, and therapies. The severity of 
postoperative complications can be graded according to the morbidity scale pro-
posed by Dindo et al. [ 11 ]. This classifi cation system is based on the therapy used 
to treat the complication, and it consists of fi ve grades (Table  8.2 ).  

 Predicting the severity of complications can reveal important information for 
both patient and surgeon, and individualized risk assessment may help deciding the 
optimal extent of surgery. Recently, a nomogram was developed based on preopera-
tive risk factors to predict the severity of complications in esophageal cancer patients 
who undergo surgical resection (Fig.  8.1 ) [ 12 ].
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Age:

MI:

Stroke/TIA:

FEV1:

Q-wave/ST:
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Total points

major complications

minor complications

no complications

70
54

37

53

11

0

0

0

0

0

0

0 2 4 6 8 10

30 40 50 60 70 80

11
6 5

5

4 3 2 1

2 4 6 8 10
No

No

No

Yes

Yes

Yes

7
TH TT

9

7 14 21 28 35 42

19

58

22
12

55

33
49

44

7 3

30

66
41

6

27

3

  Fig. 8.1    Nomogram for the prediction of severity of complications with use of preoperative risk 
factors.  Instruction : Locate the age on the axis. Determine how many point the patient receives. 
Repeat this for each axis. Sum the points for all predictors and locate the sum on the total points 
axis. Draw a line straight down to the bar graphs. Bar graphs represent the chance for an individual 
patient after esophagectomy for cancer to develop major, minor-to-moderate, or no complications. 
 FEV1  forced expiratory volume in the fi rst second,  MI  myocardial infarction,  TIA  transient isch-
emic attack (Adapted from Lagarde et al. [ 12 ])       

   Table 8.2    Dindo 
classifi cation   

 Grade  Defi nition 

 Grade I  Any deviation from the normal postoperative course without 
the need for treatment 

 Grade II  Requiring pharmacological treatment 
 Grade III  Requiring surgical, endoscopic or radiological intervention 
  IIIa  Intervention not under general anesthesia 
  IIIb  Intervention under general anesthesia 
 Grade IV  Life-threatening complication requiring ICU management 
  IVa  Single organ dysfunction 
  IVb  Multiorgan dysfunction 
 Grade V  Death of a patient 

  Adapted from Dindo et al. [ 11 ] 
  ICU  intensive care unit  
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       Treatment and Incidence of Specifi c Complications 

    Nonsurgical Complications 

   Pulmonary Complications 

   Incidence and Defi nition 

 Surgical resection of the esophagus is considered to be one of the most extensive 
and traumatic gastrointestinal surgical procedures. Transthoracic resections are 
associated with higher postoperative complication rates compared to transhiatal 
esophagectomies [ 5 ]. Transthoracic esophagectomy includes a two-fi eld lymph-
adenectomy that leads to pulmonary complications in a relatively large number of 
patients. Furthermore, one-lung ventilation can cause alveolar damage, and breath-
ing may be impaired due to pain after thoracotomy. Risk factors for the develop-
ment of pulmonary complications are advanced age, a history of smoking, and 
chronic obstructive pulmonary disease (COPD). Preoperative lung function test 
is performed to exclude patients with an inadequate lung function from surgical 
resection. Pulmonary complications are defi ned as pneumonia, acute respiratory 
distress syndrome (ARDS), and atelectasis [ 5 ]. ARDS is defi ned according to the 
American-European consensus conference on ARDS criteria [ 13 ]. The incidence 
of pulmonary complications after esophagectomy depends on the type of proce-
dure; generally it varies between 30 % and 57 % [ 5 ,  10 ]. Epidural analgesia leads 
to less postoperative pain and is therefore associated with a lower pulmonary com-
plication rate [ 14 ]. With the introduction of minimally invasive esophageal surgery 
(MIE), pulmonary complication rates have further decreased. Several large series 
that have compared minimally invasive to conventional open esophagectomies 
have shown a lower  pulmonary complication rate after MIE, ranging from 10 to 
30 % [ 15 ,  16 ].  

   Diagnosis 

 Clinical signs of pneumonia include fever (<38.5 °C) and purulent sputum. Both 
pneumonia and atelectasis can be diagnosed on a chest X-ray. In addition, for the 
diagnosis of pneumonia a sputum culture is required. Pneumonia is indicated by 
the isolation of a pathogen from a sputum culture and a new or progressive infi l-
trate on a chest X-ray (Fig.  8.2 ). Atelectasis is indicated by lobar collapse on chest 
X-ray [ 5 ].

      Treatment 

 Treatment of pneumonia consists of antibiotics and supportive care if needed. 
Supportive care includes oxygen and readmission to the intensive care unit with 
reintubation.   
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   Cardiac Complications 

   Incidence and Defi nition 

 Cardiac complications after esophagectomy include myocardial infarction and con-
gestive heart failure but consist mainly of atrial fi brillation (AF). AF occurs most 
frequently after transthoracic esophagectomy with an incidence ranging from 13 to 
46 % [ 5 ,  17 ]. It can also occur after transhiatal resections due to manipulation and 
blunt dissection, which inevitably compresses the atria [ 18 ]. AF is a complicated 
arrhythmia of incompletely understood pathogenesis. Ectopic foci, single-circuit 
reentry, and multiple-circuit reentry have been implicated in initiating and maintain-
ing the condition [ 19 ]. Risk factors for the development of AF after esophagectomy 
include age older than 65 years, male sex, history of heart disease, and chronic 
obstructive pulmonary disease [ 17 ].  

   Diagnosis 

 Patients with AF suffer from shortness of breath and fatigue and can be hemo-
dynamically compromised. Diagnosis is confirmed by means of electrocardiog-
raphy [ 20 ].  

   Treatment 

 AF can be treated with medication that either reduces the heart rate or reverts the 
rhythm back to normal. Pharmacological therapy includes digoxin and calcium 
channel or β-blockers. Synchronized electrical cardioversion can also be used to 
convert AF to a normal rhythm [ 20 ].    

  Fig. 8.2    X-ray of pulmonary 
infi ltrate in the right upper 
lobe ( arrow ) in a patient 
8 days after 
thoracolaparoscopic 
esophagectomy       
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    Surgical Complications 

   Anastomotic Leakage 

   Incidence and Defi nition 

 Anastomotic leakage is a serious complication resulting in signifi cant morbidity and 
mortality. After transhiatal esophagectomy, an anastomosis at the cervical level 
between the replacement conduit and the proximal esophagus is required. In case of 
a transthoracic procedure, cervical and intrathoracic anastomoses are possible. In 
general, surgeons tend to favor a cervical anastomosis, considering the hypothesis 
that anastomotic leakage will be confi ned to the neck area instead of leaking directly 
into the mediastinum [ 21 ,  22 ]. However, the performed technique seems not to be 
of infl uence on the incidence of anastomotic leakage; hand-sewn and stapled tech-
niques show comparable leakage rates [ 23 ]. Potential predictors of anastomotic 
leakage were evaluated among over 800 patients who underwent esophagectomy 
and include male sex and a body mass index > 27 kg/m 2  (Table  8.3 ).  

 The incidence of anastomotic leakage after esophagectomy ranges from 1.6 
to 20 %, depending on and the applied criteria [ 24 ]. In general, anastomotic 
leakage is defi ned as clinical evidence of salivary fi stula or infection of the cervi-
cal wound which requires opening of the wound to objectify the leakage. 
Radiological anastomotic leakage is defi ned as extravasation of water-soluble 
contrast medium [ 21 ].  

   Diagnosis 

 Traditionally, anastomotic leakage can be diagnosed through X-ray with water- 
soluble contrast, generally 6–10 days after surgery [ 21 ,  23 ]. Although contrast 

   Table 8.3    Univariate    and multivariate analysis of potential predictors of anastomotic leakage   

 All patients ( n  = 828) 

 Univariate logistic regression 
analysis 

 Multivariate logistic regression 
analysis 

 OR (95 % CI)   p -value  OR (95 % CI)   p -value 

 Age  1.010 (0.990–1.029)  0.332  Not in model  – 
 Male sex   1.797 (1.093–2.954)    0.021    1.675 (1.002–2.801)    0.049  
 BMI > 27 kg/m 3    1.616 (1.074–2.430)    0.021    1.548 (1.027–2.335)    0.037  
 Squamous cell 

carcinoma 
 0.886 (0.600–1.307)  0.540  Not in model  – 

 Stapled anastomosis  1.002 (0.999–1.004)  0.235  Not in model  – 
 Tumor stage III or IV  0.824 (0.565–1.200)  0.312  Not in model  – 
 Neoadjuvant chemo 

(radiotherapy) 
 0.897 (0.555–1.449)  0.656  Not in model  – 

 Transthoracic 
approach 

 0.964 (0.656–1.417)  0.853  Not in model  – 

  Adapted from van Heijl et al. [ 23 ] 
  CI  confi dence interval,  BMI  body mass index,  OR  odds ratio  
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swallow examination is performed routinely in many centers throughout the world, 
routine examination has a low sensitivity and a low positive predictive value and 
therefore may not be justifi ed in all patients after esophagectomy [ 25 ]. However, 
in case of clinical signs of anastomotic leakage, a swallow examination should be 
performed. 

 In patients in whom a swallow examination is not feasible, a contrast enhanced 
computed tomography (CT) can be performed (Figs.  8.3  and  8.4 ). Furthermore, 
upper endoscopy can be performed to rule out conduit necrosis, and moreover, 
 during endoscopy immediate treatment is possible with stent placement [ 26 ].

       Treatment 

 Treatment options for anastomotic leakage range from conservative treatment in 
case of a nonsignifi cant radiological leak to conduit takedown in case of severe 

  Fig. 8.3    CT of contrast 
leakage from the conduit into 
the right pleural cavity 
( arrow ) in a patient 7 days 
after thoracolaparoscopic 
esophagectomy       

  Fig. 8.4    Endoscopic view of 
ischemic mucosa of gastric 
tube with leakage site ( arrow ) 
in a patient 9 days after 
transthoracic esophagectomy       
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conduit necrosis. Nonsurgical therapy for anastomotic leakage includes maintaining 
the patient nil by mouth, broad-spectrum antibiotics, stent placement (Fig.  8.5a  and 
 b ), radiological drainage, and reinstituting transnasal drainage of the conduit [ 26 ]. 
In case of larger leaks, reexploration of the cervical incision or thoracoscopic drain-
age can be performed. Conduit necrosis requires immediate surgical therapy and 
breakdown of the interponate with cervical esophagostomy. Segmental necrosis can 
be managed with drainage and followed up with endoscopy, but in case of extensive 
conduit necrosis, conduit takedown is required [ 26 ].

       Chylous Leakage 

   Incidence and Defi nition 

 Postoperative chylous leakage results from injury to the main thoracic duct or its 
branches, which have a close relationship with the esophagus [ 27 ]. Chylous leakage 
after esophagectomy is most commonly due to perioperative injury of the thoracic 
duct during extensive lymph node dissection and is less frequently caused by injury 
to the cisterna chyli in the upper abdomen. Chyle is defi ned as intestinal lymphatic 
fl uid that is enriched with fat absorbed from the intestinal lumen, which is respon-
sible for the milky appearance of chyle after enteral feeding. Lymphatic fl uid con-
sists of lymphocytes, immunoglobulins, and enzymes [ 27 ]. The incidence of 
chylous leakage after extended esophagectomy ranges from 1 to 4 % and occurs 
more frequently after transthoracic esophagectomy [ 28 ]. Extensive loss or a long 
duration of chylous leakage can cause loss of calories, fl uids, lymphocytes, and 
albumin, which may lead to immunosuppression. This can result in infection-related 
complications [ 27 ].  

  Fig. 8.5    Stent placement 
during esophagogas-
troduodenoscopy in a patient 
9 days after transthoracic 
esophagectomy       
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   Diagnosis 

 The diagnosis of chylous leakage is based on the appearance of the drain output, 
which changes from clear to milky upon enteral feeding in case of chylous leakage. 
After discontinuation of enteral feeding, the drain output changes back to clear. The 
diagnosis is confi rmed if the triglyceride concentration in the drain output is greater 
than 1.2 mmol/L [ 27 ].  

   Treatment 

 Adequate conservative management including total parenteral nutrition instead of 
enteral feeding is the fi rst step in treatment of chylous leakage. In 80 % of patients, 
chylous leakage can be managed solely with conservative treatment [ 27 ]. A medium- 
chain triglyceride diet has only a limited role in case of massive chylous leakage. 
Therefore, if the leakage persists for more than 2 days with a drain output of more 
than 2 L per day, a reoperation is indicated, preferably minimally invasive (Fig.  8.6 ). 

Postoperative chyle leakage

Conservative treatment with TPN
and no enteral feeding

Volume per day after 2 days

< 2 L/d

THE

Octreotide? Preferably
thoracoscopy

Rethoracotomy

TTE

Continuation of conservative
treatment

> 2 L/d

Reoperation

  Fig. 8.6    Treatment strategy for chylous leakage after esophagectomy. This study was performed 
before the introduction of thoracolaparoscopic esophagectomy at the Academic Medical Center. 
Currently, in most cases thoracoscopic reintervention would be performed.  THE  transhiatal esoph-
agectomy,  TPN  total parenteral nutrition,  TTE  transthoracic esophagectomy (Adapted from 
Lagarde et al. [ 27 ])       
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Cream should be given through the feeding jejunostomy to facilitate perioperative 
localization of the leak, which can subsequently be ligated or clipped [ 27 ]. Fusion 
of intrathoracic and intra-abdominal chylous leakage should be prevented; compart-
mentalization is very important.

       Recurrent Laryngeal Nerve Paralysis 

   Incidence and Defi nition 

 Esophageal surgery can result in postoperative impairment or damage of the recur-
rent laryngeal nerve (RLN). The mechanism of injury includes partial or complete 
transaction, misplaced ligature, contusion, stretching, thermal damage, or a com-
promised blood supply [ 29 ]. Injury to the RLN leads to an incomplete closure of the 
vocal folds and consecutively to the inability of a successful cough since patients 
are unable to create suffi cient pressure. Therefore, injury to the RLN is associated 
with an increased incidence of pulmonary complications [ 30 ]. RLN paralysis can 
occur uni- or bilaterally; bilateral paralysis is less common. Left-sided RLN paraly-
sis occurs more frequently than right-sided paralysis due to the longer length of the 
RLN on the left side, which makes it more prone for injury. Furthermore, the left- 
sided RLN is at risk since the aortopulmonary window is cleared during lymphad-
enectomy in most centers. The incidence of recurrent laryngeal nerve paralysis 
ranges up to 34 % in case of a two-fi eld lymph node dissection, but in countries 
where esophagectomy includes a three-fi eld lymph node dissection, this rate can be 
as high as 80 %. Furthermore, RLN paralysis occurs more frequently after cervical 
anastomosis than intrathoracic anastomosis since the RLN is exposed during cervi-
cal dissection of the esophagus [ 30 ].  

   Diagnosis 

 The majority of RLN lesions are transient. Diagnosis of postoperative uni- or bilat-
eral RLN paralysis is initially based on clinical symptoms such as hoarseness and a 
breathy voice and is proven by laryngoscopy. The patients’ cough is weak, and 
pulmonary complications including aspiration can occur more frequently. Bilateral 
RLN paralysis can be a severe and life-threatening complication that manifests 
immediately after extubation with signs of airway obstruction such as dyspnea, 
tachypnea, and inspiratory stridor [ 29 ].  

   Treatment 

 Transient RLN lesions generally recover within 6–12 months after surgery [ 29 ]. 
Conservative therapy consists of logopedic voice and swallowing training, and in 
case of persistent RLN paralysis, several operative procedures can be performed 
depending on the position of the paralyzed vocal fold. In case of unilateral vocal 
fold paralysis in a lateral position with aphonia, medialization of the vocal cord 
allows glottal closure, which leads to an improved voice and a better swallowing 
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function. Medialization of the vocal cord can be achieved by a titanium implant, 
autologous cartilage chips, and collagen or fat implantation. 

 Bilateral vocal cord paralysis causes a medial position of the vocal cords with a 
narrow glottal opening that generally requires an emergency tracheotomy. In a later 
stage, lateralization of one vocal fold or a cordectomy can be performed after which 
the tracheotomy can be closed. Since RLN paralysis often ameliorates during the 
fi rst year postoperatively, surgical interventions should be withheld during this 
period with the exception of cases with a poor prognosis for recovery, e.g., if the 
nerve was resected for oncological reasons [ 30 ].    

    Late Complications 

   Fistula from Gastric Conduit to Trachea or Bronchial Tree 

   Incidence and Defi nition 

 A benign fi stula between the gastric conduit and trachea or bronchial tree is a rare but 
potentially fatal complication of esophageal surgery. Risk factors include periopera-
tive chemoradiotherapy and extensive upper mediastinal lymph node dissection, 
which can cause local devascularization of the membranous trachea or mainstem 
bronchi [ 31 ]. Tracheo-neo-esophageal fi stulas are related to tracheal trauma such as 
direct laceration during esophagectomy, endotracheal tube-induced trauma, or anas-
tomotic leakage. It can also be a complication caused by dilation of an anastomotic 
stenosis. The incidence of fi stulas between the trachea and the gastric conduit varies 
between 0.2 and 0.3 % after both transthoracic and transhiatal approaches [ 31 ].  

   Diagnosis 

 The clinical presentation of fi stulas varies; symptoms can be relatively mild consist-
ing of a cough associated with oral intake or more severe symptoms including 
recurrent bronchopneumonia, respiratory failure, and mediastinitis, which can be 
life threatening [ 32 ]. 

 When a fi stula is suspected based on clinical symptoms, radiologic contrast studies 
in upright and supine positions can be used to confi rm diagnosis. Fistulas can be local-
ized during endoscopy (Fig.  8.7 ), but because identifying a small defect in the folded 
neo-esophageal mucosa can be diffi cult, bronchoscopy can be more informative [ 32 ].

      Treatment 

 The severity of symptoms in combination with the site and size of the fi stula is most 
important in determining the optimal treatment strategy. The principles of manage-
ment should emphasize control of sepsis and limiting ongoing soilage of the bron-
chial tree [ 31 ]. 

 In the absence of severe mediastinal or pulmonary infections, a conservative 
treatment (nil by mouth, enteral feeding, antibiotics) can be considered. 

8 Prevention and Treatment of Major Complications After Esophageal Surgery



64

 If the fi stula persists for more than 4–6 weeks, endoscopic treatment with stent 
placement can be performed. 

 Surgical repair remains the mainstay of fi stula treatment. Closure of the fi stula 
can be achieved by using omentum, pleura, a pericardial graft or pericardial fat pad, 
or a muscle fl ap (sternohyoid, intercostal, latissimus dorsi, and pectoralis major, 
dependant on the position of the fi stula and availability of vital tissue) [ 31 ]. If the 
gastric conduit cannot be preserved, continuity of the gastrointestinal tract can be 
reconstructed with a colonic interposition either in the same or in a later session if 

a

b

  Fig. 8.7    Mediastinal 
leakage in a patient 24 days 
after a thoracolaparoscopic 
esophagectomy with a fi stula 
to the right intermediate 
bronchus. ( a ) Endoscopy 
showing the leakage site. 
( b ) Bronchoscopy showing 
the fi stula at the right 
intermediate bronchus 
( arrow )       
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patients’ condition precludes a reconstruction in the same session. The colon seg-
ment is preferably placed in the prevertebral position to reinforce the posterior wall 
of the trachea [ 32 ].   

   Strictures 

   Incidence and Defi nition 

 An important cause of long-term morbidity after esophagectomy is the development 
of benign cervical anastomotic strictures. Potential risk factors for this complication 
are diverse and include postoperative anastomotic leakage, neoadjuvant therapy, 
and a history of cardiac disease (Table  8.4 ). Risk factors for refractory anastomotic 
strictures are chemoradiotherapy, early stricture development, and anastomotic 
leakage [ 33 ]. End-to-side (ETS) anastomoses are associated with a lower stricture 
rate compared to end-to-end (ETE) anastomoses; however, anastomotic leakage 
occurs more frequently after ETS anastomoses [ 34 ].  

 Approximately 26–42 % of patients will develop strictures, which are known to 
be burdensome, often need frequent therapy, and lower the quality of life [ 35 ].  

   Diagnosis 

 In general, the diagnosis of benign esophageal stricture is based on clinical symp-
toms. Patients suffer from dysphagia and weight loss which can lead to a decreased 
quality of life [ 36 ].  

   Table 8.4    Risk factors 
for development of 
benign cervical 
stricture after 
esophagectomy   

 All patients ( n  = 607) 

 Multivariate analysis 

 OR (95 % CI)   p -value 

 Transthoracic vs transhiatal  0.93 (0.58–1.49)  0.76 
 Colonic interposition vs gastric tube   0.11 (0.01–0.83)    0.03  
 Stapled vs hand sewn anastomosis  Not in model  – 
 Age <70 years  Not in model  – 
 Male vs female  Not in model  – 
 BMI > 25 kg/m 2   1.10 (0.77–1.57)  0.607 
 Smoking  Not in model  – 
 History of cardiovascular disease   1.78 (1.23–2.58)    0.002  
 Diabetes  1.82 (0.87–3.78)  0.11 
 % of predicted FEV1 (l/s) < 80 %  Not in model  – 
 Neoadjuvant chemotherapy  0.65 (0.35–1.21)  0.65 
 Neoadjuvant chemoradiotherapy  Not in model  – 
 Anastomotic leakage   2.07 (1.30–3.29)    0.002  

  Adapted from van Heijl et al. [ 33 ] 
  BMI  body mass index,  FEV1  forced expiratory volume in one second  
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   Treatment 

 Several treatment modalities for benign esophageal strictures have been described 
including dilation with bougies or Savary dilation [ 36 ]. Endoscopic mechanical 
dilation is the preferred treatment of benign strictures; it is known to be a successful 
treatment of dysphagia [ 35 ,  37 ]. The majority of strictures respond well on dilation, 
and successful treatment in these patients is achieved in three to eight sessions. 
In case of refractory strictures, up to 30 dilations can be required [ 35 ,  37 ]. 

 Other techniques include electrocautery incision of the stricture, intralesional 
steroid injections, and self-expandable metal stents (SEMS) or self-expandable 
plastic stents (SEPS).     

    Can Minimally Invasive Esophageal Surgery Decrease 
Short- Term Complications? Looking for Evidence-Based 
Surgery 

 Three meta-analyses comparing MIO and OO served as starting points in the quest 
for evidence-based surgery. 

 Biere et al. identifi ed 10 studies after a comprehensive search [ 38 ]. Three com-
parative groups were created for analysis: (1) total MIO versus open transthoracic 
esophagectomy (TTE), (2) thoracoscopy and laparotomy versus open transthoracic, 
and (3) laparoscopy versus open transhiatal esophagectomy (THE). Our conclusion 
was that with MIO a faster postoperative recovery and therefore a reduction in mor-
bidity could be achieved. Furthermore, we expect a lower mortality rate following 
the implementation of MIO. It was accentuated that MIO had been only investigated 
in case–control studies, and hence, bias may have been introduced simply by the 
pertaining study design. 

 The study of Nagpal et al. collected 12 selected studies for analysis [ 39 ]. There 
was no randomized study performed. They included 672 patients for MIO and 
hybrid MIO and 612 patients for OO. They found that MIO to be a safe alternative 
for use of the OO. Patients undergoing MIO may benefi t from shorter hospital stay 
and lower respiratory complications and total morbidity as compared to OO. 

 In the meta-analysis of Sgourakis et al, also published in 2010, they pooled the 
effects of the outcomes of 1,008 patients enrolled into eight comparative studies [ 40 ]. 
They performed two comparisons: (1) open thoracotomy versus all MIO procedure 
and (2) open thoracotomy versus only MIO thoracoscopic phase. In comparison 1, 
both procedures report equally comparable outcomes (removed lymph nodes, 30-day 
mortality, 3-year survival) with the exception of overall mortality and anastomotic 
stricture in favor of the open thoracotomy arm. In comparison 2, no differences were 
noted between treatment arms concerning postoperative outcomes and survival. 

    These three meta-analyses generated the initiative for further prospective com-
parative or randomized controlled trials focusing on the short-term and oncological 
impact of MIO. Following this quest, we went on to assess the reduction of pulmo-
nary infections and improved quality of life associated with MIE. We conducted a 
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multicenter, randomized trial comparing open with minimally invasive esophagec-
tomy in patients with esophageal cancer. 

 After a long period of practicing both the transhiatal and the thoracoscopic 
esophagectomy for cancer, we designed a prospective randomized study for com-
parison of MIO and OO in 2008. The study was in the end called the TIME trial 
( T raditional  I nvasive versus  M inimally invasive  E sophagectomy). The TIME trial 
is a prospective, multicenter, randomized study comparing traditional transthoracic 
esophageal resection with minimally invasive resection for esophageal cancer [ 41 ]. 
The primary endpoint of the study concerned the respiratory complications, espe-
cially the postoperative bronchopneumonia confi rmed by thorax X-ray or CT scan, 
and positive sputum culture. 

 Secondary endpoints were operation-related events, complications, ICU and 
hospital stay, quality of life as determined by questionnaires (SF-36 and EORTC 
C30-OES18), and the quality of specimen resected (length of specimen, number 
and location of lymph nodes resected, and circumferential resection margins). Also, 
hospital mortality and readmissions were recorded. 

 The pulmonary infection rate within the fi rst two weeks was 29 % (16 patients) 
in the OO group and 9 % (5 patients) in the MIO group,  p  = 0.005. The overall in- 
hospital incidence of pulmonary infections was 34 % (19 patients) in the OO group 
and 12 % (7 patients) in the MIO group,  p  = 0.005. Explanation for the lower inci-
dence of pulmonary infections may be, fi rst of all, the used prone position in which 
in contrast with the lateral position the mediastinum hangs in its usual midposition; 
a second advantage may be the absence of total collapse of the lung during the MIO 
in prone position in contrast with one-lung ventilation and this permits optimal visu-
alization of mediastinum with preserved ventilation and oxygenation; and a third 
factor may be the thoracotomy wound itself. All factors together could explain these 
advantages. 

 Other    postoperative data included major postoperative complications (anasto-
motic leakage, 7 % in the OO and 12 % in the MIO,  p  = 0.390) and mortality    (1.8 % 
versus 3.4 %) that were not signifi cantly different. Interesting is the different rate 
for vocal cord paralysis, 14 % in the OO group and only 2 % in the MIO,  p  = 0.012. 
Pneumatic dissection by CO 2  from thoracic cavity into the neck can simplify the 
dissection in the neck and reduce the recurrent nerve lesions. 

 In conclusion, this randomized trial comparing open esophagectomy for cancer 
with minimally invasive esophagectomy shows that MIO results in a lower incidence 
of pulmonary infections, less rate of recurrence nerve lesions, and a better short-
term quality of life without compromise of the quality of the resected specimen.   

    Esophageal Surgery for Benign Disease 

    Introduction 

 Benign esophageal disorders that can be treated surgically include gastroesophageal 
refl ux disease (GERD), achalasia, and paraesophageal herniation. 

8 Prevention and Treatment of Major Complications After Esophageal Surgery



68

 GERD is a common disorder that affects 20–40 % of the Western population [ 42 ]. 
Frequent or long-lasting refl ux of acidic gastric contents can lead to the develop-
ment of GERD. The main symptoms include heartburn, retrosternal pain, regurgita-
tion, and chronic cough. The most widely performed surgical technique for treatment 
of GERD is the Nissen or Toupet fundoplication during which the distal esophagus 
is brought into the abdominal cavity. Subsequently, the hiatus is approximated pos-
teriorly and either a 360° (Nissen) or a 270° (Toupet) fundoplication is created [ 43 ]. 

 Achalasia is an esophageal motor disorder that is characterized by the absence 
of esophageal peristalsis combined with a defective relaxation of the lower esopha-
geal sphincter. Clinical symptoms include dysphagia, chest pain, and regurgitation 
of undigested food. Surgical treatment of achalasia consists of a Heller’s myot-
omy, mainly performed laparoscopically (laparoscopic Heller’s myotomy; LHM). 
A myotomy is performed extending from above the level of the gastroesophageal 
junction down to the proximal 1–1.5 cm of the stomach. To prevent refl ux, an ante-
rior fundoplication (Dor) can be performed subsequently [ 44 ]. 

 Paraesophageal or hiatal hernias are a common disorder of the digestive tract 
that are characterized by a protrusion of the stomach into the thoracic cavity 
through a widening of the right crus of the diaphragm [ 45 ]. Hiatal hernias are clas-
sifi ed into four subtypes: type I, sliding hernias, in which the gastroesophageal 
junction is herniated into the thorax; type II, true paraesophageal hernias where the 
gastroesophageal junction maintains its position posteriorly with anterior hernia-
tion of the gastric fundus; type III, a combination of types I and II; and type IV, in 
which the stomach migrates completely into the thoracic cavity (upside-down 
stomach), sometimes accompanied by other visceral organs [ 45 ]. Type I hernias are 
the most common type of hiatal hernias and occur in 95 % of patients with dia-
phragmatic herniation. This type may predispose to gastroesophageal refl ux. Only 
5 % of hiatal hernias are true paraesophageal hernias (type II), but these hernias are 
important due to the potentially life-threatening complications such as obstruction, 
acute dilation, or perforation [ 45 ]. In general, no conservative treatment options are 
available for the treatment of type II hernias. Surgical treatment consists of com-
plete excision of the peritoneal sac from the mediastinum and reduction of the 
herniated stomach and distal esophagus into the abdominal cavity and subsequent 
repair of the hiatus; there is still debate about the need for a fundoplication [ 45 ]. 
Surgery can be  performed by either a conventional open procedure or a laparo-
scopic procedure.  

    Fundoplication and Its Complications 

 Most frequent complications after Nissen or Toupet fundoplication are depicted in 
Fig.  8.8 . In general 90 % of fundoplications are successful. Most frequent complica-
tions are dysphagia and recurrence of refl ux symptoms.

   Dysphagia is a common problem early after either Nissen or Toupet fundopli-
cation but will disappear in the majority of patients. It is persistent, however, in 
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5–10 % of patients. Recurrent refl ux may occur in up to 5 % of patients. 
Disruption or migration, either into the chest or down the stomach, occurs in up 
to 7 % of patients (Fig.  8.8 ). Wrap disruption or migration, a too tight fundopli-
cation, telescoping of the esophagogastric junction through the wrap, and torsion 
(complications A, B, D, and E in Fig.  8.8 ) are best treated by relaparoscopy or 
relaparotomy. Intrathoracic herniation is best treated by thoracotomy, but there 
is no surgical solution for delayed gastric emptying due to damage of the vagus 
nerve (Fig.  8.8f ), which is probably the most severe complication after Nissen 
fundoplication [ 43 ].  

a b

c d

e f

  Fig. 8.8    Failures after 
Nissen fundoplication. 
( a ) The fundoplication has 
given way, leading to 
recurrent GERD. 
( b ) Fundoplication is too 
tight (and/or too long) 
leading to dysphagia. 
( c ) Intrathoracic herniation 
of the complete wrap. 
( d ) Telescoping of the 
esophagogastric junction 
through the wrap. ( e ) Torsion 
due to tension of the wrap. 
( f ) Vagus nerve lesion in 
combination with an 
otherwise intact 
fundoplication (Adapted from 
van Lanschot et al. [ 43 ])       
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    Esophagomyotomy and Its Complications 

 Intraoperative perforation is the most common complication during esophagomy-
otomy, and the risk of perforation ranges up to 33 % [ 46 ]. To visualize mucosal 
perforation immediately postoperatively, generally an X-ray with soluble contrast is 
performed on the fi rst postoperative day. Diet is gradually advanced from clear liq-
uids on day one to normal diet if the patient is doing clinically well. 

 In case of clinical deterioration (abdominal pain, signs of sepsis), additional 
diagnostic investigations have to be performed including CT with water-soluble 
contrast administered orally. In case of perforation, free fl uid/contrast and air is vis-
ible on CT as is shown in Fig.  8.9 . This image shows free contrast, fl uid, and air in 
a patient after myotomy with a perforation on postoperative day 4.

   Treatment of esophageal perforations can be performed immediately periopera-
tively when the perforation is identifi ed. Delayed diagnosis of a clinically relevant 
perforation is a potentially fatal complication and can lead to fi stula formation. 
Perforations can be treated by stent placement or surgically through primary closure 
and a tissue patch [ 47 ]. First step would be a relaparoscopy and suture repair of the 
perforation. Subsequently, an anterior fundoplication should be performed to seal 
off the repaired mucosal site which has a high risk of repeated leakage. Adequate 
drainage is also advised.  

    Paraesophageal Hernia Repair and Its Complications 

 Complications of paraesophageal hernia repair include visceral injury, vagal nerve 
injury, pneumothorax, hemorrhage, and pulmonary complications. The most 
important complication after hernia repair, however, is recurrent herniation [ 48 ]. 
Postoperative recurrence occurs in up to 44 % of patients, depending on the applied 
criteria (radiological versus clinical). Risk factors for the development of hiatal her-
nia recurrence include postoperative vomiting, obesity, coughing, and heavy lifting. 

  Fig. 8.9    Esophageal 
perforation 5 days after 
esophagomyotomy and DOR 
fundoplication. Perforation 
with ( A ) free air around the 
liver, ( B ) free fl uid around the 
liver, ( C ) extraluminal 
contrast and air around the 
distal esophagus, and 
( D ) contrast fl uid around 
the spleen       
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 Dilation can be performed in patients with dysphagia as sole symptom of recur-
rent hiatal hernia. Indications for reoperation are regurgitation, dysphagia without 
response to dilation, and persistent chest pain [ 49 ].      
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     Gastric surgery involves different types of interventions, such as gastric resection 
for cancer and gastrojejunostomy for gastric cancer palliation. Also we know of 
surgically treated complications of peptic ulcer, such as the closure of a perforation 
or the suturing of a bleeding ulcer, and it is increasingly used in bariatric surgery. 
Complications after bariatric surgery will be treated extensively in Chap.   10    ; our 
focus in this chapter is on postoperative complications after gastric and benign duo-
denal surgery. 

 Concerning gastric cancer, two new therapeutic methods have recently been 
implemented: the use of neoadjuvant therapy for locally invasive cancer and the use 
of the laparoscopic approach. Moreover, use of the surgical approach for compli-
cated peptic ulcers has declined dramatically since the discovery of Helicobacter 
pylori and the proton pump inhibitors. If an intervention has to be performed, the 
perforated ulcer is closed laparoscopically, and the primary treatment for abating 
the bleeding is the endoscopic/angiographic approach. All of these therapeutic pro-
cedures can lead to complications—each diffi cult to approach by surgery. 

 The rule remains to prevent, as much as possible, postoperative complications by 
establishing a correct surgical indication and by using an appropriate operative 
technique. Furthermore, in the case of postoperative complications, it is important 
to recognize these as early as possible and to treat each adequately. Diagnosis and 
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treatment of complications are a multidisciplinary effort, involving the coordinated 
work of the gastroenterologist, the intervention radiologist, and the surgeon. 

 Most postoperative complications are simply due to errors of indication or in 
using surgical technique, such as when the wrong procedure is used for the situation 
at hand. Others can be due to the consequences of underlying disease or by the pres-
ence of a patient’s associate diseases or because of medication. 

 The most frequent as well as major postoperative complications are the follow-
ing: (1) postoperative bleeding, either intraluminal or intra-abdominal; (2) leakage 
of the duodenal stump; (3) leakage of the esophagojejunostomy; (4) stenosis and 
obstruction of any anastomosis; (5) leakage after closure of a perforated ulcer; and 
(6) rebleeding after suturing a bleeding peptic ulcer. 

    General Complications 

    Yasuda et al. analyzed the risk factors for complications following the resection of 
a large gastric (>10 cm) cancer. Overall morbidity and mortality rates were 39 and 
7 %, respectively. The most frequent complication was pleural effusion (17 %), 
followed by anastomotic leakage (14 %), abdominal abscess (12 %), wound infec-
tion (12 %), pancreatic leakage (8 %), and general peritonitis (6 %). Risks factors 
associated with postoperative complications were found to be operating time, 
blood loss, and the pancreatic invasion by tumor. Complications were independent 
of patient age, nutritional status, type of gastrectomy, splenectomy or pancreatec-
tomy, extent of lymph node dissection, tumor location, tumor size, and stage of 
disease [ 1 ]. 

 Cuschieri et al. published the short-term results of the Medical Research Council 
(MRC) gastric cancer trial. In a prospective randomized controlled trial, D1 resec-
tion (level 1 lymphadenectomy) was compared with D2 resection (levels 1 and 2 
lymphadenectomy). Central randomization (200 patients in each arm) followed a 
staging laparotomy. 

 The D2 group was found to have a greater postoperative hospital mortality (13 % 
vs 6.5 %;  p  = 0.04), a higher overall postoperative morbidity (46 % vs 28 %; 
 p  < 0.001), and their hospital stay was longer. The excess postoperative morbidity 
and mortality in the D2 group as established for this study were accounted for by 
distal pancreaticosplenectomy and splenectomy [ 2 ]. 

 In 1995, Bonenkamp et al. published the short-term outcome of the randomized 
Dutch D1 versus D2 study. Among the 711 patients (380 in D1, 331 in D2) judged 
to have curable lesions, the D2 patients had a higher operative mortality rate than 
did the D1 patients (10 % vs 4 %;  p  = 0.004) and had incurred more complications 
(43 % vs 25 %;  p  < 0.001). They also needed longer postoperative hospital stays 
(median 25 [range 7–277] vs 18 [7–143] days;  p  < 0.001). The morbidity and mor-
tality differences persisted in almost all subgroup analyses. They concluded that 
“While we await survival results, D2 dissection should not be used as standard treat-
ment for Western patients” [ 3 ,  4 ]. 
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 Sasako et al. analyzed the risk factors holding for surgical treatment in the Dutch 
gastric cancer trial. Using the database of the abovementioned randomized trial, 
they evaluated the risk factors for hospital death and complications in the 711 
patients treated with curative intent, by engaging in multivariate analysis and using 
stepwise regression analysis. Sasako et al. came to the following fi ndings regarding 
risk factors. Having an age higher than 65 years, male gender, and the particular 
extent of nodal dissection involved were considered the most important risk factors 
for mortality. For overall complications, splenectomy was the most important risk 
factor, while pancreatectomy and the type of gastrectomy were the only factors 
signifi cantly found infl uencing the occurrence of major surgical complications. The 
cumulative mortality risk of these factors should be carefully considered when plan-
ning surgery for individual patients [ 5 ]. 

 Brady et al. studied the effect of the splenectomy during gastrectomy on the 
morbidity rate by a retrospective analysis of 392 patients who underwent curative 
resection of gastric adenocarcinoma. Their aim was to evaluate the impact of sple-
nectomy on postoperative morbidity and survival from gastric cancer. Using uni-
variate analysis, 12 factors, including that of splenectomy, were associated with a 
poor prognosis. Remarkably, their multivariate analysis identifi ed six of these fac-
tors, but not splenectomy being independently predictive of death due to gastric 
cancer. The apparent adverse effect of splenectomy was because of its association 
with other signifi cant risk factors. Postoperative complications occurred more com-
monly in patients who underwent splenectomy than in those who did not (45 % vs 
21 %), and patients in the splenectomy group also had a higher percentage of infec-
tious complications than those in the non-splenectomy group (75 % vs 47 %). Their 
conclusion was that splenectomy has no direct infl uence on survival but that it 
increases the morbidity of curative gastrectomy and should be avoided unless the 
spleen is close to or invaded by the tumor [ 6 ]. 

 Wu et al. analyzed the morbidity and mortality after gastrectomy for cancer in a 
prospective study of 474 patients who underwent radical gastrectomy [ 7 ]. Their 
fi ndings were that the overall morbidity and mortality rates were 20.1 and 3.0 %, 
respectively. After the fi rst 200 cases, the morbidity and mortality rates fell signifi -
cantly from 27.0 to 15.7 % ( p  = 0.003) and 5.5 to 1.1 % ( p  < 0.001), respectively. By 
logistic regression analysis, it was found that male gender, combined organ(s) 
resection, extended lymphadenectomy, respiratory tract disease, and tumor location 
were signifi cantly related to postoperative morbidity. Having an age older than 
65 years, total gastrectomy, combined organ(s) resection, and respiratory tract dis-
ease were considered factors that negatively affected operative mortality and 
increased postoperative morbidity. 

 Bozzetti et al. analyzed the role of the amount of gastrectomy for treating cancer 
on the occurrence of postoperative morbidity and mortality by a multicenter ran-
domized trial held in Italy [ 8 ]. This study treats the controversy whether the optimal 
surgery holding for gastric cancer in the distal half of the stomach is to be subtotal 
or total gastrectomy. A cluster of 624 patients with cancer in the distal half of the 
stomach were randomized into a group of 320 subtotal gastrectomy D2 lymphade-
nectomy cases and a group of 304 total gastrectomy D2 lymphadenectomy cases. 
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The end points applied were the occurrence of a postoperative event, the complica-
tion rate, the mortality rate, and the length of postoperative stay. 

 Bozzetti et al.’s fi ndings were that nonfatal complications and death occurred in 
9 and 1 % of subtotal gastrectomy patients and in 13 and 2 % of total gastrectomy 
patients, respectively. Multivariate analysis of postoperative events showed that 
splenectomy or resection of adjacent organs was associated with a twofold risk of 
postoperative complications. The mean length of stay—adjusted for extension of 
surgery—was 13.8 days for subtotal gastrectomy and 15.4 days for total 
gastrectomy. 

 These data show that D2 subtotal and total gastrectomies, performed as an elec-
tive procedure, have similar postoperative complication rates and surgical out-
comes. Consequently, a conclusive long-term evaluation of the two sorts of 
operations and an accurate estimate of the oncologic impact of surgery on long-term 
survival, which is not penalized by excess surgical risk of one of the two operations, 
can be considered feasible. 

 The consequences of the anastomotic complications for long-term survival were 
analyzed by Sierzega et al on behaf of the Polish gastric cancer study group. 
Anastomotic leakage was diagnosed in 41 (5.9 %) of 690 patients who underwent 
total gastrectomy. Two Cox proportional hazard models, which included all the 
patients were used to identify anastomotic leakage as an independent predictor of 
survival with hazards ratios of 3.47 and 3.14 respectively. An important fi nding was 
the occurrence of anastomotic leakage as major independent prognostic factor for 
long-term survival [ 9 ]. 

    Complications After Laparoscopic Gastrectomy 

 Hu compared and described the development of surgery-related complications 
after laparoscopic gastrectomy. This approach has developed rapidly for both early 
and advancer gastric cancer. Most studies showed that the operation-related com-
plication rate is comparable between laparoscopic and open surgery. The common 
complications related to laparoscopic gastrectomy were found to be anastomotic 
leakage, stenosis, intra-abdominal bleeding, pancreatic leakage, and bowel 
obstruction [ 10 ]. 

 Kim et al. described 753 patients who underwent a laparoscopic gastrectomy for 
gastric cancer. There were 69 cases of total gastrectomy, 682 subtotal gastrectomies, 
and two cases were proximal gastrectomies. According to the TNM stage, 8 patients 
were in stage 0, 619 in stage I, 88 in stage II, and 38 in stage III. The operation- 
related complications occurred in 77 cases (10.2 %). The number of postoperative 
complications and survival rates provided in Kim et al.’s series are comparable to 
the results found in other reports, as treated above [ 11 ]. 

 Nagasako et al. described 400 patients who were operated on laparoscopic 
because of a T1 adenocarcinoma. All patients underwent a gastrectomy with 
regional lymphadenectomy. Anastomotic complications included anastomotic 
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leakage, stricture, and remnant gastric stasis. Anastomotic complications occurred 
in 37 (9.3 %) of 400 patients. Multivariable analysis indicated surgeon experience 
to be the only independent predictor of anastomotic complications. Patients with 
anastomotic complications had a signifi cantly worse overall 5-year survival rate 
than those without (81 % vs 94.2 %) [ 12 ].   

    Specifi c Complications 

    Intraluminal and Intra-abdominal Postoperative Bleeding 

 Intraluminal bleeding following elective gastric surgery occurs usually at the 
anastomoses—whereas intra-abdominal bleeding is caused by a splenic tear or by 
an unsecured vessel. Both complications happen during the fi rst 24 h after 
operation. 

 Many anastomoses are being performed by staplers, and although it is not always 
possible to control the anastomosis for bleeding, if possible, it should be done 
(Fig.  9.1 ).

   Bleeding of the staple line is associated with the administration of high doses of 
low molecular weight heparin (LMWH) for thromboprophylaxis. Therefore, high 
doses of LMWH should be avoided within 12 h prior to the procedure. 

 If anastomosis is performed manually, a continuous suture will penetrate all 
layers of the stomach, and the assistant should adequately maintain the tension. 
Any visible bleeding should be fi xed separately during an operation. Furthermore, 
the anesthesiologist should discern whether the patient is unstable at the end of the 

  Fig. 9.1    Review of the 
suture line with stapler after 
jejunojejunostomy       
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operation, if hemoglobin has been decreased or if fresh blood is present in the 
nasogastric tube. These observations can be important for avoiding a reoperation. 

 During the laparoscopic approach, either using mechanical or manual anastomo-
sis, it is necessary to control the intraluminal suture line in order to assure hemosta-
sis. To control the bleeding, bipolar electrocoagulation, hemostatic stitches, or clips 
can be used. 

    Clinical Manifestations 

 Hematemesis, hematochezia, and melena are the most important signs along with 
decrease of hemoglobin. Absence of blood in the drains never excludes an intra- 
abdominal bleeding, and it does not assure the end of bleeding, as clots may obstruct 
the drain. 

 Placement or replacement of the nasogastric tube to diagnose the bleeding can 
help the surgeon to treat the patient. However, risk for perforation is always present at 
the level of the anastomosis and also the nasogastric tube can be obstructed by clots.  

    Laboratory 

 Low hemoglobin and high levels of urea due to the metabolism of blood without 
increase of the levels of creatinine.  

    Imaging 

 Abdominal Angiography CT Scan 
 Positive fi ndings are in relation to the mL/min of bleeding. During arterial or late 

venous phase, active bleeding can be seen as a blush at the level of the 
anastomosis. 

 CT angiography may confi rm bleeding inside the lumen and also intra- abdominal 
bleeding. Other causes of bleeding can also be ruled out—including bleeding at the 
level of the spleen, trocar ports, and at the level of the mesentery and omentum 
(Figs.  9.2  and  9.3 ).   

    The presence of intraperitoneal fl uid with blood density (>25 U Hounsfi eld) will 
confi rm the possibility of hemoperitoneum.  

    How to Approach This Complication 

 Bleeding can be caused by an unsecured bleeding point at the anastomosis, techni-
cal failure of applied stapler, or a coagulation disorder. Incidence is less than 4 %, 
and more than the half of the patients can be treated conservatively [ 13 ]. If the 
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patient is hemodynamically stable, coagulation should be corrected, prophylactic 
coagulation should be stopped, the rest of the stomach should be kept empty by a 
good patent nasogastric tube, and blood transfusions will be given when necessary. 
If a slow decrease of hemoglobin is found, a careful gastroscopy can help to estab-
lish a diagnosis and fi x the problem.  

  Fig. 9.2     Arrow  showing 
intra-abdominal hematoma at 
the level of the suture line of 
the gastric wall       

  Fig. 9.3     Arrow  showing 
hematoma of the abdominal 
wall associated with the 
trocar entrance       
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    Initial Resuscitation 

 Initial management includes ensuring peripheral IV lines of good caliber (14F) to 
administer saline/colloids and to replace blood loss. If coagulation disorders are 
present, these should be corrected. 

 Patients with early postoperative bleeding—being hemodynamically unstable in 
spite of adequate resuscitation—should be reoperated.  

    Endoscopic Treatment 

 Endoscopic treatment is the fi rst choice if the patient is hemodynamically stable, 
because it allows for identifying and controlling of the bleeding at the level of the 
anastomosis, either by means of electrocoagulation or by clips. The combined use 
of epinephrine, electrocoagulation, and/or clips is recommended. These procedures 
are not associated with a higher risk of dehiscence due to ischemia of the anastomo-
sis line [ 14 ,  15 ]. 

 The problem is how to approach the unstable patient. Endoscopic examination 
by gastroscopy is not without risks, whereas a CT angiography scan may, in the 
case of a clear blush, help to establish the diagnosis and to treat it by means of 
 coiling [ 13 – 15 ]. 

 However, if the patient remains unstable in spite of initial resuscitation and use 
of other therapeutic options or failure of coiling, the patient should be reoperated 
without delay. 

 During reoperation, the stomach should be opened in the longitudinal direction 
above anastomosis rather than through it. The stomach should be emptied of clots 
and blood, and anastomosis inspected from within. If cause of bleeding is not in the 
stomach, the jejunojejunostomy should be inspected, and if bleeding is found, it 
must be fi xed by stitches. After a total gastrectomy under anesthesia, the esophago-
jejunostomy should be fi rst inspected by gastroscopy before laparotomy takes place. 
In this case, a stent may be a good alternative for solving the problem.  

    Intra-abdominal Bleeding 

 A patient who    in the early period after the operation is hemodynamically unstable 
and that in spite of adequate resuscitation and reposition of blood loss should be 
directly operated on. Splenic bleeding should be treated by conservative measures 
if possible (e.g., hemostasis devices, splenic mesh), but if not resolved, then sple-
nectomy should be done. Hemostasis will be optimal. Other found causes of bleed-
ing (such as mesenteric and omental bleeding or trocar port bleeding) should be 
fi xed by stitches. Failure to observe bleeding of epigastric vessels during laparo-
scopic surgery is an important cause of postoperative shock, and the patient should 
be operated on without delay. Ligature of epigastric vessels on both sides should 
then be done.   
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    Peritonitis After Gastrectomy 

 Peritonitis is the most common complication following gastroduodenal surgery. 
Also, fl uid collections and abscesses are common, mostly due to contamination at 
the time of surgery. Leakage may occur early because of a failure to obtain a water-
tight anastomosis or occur late because of ischemia/necrosis of the suture line. If 
leakage is limited, the fl uid can be walled off and controlled, as abscesses, by adja-
cent viscera. Such infl ammatory lesions or plastron may also result in early or late 
anastomosis or in intestinal obstruction. 

 Prevention of peritonitis involves the decompression of the dilated stomach 
before operation, the proper use of prophylactic antibiotics to minimize any con-
tamination during resection, and performing a watertight anastomosis in vital tis-
sues. Moreover anastomosis will need to be patent, not twisted, and without tension. 
After partial gastrectomy, the gastrojejunostomy should be fi xed to the mesocolon 
in order to avoid stenosis, or a twist of the jejunal loop, or an internal herniation. 

   Diagnosis of Postoperative Peritonitis 

 What if the patient fails to improve or is worsening? The suspicion for peritonitis can 
be high in the case of fever, abdominal pain, tachycardia, increased drain production, 
or with suspect aspect such as bile or intestinal contents, leukocytosis being present, 
and CRP being increased. Engaging a CT scan with double contrast (IV and oral) will 
diagnose the leakage and the peritonitis, followed by an explorative laparotomy. 
Surgeon should always think about possible leakage locations, in this succeeding 
order: duodenal stump, gastrojejunostomy or esophagojejunostomy anastomoses, jeju-
nojejunal anastomosis, and inadvertent lesion of a hollow organ and/or biliary tract. 

 In the case of presence of fl uid collections without leakage of anastomosis, a CT 
scan-guided percutaneous drainage and culture of the fl uid will entail the initial 
treatment. Amylase should be determined if leakage of pancreas or duodenum is 
suspected. In the case of leakage, the only option for conservative treatment is if, on 
the CT scan, no intra-abdominal collections are visible and the leakage comes out 
completely as a canalized fi stula through the drains.  

   Management of General Peritonitis Following Partial Gastrectomy 

 After diagnosis and initial resuscitation, relaparotomy should be performed. The 
cause of peritonitis, such as leakage of the duodenal stump of other anastomosis 
(such as gastrojejunostomy or jejunojejunostomy), accidental lesion of small bowel, 
or ischemia of transverse colon, should be detected and treated. Treatment consists 
of reinforcement stitches with omentoplasty, rinsing of the abdomen and leaving of 
drains, or, in the case of colonic ischemia, doing a transverse colectomy and colos-
tomy. The detection and treatment of leakage of duodenal stump will be treated 
separately, below.  
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   Management of General Peritonitis Following Total Gastrectomy 

 The policy discussed above should be applied for treating peritonitis after total gas-
trectomy. The leakage problems at esophagojejunostomy will be treated more spe-
cifi cally below.  

   Leakage of Duodenal Stump 

 The main cause of peritonitis following gastrectomy is the leakage of duodenal 
stump. In the past, surgeons learned how to deal with a diffi cult duodenum during 
the surgery of complicated peptic ulcers. Many ingenious ways have been described 
to deal with this problem, but none will completely prevent a signifi cant incidence 
of stump leakage. Nowadays, this kind of surgery is incidental. While treating gas-
tric cancer, the only indication to divide the duodenum is when there is no infl am-
mation or fi brosis of the duodenum. Moreover, invasive gastric cancer is generally 
treated by neoadjuvant chemotherapy, and immunosuppression may increase the 
rate of duodenal stump leakage after gastrectomy.  

   Approach to This Complication 

   Local Duodenal Conditions 

 The closure of the duodenal stump has to be safe; it is usually performed with linear 
stapler with triple staple lines. Reinforcement of the stump by sutures is not recom-
mended, because the duodenal wall is thick but weak.  

   Closure Techniques 

 In those cases where the stump closure is considered unsafe, a lateral duodenotomy 
is recommended; this creates duodenal decompression, which can also be achieved 
with the placement of a nasogastric/transjejunal tube up to the end of the duodenal 
stump. Lateral duodenotomy implies the introduction of a Foley-like tube through a 
purse string suture, being exteriorized and sealed by wrapping omentum around it. 
The lateral duodenotomy will emerge through the upper-right abdominal wall, 
above the level of the duodenum, to assure adequate drainage. The tube should 
remain for 3 or 4 weeks before removal, in order to assure a good canalized fi stula 
and thereby reducing the possibility of a peritoneal leakage. Adequate use of the 
external drains left in subhepatic area is also important [ 16 ,  17 ]. 

 In the infrequent case of gastrectomy used because of a complicated peptic ulcer, 
we specify two maneuvers that are useful for the closure of a diffi cult stump:
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    1.    The Nissen closure is performed in those cases with a diffi cult-to-manage duo-
denum in which the duodenal stump is closed by means of separated stitches of 
the anterior wall of the duodenum with the fi brotic posterior wall plus omento-
plasty (Fig.  9.4 ).

       2.    The Finsterer-Bancroft-Plenk closure is a good alternative to the Nissen closure 
(see Fig.  9.5 ). It consists of three procedures: (a) the division of the antrum 6 cm 
from the pylorus, keeping its irrigation from the pyloric and gastroepiploic arter-
ies; (b) the mucosa cuff being resected following the submucous layer up to the 
pylorus, which is closed with stitches that take the pyloric muscular layer; and 
(c) the completed procedure. The anterior and posterior antrum walls have been 
attached with internal stitches and a second continuous suture layer (Fig.  9.5 ).

           Diagnosis of This Complication 

   Clinical Manifestations 

 This complication occurs postoperatively rather early, usually between the fourth 
and seventh postoperative days. The most important signs and symptoms are fever, 
abdominal pain, tachycardia, and (if a drain is still in situ) the presence of biliary 
and duodenal leakage through it. 

 Moreover, the presence of duodenal leakage in the abdominal cavity is associ-
ated with symptoms and signs of systemic infl ammatory response syndrome (SIRS) 

  Fig. 9.4    Nissen procedure. A fi rst layer has been completed and a second layer is being done 
where the callous edge of the ulcer is taken, with the anterior side at some distance, as shown in 
the  second fi gure  to the  right        
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or sepsis. At physical exploration, the patient may appear as septic, hemodynami-
cally unstable, and dyspneic, and the abdomen may show signs of distension and 
peritonitis. The patient should then be admitted to the medium care or intensive care 
department for initial resuscitation. 

 Such clinical symptoms and signs, together with the fi ndings of the CT scan, will 
form the indications for emergency surgical exploration.  

   Imaging 

 The CT scan of the abdomen with IV and oral preparation will show the duodenal 
leakage but also signs of local or general peritonitis, such as free air and fl uid 
collections.   

   Treatment of This Complication 

 The leakage of the duodenal stump appears in 1–3 % of gastric resections. Nowadays, 
the mortality associated with this complication is, due to improvements in postop-
erative critical care, between 0 and 12 % [ 12 ]. 

a b

c

  Fig. 9.5    Finsterer-Bancroft-Plenk procedure. ( a ) The antrum has been sectioned at 8 cm of the 
pylorus keeping its irrigation from the pyloric and gastroepiploic arteries. The mucosa is being 
resected following the submucous layer. ( b ) The mucous cuff has been completely resected until 
the pyloric hole, which is closed with points that take the pyloric sphincter. ( c ) Completed proce-
dure. The anterior and posterior antral sides have been attached with internal points and the section 
borders sutured       
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   Initial Resuscitation 

•     Fluid reposition of losses associated to SIRS syndrome and the losses of the 
biliopancreatic leakage.  

•   Antibiotic treatment applies in cases of abdominal sepsis and is always associ-
ated with adequate drainage of the duodenal leakage. Broad-spectrum antibiot-
ics IV are to be administered. Blood cultures are also important for identifying 
the cause of sepsis and modifying the treatment accordingly. Empirical treat-
ment with antifungals is recommended in patients with prolonged hospitaliza-
tion and in case of following broad-spectrum antibiotic treatment for less than 
15 days.     

   Surgical Treatment 

 In the majority of cases, relaparotomy is indicated. The most commonly used tech-
nique is the terminal duodenotomy. A 22- or a 24-French Petzer or Foley catheter is 
introduced through the duodenal leakage at the stump, and a purse string is made 
with nonabsorbable material. This procedure can be complemented with wrapping 
and fi xation of the major omentum around the suture (Wu technique), which con-
tributes to closing it. A Penrose and a sump drain are left subhepatic and in the 
Morrison pouch. A temporary gastrostomy for suction and a jejunostomy for feed-
ing are created. The abdomen should be rinsed and drained. Skin should be left 
open. 

 The only option for conservative approach will be the situation in which the 
duodenal leakage is fi stulized and drained totally through a drain. Moreover, the 
patient should be hemodynamically stable, and no intra-abdominal collections are 
allowed to be present on the CT scan. But also in this situation, if the fl ow is persis-
tent and higher than 500 mL/24 h (high-fl ow biliopancreatic fi stula), then surgical 
exploration could be indicated. In this case, the high fl ow may be associated with 
distal obstruction (afferent loop syndrome) or the presence of local abscess. 

 Total parenteral nutrition (TPN) through a central venous access should be initi-
ated early after reoperation because these patients have an increased catabolism and 
do not get enteral food for several days. 

 The use of octreotide or somatostatin analogues (e.g., Lanreotide ® ) has demon-
strated the effi cacy of decreasing the fi stula production during the fi rst week; how-
ever, its share in the closure of the fi stula is still controversial [ 18 ].   

   Acute Pancreatitis 

 After extensive D2-type lymphadenectomy, lesion to the pancreas during dissection 
may lead to acute pancreatitis, pancreatic fl uid collection, or abscess. If an abscess 
is suspected on the CT scan, percutaneous drainage should be done. Acute pancre-
atitis should be treated conservatively.  
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   Postoperative Jaundice 

 In the case of postoperative jaundice, differential diagnosis should be done immedi-
ately for distinguishing between the obstructive type and the rest. An ultrasonogra-
phy (or CT scan) and laboratory examination will establish the diagnosis. If 
obstructive jaundice with dilated intrahepatic biliary ducts occurs, an MRCP (mag-
netic resonance cholangiopancreatography) should be done. If the proximal biliary 
duct is dilated and its distal part is not visible, a PTC should be done for diagnosis 
and temporarily drainage of the biliary tract. Reconstruction will follow afterwards. 
In cases of very distal gastric cancer in which a relatively long segment of post- 
pyloric duodenum has to be resected, it is important during resection to identify the 
common bile duct (CBD) and papilla of Vater by means of a thin catheter intro-
duced through the cystic duct into the duodenum. This is a safe method to avoid 
inadvertent lesion to the distal CBD or papilla during an extended gastrectomy.   

    Esophagojejunostomy Leakage 

 Esophagojejunostomy leakage is a much-feared postoperative complication, occur-
ring in 4–27 % of cases after total gastrectomy and being associated with a mortality 
of 60 %. Moreover, thirty to fi fty percent of patients with leakage of an esophagoje-
junal anastomosis will later develop a stenosis at that level [ 19 ]. 

 Factors Involved in the Prevention

    a.    Optimization of the nutritional status before surgery 
 Patients with an esophageal and gastric cancer usually have a poor oral intake 

and enteral nutrition should be given through a nasojejunal tube. If not possible 
because of obstruction, total parenteral nutrition (TPN) should be administered 
at least 2 weeks prior to surgery. This extra nutrition must be given longer if the 
oral intake is not adequate, and the patient should be treated by neoadjuvant 
chemotherapy. 

 Some groups systematically create a feeding jejunostomy or leave a long 
nasojejunal feeding tube in order to give patients an adequate caloric and protein 
intake during the immediate postoperative period. This may be associated with 
low morbidity and mortality rates [ 20 ,  21 ].   

   b.    Surgical technique 
 Distal esophageal margins should be well perfused and free of cancer. In most 

cases, free margins will be assured by means of an intraoperative frozen-section 
evaluation. Many times, it is necessary to divide the hiatus anteriorly to get an 
optimal esophageal margin for a safe anastomosis. The jejunal loop to be anasto-
mosed needs to have enough length and a good perfusion, being the jejunal ves-
sels evaluated by means of palpation and transillumination. The best way to reach 
the esophagus, without any tension of the jejunal loop, is the transmesocolic 
route. The esophagojejunal Roux-en-Y anastomosis is usually performed in an 
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end-to-side fashion by means of a 21- to 25-mm circular stapler. Another alterna-
tive is to manually perform the anastomosis in one layer with interrupted stitches. 

 Intraoperative anastomosis control is recommended by inspection of the 
donuts and administration of methylene blue through the nasogastric tube. 

 Placement of a drain does not diminish the incidence of anastomotic leak but 
may decrease the immediate clinical impact of such a complication and may allow 
the possibility of a less invasive treatment such as the placement of a stent [ 22 ].     

   Diagnosis of This Complication 

 Clinical: Upper abdominal pain, fever, and presence of suspect fl uids through drains 
usually happen between the 7th and 10th postoperative day.

    a.    Imaging: The oral swallowing of Gastrografi n® usually shows the contrast leak-
age (Fig.  9.6 ). It is not recommended to use barium-containing contrast due to 
the risk of chemical peritonitis. A CT scan of thorax and abdomen, with oral and 
IV contrast, will provide suffi cient information about the anastomotic leakage 
and the presence of peri-anastomotic abscesses, mediastinitis, or general 
peritonitis.

Contrast leakage

Esophagojejuno
anastomosis

  Fig. 9.6    Leakage of contrast from the esophagojejunal anastomosis       
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       b.    Endoscopic: in those cases without a clear diagnosis after clinical and radiologi-
cal evaluation or in a case whereby the possibility of treatment by means of a 
stent is being considered, an endoscopic study is indicated to determine the 
localization and extension of the anastomotic leakage. In most of the cases dur-
ing endoscopic evaluation, a stent should be placed (Fig.  9.7 ).

          Treatment 

     a.    The patient should be admitted to intensive care or medium care.    Resuscitation 
measures: fl uids are to be repositioned to achieve an optimal mean arterial pres-
sure ≥90 mmHg, CVP 8–12 mmHg, and urinary fl ow ≥0.5 mL/kg/h. Eventually, 
noradrenalin should be used.   

Endoprosthesis

  Fig. 9.7    Control of the leakage of the esophagojejunostomy by means of stent       
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   b.    Broad-spectrum IV antibiotics should, according to protocol, be started immedi-
ately after diagnosis.   

   c.    Control of anastomotic leakage:

    1.    In case a hemodynamically unstable patient is in critical septic condition 
despite resuscitation measures, the patient should be operated on urgently, 
including either:

•    Closure of the distal esophageal stump plus cervical esophagostomy and 
jejunostomy for feeding 
 or  

•   Esophagojejunal dismantling and placement of drains in the distal esopha-
gus and in the jejunum      

   2.    In case of a hemodynamically stable patient, time is available to perform a 
quick study of anastomotic leakage. If the leakage is <30 % of the 
 circumference, treatment may be conservative, including sepsis control, ade-
quate local drainage of fl uid collections, stent placement, and enteral feeding 
by microtube through the anastomosis or TPN [ 23 ,  24 ]. If the leakage is 
>30 %, then the esophagojejunostomy should be dismantled and adequately 
drained. A reconstruction may be performed 6–12 weeks later in order to redo 
the anastomosis.           

    Stenosis-Obstruction of Anastomosis 

 Gastric-outlet obstruction and intestinal obstruction are relatively frequently occur-
ring complications after gastrectomy. Five percent of all gastrectomies are compli-
cated with stenosis/obstruction of any anastomoses [ 25 ]. 

 The main cause of the obstruction is an area of infl ammatory adhesions adjacent 
to the anastomosis, probably as consequence of small suture-line leakages and 
bleeding. Clearly, these complications are preventable. Moreover, functional paral-
ysis of the stomach, common in patients after long-standing gastric dilatation as 
resulting from pyloric stenosis, may mimic gastric-outlet obstruction. Gastric peri-
stalsis may also be reduced by postoperative hypopotassemia. 

   Obstruction After a Partial Gastrectomy 

 There are many mechanical problems related to the gastrojejunostomy, whether 
ante- or retrocolic. Gastric outlet occurs in about 5 % of all retrocolic anastomoses. 
A retrocolic anastomosis can be stenosed by the transverse mesocolon. In order to 
prevent this, the defect in the mesocolon should be sutured to the stomach at least 
2 cm above the anastomosis. If this is not performed, the mesocolon may slide down 
resulting in mechanical obstruction of one or both jejunal loops. In making the 
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anastomosis, it does not matter if it is isoperistaltic or antiperistaltic, but it is impor-
tant that the anastomosis is not twisted or obstructed. 

 Following a total gastrectomy, another cause of obstruction may become the tor-
sion of the long loop of the jejunum used for the esophagojejunostomy. Furthermore, 
if antecolic anastomosis is performed, an internal hernia between the loop and colon 
may be the cause of obstruction.  

   Prevention of This Complication 

 Benign stenosis after esophagojejunostomy occurs in 26–42 % of patients, which is 
of signifi cant infl uence on the nutritional status and quality of life [ 20 ,  21 ]. Despite 
the technical and postoperative improvements, the incidence of benign stenosis has 
not changed in the last 15 years. 

 Stenoses are associated with anastomotic leakages and cardiovascular disease. 
Stenoses after anastomotic leakage may be due to (a) initial local ischemia mani-
fested as a leakage and/or (b) local infl ammatory reaction. 

 Also, cardiovascular disease may have an important infl uence on the anastomo-
sis healing process due to poor irrigation, as consequence of atherosclerosis or a low 
cardiac output.  

   Diagnosis of This Complication 

 If transit through the anastomosis is impaired for longer than 5 days, involving the 
necessity of emptying the gastric remnant by means of nasogastric tube, then diag-
nostic assessment is indicated by means of a CT scan using oral contrast. It will help 
diagnosing the level of the obstruction but also ruling out abscesses or leakages that 
should be treated fi rst.    Stenosis may be found at the level of the esophagojejunos-
tomy, at the level of the gastrojejunostomy, or after a Billroth II anastomosis at the 
afferent or efferent loop. Gastroscopy is the next step in order to assess the stenosis/
obstruction and to evaluate the possibility for dilatation therapy. If possible, pro-
gressive balloon dilatation done in several sessions will be the treatment of choice. 

 Decompression of the stomach is the initial step, along with adequate feeding by 
means of intestinal feeding tube introduced by the gastroscopist distal of the steno-
sis or by TPN. 

 Treatment depends on the diagnosis. 
 If abscesses are present, these must fi rst be drained percutaneously before the dilata-

tion program can be started. If there is only stenosis, a dilatation program will be sched-
uled. Dilatation by means of a balloon will frequently lead to optimal results [ 25 ]. 

 If dilatation is not possible or obstruction is complete because of a technical 
problem, such as internal hernia or torsion, then reoperation will need to be planned.   
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    Leakage After Closure of Duodenal Perforation 

 Prevention starts with a good operative treatment of the perforation. Perforated 
duodenal ulcers that cover more than one third of the pyloric circumference are 
not suitable for primary suture reparation, due to the high risk of leakage [ 26 ]. In 
this situation, perforation should be closed and a protective gastrojejunostomy 
must be performed. Methylene blue may be used through the nasogastric tube to 
ascertain the containment of the primary suture. Perforations equal to or less than 
one third of the circumference are suitable for primary suture and omentoplasty 
(Fig.  9.8 ) [ 27 – 29 ].

a

b

c

d

  Fig. 9.8    Closure techniques of perforated 
duodenum. ( a ) Primary closure with interrupted 
sutures. ( b ) Primary closure with interrupted 
sutures covered with pedicled omentoplasty. ( c ) 
Cellan Jones repair: plugging the perforation 
with omentoplasty. ( d ) Graham Patch: plugging 
the perforation with free omental plug       
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     Diagnosis 

 Clinical manifestation mostly happens between the third and seventh postopera-
tive day, accompanied by certain symptoms and signs such as abdominal pain, 
fever, tachycardia, and eventually the leakage of gastrointestinal contents through 
drains. 

 Usually the duodenal leakage is associated with signs of SIRS or sepsis.  

   Imaging 

 Abdominal CT scan with double contrast (oral and IV) is the complementary test of 
choice. It may confi rm the leakage of oral contrast through duodenum and visualize 
the free intra-abdominal fl uid collections and pneumoperitoneum. Before starting 
the oral ingestion, a routine transit X-ray on the second and third postoperative days 
may be suggested for patients with high-risk closure of duodenum for ruling out 
stenosis or leakage.  

   Treatment 

 Adequate resuscitation includes fl uid and electrolyte reposition and broad-spectrum 
antibiotic therapy immediately after diagnosis. If there is respiratory insuffi ciency, 
this has to be treated actively with oxygen therapy and, if needed, with mechanical 
ventilation after intubation.  

   Surgical Control of Leakage 

 In these cases, the antropyloric and duodenal bulb resection and reconstruction by 
means of gastrojejunal Roux-en-Y anastomosis is recommended [ 28 ].   

    Rebleeding After Repair of a Bleeding Duodenal Ulcer 

 Acute bleeding is the most common complication of peptic ulcer disease, and its 
mortality rate lies between 5 and 10 %. Currently, endoscopic treatment is adequate 
in the majority of patents; however, 5–10 % of them may experience rebleeding and 
require embolization or surgery. After surgery, the risk of rebleeding is about 5 %. 

 The factors that increase the risk of rebleeding are having an ulcer larger than 
2 cm localized in the lesser curvature or posterior side of the duodenal bulb and 
being in shock [ 30 – 31 ]. 
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   General Principles of Repair of Bleeding Ulcer 

 Primary suture of the ulcer bed consists of duodenotomy through the pylorus and 
visualization of the ulcer and a bleeding point, followed by suture of the four 
 cardinal points to control bleeding from the gastroduodenal artery or any of its 
branches. Some authors also recommend the selective ligation of the gastroduode-
nal artery. However, this has been studied in series with a limited number 
of patients, and hence, the conclusions on lower rebleeding rates are 
inconclusive. 

 In 1952, Dorton reported that suture of the bleeding ulcer, pyloroplasty, and trun-
cal vagotomy reduced the rebleeding to 4 % in duodenal and 7 % in gastric ulcers. 

 Furthermore, a comparative study was performed in the beginning of the 1990s 
to compare both procedures, the ulcer treatment plus truncal vagotomy and the 
pyloroplasty versus ulcer treatment alone. The fi rst procedure has less risk of 
rebleeding than only ulcer treatment (3 % vs 17 %). However, this study was made 
at the beginning of the 1990s when neither PPI treatment nor Helicobacter pylori 
eradication therapy existed. Nowadays, the use of vagotomy in those cases is excep-
tional [ 32 ]. 

 The most important cause of rebleeding is a failure to control the initial bleeding. 
Insuffi cient or failed attempts to manage the bleeding point by sutures, with or with-
out ligation of the vessels around the duodenum (e.g., gastroduodenal artery), may 
lead to rebleeding.  

   Prevention of This Complication 

 Coagulation disorders should be corrected and treatment with proton pump inhibi-
tors (PPI) at high doses should be initiated. PPIs have demonstrated the effi cacy of 
diminishing the risk of rebleeding and mortality [ 33 ].  

   Diagnosis 

   Clinical Diagnosis 

 The most important signs for bleeding are hematemesis and melena or fresh blood 
through the nasogastric tube, along with a decrease in hemoglobin values. 
Hemodynamic instability and poor peripheral perfusion are frequently found.  

   Laboratory 

 The presentation of anemia can take up to 6 h after bleeding.  
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   Endoscopy 

 This is the most frequently used diagnostic tool; it may be hazardous because of the 
fragility of the suture.  

   Angiography 

 The evaluation of the celiac trunk and the superior mesenteric artery is the best 
strategy to diagnose the rebleeding and potentially treat it by means of emboliza-
tion. It may also be performed in hemodynamically unstable patients. Evaluation of 
both arteries is necessary because of the risk of rebleeding from one of the collateral 
branches (Fig.  9.9 ).

  Fig. 9.9    Celiac trunk angiography shows active bleeding at gastroduodenal artery after surgery       
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       How to Treat This Complication 

     1.    New endoscopy and use of combined methods (epinephrine injection plus heat- 
energy application plus clips) have demonstrated certain effi cacy to control 
bleeding. However, the rate of failure with this strategy is 10 %.   

   2.    Angiography and embolization. 
 Celiac trunk and superior mesenteric artery angiography and selective 

embolization (coiling) of the gastroduodenal artery are effi cacious, with a 
95 % technical success (absent radiologic bleeding) and a 72 % clinical effi -
cacy. The outcomes are comparable to the ones reached with rebleeding 
surgery. 

 Angioembolization proximal of Treitz ligament has a low risk of ischemia 
due to the presence of important collateral circulation. New catheters and mate-
rial to embolize are available: detachable microcoils, absorbable particles, and 
cyanoacrylate rubber (Fig.  9.10 ).

   Even if morbidity seems lower after angioembolization, the risk for rebleed-
ing and mortality is similar with an outcome after redo operations 29 % versus 
23 % and 26 % versus 21 %, respectively [ 33 – 39 ].   

  Fig. 9.10    Selective embolization by coiling of the gastroduodenal artery       
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   3.    Relaparotomy and Surgery. If a patient is hemodynamically unstable and unre-
sponsive to resuscitation maneuvers or after coiling, then relaparotomy should be 
performed. During laparotomy, duodenum suture or pyloroplasty should be 
opened followed by suturing of the bleeding point and closure of duodenotomy. 
If not performed during the fi rst operation, ligature of the gastroduodenal artery 
should be done. If the reclosure of the duodenum is not considered safe, a gastro-
jejunostomy should be added in order to bypass the duodenum. In  hemodynamically 
stable patients, the control of bleeding may be associated with antacid techniques 
such as (a) truncal vagotomy and pyloroplasty and (b) truncal vagotomy and 
antrectomy (ulcer resection) with gastrojejunal Roux-en-Y reconstruction 
[ 30 ,  33 ,  40 ]. 

 Less frequent postoperative complications such as dumping, afferent loop 
syndrome, anemia, and nutritional disorders remain important challenges for 
diagnosis and therapy. Moreover, diagnosis of late complications (such as stomal 
ulcer, gastrocolic fi stula, and development of cancer in the gastric stump many 
years after surgical treatment of peptic ulcer) will need the involvement of an 
experienced gastroenterologist having acumen regarding clinical suspicion in 
the case of unusual complaints. A combination of gastroscopy and CT scan with 
oral contrast will help to establish the proper diagnosis.           
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    Introduction 

    Obesity is a serious problem of global public health affecting developed and unde-
veloped countries. People with body mass index (BMI) > 30 kg/m 2  represent 7 % of 
the world’s population. However, in some of the developed countries, the preva-
lence of morbid obesity (BMI > 40 kg/m 2 ) is as high as 5 %. Bariatric surgery is one 
of the fastest growing hospital procedures in the USA and in Europe. It is estimated 
that in the USA 220,000 weight loss surgeries were performed in 2008 [ 1 ]. 

 The operations that surgeons use today to treat severe obesity are modifi cations of 
procedures that were designed to save lives requiring removal of the stomach or intes-
tine. For example, one of the well-known side effects of the Billroth II operation is 
weight loss. The empiric use of bypass and restrictive procedures proved to be very 
effective in reducing excess weight but also introduced new complications in itself. 
Some of these were related to the procedure, others to metabolic changes induced by 
the new anatomic situation. During the last 50 years, the 30-day mortality risk of bar-
iatric surgery has decreased from 4 to less than 0.5 %. Operative times have diminished 
from more than 4 h to 60 min, and hospital stay is reduced from a week to 1 or 2 days. 

 Obesity surgery began in 1954 when the fi rst intestinal bypass was performed at 
the University of Minnesota in an attempt to treat a patient with morbid obesity [ 2 ]. 
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This event marks a change in attitude towards obesity as it demonstrated that obe-
sity could be considered a disease and treated successfully. Earlier, morbid obesity 
was looked upon as a behavioral problem that was to be managed with conservative 
therapies such as dietary coaching and psychotherapy. 

 Although the intestinal bypass led to signifi cant weight loss, it came clear that it 
was associated with an unacceptable high rate of complications. Bacterial overgrowth 
in the excluded small intestine and migration of protein breakdown products and bac-
teria in the portal circulation led to liver damage and autoimmune disease in kidneys 
and joints. Reeking diarrhea was one of the unpleasant side effects. Precipitation of 
calcium oxalate in the kidney led to formation of stones, adding to kidney damage. In 
all about 7 % of patients died of liver failure or developed liver cirrhosis. 

 The disadvantages of the intestinal bypass drove surgeons to search for alternative 
procedures that either led to restriction of the food intake or to modify the intestinal 
tract through a bypass or a combination of these. In 1966 the gastric bypass was 
introduced as a modifi cation of the original Billroth operation. It combined a stomach 
reduction with a bypass of a certain part of the proximal jejunum. Because of bile 
refl ux and ulcer formation, a Roux-Y reconstruction was added later on. Thereafter a 
large number of procedures and modifi cations were developed and in a lot of cases 
abandoned again. To date only a handful of bariatric procedures represent the vast 
majority of weight loss surgeries among which the Roux-Y gastric bypass (RYGB) 
is the gold standard (Fig.  10.1 ). The adjustable gastric band (AGB) (Fig.  10.2 ) and 
the sleeve gastrectomy (SG) (Fig.  10.3 ) represent the most performed restrictive pro-
cedures now that the vertical banded gastroplasty is mostly abandoned because of 
complications on the long term. The sleeve gastrectomy with duodenal switch (DS) 
(Fig.  10.4 ) and the biliopancreatic diversion (BPD) (Fig.  10.5 ), originally designed 
by Scopinaro, represent the malabsorptive side of the weight loss surgery specter.

           Preoperative Considerations 

 Many comorbid conditions like metabolic, cardiovascular, psychological, orthope-
dic, neurological, hepatic, pulmonary, and renal disorders are seen in association 
with obesity. These conditions add to the risk of surgical procedures in general and 
bariatric surgery in particular. Evidence has accumulated suggesting that obesity is 
a state of chronic, low-grade infl ammation; it may represent a potential mechanism 
whereby obesity leads to the metabolic derangements that may hamper healing 
and recovery after surgery [ 3 ]. The development of insulin resistance in mouse 
models of obesity and type 2 diabetes mellitus (DM) is characterized by progres-
sive accumulation of infl ammatory macrophages and subpopulations of T cells 
in the visceral adipose. Regulatory T cells may play a critical role in modulating 
tissue infl ammation via their interactions with both adaptive and innate immune 
mechanisms. Furthermore it is important to recognize nondiagnosed underlying 
conditions that may infl uence the operative and postoperative course. Undiagnosed 
sleep apnea may lead to postoperative hypoventilation especially when opiates are 
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administered for analgesia. Before surgery in each patient, individual risk factors 
have to be assessed, and the potential benefi ts and risks of weight loss surgery have 
to be balanced. Several well-known risk factors have to be taken into consideration 
[ 4 ] (Table  10.1 ).

    Older Age  – As the incidence of comorbidities rises with age, so does the opera-
tive risk. Mortality rates are three times higher in patients over 65 years compared 
to younger patients. This raises the question if bariatric surgery should be performed 
on older patient especially since life expectancy remains unchanged in the elderly. 
However, the effects of weight loss and increase in quality of life scores are similar 
compared to younger patients which may justify bariatric surgery in selected older 
patients. 

  Fig. 10.1    Roux-Y gastric 
bypass       
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  Male Gender  – The distribution of total body fat is often different in males com-
pared to females. Men have a tendency to store their excess fat around the waist, 
with a relative large part in visceral adipose tissue, whereas a lot of women have a 
relative large portion of their fat around the lower body especially the hips, but-
tocks, and legs. This typical fat distribution is depicted as an apple- or pear-shaped 
body composition and is associated with a different metabolic profi le. Apple-shaped 
patients have a higher risk of the metabolic syndrome and consequently a higher 
risk of death from stroke and myocardial infarction. From a surgical point of view, 
a large amount of visceral fat makes the surgical exposure of the upper gastrointes-
tinal tract more diffi cult and in that way adds to the operative risk. A large study 
among Medicare benefi ciaries in 2006 demonstrated that the 1 year mortality after 
surgery that was two times higher in males compared to females. 

  Chronic Disease and Super Obesity  – It is understandable that chronic disease 
adds to the complication risk of any surgical procedure. However, in daily practice, 
it is hard to estimate relative risks of chronic diseases, especially when multiple 
chronic conditions are involved, and relate them to surgical outcome. Superobese 
patients (BMI > 50 kg/m 2 ) are more likely to have chronic disease and are averagely 
more diffi cult to operate because of a higher change of visceral adiposity. In a 

  Fig. 10.2    Adjustable gastric 
band       
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review of 856 bariatric Veteran patients in the USA, a Diagnostic Cost Group (DSG) 
risk adjustment measure was used to refl ect the level of comorbidities. A DSG score 
of ≥2 was associated with a signifi cant increase in risk of death. [ 5 ] 

  Low-Volume Surgeons and Hospitals  – As in almost every surgical pro-
cedure, the risk of adverse events is associated with the volume of operations 
performed. This is especially the case for high-complex procedures such as mal-
absorptive laparoscopic bariatric surgeries. The Longitudinal Assessment of 
Bariatric Surgery (LABS) study examined the relationship between surgeons’ 
annual RYGB volumes and 30-day patient outcomes at 10 centers within the 
USA. The study demonstrates that the patient’s risk of an adverse outcome after 
RYGB decreased signifi cantly with the increase in surgeon RYGB volume (cases 
 performed  annually >50) [ 6 ]. 

  Type of Surgery  – The introduction of the laparoscopic approach in weight loss 
surgery has demonstrated a benefi t in perioperative mortality compared to open 
surgery. Also both morbidity and mortality are dependent on the type of procedure. 
The 30-day mortality rate is lower for laparoscopic adjustable gastric banding 
(LAGB) then for laparoscopic gastric bypass. In the longer term however after 
LAGB, more reoperations are necessary. 

  Fig. 10.3    Sleeve gastrectomy        
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  Predicting Mortality  – The Obesity Surgery Mortality Risk Score (OS-MRS) is 
a scoring system to assess the risk of perioperative death in patients that undergo 
bariatric surgery. It classifi es patients in three categories with increasing risk: Class 
A, low risk; Class B, intermediate risk; and Class C, high risk. Several studies have 
shown signifi cant differences in perioperative death between the three different risk 
classes. [ 7 ]  

    Operative Complications 

 The physical properties of obese patients sometimes form a challenge for the bariat-
ric surgeon. The thick abdominal wall often hampers maneuverability, thus limiting 
subtle handling of instruments. The often large liver and abundant visceral adipose 
tissue further complicate visualization and access in both open and laparoscopic 

  Fig. 10.4    Duodenal switch        

F.J. Berends and I.M.C. Janssen



107

surgery. Furthermore, the excess visceral fat, the thick mesentery, and large greater 
omentum can be the cause of traction, for example, when the alimentary limb in 
gastric bypass surgery is pulled up to the gastric pouch on the ventral side of the 
transverse colon. As stated before, the implications of any complication are often 
more serious in bariatric patients. Therefore, the bariatric surgeon must in all cases 
stick to the basic principles of (laparoscopic) surgery, even when the conditions are 
often less than ideal. Optimal camera equipment, state-of-the-art instruments and 
stapling, gentle manipulation of tissues, and timely conversion to open surgery can 
prevent complications. 

  Trocar Injuries  – Both Veress needle and Hasson trocar can be safely used in the 
obese patient. Probably the safest place for introducing a Veress needle is the left 
upper quadrant of the abdomen. The often large overlying omentum forms a relative 

200 cm

75 cm

  Fig. 10.5    Biliopancreatic 
diversion       

   Table 10.1    Risk factors in 
bariatric surgery  

 Age >50 years 
 Male gender 
 BMI >50 kg/m 2  
 Redo surgery 
 Comorbidities such as hypertension and diabetes 
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protective shield against serious organ injury. Although the enlarged left liver lobe 
is often punctured with a Veress needle, this seldom leads to serious hemorrhage. 
Modern optical bladeless trocars further help in safe access. In the past    especially 
pyramid-shaped trocar blades were a cause of sharp organ trauma and bleeding 
from the trocar site. 

  Splenic Injury  – Splenic injury sometimes occurs as many of the bariatric 
procedures aim to staple of the gastric fundus at the angle of His. Also, in place-
ment of laparoscopic adjustable gastric band, a route is made behind the cardia 
of the stomach towards the angle of His. Probably the greatest risk of bleeding 
from the spleen is during sleeve gastrectomy when the short gastric vessels are 
divided sometimes causing a hemorrhage from the spleen. Although splenic 
bleeding can be tedious and sometimes diffi cult to control, splenectomy is hardly 
ever necessary. 

  Internal Hernia  – Internal herniation is a relatively rare complication mostly 
seen after gastric bypass surgery. A potential hernia site remains when the Roux 
limb is pulled up to meet the gastric cardia and crosses over the transverse colon 
mesentery. This so-called Petersen’s space (Fig.  10.6 ) is the location where the 
small intestine can herniate, giving rise to postprandial complaints of obstruction 
and pain. Sometimes an acute obstruction is present needing emergency surgery. 

  Fig. 10.6    Petersen’s defect 
and other internal herniation 
sites       
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The enterostomy is a second site for internal herniation after RYGB. After LAGB 
there are reports of small bowel obstruction caused by the tubing between the band 
and port that acts as an intra-abdominal adhesion.

    Misconstruction  – The limited space and measuring of both the biliopancreatic and 
alimentary limb in gastric bypass surgery can lead to wrongfully anastomosing the 
biliopancreatic limb to the gastric pouch, thus creating a wrongful Roux-en-“O,” an 
absolute obstruction, leading to vomiting, gastric dilatation, and sometimes gastric 
blowout (Fig.  10.7 ). It is recommended to drain the gastric remnant during reoperation, 
as it takes the dilated biliopancreatic limb often a couple of days to regain function.

  Fig. 10.7    Roux-en-“O”        
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       Early Postoperative Complications 

  Bleeding  – As in all surgical procedures, postoperative bleeding is one of the com-
plications that occur in the fi rst hours or day after surgery. Signifi cant bleeding after 
gastric bypass is reported in 0.6–4.0 % of patients. In weight loss surgery potential 
bleeding sites are anastomosis, staple lines, and trocar sites. Trocar bleeding arises 
typically when (sharp-tipped) trocars are removed from the abdominal wall. They 
can be avoided by careful laparoscopic inspection of the trocar wound on the inside. 
Trocar bleedings are easily stopped by placing a transabdominal suture, for which 
several devices are commercially available. 

 General symptoms of bleeding include tachycardia, decrease in hematocrit, and 
often abdominal pain. Anastomotic bleeding often arises from the gastrojejunos-
tomy and can give rise to melena often without pain. Gastroscopic localization of 
the bleeding site and subsequent clipping is the preferred treatment. However, when 
bleeding leads to hemodynamic instability, urgent surgery is mandatory. 

  Wound Infection  – As the majority of weight loss procedures nowadays are 
 performed laparoscopically, wound infections usually are not a big issue. Morbidity 
from laparoscopic wound infection is usually minor, and incidence is not more than 
3–4 %. However, wound infection rate can increase threefold in open surgery. 
Symptoms of wound infection include redness, pain, fever, and fl uctuation. 
Treatment consists of drainage of the wound. Incidence of wound infections in GI 
surgery can be decreased by administering antibiotics perioperatively. 

  Intra-abdominal Leaks  – Most leaks in weight loss surgery arise from the gas-
trointestinal anastomosis after gastric bypass surgery. Reported incidence can be as 
high as 6 %. However, leaks also occur at the staple line of the excluded stomach or 
of the gastric tube in sleeve gastrectomy. Finally accidental damage of small intes-
tine or colon by laparoscopic instruments can happen outside the view of the camera. 

 There is no sure way to prevent a gastrointestinal leakage. Many surgeons evalu-
ate the integrity of the GI anastomosis by testing it with methylene blue dye or 
through insuffl ations of air through the gastric tube while the anastomosis is sub-
merged in saline. When no bubbles are seen, there is no apparent leak. Also rein-
forcement techniques are used for staple lines to prevent leakage, such as fi brin 
glue, buttressing materials, and oversewing. However, these measures add to the 
operative costs while there is little evidence that they can prevent leakage. 

 Leaving wound drains near to the gastrointestinal anastomosis obviously cannot 
prevent leakage but may help to detect a leak early. Furthermore having a drain in 
place can be very helpful in case of a leak because it is an essential part of the treat-
ment and it may prevent needing a reoperation. 

 Symptoms of leak can be very discrete and sometimes merely consist of tachy-
cardia or abdominal tenderness. Other symptoms include fever, tachypnea, and leu-
kocytosis. Especially tachycardia > 100 bpm and respiratory distress are the most 
sensitive physical signs for postoperative leak. CRP is elevated after all operative 
procedures, and discrete elevations are therefore not very reliable. When reconva-
lescence after surgery is out of the ordinary, a leak must be suspected. As physical 
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examination in the obese patient is mostly of limited value, further diagnostics can 
be considered [ 8 ]. Barium swallow or computed tomography can radiographically 
demonstrate a leak; however, a (false) negative result does not rule out the possibil-
ity of leak. Reported sensitivity and specifi city of CT scan for GI leakage can be 
very high, even up to 100 % in some reports. 

 As the mortality rate after GI leakage can be as high as 15 %, it is mandatory to 
treat the leak as soon as possible. Therefore, it is questionable if the effort of  additional 
diagnostic procedures should be undertaken at all. Urgent surgical intervention is 
probably the best response when a leak is suspected. Most often a laparoscopic 
approach at reoperation after initial laparoscopic weight loss surgery is feasible. 

  Cardiovascular Complications  – Cardiac complications can occur during surgery 
but also happen postoperatively. Although improving morbidity is one of the goals 
of weight loss surgery, the weight loss in itself increases cardiac risk. In some reports 
cardiovascular mortality in the fi rst year after bariatric surgery is as high as 5 %. 

  Pulmonary Complications  – Pulmonary embolism (PE) is one of the major 
causes of perioperative death in bariatric surgery. The combination of high BMI, 
venous stasis during surgery, and hypoventilation can easily lead to deep venous 
thrombosis (DVT) and pulmonary emboli even weeks after surgery. Prevention of 
PE includes perioperative administering low-molecular heparin, compression 
stockings during surgery, and early mobilization. 

 Pulmonary infection and hypoventilation are frequently observed after weight 
loss surgery. Atelectasis occurs often in morbidly obese patients in the perioperative 
period. The obesity hypoventilation syndrome and obstructive sleep apnea syn-
drome (OSAS) in combination with perioperative opiates lead to desaturation and 
respiratory insuffi ciency. Positive end-expiratory pressure ventilation during anes-
thesia, perioperative physiotherapy support, early ambulation, and continuous posi-
tive airway pressure treatment in patients with OSAS can prevent a number of 
pulmonary complications.  

    Late Complications 

    After RYGB 

  Pouch-Related Complications  – A Roux-Y gastric bypass (RYGB) consists of a 
small gastric pouch and a Roux-en-Y reconstruction of the jejunum, creating an 
alimentary limb of 75–200 cm that is attached to the pouch and a biliopancreatic 
limb of about 50 cm. 

 Stenosis of the stoma between pouch and Roux limb is especially observed when 
the anastomosis is created with a circular stapler, in particular when a small-sized 
anvil (21 mm or less) is used. Symptoms consist of dysphagia, vomiting, refl ux, and 
excessive weight loss. Treatment consists of (repeated) gastroscopic balloon dilata-
tion of the stoma. 
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 Dilatation of the pouch can arise over time leading to complaints of refl ux, 
increased intake, and weight regain. Debate remains if prophylactic placement of a 
Silastic ring can prevent dilatation. In extreme cases operative reduction of pouch 
size can help. 

 Marginal ulcers are observed regularly at the distal margin of the gastric pouch. 
Symptoms are dysphasia, food intolerance, heartburn, and in severe cases perfora-
tion or hemorrhage. Relative ischemia especially after redo surgery, presence of 
Helicobacter pylori, and nonsteroidal anti-infl ammatory drug use can contribute to 
ulcer formation. Treatment consists of proton pump inhibiting (PPI) drugs. 

  Dumping Syndrome  – Dumping syndrome is the collection of symptoms that 
occur after eating food that is rich in carbohydrates. The rapid passage to the jejunum 
leads to an increase in serum insulin and subsequently a decrease in blood glucose. 
Symptoms are similar with hypoglycemia: nausea, tachycardia, weakness, and dizzi-
ness. Treatment for patients with severe dumping problems entails dietary advice, 
avoiding large amounts of carbohydrates, and spreading meals throughout the day. 

  Internal Hernia  – Internal hernia after gastric bypass surgery can arise at three 
locations: the space between the Roux limb and the transverse colon (Petersen’s 
space), the mesenteric defect at the enterostomy, and the defect in the mesocolon 
when a retrocolic approach is chosen for the Roux limb. Incidence can be as high as 
5 %. Complaints are typically after meals and consist of abdominal pain, colics, and 
obstructive symptoms. Sometimes acute obstruction is the reason for emergency 
surgery to prevent small bowel ischemia. The incidence of internal herniation can 
be decreased by closing all defects during bypass surgery (Fig.  10.6 ). 

 Diagnosing an internal hernia can be challenging. Simple contrast studies sel-
dom reveal an internal hernia. CT scan with a typical “swirl sign” of the mesenteric 
vasculature is a strong sign of internal hernia. However, when everything else fails, 
diagnostic laparoscopy can provide the ultimate answer. 

  Nutritional Defi ciencies  – As reduced food intake is one of the aims of gastric 
bypass surgery, it is not surprising that defi ciencies can easily occur, especially 
because absorption of vitamins and minerals are drastically altered after GB. 
Practically all patients develop in time some shortage, may that be vitamin B12, 
iron or calcium. In this respect it is questionable if defi ciencies can be considered 
“complications” or rather must be considered expected side effects. Nevertheless it 
illustrates the necessity for all patients that underwent gastric bypass surgery to 
commit to lifelong vitamin supplementation and at least yearly blood testing. 

  Weight Loss Failure  – The mean excess weight loss percentage after GB surgery 
ranges from 50 to 70 %. However, some patients lose only a limited amount of 
weight or regain weight after initial successful weight loss. Although often the sur-
gery is blamed and for disappointing results, in reality noncompliant eating behav-
ior and behavioral habits are responsible. Revisional surgery with conversion to 
more extreme bypass constructions or addition of restrictive measures (Silastic 
band or banded bypass) is technically feasible but should be offered with restraint. 

  Gallstones  – A large number of patients develop gallstones during weight loss in 
the fi rst year. About 40 % of these become symptomatic. However, no studies have 
demonstrated a benefi t of prophylactic cholecystectomy. Incidence of cholecystoli-
thiasis can be drastically reduced with prophylactic use of ursodeoxycholic acid.  
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    After LAGB 

 Adjustable gastric banding is one of the most frequently performed bariatric opera-
tions in morbidly obese patients. Laparoscopic adjustable gastric banding (LAGB) 
is a safe and effective method of weight loss and reduction of comorbidities associ-
ated with obesity. Despite its good safety profi le compared with Roux-en-Y gastric 
bypass, patients with LAGB can manifest unique complications that are distinctive 
to the LAGB and need a special assessment and treatment. The most common com-
plications are pouch enlargement, band slip, band erosion, esophageal dilatation, 
refl ux, port rotation, port-site infection, and breakage of the tubing [ 9 ]. 

  Normal Situation  – In the assessment of a patient with a LAGB, one should make 
an upper gastrointestinal radiograph series. A normal image of the upper abdomen 
after LAGB placement is demonstrated in Fig.  10.8 . The band is placed just below 
the gastroesophageal junction. The pouch is    hardly visible for the fi rst year but will 
extend to a size of appropriately 50–80 mL. The right position of the band is seen on 
the radiography if it has an angle of approximately 45° towards the left shoulder.

  Fig. 10.8    Normal AGB       
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    Band Slip and Pouch Dilatation  – The most important cause of slippage is an 
increased pressure in the pouch due to vomiting. In a lot of cases, overfi lling is the 
real cause. Most patients feel that they have the best support of the band if they can 
hardly eat. They will ask for fi lling of the band if they do not lose weight. Prevention 
of overfi lling is prevention of pouch dilatation and helps to get a good long-term 
result. The patient with a band slippage and obstruction usually presents with dys-
phagia, vomiting, regurgitation, and food intolerance. The diagnosis is easily made 
by an upper gastrointestinal series. Complications related to band slip include 
 gastric perforation, necrosis of the slipped stomach (type V prolapse), upper gastro-
intestinal bleeding, and aspiration pneumonia. 

 Pouch enlargement or prolapse is diagnosed when dilation of the proximal gas-
tric pouch is present with or without change in the angle of the band on an upper 
abdominal radiograph and in the absence of signs of obstruction. The lower esopha-
gus may or may not be dilated. Pouch enlargement is also a pressure-related phe-
nomenon that may be surgically induced by band overinfl ation or overeating with 
vomiting, resulting high pressure in the pouch. Primary placement of the band with 
too much fundus above the band gives a high risk of pouch dilatation. Symptoms of 
pouch enlargement can be lack of satiety, heartburn, regurgitation, and occasional 
chest pain. The diagnosis is made with an upper gastrointestinal series (Fig.  10.9 ).

   Band slip and pouch dilatation can be classifi ed depending on the part of the 
body of the stomach that moves through the band or on the dilatation of the stomach 
or placement of the band (Tables  10.1  and  10.2 ).

  Fig. 10.9    Pouch dilatation       
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   Incidence of slippage varies in literature. O’Brien and Dixon reported 25 % of 
band slip in their fi rst 500 patients using the perigastric approach (accessing the 
right crus perigastrically) and only 4.8 % of slippage in the last 600 patients with the 
pars fl accida technique (accessing the right crus through the pars fl accida) [ 10 ]. 
Other published literature reports an incidence of slip of 1–22 %. 

 Since the amount of tissue of the stomach in the band is bigger at the body of the 
stomach than at the angle of His (normal band position), obstruction of the gastro-
intestinal tract can occur when the band slips. Band slip can be posterior or anterior, 
depending on whether the anterior or posterior region of the stomach herniates 
through the band. In all patients with obstructive complaints and pain not respond-
ing to emptying of the band, a gastroscopy is mandatory to rule out gastric ischemia 
or necrosis. These conditions require an immediate surgical intervention. 

 Laparoscopic removal or repositioning of the band is the preferred method of 
treatment for both slippage and pouch dilatation. In patients who were successful in 
losing weight with the gastric band, repositioning can be considered. If the patient 
did not experience signifi cant weight loss, removing the band and creating a gastric 
bypass in one or two tempi is the preferred option. In situations of substantial pro-
lapse where reduction is not possible or when evidence of intra-abdominal infection 
is present, the most prudent management is removal of the gastric band. 

  Band Erosion  – Band erosion is an uncommon complication of LAGB. The band 
gradually erodes through the stomach wall into the gastric lumen. The reported 
incidence is around 1 %, with an estimated prevalence varying from 0 to 11 % [ 11 ]. 
Band erosion may be the result of gastric-wall injury during band placement or tight 
anterior fi xation. 

 A high index of suspicion is required for diagnosis of band erosion as most 
patients are asymptomatic. When symptomatic, complaints related to erosion 
include loss of restriction, nonspecifi c epigastric pain, gastrointestinal bleeding, 
intra-abdominal abscesses, or port-site infection. The diagnosis is often made at the 
time of gastroscopy (Fig.  10.10 ).

   The recommended treatment is complete removal of the eroded gastric band, 
gastroscopically, laparoscopically, or via laparotomy. Removing a band that has 
eroded into the stomach can be diffi cult owing to the extensive infl ammatory 
response around the proximal stomach and left lobe of the liver. This is the rationale 

   Table 10.2    Band slip and pouch dilatation   

 Type  Defi nition  Mechanism  Etiology  Management 

 I  Anterior slip  Downward migration 
of band 

 Insuffi cient anterior 
fi xation 

 Surgical 

 II  Posterior slip  Posterior stomach wall 
herniates through 
band 

 Perigastric approach  Surgical 

 III  Pouch enlargement  Pouch dilatation  Tight band or 
overeating 

 Band defl ation, 
re-education 

 IV  Immediate 
 postoperative slip 

 Band placed too low 
on stomach 

 Inappropriate band 
placement 

 Surgical 

 V  Type I or II with 
gastric necrosis 

 Band slip with pouch 
ischemia 

 Acute pouch 
dilatation 

 Surgical 
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for a gastroscopic approach: With the scope a thin metal wire is positioned around 
the band. The two ends of the wire are brought trough a thin fl exible shaft which is 
gently brought down through the esophagus to the band. The wires are pulled with 
force against the fl exible shaft thus cutting through the silicone band. From the 
outside, the port must be surgically removed and the tubing cut. After this, the band 
can be removed orally, most of the times. This procedure can only be performed 
when the band is well visible within the stomach. 

 Because of the diffi cult direct laparoscopic approach, transgastric techniques 
have been proposed to facilitate band removal. Using distal transgastric ports, the 
band can be removed with a combined laparoscopic/endoscopic approach. It is 
 surgically easier to operate and close a gastrotomy in normal gastric tissue than 
near an eroded band. In the case of acute gastric perforation, laparotomy with wide 
drainage is necessary. 

  Port-Site Infection  – Port-site infections can be classifi ed as early and late. Early 
infections will manifest with the cardinal signs of erythema, swelling, and pain. These 
infections typically occur in the immediate postoperative period. These infections with 
cellulitis alone may be treated with oral antibiotics. If the response is inadequate, then 
intravenous antibiotic use is warranted. When the infection does not respond to intra-
venous antibiotics and is limited to the port, the port can be removed and the tubing 
knotted and left inside the abdomen. A new port may be placed when all signs of infec-
tion are gone. The tubing can be connected with laparoscopic guidance. 

 Late port-site infections are often caused by band erosion with ascending infec-
tion. This usually manifests several months after surgery and can be associated with 
loss of restriction. Gastroscopy must be done to confi rm the diagnosis of band ero-
sion. In each case of erosion, removal of the band is necessary. 

  Tube Breakage  – Breakage or damage of the tube typically refers to leakage of 
the tubing leading into the port or a place where there is a metal connector. To pre-
vent leakage from the port, the use of a standard coring needle is strongly 

  Fig. 10.10    Band erosion        

F.J. Berends and I.M.C. Janssen



117

discouraged, and only Huber (noncoring) needles should be used to access the port. 
If port access is diffi cult or if the tubing connected to the port is at risk of perfora-
tion, then band adjustment under fl uoroscopy is advised. Tube breakage usually 
manifests as a slow leak with the loss of the injected fl uid volume on aspiration and 
the absence of restriction. It can be diffi cult to identify the leak site but local explo-
ration of the port site can confi rm the diagnosis. 

 Leakage from the intra-abdominal tubing is more diffi cult to diagnose. Injection 
of dilute nonionic iodinated contrast into the port under fl uoroscopy can help to 
identify the site of the leak. Another approach is to inject diluted methylene blue 
into the port under direct laparoscopic visualization of the tubing and the band. Port, 
tubing, or band replacement is usually necessary depending on the site of the leak-
age and type of band used.  

    Laparoscopic Sleeve Gastrectomy (LSG) 

 Sleeve gastrectomy is a surgical weight loss procedure in which the stomach is 
reduced to about 25 % of its original size, by surgical removal of a large portion of 
the stomach, following the major curve. The open edges are then attached together 
(often with surgical staples) to form a sleeve or tube with a banana shape. The pro-
cedure permanently reduces the size of the stomach. The procedure is performed 
laparoscopically and is not reversible. 

 Sleeve gastrectomy (also called gastric sleeve) is usually performed on extremely 
obese patients, with a body mass index of 40 or more, where the risk of performing a 
gastric bypass or duodenal switch procedure may be too large. A two-stage procedure 
is performed: the fi rst is a sleeve gastrectomy, and the second is a conversion into a 
gastric bypass or duodenal switch. Patients usually lose a large quantity of their excess 
weight after the sleeve gastrectomy procedure alone. If weight loss ceases the second 
step is performed. For patients that are obese but not extremely obese, sleeve gastrec-
tomy alone is a suitable operation with low risks. The sleeve gastrectomy currently is 
an acceptable weight loss surgery option for obese patients as a single procedure. 

 Compared to other bariatric procedures, perioperative risk of LSG appears to be 
relatively low even in patients considered “high risk.” The overall reported mortal-
ity rate for LSG is 0.3 %. Complication rates range from 0 to 29 % (average 11.2 %) 
in literature. Major complications after LSG are staple line leakage 0–5.5 % and 
internal bleeding 0–14.5 % [ 12 ]. 

  Staple Line Leakage  – Staple line leakage after LSG typically arises in the fi rst 
days after surgery. Symptoms are similar as in leakage after RYGB with tachycar-
dia, abdominal pain, leukocytosis, and fever. Diagnosis of a leak is made via con-
trast (Gastrografi n) swallow or abdominal computed tomography (CT) scan 
(Fig.  10.11 ). When a drain is present, ingestion of methylene blue (5 mL in 250 mL 
of water) can provide clear evidence of a leak. Patients can be treated depending on 
the onset or detection of the leak. This divides the management of leaks as to 
whether they were early (1–3 days) or late and whether or not sepsis is present.
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    Early Leak  – In a patient with an early leak, the patient should be taken back to 
the operating room for a laparoscopic or open washout and placement of drains. An 
attempt can be made to repair the hole in the sleeve through suturing the hole, clo-
sure with an omental patch, or insertion of a T tube through the defect [ 13 ,  14 ]. 
Intravenous antibiotics are administered. Endoscopic insertion of a nasogastric or 
nasojejunal tube can be considered especially when closing the leak has failed. 
A feeding jejunostomy is a more patient friendly alternative. 

  Late Leak  – In case of a late leak, an attempt to repair the hole in the sleeve is 
usually unsuccessful; however, surgical washout of the abdomen and placement of 
drains are mandatory. The defect in the sleeve can be closed by gastroscopic place-
ment of a covered stent. Care must be taken to use the right stents as they tend to get 
incorporated in the gastric mucosa. For that reason, stents must be exchanged or 
removed after 4 weeks. Intravenous antibiotics, nasogastric tube placement, and 
drainage of abscesses are all essential components of successful treatment. 

 If a leak is well controlled (drain production < 500 mL/day), conservative treat-
ment can be continued and the drain output monitored over time. Once drain output 
is less than 30 mL per day, a contrast swallow can be made to demonstrate if leak is 
closed so that the patient can start with oral intake. If the fi stula keeps on producing 

  Fig. 10.11    Leakage of 
gastric sleeve       
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>500 mL/day, repositioning of the covered stents may be necessary. If this is impos-
sible or the fi stula continues to leak, surgery is the best option. 

 If the leak is distal, the LSG can be converted to a gastric bypass (GB), while the 
distal part of the stomach with the leak is resected. If the leak is proximal and a part 
of the fundus left in place, a small resection and conversion to a GB is an option. If 
not enough fundus is left in place, the fi stula can be covered with small bowel by a 
Roux-Y construction, or a Roux-Y reconstruction can be performed on the esophagus. 

  Enterocutaneous Fistula  – After leakage subphrenic abscess formation is a regu-
larly seen complication. Fistulas in the left upper abdominal quadrant or left tho-
racic wall sometimes arise spontaneously or after percutaneous drainage of an 
abscess. In essence, the treatment of fi stulas is the same as in GI surgery. The gen-
eral principles of management of enterocutaneous fi stulae are control of sepsis, 
attention to nutrition, defi nition of the anatomy, protection of the skin around the 
drain, and planning for defi nitive management. 

 A CT scan of the abdomen with oral contrast is helpful to identify any undrained 
collections. Contrast swallow during the follow-up to monitor the progress of the 
fi stula is helpful. If the leak is diffi cult to diagnose, a radio-opaque contrast injected 
into the drain as a tubogram can be made to see if any contrast will enter the gastro-
intestinal tract. 

  Internal Bleeding  – Internal bleeding after LSG is in almost all cases in the fi rst 
days after operation. If the patient is pale, has abdominal discomfort, and tachycar-
dia, hemorrhage must be suspected. In the majority of cases, conservative manage-
ment suffi ces; however, when an active bleeding is evident or hemodynamic 
instability, emergency surgery is needed. Most of the times, the bleeding is on the 
gastric staple line and is easily controlled by clips. 

  Gastroesophageal Dysmotility and Refl ux  –    The number of patients that has post-
operative gastroesophageal dysmotility and refl ux and needed a specifi c treatment 
besides regular proton pump inhibitors (PPIs) was reported in one cohort study as 
1.1 %. A combination of a dilated upper part of the sleeve with a relative narrowing 
of the midstomach, without complete obstruction, is common in most patients with 
a severe gastroesophageal dysmotility and refl ux. The sleeve volume, the bougie 
size, and the starting point of the antral resection do not seem to have an effect in 
this complication. Operatively converting the gastric sleeve to a gastric bypass often 
dramatically improves motility.  

    Vertical Banded Gastroplasty (VBG) 

 The VBG was used for the fi rst time in 1980 by Edward Mason (Fig.  10.12 ). It is a 
true restrictive procedure that entails the creation of a small gastric pouch with 
 staples. The pouch stoma is controlled by a small Marlex band. The VBG has been 
a very popular bariatric procedure for years, because it provided good weight loss. 
However, the procedure is mostly abandoned because of a relatively high incidence 
of complications in the long term.
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   Staple line disruption and weight regain is reported in 30 % of patients. Staple 
line disruption enables the patient to increase their intake. On the other hand, 
obstruction, stenosis, or even erosion of the band leads to vomiting, pouch dilata-
tion, refl ux, extreme weight loss, and malnutrition. Although revisional surgery 
with ligation of the band is technically possible, this leads to signifi cant weight 
regain in almost all cases. 

 Many failed VBGs are nowadays converted to other bariatric procedures among 
which RY gastric bypass and BPD are the most popular. Conversion after open 
VBG in the past to another bariatric procedure can be performed laparoscopically. 
However, due to dense scarring tissue especially around the band and adherence to 
the liver can make this a very challenging procedure.  

    Duodenal Switch (DS) and Biliopancreatic Diversion (BPD) 

 DS and BPD are bariatric procedures that have in common that they bypass a large 
portion of the small intestine, thus creating a true malabsorption. The common 
channel in DS and BPD ranges from 60 to 100 cm. Although both procedures give 
superior weight loss, even better than RYGB, they are not widespread because they 
are technically diffi cult and are associated with higher morbidity and mortality than 

  Fig. 10.12    Vertical banded 
gastroplasty       
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other bariatric procedures. Perioperative complications are comparable to RYGB. 
However, the most important complications after DS and BPD are the nutritional 
defi cits on the longer run.  

    Recognition of Complications and Timing of Surgery 

 Complications in morbidly obese patients happen regularly even in high-volume 
centers. However, they are very diffi cult to diagnose even for experienced physi-
cians. For that reason every unusual event and every deviant postoperative course 
must raise a serious suspicion of a complication. Usually bariatric patients follow a 
fast-track postoperative course enabling them to be discharged after 2 or 3 days. 
In case of prolonged reconvalescence in a patient, a complication can be imminent. 
Several studies have demonstrated that overall morbidity and mortality in a bariatric 
center is infl uenced by both the experience of the surgeon and the experience of the 
hospital, in particular the nursing staff on the bariatric ward. Therefore, any change 
in the patient’s vital signs, mental status, pain level, or location should prompt the 
nursing staff to alert the surgeon. Although diagnostic examinations can be helpful 
when a complication is suspected, they can easily lead to false-negative fi ndings and 
a wrongly expectant attitude. Literature demonstrates that it often takes 2 to 3 days 
after initiation of symptoms to adequately treat a leakage of the gastrointestinal 
anastomosis. Probably the wisest approach to a suspected complication is early 
reoperation without delay. In that way deterioration, sepsis, and death can often be 
avoided. The method of reintervention depends on the complication present, the 
patient’s condition, and the experience of the surgeon. For some complications, it 
suffi ces to perform percutaneous drainage or gastroscopic treatment, whereas other 
complications require immediate reoperation. Laparoscopic management of com-
plications is often possible, especially when the primary procedure was also per-
formed minimally invasive. However, paralytic ileus, severe peritonitis, and deep 
sepsis are relative contraindications for laparoscopy and may need open explorative 
laparotomy.      
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        Liver Resection 

 In recent decades we have witnessed a signifi cant reduction in morbidity and mor-
tality after liver resection (LR) (less than 30 % morbidity and less than 5 % mortal-
ity) [ 1 – 6 ], which is related to several factors: better selection and preparation of 
patients for surgery; better knowledge of hepatic surgical anatomy; possibility of 
calculating, prior to surgery, the minimum liver remnant volume for maintaining 
liver function; better instruments for parenchyma transection aimed at reducing 
blood loss; and lastly liver transplantation, which has developed alongside liver 
surgery and facilitated the training of surgeons (Tables  11.1  and  11.2 ).

    We shall analyze the most frequent and serious surgical complications. 

    Intraoperative and/or Postoperative Bleeding 

 This complication leads to a polytransfusion, which has been related to higher mor-
bidity and mortality rates and may require prolonged hilar clamping and cause liver 
failure due to hepatic ischemia. 
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  Origin of Bleeding  
 Bleeding may be located at the portal pedicle, inferior vena cava (IVC), or 

surface of the parenchymal transection. Portal pedicle bleeding usually occurs 
during intra- or extraglissonian transection. Injury may also occur to the middle 
hepatic vein during the left extraglissonian approach. Bleeding of the IVC or 
hepatic veins (HVs) may cause bleeding and/or air embolism, the origin of which 
is the IVC itself, the caudate collaterals or an inferior right hepatic vein. Bleeding 
of a parenchymal origin may come from the hilar vessels or hepatic veins. This 
complication is more frequent in the case of anatomical anomalies such as portal 
trifurcation or when there are hepatic drainage branches from the right segments 
to the middle HV. 

  Favoring Factors  
 (1) Extended liver resections, especially when it is necessary to occlude the IVC 

or use a venovenous bypass or vascular grafts [ 7 ]; (2) atypical resections 

   Table 11.1    Indications, surgical technique, and morbidity in our liver resection series ( n  = 850)   

 Parameters 
 No. of 
cases  % 

  Indications  
 Benign lesions: hemangioma (25), FNH (9), IHL (7), others (20)  70  8.2 
 Colorectal liver metastases  562  66.2 
 Non-colorectal liver metastases  53  6.2 
 Malignant primary tumors: HCC (72), others non-CC (6)  78  9.2 
 Bile duct tumors: Klatskin (32), peripheral CC (26), 

gallbladder carcinoma (29) 
 87  10.2 

  Surgical technique  a  
 Extreme liver surgery (two IVC grafts and fi ve left renal vein grafts)  7  0.8 
 Right trisectionectomy  24  2.8 
 Right hepatectomy  151  17.8 
 Left hepatectomy  100  11.8 
 Lateral sectionectomy  49  5.8 
 Segmentary and wedge resections  519  61 
   Central hepatectomy (12), resections of three segments (70), resections of 

two segments (178), resection of one segment (191), wedge resections (68) 
  Morbidity  
 Biliary complications  41  5 
 Infected waste collections  83  10 
 Postoperative bleeding  4  0.5 
 Postoperative liver failure  12  1.4 
  Mortality  
 Total     13  1.52 
 Related to biliary complications  4 
 Related to infected waste collections – sepsis  1 
 Related to hemorrhage  3 
 Related to other complications (no deaths due to postoperative liver failure)  5 

   FNH  focal nodular hyperplasia,  IHL  intrahepatic lithiasis,  IVC  inferior vena cava,  HCC  hepatocel-
lular carcinoma,  CC  cholangiocarcinoma 
  a 121 liver resections were performed by laparoscopic approach  
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(not following fi ssure planes); (3) resection of large tumors or tumors invading vas-
cular pedicles; (4)  hepatic cirrhosis , in which bleeding is favored by the hardness of 
the liver, previous coagulopathy, and portal hypertension; (5) patients receiving  che-
motherapy [  8 ] prior to surgery, as they develop a fatty liver and considerable fi bro-
sis, which means there is a greater risk of bleeding; (6) patients with  extrahepatic 
cholestasis , as they have an impaired intestinal absorption of vitamin K and 
decreased prothrombin in peripheral blood [ 6 ,  9 ]; and (7) diseases with  hematologi-
cal alterations  (Kasabach-Merritt syndrome in the case of hemangiomas). 

  Prevention  
 (1) We must preoperatively correct any hematological alterations with platelets, 

cryoprecipitates, fresh plasma, and parenteral vitamin K. (2) Patients with extrahe-
patic cholestasis will have improved liver functionality with percutaneous drainage 
of the liver lobe to be preserved. (3) To reduce intraoperative bleeding a central 
venous pressure of less than 5 mmHg must be maintained (in laparoscopic LR, due 
to the risk of air embolism, it is debated whether central venous pressure should be 
decreased or not). (4) Large-bore peripheral lines are necessary, together with a 
system of rapid fl uid infusion and the venovenous bypass, in the event that it is 

   Table 11.2    Indications, surgical technique, and morbidity in our liver transplant series ( n  = 884)   

 Parameters 
 No. of 
cases  % 

  Indications  
 1. Hepatocellular cirrhosis  473  53.5 
 2. Hepatocellular carcinoma with cirrhosis  126  14.2 
 3. Acute hepatic failure  49  5.5 
 4. Cholestatic diseases  47  5.3 
 5. Metabolic diseases  43  4.9 
 6. Retransplant  102  11.5 
 7. Others  44  5.1 
  Surgical technique  
 1. Classic technique  156  17.6 
 2. Cava vein preservation (piggyback technique)  728  82.4 
  Morbidity  
 1. Postoperative abdominal hemorrhage which requires surgical treatment  32  3.6 
 2. Arterial complications  18  2 
  Arterial thrombosis  15  1.7 
  Arterial stenosis  3  0.3 
 3. Venous complications  6  0.6 
  Cava vein and/or suprahepatic vein thrombosis  3  0.3 
  Portal vein thrombosis  2  0.2 
  Stenosis portal vein  1  0.1 
 4. Biliary complications  108  12.2 
  Early biliary leak  43  4.9 
   Biliary peritonitis after removal of Kehr tube which requires surgical 

treatment 
 31  3.5 

  Biliary stenosis  25  2.8 
  Biliary necrosis  9  1 
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necessary to perform total vascular occlusion. (5) The surgical technique must be 
careful and follow the anatomical fi ssures under ultrasonographic guidance. Prior to 
parenchymal transection a vascular control – either total or selective (intra- or extra-
glissonian) – should be made of the elements of the hepatic hilum depending on the 
surgical technique to be performed and the surgeon’s experience. (6) In extreme 
liver surgery [ 7 ,  10 ] or major hepatectomies, besides controlling the hilum it is also 
advisable to control the infrahepatic IVC and suprahepatic IVC for possible total 
vascular occlusion; even the piggyback technique can be performed to completely 
dissect the IVC and thus avoid occlusion. (7) To reduce bleeding during parenchy-
mal transection, numerous cutting and coagulation instruments have been designed, 
of which the most commonly used are the ultrasonic dissector, argon scalpel, hydro-
jet, harmonic scalpel, LigaSure, TissueLink, and bipolar forceps. These methods 
must be associated with ligations and sutures of the vascular and biliary elements, 
although fi nger fracture and kellyclasia are still very useful techniques. Recently a 
large series of LRs was published in which parenchymal transection was performed 
with vascular endostapler [ 11 ]. A number of hemostatic substances have also been 
developed for application to the surface of the liver to reduce bleeding, although 
results are contradictory regarding their use [ 12 ]. 

  Treatment  
 Hilar bleeding is easy to control, as at the very start of the operation, a loop is 

passed round the pedicle and simple traction performs hemostasis. It is also useful 
to insert the index fi nger of the left hand through the Winslow hiatus to compress 
the hilum between two fi ngers and suture the lesion. IVC tears can be controlled by 
applying pressure with the fi ngers of the left hand inserted behind it and suturing the 
point of bleeding once the hemostasis has been identifi ed. If the bleeding cannot be 
controlled, vascular occlusion of the IVC is performed and the injury repaired. HV 
tears are controlled with the hanging maneuver, with a loop passed initially between 
the right HV and middle HV, which surrounds the liver behind and in front of the 
dissected IVC. If it is not controlled with traction, manual compression is applied or 
vascular occlusion of the IVC. Parenchymal bleeding is controlled well with man-
ual compression and suture of the injured vessels. Bleeding may occur postopera-
tively, diagnosed by a drop in hematocrit (HCT) or blood escaping through the 
drains or the existence of a hemoperitoneum. Alterations in coagulation must be 
corrected, and if the bleeding continues a re-laparotomy is necessary  

    Air Embolism 

 This is an uncommon complication that occurs following tears in veins close to the right 
auricle (IVC and HVs), in which there is negative pressure. Publications exist suggest-
ing that the use of an argon scalpel and ultrasonic dissector might increase airfl ow into 
the HVs and favor embolism and also that laparoscopic surgery would increase the risk 
of air embolism due to the use of CO 2  at a pressure of more than 14 mmHg in the 
abdominal cavity [ 13 ], something which has not yet been demonstrated. 
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  Perioperative Management  
 If this is detected, the fi eld must be irrigated with physiological saline to prevent 

more air from entering and the orifi ce through which the air penetrates compressed, 
or occlusion should be performed with a vascular clamp and the tear sutured. The 
anesthetist must aspirate through the central line to try to extract as much air as pos-
sible, and the perfusion of fl uids must be incremented to increase central venous 
pressure.  

    Postoperative Liver Failure 

 This is the main cause of postoperative mortality. Mild or moderate liver failure 
appears with mild jaundice, ascites, hypoproteinemia, and hypoalbuminemia. 
Serious cases are revealed by signifi cant jaundice, hypoglycemia, encephalopa-
thy, coagulopathy with a Quick of less than 30 %, kidney failure, respiratory 
failure, and even multisystemic failure. In 2011  an International Study Group of 
Liver Surgery [  14 ] classifi es LF in three grades: LF with abnormal laboratory 
parameters, but not requiring changes in the patient’s management is grade A; 
deviation from the regular clinical course but without invasive measures is grade 
B; and deviation from the regular clinical course requiring invasive treatment is 
grade C. 

  Origin and Favoring Factors  
 (1) Child A  cirrhosis  when performing major LRs (≥3 segments) and Child B 

and C cirrhosis even if the LR is segmental [ 15 ,  16 ]. (2)  Extensive resections  or 
 extreme liver surgery  that requires a venovenous bypass or prolonged vascular 
occlusion in healthy livers, but especially if there is severe steatosis, cholestasis, or 
the patients have received neoadjuvant chemotherapy [ 7 ,  8 ]. (3)  Intra- and postop-
erative bleeding  which conditions hypotension and a secondary hepatic ischemia. 
(4) Very prolonged complete  hilar clamping [  17 ]. 

  Prophylaxis  
 With hepatic cirrhosis there is no test to accurately predict the risk of LF. The 

Child-Pugh classifi cation is the most commonly used functional test, with indocya-
nine green clearance used in oriental countries. In order to prevent LF, the Hospital 
Clínic in Barcelona [ 18 ] selects cirrhotic patients for liver resection who are Child 
A and have a portal pressure of less than 10 mmHg (measured by suprahepatic vein 
catheterization) and a TB of less than 1. In healthy livers it is important to perform 
a preoperative liver volumetry when a major LR is to be done, and if the remnant 
volume is insuffi cient (less than 25 % or less than 35 % if the patient has received 
chemotherapy or there is cholestasis or a fatty liver), a preoperative portal vein 
embolization is recommended or a two-stage resection combined with portal occlu-
sion techniques [ 5 ,  19 ]. In the case of patients with cholestasis, oriental authors 
recommend percutaneous drainage of the lobe to be preserved, accompanied by 
portal vein embolization of the pathological lobe. This enables extended liver resec-
tions to be performed [ 20 ]. 
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 During the operation, we must avoid serious episodes of bleeding that condition 
hepatic ischemia; occlusion of the hepatic hilum must be for as short a time as pos-
sible and done intermittently; some authors recommend ischemic preconditioning 
and occlude the hilum for 10 min, which appears to adapt the hepatic cell to the 
ischemia and stimulate liver regeneration [ 21 ]. 

  Treatment  
 This includes correction of the alterations in coagulation and metabolic acidosis, 

administration of liver-protecting parenteral nutrition to correct hypoproteinemia 
and hypoalbuminemia, and antibiotic treatment to prevent infectious complications 
that aggravate LF.  

    Biliary Complications 

 These are the most common and potentially serious complications and can appear 
postoperatively as fi stulas and/or bile collections, as a diffuse bile peritonitis, or as 
a sepsis due to the existence of segments with poor bile drainage. 

 Biliary fi stulas were recently classifi ed in three grades [ 22 ]: grade A biliary fi s-
tula has little or no clinical impact on the patient, the fi stula is controlled by drain-
age, the drainage volume decreases daily, and bile drainage lasts less than 1 week. 
Grade B biliary fi stula causes a change in the patient’s clinical situation and treat-
ment, requiring additional radiological or endoscopic approaches, the hospital stay 
is lengthened, or it is a grade A fi stula with more than 1-week hospital stay. Grade 
C biliary fi stula requires laparotomy for treatment, and occasionally a clinical situ-
ation of sepsis or multisystemic failure occurs. Hospital stay is very prolonged and 
patients may have secondary complications (e.g., wall abscesses). 

  Favoring Factors  
 (1) Anatomical anomalies of the biliary tree, especially intrahepatically; (2) re- 

resections in which a right hemihepatectomy was performed, as the liver is rotated 
and the hepatic hilum blocked; (3) presence of an HJ; (4) existence of poorly vascu-
larized liver segments or bile duct; and (5) presence of biliary metallic prostheses. 

  Prevention  
 Prevention is implemented by performing a systematic intraoperative cholangi-

ography (IOC) in the case of hemihepatectomies or extended LRs. When a hepatec-
tomy is fi nished, the bile duct must also be explored by IOC or by injecting serum 
through the cystic duct to identify minor biliary leaks on the liver surface. Segments 
which have become ischemic during the liver resection should be excised. 

  Treatment  
 Injury to a principal hepatic duct must be treated with an HJ reconstruction. If a 

segment is left poorly drained, it must be excised to avoid secondary infectious 
complications, or the biliary radicle sutured if it is of little importance. 

 If it appears as a biliary fi stula through the drain, which does not close conserva-
tively, we must identify the origin by performing a cholangiography through the 
drain or an ERCP, which allows a papillotomy to be performed, and also insert a 
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nasobiliary drain or an endoscopic plastic prosthesis. If endoscopic treatment fails, 
the next step is surgical treatment. If it appears as an infected perihepatic collection, 
detected by CT, a radiological drain must be inserted, and if a high volume of drain-
age is maintained, it should be treated as a biliary fi stula.  

    Infected Collections 

 Favoring factors include liver resections with biliodigestive anastomoses, patients 
with previous chemotherapy, the application of intraoperative radiofrequency, and 
immunodepressed patients. 

  Perioperative Management  
 In the presence of fever, leukocytosis, increased CRP, and procalcitonin, we 

must indicate an emergency abdominal CT. If there are clinical data of sepsis or air 
inside the collection, the collection must be drained radiologically as an emergency 
procedure. On rare occasions these collections are not resolved with radiological 
treatment, and surgical treatment is necessary. In selected cases with less than 38 °C 
fever, no leukocytosis, and no hemodynamic repercussion, antibiotic treatment can 
be started under clinical, analytical, and serial CT guidance.   

    Liver Transplantation 

 Liver transplantation (LT) is an extremely complex technique associated with a high 
rate of surgical complications, notably – due to their frequency and prognostic 
impact – postoperative bleeding and vascular and biliary complications [ 23 ]. 

    Postoperative Bleeding 

 The signifi cance of postoperative bleeding is related to its frequency (0–10 %), 
severity (mortality 0–3 %), and to the fact that it conditions a shorter graft survival 
and longer hospital stay [ 1 – 6 ]. 

  Predisposing Factors 

    1.     Recipient-Related [  24 ,  25 ] .  Patients with severe hepatopathy present with severe 
coagulopathy prior to LT, which may condition a greater risk of postoperative 
bleeding, although this has not been corroborated by all authors. Portal hyperten-
sion increases the risk of bleeding due to the increase in number, size, and pres-
sure of the venous capillaries and to thrombopenia secondary to hypersplenism. 
When previous abdominal surgery is also associated, the risk of bleeding is 
greater.   
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   2.     Operation-Related . A poor dissection that does not take hemostasis into account 
from the outset of the operation is going to condition an excessive consumption 
of hemoderivatives, which will aggravate the patient’s previous coagulopathy. 
Moreover, there is an alteration in coagulation during LT, which starts in the 
hepatectomy phase, increases during the anhepatic phase, and worsens during 
reperfusion (fi brinolysis occurs in 20–30 % of LTs) [ 25 ]. 

 As far as surgical technique is concerned, for some authors [ 26 ] the classical 
technique involves a greater risk of bleeding than the piggyback procedure, as a 
wider retroperitoneal dissection is necessary to remove the recipient inferior vena 
cava. Moreover, the portal vein and IVC require clamping during the classical tech-
nique, which means greater hypertension in the splanchnic venous system and IVC 
territory. Placement of a venovenous bypass prevents this venous hypertension, but 
small doses of heparin added to the circuit may aggravate the coagulopathy.   

   3.     Organ Donation-Related . The lack of donors has led to the need to use “subop-
timal” livers.    Suboptimal livers imply a greater incidence of primary graft dys-
function, which is associated with a higher risk of bleeding due to alterations in 
coagulation. Reduced transplants have a variable-sized cutting surface, which 
may be a focus of bleeding after revascularization.    

   Etiology  
  During the operation  bleeding may start during the hepatectomy phase, gener-

ally related to technical diffi culties. In these cases, once the liver has been removed, 
bleeding usually stops with careful hemostasis.  If the bleeding persists or starts 
during reperfusion,  it may be secondary to the existence of a severe fi brinolysis 
which would cause a diffuse hemorrhage [ 24 ,  25 ,  27 ]. 

  If the bleeding starts in the immediate postoperative period  and there is  good graft 
function , the origin is usually the retroperitoneal surface freed during the hepatectomy, 
the vascular anastomoses, or the donor liver (lacerations, vesicular bed, non-ligated 
small vein branches, etc.). When there is  graft dysfunction , coagulation alters seri-
ously, with an increase in bleeding, which would further aggravate graft function due 
to hypoperfusion and associate a diffuse hemorrhage that would be diffi cult to cohibit. 

  Diagnosis  
 Here we should distinguish two situations:

    1.     When the drains function correctly,  diagnosis is based on an increase in hemor-
rhagic drainage, which will be accompanied by hemodynamic instability, oligu-
ria or anuria, and a decrease in hematocrit (HCT). If the drained blood is hot and 
red, it indicates the bleeding is recent; if there are doubts as to the characteristics 
of the bleeding, it would be useful to perform an HCT of the drained fl uid, which 
might differentiate hemorrhage from bloodstained ascites.   

   2.     When the drains do not function , diagnosis might be based on hemodynamic 
instability, transfusion needs, diuresis, and a decrease in HCT. It is also useful to 
measure the abdominal perimeter at the umbilical level as the patient will present 
with hemoperitoneum and a secondary abdominal distension. It is very useful in 
this situation to perform ultrasound and CT. Ultrasound is more feasible when 
the patient is unstable, as it can be performed at the patient’s bedside.     
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  Prevention  
 Preoperative correction of alterations in coagulation has not proved effective for 

reducing intraoperative bleeding. During the operation, we must monitor the factors 
involved in coagulation (Quick, APTT, platelets, PDF, etc.), and some authors also 
recommend performing a thromboelastogram [ 27 ]. Any alteration must be cor-
rected using the corresponding substances such as coagulation factors, platelets, and 
antifi brinolytics. These alterations are usually corrected 1 or 2 h after reperfusion, 
while the surgeon is preparing the arterial and biliary anastomosis. 

 A correct surgical technique with special attention to hemostasis is fundamental. 
The hemorrhage from the retroperitoneum is better controlled by transfi xion suture 
of the points of bleeding [ 26 ]. When the classical technique is performed, some 
authors report that the use of a venovenous bypass or an early portacaval shunt 
(internal bypass) may reduce blood loss during the hepatectomy by decreasing por-
tal hypertension [ 39 ]. The piggyback technique is associated with a lower percent-
age of postoperative bleeding because it avoids removing the IVC and coming into 
confl ict with the right suprarenal gland, as occurs with the classical technique. 
When a reduced transplant is used, a bleeding cutting surface must be coagulated. 

  Treatment  
 When bleeding causes hemodynamic instability, the patient must undergo reop-

eration as early as possible to prevent prolonged hypotension from causing irrevers-
ible damage to the graft. All the blood in the lower abdomen and all perihepatic 
clots must be eliminated. On some occasions, the bleeding is diffuse and the point 
of bleeding cannot be identifi ed, which is usually associated with a primary or sec-
ondary graft dysfunction; on other occasions, the bleeding comes from a specifi c 
point (retroperitoneum, arterial anastomosis, donor liver, etc.) and is resolved. The 
vascular pedicles must be explored during the operation in order to rule out any 
complications that might cause a graft dysfunction and aggravate the bleeding.  

    Vascular Complications 

 They are common in the immediate postoperative period (fi rst month) and carry 
high morbidity and mortality rates if diagnosed late. 

    Arterial Complications 

 The incidence of arterial complications (ACs) in most series [ 28 – 32 ] ranges from 
7to 10 %, with thrombosis being the most frequent, especially in pediatric 
recipients 

  Etiology  
 In the early forms (fi rst postoperative month) the most common causes are tech-

nical problems arising from differences in size and the poor quality of the vessels to 
be anastomosed, as well as the presence of arterial anomalies that require complex 
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arterial reconstructions in bench surgery or during the surgical intervention. Etiology 
in the late forms (after the fi rst month) is more controversial and related to immuno-
logical factors (anticardiolipin antibodies), ABO incompatibility, cytomegalovirus 
infections, protein C defi ciency, presence of multiple episodes of acute rejection, 
chronic graft rejection, etc. 

  Clinical Features  
 There is a close relation to the early or late appearance of thrombosis (Fig.  11.1 ) 

and to the fact that the bile duct is only irrigated by the hepatic artery. In the early forms 
there is usually a sharp, steady deterioration in liver function, especially in the coagula-
tion parameters after normal graft functioning. This fulminant liver failure leads to 
patient death if an emergency retransplant is not performed. Conversely, the late forms 
have a predominance of biliary manifestations, in the form of a biliary fi stula or biloma 
secondary to necrosis of the extrahepatic biliary tree or a progressive obstructive jaun-
dice due to stenosis and/or cloacae of the intrahepatic biliary tree. Occasionally, even, 
there are no biliary manifestations, but only recurrent septic episodes that cause fever 
symptoms of an unknown origin or multiple liver abscesses. Lastly, asymptomatic 
forms have been described, without graft dysfunction, which have been detected on 
routine angiographic exploration. When we suspect an AC, we must perform an echo 
Doppler of the hepatic artery and if in doubt an arteriography of the coeliac trunk.

  Fig. 11.1    Early thrombosis hepatic artery aortography showing the coeliac trunk, hepatic artery, 
and one centimeter from the gastroduodenal artery, at the level of the anastomosis, a thrombosis of 
the hepatic artery without arterial fl ow in the liver       
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    Treatment  
 The ideal procedure for early thrombosis is retransplantation, although good out-

comes have been achieved with an early thrombectomy, which avoids retransplan-
tation, if the liver damage is not irreversible [ 29 – 31 ]. 

 If there is an arterial stenosis, the best treatment is retransplantation, although on 
occasions a percutaneous transluminal angioplasty using high-pressure infl atable 
balloon catheters may be effective [ 33 ]. The aim of these intraluminal maneuvers is 
to tear the fi brosis responsible for the stenosis, which means it is contraindicated 
during the fi rst 2 weeks postoperatively. Other authors [ 34 ] advocate the placement 
of metallic prostheses in the stenosed area. 

  Prevention  
 The best prevention is a very meticulous surgical technique, and it is therefore 

fundamental to perform the anastomosis with a patch on the two artery ends. In our 
experience of 900 liver transplants, 85 % of the cases received an anastomosis 
between the donor coeliac trunk and the bifurcation of the recipient common hepatic 
artery and gastroduodenal artery. Some authors [ 33 ,  35 ] recommend the systematic 
measurement of arterial fl ow after reconstruction, but we agree with those who do 
not perform. If there are arterial anomalies that require complex reconstructions, it 
is preferable to perform arterial anastomosis, if possible, at the coeliac trunk, splenic 
artery, or supracoeliac aorta. Lastly, in high-risk patients (complex reconstructions, 
pediatric transplants, etc.) a thrombosis prophylaxis with administration of dextran 
and platelet antiaggregants (dipyridamole, aspirin, etc.) is recommended in the 
immediate postoperative period. In our experience only 1.6 % of our patients had an 
arterial thrombosis.  

    Venous Complications 

 Venous complications are infrequent and encountered in the portal vein and inferior 
vena cava. In most cases they are related to technical errors committed during the 
surgical operation; predisposing factors include the presence of previous portal vein 
thrombosis and the Budd-Chiari syndrome, which favor venous thrombosis, or ana-
tomical anomalies in the venous structures of the donor and/or recipient (preduode-
nal portal vein, vena cava agenesis, etc.) [ 28 ]. 

   Vena Cava Thrombosis 

 This occurs in 1–2 % of cases and is generally associated with a stenosis of the 
anastomosis. 

  Etiology  
 Technical errors are the main cause of vena cava thrombosis (VCT); one predis-

posing factor is the disproportion between the size of the graft and the recipient 
hepatic fossa. When the graft is bigger than the hepatic fossa, the suprahepatic anas-
tomosis may be narrow, which leads to a slower blood fl ow and, secondarily, a VCT. 
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A reduced graft (segmental transplant) or small-sized graft and a large hepatic fossa 
can lead to torsion of the graft and, secondarily, a venous thrombosis, as may also 
occur in venous reconstruction following the piggyback technique, when there is 
poor orientation between the graft and the recipient suprahepatic veins. 

  Clinically  it may appear as a Budd-Chiari syndrome or as an occlusive syndrome 
of the inferior vena cava depending on whether the thrombosis is located suprahe-
patically, which compromises drainage of the suprahepatic veins, or infrahepati-
cally, which does not affect the hepatic veins. In a series of 1,112 orthotopic liver 
transplants with conservation of the inferior vena cava [ 36 ], a 2.5 % overall rate of 
intraoperative anastomosis-related complications was reported, particularly conges-
tion of the graft due to malrotation of the suprahepatic veins, and a 1 % rate of early 
postoperative complications (fi rst week), which began as an acute Budd-Chiari syn-
drome. These surgical complications are reduced drastically if a patch is used on the 
three recipient suprahepatic veins to perform anastomosis with the donor suprahe-
patic vena cava, instead of a patch with two veins (0.59 % vs 5 % for congestion of 
the graft and 0.28 % vs 1.6 % for acute Budd-Chiari, respectively). 

 The fundamental  exploratory techniques  to suspect this complication are Doppler 
ultrasound, angio-CT, and angio-NMR which assess the degree of permeability of 
the suprahepatic veins and inferior vena cava and the echogenicity of the hepatic 
parenchyma. Abdominal CT may reveal the degree of hepatic parenchyma 
destructuring. 

  Treatment  
 Therapeutic guidelines depend on the site of the thrombosis, either in the supra-

hepatic veins or in the infrahepatic cava. If thrombosis of the suprahepatic veins is 
detected early and there is no severe liver failure, a percutaneous transluminal 
angioplasty is performed associated with anticoagulant therapy (heparin and 
dicumarinics). If there are severe hepatic repercussions, the most effective thera-
peutic procedure is an emergency retransplant. If the thrombosis is in the infrahe-
patic cava, some authors favor immediate surgical reconstruction, whereas others 
advocate percutaneous transluminal angioplasty and/or local thrombolytic therapy 
with urokinase or streptokinase [ 37 ]. Patients undergoing transplantation for Budd- 
Chiari syndrome have demonstrated the usefulness of prophylaxis with anticoagu-
lant treatment in the immediate postoperative period to avoid recurrence of 
posttransplant thrombosis of the vena cava.  

   Portal Vein Thrombosis 

 This occurs in 1–3 % of cases [ 28 ,  38 ]. 
  Etiology  
 The most frequent causes are technical errors related to venous redundancy and 

torsion and/or stenosis, with risk factors including the presence of previous surgery 
on the portal vein or splanchnic axis (portacaval shunt, mesentericocaval shunt, 
splenorenal shunt, splenectomy, etc.) or a pre-transplant portal vein thrombosis that 
requires a thrombectomy during the surgical intervention. 
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  Clinical Features  
 Depending on the time the thrombosis occurs, we can differentiate between early 

forms (during the fi rst postoperative week) and late forms (after the fi rst week). If 
the thrombosis is early, there is a predominance of symptoms and signs typical of a 
severe acute liver failure, with steady clinical deterioration which leads to patient 
death. With the late form clinical symptoms depend on the degree of existing porta-
caval collateral circulation; it is generally not serious, with a predominance of upper 
gastrointestinal bleeding due to esophagogastric varices and ascites and rarely with 
severe deterioration of the liver function. 

  Diagnosis  
  Diagnosis  is established with clinical data and an abdominal Doppler ultraso-

nography and confi rmed by arteriography of the coeliac trunk and superior mesen-
teric artery. The most common radiological data are absence of portal vein fl ow and 
the existence of collateral circulation to the inferior vena cava. 

  Treatment  
 In the early forms the treatment of choice is thrombectomy of the splenoportal 

axis and reconstruction of the portal anastomosis, with or without the use of vein 
grafts, although some authors have suggested using intraportal thrombolytic ther-
apy. If there is no success, the best is to perform an emergency retransplant if there 
is severe acute liver failure. As for the late forms, spontaneous resolution has been 
reported when portal vein recanalization occurs, and in some cases a distal spleno-
renal shunt has been performed if there are episodes of bleeding due to rupture of 
esophageal varices.    

    Biliary Complications 

 Biliary complications are still the Achilles’ heel of liver transplantation due to the 
high rate of postoperative morbidity they imply [ 39 – 43 ]. Although some groups 
have an incidence of less than 10 % [ 4 ], most authors report fi gures of 10–34; it is 
higher in the case of living donor liver transplantation [ 44 ], related to the smaller 
caliber of the bile duct and greater risk of devascularization. 

  Prevention : Biliary Reconstruction Techniques 
 Most groups use end-to-end choledochocholedochostomy as the fi rst-choice pro-

cedure and Roux-en-Y choledochojejunostomy in cases of sclerosing cholangitis, 
secondary biliary cirrhosis, retransplantation, or in situations in which there is a 
clear discordance in caliber between the donor and recipient choledochus. The 
appearance of complications is related to the diameter of the bile duct, vasculariza-
tion of the ends, and the technical skill of the surgeon performing the anastomosis. 

 A controversial point is whether or not to leave a T tube [ 45 ]. Although random-
ized prospective studies are needed to compare the two techniques, the outcomes of 
the series published suggest that not leaving a T tube reduces fi stulas and cholangi-
tis at the expense of increasing the rate of stenosis of the anastomosis [ 46 ]. A T tube 
is probably only recommended when the bile duct is very thin. 
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 The choledochocholedochal anastomosis is done in a single layer using absorb-
able 4 or 5/0 sutures, although some studies show no differences if the suture is 
continuous [ 47 ]. The choledochojejunal anastomosis is also done in a single layer 
using absorbable 4 or 5/0 sutures, and a multiperforated stent may or may not be left 
in the anastomosis. In cases in which a stent is left, it must be exteriorized after fi x-
ing to the jejunal loop using a Witzel tunnel technique. The T tube is removed 
between the 12th and 16th weeks and the hepaticojejunostomy stent between the 
4th and 8th weeks. 

    Analysis of Biliary Complications 

   Early Biliary Fistula with a Permeable Hepatic Artery 

 In 90 % of cases the bile leak or fi stula may originate in three different locations: (a) 
the biliary anastomosis, (b) the choledochotomy through which the long branch of 
the T tube is extracted, and (c) a necrosis of the intra- and/or extrahepatic bile duct 
secondary to a thrombosis of the hepatic artery. Less frequently it comes from the 
cystic duct or biliary radicles. 

 The most common scenario is that the bile leak is not very signifi cant, originat-
ing at the anastomosis and collecting in the subhepatic space (biloma, Fig.  11.2 ). 
The factors that infl uence its origin most signifi cantly are a defective surgical 

  Fig. 11.2    Biliary fi stula. 
Cholangiography through 
Kehr tube showing a biliary 
fi stula at the level of the 
common bile duct – common 
bile duct anastomosis       
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technique and defi cient vascularization of the terminal portion of the choledo-
chus. It is therefore recommended that the donor choledochus be as short as 
possible.

   Clinically bilomas appear as a circumscribed peritonitis located in the upper 
hemiabdomen. Ultrasound will reveal the existence of a subhepatic collection. If a 
biliary fi stula is suspected, a trans-Kehr cholangiography should be performed to 
confi rm the fi stula and locate its origin. Endoscopic retrograde cholangiography is 
used if a T tube has not been left and transparietohepatic cholangiography if a hepat-
icojejunostomy has been performed. 

 Most authors advocate treating any biloma conservatively at fi rst, with drainage 
under ultrasonographic guidance, and may or may not associate decompression and 
drainage of the bile duct transparietohepatically with a nasobiliary catheter or an 
endoscopic papillotomy [ 48 – 50 ]. Surgery is indicated when the fi stula persists after 
several days.  

   Biliary Peritonitis After T Tube Removal 

 Liver transplant patients undergo an immunosuppressive treatment with corticoste-
roids, which inhibit the formation of the fi stulous tract between the choledochus and 
the exterior. As a result, when the T tube is removed 3 or 4 months after transplanta-
tion, the appearance of peritoneal reactions is not uncommon, due to a bile leak to 
the peritoneal cavity through the choledochotomy, such that up to 5–12 % of patients 
may require surgical treatment. This surgical treatment can be performed via lapa-
roscopy due to the small amount of adhesions these patients have [ 51 ]. Lavage of 
the abdominal cavity and drainage of the subhepatic space is suffi cient. It is also 
possible to implement an early fi stula treatment with endoscopic placement of a 
transpapillary nasobiliary catheter, with or without radiological drainage, which 
thus avoids surgical treatment.  

   Stenosis of the Bile Duct 

 The most frequent cause is stenosis of the choledochocholedochal anastomosis or 
hepaticojejunostomy [ 52 ]. The clinical symptoms are an extrahepatic obstructive 
jaundice and ultrasound reveals dilatation of the intra- and extrahepatic bile duct 
above the anastomosis. Cholangioresonance is very useful for diagnostic confi rma-
tion. An endoscopic retrograde (Fig.  11.3 ) or trans-Kehr or transparietohepatic chol-
angiography can also be done. The latter is especially indicated in cases of 
hepaticojejunostomy stenosis.

   Various authors have reported good results from treating anastomotic stenosis 
with one or several sessions of dilatations, occasionally associating placement of 
an endoprosthesis via the transparietohepatic or endoscopic retrograde approach 
[ 48 ,  53 ]. However, the long-term follow-up of this treatment has shown that more 
than 50 % of cases restenose within a year [ 54 ], which together with the 
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complications described for radiological or endoscopic manipulation of the bile 
duct (hemobilia, hemorrhage, cholangitis, pancreatitis, choledochal perforation, 
 duodenal perforation, biliary fi stula, and migration of the endoprosthesis) lead a 
number of groups to favor surgical treatment for stenosis by means of a 
hepaticojejunostomy. 

 Other causes of biliary obstruction include kinks or obstruction of the T tube or 
hepaticojejunostomy stent, those caused by biliary sludge or biliary lithiasis, and 
compressions of the bile duct by cystic mucoceles. Finally, when non-anastomotic 
single or multiple stenoses of the intra- and/or extrahepatic bile duct appear, an 
ischemic origin should be considered.  

   Biliary Complications Related to Thrombosis of the Hepatic Artery 

 Arterial thrombosis may appear clinically as a biliary complication, either as a bili-
ary fi stula or as a biliary stenosis. Therefore when a liver transplant patient reveals 
a postoperative biliary complication, we must always explore the hepatic artery 
using Doppler ultrasound and/or selective arteriography to rule out an ischemic 

  Fig. 11.3    Biliary stenosis at the place of anastomosis. MRCP cholangiography showing stenosis 
at the level of the biliary anastomosis       
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origin. It is important to note that this type of biliary complication is extremely seri-
ous, as it is associated with a marked alteration in graft function and most cases will 
fi nally require liver retransplantation. 

 Biliary fi stulas of an ischemic origin are due to a necrosis of the intra- and/or 
extrahepatic bile duct, leading to the formation of cavities or “cloacae” in the hepatic 
hilum and/or intrahepatic, which contain bile and which can be seen characteristi-
cally on cholangiography. 

 The gravity of this type of fi stula, often associated with serious infections of the 
biliary cloacae, liver abscesses, and serious alterations in graft function, prompts a 
liver retransplant as the best therapeutic option, although in some cases with pre-
served liver function, it is possible to perform a hepaticojejunostomy or cloacojeju-
nostomy associated with an arterial revascularization via thrombectomy or 
thrombolysis. 

 Biliary stenosis due to thrombosis of the hepatic artery usually appears between 
the fi rst and third months after liver transplantation as symptoms of cholestasis, and 
it is typical to see a cholangiographic pattern with multiple stenosis and segmental 
dilatations of the intrahepatic biliary tree. Although this complication was initially 
described as secondary to arterial thrombosis, it occasionally appears without arte-
rial thrombosis, related to a cold ischemia time of more than 12 h, with chronic 
ductopenic rejection or rejection due to incompatibility of the ABO system, which 
receives the name “ischemic-type biliary complication.” Once Doppler or selective 
arteriography confi rms the ischemic origin of the non-anastomotic stenosis, retrans-
plantation is recommended as the most effective, defi nitive treatment.        
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        Introduction 

 Annually, over 19.000 patients undergo a cholecystectomy in the Netherlands, of 
which approximately 16.500 are performed laparoscopically [ 1 ]. The complication 
rate after laparoscopic cholecystectomy (LC) is 2–12 % and the mortality rate 
about 0.2 % [ 2 ,  3 ]. General complications include wound infection, intra-abdomi-
nal abscess formation, and postoperative bleeding from the cystic artery which 
occurs in about 0.05 % and usually presents within a few hours after surgery [ 4 ]. 
Laparoscopy-induced “access injuries” are visceral and vascular injuries that are 
mostly related to the puncture technique. Although the incidence of these compli-
cations is low, ranging from 0 to 0.05 % for the open technique versus 0.044 to 
0.07 % for the closed technique [ 5 ], the overall mortality rate is high, ranging from 
13 to 21 % [ 6 ,  7 ]. The most specifi c and devastating complication after cholecys-
tectomy is bile duct injury (BDI). This complication is, especially in combination 
with vascular injury, accompanied by substantial morbidity, mortality, and a 
decrease in the life expectancy and long-term quality of life [ 2 ,  8 ,  9 ]. The incidence 
reported in literature is dependent on its defi nition, study design, and study popula-
tion and ranges from 0.16 to 1.5 % after LC versus 0.0 to 0.9 % after open chole-
cystectomy (OC) [ 2 ,  10 ]. After the introduction of LC, initially there seemed to be 
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an increase in the number of BDI. Go et al. [ 2 ] evaluated the incidence of BDI after 
the introduction of LC in the Netherlands in 1990 until 1992 by using a written 
questionnaire which was sent to all 138 Dutch surgical institutions and reported an 
incidence of BDI of 0.86 %. Gouma et al. [ 11 ] studied the incidence of BDI in 1991 
using a questionnaire to all Dutch surgical departments to analyze the number of 
surgical reconstructions for BDI and therefore the true incidence of severe BDI and 
reported an incidence of 1.09 % after LC and 0.51 % BDI after OC. The higher 
incidence of BDI after LC in those days was mostly related to technical diffi culties, 
unfamiliarity with the procedure, and the “learning curve” effect. A Cochrane sys-
tematic review from Keus et al. [ 12 ] in 2006 suggests that the incidence of BDI has 
been stabilized since they found no difference in complications after LC or OC, 
with BDI occurring in 0.2 % in both groups. Nevertheless, annually 40–45 patients 
are still referred to the Academic Medical Center, without any sign of decrease in 
recent years [ 13 ]. This suggests a higher incidence of BDI in the Netherlands than 
reported in the literature [ 13 ]. As stated before, initially inexperience probably 
contributed to the high incidence of BDI, but other factors such as anatomical vari-
ation and techniques without using the critical view of safety (CVS) of Strasberg 
[ 14 ] as the standard of care seem to be responsible for the current incidence of BDI. 
Furthermore, there appears to be a lack of knowledge of escape techniques in dif-
fi cult cholecystectomies to prevent BDI. Buddingh et al. [ 15 ] recently conducted a 
nationwide survey in which 97.6 % of Dutch surgeons reported to use the technique 
of CVS. Hereby the incidence of BDI in the Netherlands might decline in the 
future. 

 Even though the incidence of BDI may not be high and the results of treatment 
are excellent, especially when performed in a multidisciplinary team in a tertiary 
referral center [ 16 ,  17 ], the consequences of this injury have a negative impact on 
the life expectancy [ 9 ] and the quality of life (QoL) [ 18 ]. Therefore a thorough 
knowledge of the possibilities for prevention, early diagnosis, and treatment of this 
complication are mandatory for every surgeon and surgical resident performing 
cholecystectomies, either performed open or laparoscopically.  

    Prevention of BDI 

 The key issue in the management of BDI and other complications is prevention. 
Prevention of BDI is only possible with the thorough knowledge of pre- and intra-
operative risk factors for BDI. Furthermore, the surgeon should be familiar with 
various escape techniques in diffi cult cases.  

    Risk Factors for BDI 

 Informed consent, in which the risk of BDI and its possible consequences are men-
tioned, should be obtained and registered in all cases, particularly in the presence of 
preoperative risk factors. 
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 Risk factors and measures to prevent and recognize BDI are outlined in many 
publications [ 19 – 22 ]. Adverse outcome after LC is particularly associated with male 
gender, comorbidity, complexity and urgency of surgery, and conversion [ 23 ,  24 ]. 
Local risk factors are acute cholecystitis, aberrant anatomy, severe local fi brosis due 
to previous infl ammation [ 10 ,  25 ], and bleeding in the Calot’s triangle disturbing the 
operative view. Other risk factors are misuse of cautery, technical problems, and 
misidentifi cation of the anatomy [ 21 ,  26 ]. Injuries due to misidentifi cation usually 
occur when the surgeon interprets the common bile duct or an aberrant right hepatic 
duct for the cystic duct [ 21 ]. Way et al. [ 22 ] suggested that errors leading to laparo-
scopic bile duct injuries result principally from visual perceptual illusion, not from 
errors in skills, knowledge, or judgment. Lillemoe [ 20 ] stated that the concept of 
human error should not be used as an “excuse” for surgeons to avoid responsibility 
for complications. Knowledge of the anatomy and the mechanism of injury, an 
appropriate level of suspicion, the standard use of the CVS technique, and probably 
the use of an intraoperative cholangiogram (IOC) will prevent misperception errors 
that may occur during cholecystectomy. 

 Especially in the presence of risk factors, adequate expertise in the operating 
room should be ensured [ 21 ], and familiarity with escape techniques should be 
present. In the case of acute cholecystitis, there is a higher conversion rate and a 
longer duration of surgery when operated by a surgeon without laparoscopic 
expertise [ 27 ]. In the presence of acute cholecystitis, the operation should there-
fore be upgraded to an advanced laparoscopic procedure [ 21 ]. Obviously, this 
will have consequences for on call shifts. In 2009 the Dutch Association on 
Endoscopic Surgery has already stated that surgeons who only incidentally oper-
ate laparoscopically are not allowed to perform laparoscopic procedures without 
supervision. Recently the Dutch Society of General Surgery has confi rmed this 
by formulating specifi c agreements and certifi cations concerning this problem. 
During shifts, a surgeon on call should not perform procedures that he or she is 
not familiar with, i.e., that are not regularly performed during daytime shifts, 
without consulting or help from an experienced surgeon. For on call shifts cer-
tain procedures, such as small bowel obstruction due to adhesions, appendicitis, 
and rupture of a spleen, can still be performed by the general surgeon. For other 
acute procedures such as gastric, pancreatic, colon, and rectal resections and also 
cholecystectomy, specifi c expertise is mandatory. Thereby these procedures will 
be exclusively performed by experienced surgeons. A clear shift schedule should 
be available and well known by surgeons on call within a hospital or region. In 
some cases consultation of or even referral to a tertiary center may be the best 
option.  

    Critical View of Safety 

 Already in 1995 Strasberg described the guidelines for a critical view of safety 
(CVS) [ 28 ]. This technique is generally adopted by the Dutch Society of Surgery in 
the guidelines on gallstone disease and best practice of cholecystectomy in 2007 
[ 10 ] and introduced as the standard of care in all training programs. The objective 
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of this technique is to conclusively identify the cystic duct (CD) and cystic artery 
(CA) before they are clipped and cut. Calot’s triangle cannot always be clearly iden-
tifi ed due to retraction of the gallbladder against the liver. The principle of CVS is 
therefore to fully unfold Calot’s triangle. First traction on the fundus and infundibu-
lum of the gallbladder is applied in cranial and ventrocaudal direction, respectively. 
The peritoneal envelope is then opened bilaterally up to the liver bed. Using blunt 
meticulous dissection with limited and cautious use of cautery, the gallbladder is 
dissected for at least one third of its length out of the liver bed to ensure that no other 
structures besides the CA and CD are present between the gallbladder and the liver. 
Mobilization of the infundibulum is the essence of CVS. Hereby a two- window 
view is created between respectively the CD and CA and between the CA and liver 
bed (see Fig.  12.1a and b  [ 29 ]). Thereby a defi nitive 360° identifi cation of the cystic 
duct and cystic artery is achieved. CVS is captured photographically or by video 
and recorded together with the operation report [ 29 ]. Only after CVS is defi nitively 
reached, the cystic duct and artery can be clipped and divided safely.

a b

  Fig. 12.1    Difference between two “windows” and CVS. ( a)  After dissection, two windows are 
created, one between the cystic duct and cystic artery and one between the artery and the liver bed 
( arrows ). Because the cystic plate is not fully cleared of tissue, CVS has not been reached. ( b ) Here 
the cystic plate ( white, arrow ) is clearly identifi ed and hence CVS is reached. (Published with 
permission of Elsevier.  J Am Coll Surg  [ 29 ])       
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       Escape Techniques 

 If mobilization of the infundibulum is not possible and therefore CVS cannot be 
reached, the Dutch guidelines on gallstone disease and best practice on laparoscopic 
cholecystectomy propagate conversion to OC [ 10 ]. However, this advice is not suf-
fi cient because conversion is not a solution for the situation per se. The main ques-
tion is whether conversion will give a better overview on the anatomy and thereby 
make the operation easier or is it better to change the operation strategy to other 
escape procedures. In the current laparoscopic era, surgical residents have little 
experience with OC [ 30 ]. Nevertheless, as stated before, this procedure is used in 
those cases when LC cannot be performed at all. Paradoxically, there is progres-
sively less experience with the technique that is necessary for the most challenging 
cases [ 30 ]. Recently, psychological factors were described that play a role in the 
decision making of either continuing a diffi cult procedure laparoscopically or to 
convert to OC [ 31 ]. As mentioned before, the underestimation of the risk of visual 
misperception and therefore misinterpretation of the anatomical relationships seems 
to be crucial in the occurrence of BDI. This means that despite conversion and per-
sisting indistinct visualization, local dissection is continued. A stopping rule, such 
as using a different operative strategy or consulting a surgeon that is experienced in 
OC and different escape techniques in those cases when CVS cannot be reached, 
may be much more important than conversion per se. 

 In the preoperative planning of cholecystectomy, the presence of preoperative 
risk factors for diffi cult cholecystectomy and conversion such as acute cholecysti-
tis should be considered in choosing the right surgical team. Another option is to 
plan a primary open procedure [ 23 ]. In that way, patients with a suspected diffi cult 
cholecystectomy according to preoperative risk factors play an important role in 
the surgical training of young residents with the open procedure and alternative 
techniques. Recently primary percutaneous gallbladder drainage has been shown 
to be a safe and successful treatment option in high-risk patients less eligible for 
surgery [ 32 ]. 

 Several techniques are suggested to prevent BDI [ 21 ,  33 ,  34 ]. The infundibular 
technique, which depends on observing the cystic duct fl are as it becomes the infun-
dibulum, can be misleading especially in case of acute infl ammation [ 21 ]. This tech-
nique should therefore not be used for the identifi cation of the ducts. Another error 
trap is the fundus-down cholecystectomy in the case of severe infl ammation, the 
failure to perceive the presence of an aberrant right hepatic duct on cholangiogra-
phy, and injury to the CBD in the case of a “parallel union” of the cystic duct [ 26 ]. 
Loss of the dissection plane between the liver and gallbladder might even lead to 
injury of the right portal vein. 

 An alternative strategy is the antegrade technique, also called the fundus-fi rst 
technique, where the gallbladder is dissected from the liver bed starting at the fun-
dus. This technique is used for diffi cult procedures and is a frequently used tech-
nique in OC. It can also be used laparoscopically and will, in the hands of an 
experienced surgeon, reduce the chance of BDI in the same manner [ 35 ]. 
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 An additional technique that may be used instead is leaving the infundibulum in 
situ. This principle is used in the method of Terblanche, or subtotal cholecystec-
tomy, which can be performed open or laparoscopically [ 30 ,  36 ,  37 ]. Excision of 
the gallbladder is performed using cautery at the gallbladder-liver bed junction 
leaving a small rim of the posterior gallbladder wall. After that, the residual gall-
bladder mucosa must be destructed with electrocoagulation to prevent mucus pro-
duction [ 36 ]. 

 Another option, for example, in case of severe local infl ammation, is to terminate 
the procedure and convert to percutaneous gallbladder drainage with delayed cho-
lecystectomy or referral to a tertiary center. 

 It is unclear if intraoperative cholangiography (IOC), in diffi cult cases, can truly 
reduce the risk of BDI [ 10 ]. Flum et al. [ 9 ] and more recently Buddingh et al. [ 38 ] 
showed a lower rate of major BDI after implementation of routine IOC compared to 
selective use of cholangiography. This may partly be related to the fact that the 
interpretation of IOC might be diffi cult in inexperienced hands and should be 
learned adequately. When IOC is not frequently used, misinterpretation in the pres-
ence of injury has been described [ 21 ,  22 ], in particular with segmental lesions. If 
bile leakage occurs during dissection, cholangiography should be performed by 
inserting a catheter in the lesion.  

    Diagnosis of BDI 

 Inadequate management of BDI may lead to severe deterioration with biliary peri-
tonitis, sepsis, multiple organ failure, and even death. Therefore, early recognition 
is of utmost importance. Early symptoms are abdominal pain, anorexia, nausea, 
vomiting, and ileus. As a matter of fact, in any patient who fails to recover within 
24–48 h after LC or has persistent abdominal complaints after LC, BDI should be 
considered. Jaundice is usually a symptom that occurs in a later postoperative phase 
after several days. There seems to be no relation between the severity of the injury 
and the presenting symptoms [ 4 ]. 

 In general there are three different groups of patients that can be identifi ed 
according to the moment of recognition of the BDI, all with different symptoms and 
a different treatment strategy. 

 In the fi rst group of patients, the injury is detected during initial operation, usu-
ally by biliary leakage and sometimes by intraoperative cholangiography. This 
appears to be only the case in 15–30 % of the patients [ 4 ,  13 ]. 

 In the second group there is a delayed identifi cation of BDI in the direct postop-
erative period (34 % of cases [ 13 ]). However, the time interval between LC and 
diagnosis of the BDI varies widely with a median interval of 7 days and the mean 
interval of approximately 4 weeks [ 13 ]. These patients are frequently discharged on 
the second postoperative day and readmitted a few days later with a biloma, biliary 
peritonitis, obstructive jaundice, or sepsis due to abdominal leakage of infected 
bile. 
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 In the last group of patients, there is a long symptom-free interval of several 
months up to more than a year after the initial injury. The cause is usually an isch-
emic stricture of the CBD, presenting with obstructive jaundice rather than cholan-
gitis. A few patients present with intermittent obstruction and cholangitis, due to a 
spontaneous enteric fi stula [ 4 ]. 

 The type of diagnostic procedure to be performed is dependent on the presenting 
symptoms. In the case of sepsis, the fi rst diagnostic procedure should be ultrasound 
or CT scanning for the detection of fl uid collections. The next step is visualization of 
the biliary tree by endoscopic retrograde cholangiopancreatography (ERCP), mag-
netic resonance cholangiopancreatography (MRCP), percutaneous transhepatic chol-
angiography (PTC), or sometimes drainography to establish the diagnosis and 
classify the injury. In the case of jaundice without sepsis, visualizing the biliary tree 
should be the fi rst step. The diversity in the types of injury demands a multidisci-
plinary approach in which treatment options are discussed in a team of surgeons, 
gastroenterologists, and radiologists, all familiar with these patients [ 13 ]. Interpretation 
of completeness of the biliary tree before any intervention is undertaken is of utmost 
importance to exclude segmental injury and anatomical variation (see Fig.  12.2 ).

       Classifi cation of BDI 

 Before proceeding with the actual treatment of BDI, the type of injury should fi rst 
be classifi ed or staged. Several classifi cations of BDI exist. The oldest one is the 
Bismuth classifi cation [ 39 ] which classifi es the injury in terms of the level of the 
lesion in the biliary tree. The classifi cation of McMahon [ 40 ] classifi es the injury 
into major and minor injuries, and the Strasberg classifi cation [ 28 ] classifi es the 
injury in terms of level and severity. In 1996 the Amsterdam classifi cation was 
developed which links the type of injury directly to the further clinical management 
of BDI and is in our opinion therefore of practical use [ 41 ]. Type A injury (see 
Fig.  12.3 ) involves cystic duct leakage. Type B injury (see Fig.  12.4 ) is bile duct 
leakage. Type C injury (see Fig.  12.5 ) is a bile duct stricture. Type D injury (see 
Fig.  12.6 ) is a bile duct transection [ 41 ].

          Vasculo-biliary Injury 

 Unfortunately, it is not uncommon that a BDI is combined with a vascular injury. 
The most common type of vasculo-biliary injury (VBI), also called the “classical 
injury,” is injury to the right hepatic artery (RHA) and common bile duct (CBD), 
with an incidence around 25 % of all the BDIs [ 14 ]. The cause of the misidentifi ca-
tion is frequently a combination of adverse operative conditions and the use of sub-
optimal identifi cation techniques, such as the infundibular technique [ 42 ]. In the 
operative report, the division of a so-called second cystic duct or accessory duct may 
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a

c

b

  Fig. 12.2    Segmental injury. ( a ) Cholangiogram. Leakage from the RHD near an operation clip. 
( b ) ERCP. Occlusion RHD. ( c ) ERCP. Occlusion of the anterior segment of the RHD due to an 
operation clip (later confi rmed by MRCP)       

a b

  Fig. 12.3    Type A injury. ( a ) ERCP. Leakage from the cystic stump near the operation clips ( red 
arrow ). The tip of a PTC drain is shown ( black arrow ). ( b ) ERCP. Leakage from a duct of Luschka 
( arrow )       
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undeserved be described. The cause of this may be the tendency to persist in the 
anatomic frame of reference. This seems to be caused by the complexity of the 
human brain in which strongly held assumptions, i.e., being convinced of operating 
in the correct anatomical plane, cause that peroperative complications are attributed 
to behavioral factors, e.g., an “accessory duct,” instead of leading to corrective feed-
back, i.e., considering the anatomical plane may not be correctly chosen [ 14 ,  22 ,  33 ]. 

a

c

b

  Fig. 12.4    Type B injury. ( a ) ERCP. Leakage of the CBD ( red arrow ). Part of the right hepatic 
system is missing ( black arrow ). MRCP showed aberrant anatomy with the posterior segment of 
the RHD originating from the LHD (not shown). ( b  and  c ) ERCP shows diffuse leakage of the 
CBD around multiple operation clips ( arrows )       
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 Clinically, isolated RHA injury is rarely noticed due to compensatory collateral 
fl ow, but in combination with BDI part of the collateral blood supply is damaged as 
well. Therefore in combination with BDI the actual injury tends to be more complex 
and higher up in the biliary tree than the primary observed injury [ 14 ]. This process 
may also be responsible for stenosis after early biliary reconstruction due to isch-
emia of the bile duct [ 14 ]. Repair of the artery is rarely possible and the benefi t of 
such a reconstruction is not proven [ 14 ]. Injuries to the portal vein or proper or com-
mon hepatic artery are uncommon but much more complex. These patients should 
immediately be referred to a tertiary center and considered to have vascular recon-
struction or partial hepatectomy [ 14 ].  

    Treatment of BDI 

 As mentioned earlier, the treatment of BDI requires a multidisciplinary approach by 
surgeons, gastroenterologists, and interventional radiologists, all experienced in this 
fi eld [ 13 ]. BDI can only be treated adequately after a thorough classifi cation of the 
type of injury. In discussing the treatment of BDI, we routinely use the Amsterdam 
classifi cation and consider the timing of diagnosis as well [ 10 ,  41 ].  

  Fig. 12.5    Type C injury 
ERCP. Stenosis of the 
proximal CBD, 
approximately 1 cm below 
the bifurcation of the left and 
right hepatic duct ( red 
arrow ). The biliary tree is 
intact       
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    Peroperatively Diagnosed Injury 

 In a study by de Reuver et al. [ 13 ], BDI was detected peroperatively in 21 % of the 
patients. In 17 % of the patients, a repair procedure was performed directly during 
the initial operation. However, it is known that patients in whom a repair procedure 
is performed during the initial cholecystectomy by the same surgeon who caused 
the BDI have a signifi cantly worse prognosis than patients who were referred to a 

a

b

  Fig. 12.6    Type D injury. ( a ) 
Cholangiogram via PTC 
drain ( black arrow ). The  red 
arrow  shows the bifurcation. 
Below the bifurcation the 
CBD is missing. Above this 
level, the biliary tree is intact. 
( b ) MRCP. The  red arrow  
shows a subhepatic drain. 
The red line shows the part of 
the CBD that is missing. The 
biliary tree is intact       
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tertiary center [ 9 ,  13 ]. When the choice for a direct repair of the injury still is made, 
the presence of an experienced surgical team is mandatory. If there is not enough 
experience present, the patient should be referred to a tertiary center or a surgeon 
from the referral center should visit the concerned hospital to perform a repair 
procedure. 

 Type A injuries can usually be secured primarily. The same is true for type B 
injuries, which can be closed over a T-drain. However, in both types of injury, care 
must be taken not to worsen the injury by occluding the CBD or one of the vascular 
structures. If suffi cient surgical experience is lacking, a bailout technique is external 
drainage and subsequent referral to a tertiary center. 

 In type D lesions, peroperative classifi cation of the injury is usually diffi cult. In 
these cases IOC may be helpful. As stated before, expertise in interpreting IOC is of 
great importance to avoid misinterpretation of the cholangiogram. In the presence 
of an experienced surgeon and when there are no signs of tissue loss, an end-to-end 
anastomosis using a T-drain can usually safely be constructed. After this type of 
reconstruction, there is a 68 % chance of stricture formation [ 43 ]. However, de 
Reuver et al. [ 43 ] showed that this complication can be adequately managed by 
endoscopic stenting or percutaneous drainage with a success rate of 66 % in these 
patients [ 43 ]. When the stricture is resistant to dilatation, reconstructive surgery by 
performing a hepaticojejunostomy (HJ) can still be performed with a relatively low 
morbidity [ 43 ]. However, when there is tissue loss of the CBD in the fi rst place, 
hepaticojejunostomy should be performed, but especially for this procedure, ade-
quate experience is mandatory, since this is the last resort operation. HJ in the acute 
setting without dilatation of the bile ducts is a diffi cult procedure, and one should be 
very careful not to further extend the injury into the intrahepatic ducts or subse-
quently damage the arterial supply [ 43 ]. In most cases there will not be enough 
experience present during the initial operation, and therefore the options are either 
to place a subhepatic drain and refer the patient to a tertiary center or let an experi-
enced surgeon from the tertiary center perform a direct reconstruction in the refer-
ring hospital. The results of an early repair are actually good if performed by an 
experienced surgeon.  

    Postoperatively Diagnosed Injury 

 When BDI is diagnosed postoperatively, at fi rst sepsis should be controlled using 
fl uid resuscitation, antibiotics, and percutaneous drainage of fl uid collections. When 
the patient is treated in a hospital without suffi cient experience in the treatment of 
BDI, the patient should be referred. Appropriate classifi cation with visualization of 
the entire biliary tree is mandatory before the type of treatment can be determined. 
In the presence of local expertise in performing an ERCP, type A injuries can be 
directly treated by endoscopic stenting with an overall success of 97 % [ 44 ]. Even in 
type B and C injuries, when sepsis has subsided, the patients can be treated early by 
endoscopic dilatation and or stenting. In type B injuries the success rate is 89 %, and 
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stent-related complications occur in 3.8 % of the patients [ 44 ]. For type C injuries, 
the success rate of stenting is 74 %, with stent-related complications occurring in 
33 % of the patients during a median duration of stenting of 11 months (range 1–69 
months). Most complications were mild (19 % stent migration, 14 % stent occlu-
sion) and managed by stent exchange. For type D injuries, hepaticojejunostomy 
should be constructed after sepsis is adequately treated and the patient is recovered 
from this period. The preferred timing of this procedure seems to be after about 6 
weeks to 3 months after the initial procedure to prevent progressive ischemia and 
thereby postoperative leakage and stricture formation [ 14 ,  45 ]. Of the 500 patients 
referred to our tertiary center, 151 patients (30.2 %) underwent reconstructive sur-
gery for BDI [ 45 ]. Surgery-related complications occurred in 29 patients (19 %). 
   Severe complications include anastomotic leakage that occurred in 6 patients (4 %) 
and postoperative bleeding in 1 patient (1 %). Five patients with anastomotic leakage 
were successfully treated with a temporary percutaneous transhepatic stent. There 
was no hospital mortality. After a mean interval of 46 months (median 24, range 
8–120) after surgical reconstruction, anastomotic strictures were diagnosed in 10 % 
of the patients. In 20 % of these patients, surgical reconstruction had to be per-
formed, and most (80 %) of these patients could be adequately treated by percutane-
ous transhepatic dilatation. Independent negative predictive factors for outcome are 
extended injury in the biliary tree, secondary referral, and repair in the acute phase 
after the injury. Similar results after reconstruction have been published by others 
[ 46 ,  47 ]. Recently, it has been reported that the results of an early repair are as good 
when performed in the absence of sepsis and by an experienced team [ 48 ,  49 ].  

    Quality of Life and Litigation Claims 

 Although results after treatment of BDI in referral centers are fairly good, during 
follow-up of these patients, 62 % reported suffering from symptoms that are linked 
to the injury (De Reuver, unpublished data). Tiredness was reported by the majority 
of the patients (69 %), while more specifi c symptoms for BDI, such as fullness 
(59 %), periodical fever (22 %), and jaundice (9 %), were reported less frequently 
(De Reuver, unpublished data). These symptoms are in striking contrast with the 
functional outcome after treatment since the success rate of the nonoperative treat-
ment of type A, B, and C injuries is 97 %, 89 %, and 74 %, respectively, and the 
success rate after surgical reconstruction in terms of strictures is 90 % [ 44 ]. The 
long-term QoL of patients after the treatment of BDI seems to be impaired [ 16 ,  17 , 
 50 ], independent on the type of injury and type of treatment [ 16 ,  17 ]. The phenom-
enon of bias by response shift may also be responsible for the reported poor QoL, 
meaning that the patients do not accept a decline in daily health status after a surgi-
cal procedure that is perceived as relatively minor and was tremendously compli-
cated [ 51 ]. 

 The 10-year survival of BDI patients is 88 %, which is not signifi cantly worse 
compared to the age-matched general population. The hazard of death is two times 
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as high in male patients and when the repair procedure was performed during the 
initial cholecystectomy [ 13 ]. Flum et al. [ 9 ] showed an 11 % death increase in 
patients who underwent a repair procedure by the same surgeon who performed the 
initial cholecystectomy. Furthermore, they reported a mortality rate after BDI 
almost three times as high compared to patients who underwent cholecystectomy 
without an injury [ 9 ]. 

 The number of claim procedures in BDI patients in the Netherlands treated in a 
tertiary center is only 19 %. Factors associated with starting a claim procedure are 
younger age, severity of injury, employment, and the use of social securities. A 
complete transection of the CBD is an independent predictive factor for starting a 
claim procedure [ 52 ]. Most patients feel that they had not been taken seriously at the 
time of the fi rst postoperative symptoms which has led to a delay in diagnosis of the 
injury. They were disappointed by the reluctance of the primary surgeon to admit to 
a procedural error and to give full information on the severity of the injury [ 51 ]. It 
has been suggested that settlement and liability payment can lead to a reduction of 
complaints related to QoL in patients after BDI.  

    Summary 

 The most devastating complication after cholecystectomy is BDI, with a reported 
incidence of 0–1.5 %. The key issue in the management of BDI is prevention. 
Prevention is only adequate with the awareness of pre- and intraoperative risk fac-
tors, the use of CVS, experience in performing cholecystectomy, and knowledge of 
the different escape strategies in the case of a diffi cult cholecystectomy. BDI can be 
diagnosed either peroperatively or in the direct or late postoperative phase. In case 
BDI occurs, the severity of the injury should be classifi ed thoroughly before a 
proper treatment can be chosen. The treatment of BDI should be performed by a 
multidisciplinary team and only if suffi cient experience in dealing with this compli-
cation is present. If not, the patients should be referred to a tertiary center. Even 
after an objectively excellent outcome of treatment, the reported QoL is still reduced.     
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     Cholangiocarcinomas are rare in the Western world, but they are highly lethal 
because most are locally advanced at presentation. Currently, the term cholangio-
carcinoma is used to describe bile duct cancers arising in the intrahepatic, perihilar, 
or extrahepatic biliary tree, excluding gallbladder or ampulla Vateri carcinomas. 
Tumors involving the perihilar region or hepatic duct bifurcation are often referred 
to as Klatskin tumors [ 1 ]. 

    Symptoms and Differential Diagnosis 

 Cholangiocarcinomas usually become only symptomatic when the tumor obstructs 
the proper hepatic duct, causing painless jaundice. Painless jaundice is often 
accompanied by anorexia, weight loss, and abdominal discomfort or pain. The 
differential diagnosis includes primary sclerosing cholangitis (PSC), choledocho-
lithiasis, benign (iatrogenic) biliary strictures, or compression of the common bile 
duct by pancreatic carcinoma, chronic pancreatitis, or metastatic cancers involv-
ing perihilar lymph nodes. Up to one-third of patients with symptoms and imag-
ing suggestive of a cholangiocarcinoma will have either a benign disease or 
another malignancy that obstructs the biliary system [ 2 ]. Biochemical liver tests 
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are of little use in differentiating since all these conditions can be associated with 
cholestasis, refl ected in elevated serum levels of bilirubin and alkaline 
phosphatase.  

    Diagnostic Tools 

 Due to its localization, manner of growth, and pathological characteristics, treating 
patients with Klatskin tumors can be challenging. In those patients, the actual tumor 
mass is typically unimpressive, and upstream bile ducts may not be dilated in chol-
angiocarcinomas with underlying PSC or cirrhosis. Preoperative evaluation includes 
ultrasound, contrast-enhanced triple-phased helical CT scan, magnetic resonance 
cholangiopancreatography (MRCP), and endoscopic retrograde cholangiopancrea-
tography (ERCP) or percutaneous transhepatic cholangiography (PTC) ([ 3 ], 
Fig.  13.1 ). Both ERCP and PTC can be used to obtain brush cytology of the tumor. 
Unfortunately, the diagnostic yield of brush cytology has only a limited sensitivity. 
Tumor markers such as CEA, CA 19–9, or a combination of both can also be useful 
to confi rm the diagnosis, but positive predictive value has been shown to be low. 
Despite all these diagnostic modalities and even more advanced imaging tech-
niques, such as intraductal ultrasound, positron emission tomography (PET scan), 
or staging laparoscopy, true resectability can be determined only by operative eval-
uation in a large proportion of patients, and up to 50 % are surgically not curable 
during surgery [ 4 ].

       Preoperative Approach and Prevention 
of Postoperative Complications 

 The only potentially curative option for patients suffering from Klatskin tumors is 
complete resection. The growth characteristics along the ducts, and in the hepatic 
parenchyma, mandate liver resection in order to get free resection margins and gain 
a better prognosis in the majority of cases. This requires extensive preoperative 
measures in many of these patients, such as biliary decompression, preoperative 
assessment of quality and volume of the remnant liver segments, and possible 
induction of preoperative hypertrophy of that remnant in case of concerns about 
insuffi cient postoperative residual liver volume. 

 Whether biliary decompression prior to surgery should be carried out in patients 
with hilar cholangiocarcinoma who present with obstructive jaundice is under 
debate. Placement of stents, either endoscopically or percutaneously, induces com-
plications, and stents might hinder preoperative imaging, particularly MRI/MRCP, 
and even hamper intraoperative palpation in determining the actual tumor extent. 
On the other hand, liver dysfunction due to cholestasis can develop with unrelieved 
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bile duct obstruction, and liver dysfunction is a known risk factor for increased 
postoperative morbidity and mortality following major liver resections [ 5 ,  6 ]. From 
a more practical point of view, preoperative stenting can be mandatory to alleviate 
jaundice and its sequelae such as pruritus during the frequently long preoperative 

a

b

  Fig. 13.1    ( a ) MRI of a 
Klatskin tumor, Bismuth- 
Corlette type 3b. ( b ) MRI, 
mass cholangiocarcinoma, 
type 3b ( green line ) is the line 
of liver resection       
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period. A meta-analysis aiming at unraveling the effect of preoperative biliary 
drainage in jaundiced patients with hilar cholangiocarcinoma showed no difference 
in postoperative mortality or length of hospital stay with and without preoperative 
biliary decompression [ 7 ]. Whether to perform preoperative biliary drainage endo-
scopically or percutaneously is also controversial. Many surgeons prefer the percu-
taneous route as this allows for use of the same percutaneous stent after the biliary 
reconstruction to guide through the anastomosis. 

 Histologically negative resection margins are critical to postoperative cancer- 
free survival. Liver resections of 70 % or more are often necessary to achieve this. 
Preoperative portal vein embolization (PVE) of the portal vein branches supply-
ing that segments of the liver that have to be removed has been shown to result in 
hypertrophy of the expected liver remnant. PVE is often used in patients with 
Klatskin tumors who have a predicted postoperative liver remnant volume of less 
than 30 %; patients with less than 30 % residual liver tumor are prone to postop-
erative (sub)acute liver failure. It can be done during a separate operation by 
suture ligation of that portal vein branches, but transhepatic, endovascular tech-
niques have been shown to be more successful at achieving the wanted hypertro-
phy. This has been attributed to the fact that with the latter technique, portal vein 
thrombosis is often more complete because more thrombogenic agents can be 
used [ 8 – 12 ]. 

 Besides the volume of the expected liver remnant, assessing the quality of liver 
tissue of the residual liver segment is pivotal. Percutaneous biopsy of this expected 
residual liver remnant to rule out severe fi brosis or cirrhosis is recommended. To 
perform this safely and without intra-abdominal biliary spill, adequate biliary 
decompression of the expected liver remnant is crucial before the procedure.  

    Classifi cation of Klatskin Tumors and Consequences 
for Types of Resections 

 Cholangiocarcinomas arising in the perihilar region have been classifi ed according 
to the degree of involvement of the hepatic ducts, the Bismuth-Corlette classifi ca-
tion ([ 13 ], Fig.  13.2 ). To predict resectability and type of resection, a stenosis in the 
hepatic ducts suspected for cholangiocarcinoma can be classifi ed according to the 
Bismuth-Corlette classifi cation. Type I are tumors localized in the common hepatic 
duct without involvement of the hepatic duct bifurcation. Type II are tumors involv-
ing the hepatic duct bifurcation without segmental duct involvement excluding the 
caudate lobe. Type III a and b are tumors involving the hepatic duct bifurcation and 
the right or the left hepatic duct, respectively. Type IV concerns tumors involving 
the bifurcation and both ducts right and left or segmental duct in both liver halves 
(Fig.  13.1 ).

   For type I lesions, the procedure is en bloc resection of the extrahepatic bile ducts 
and gallbladder with tumor-free bile duct margins and a regional lymphadenectomy 
followed by Roux-en-Y hepaticojejunostomy. In addition to the above operation, 
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type II tumors require en bloc resection of the caudate lobe because the segmental 
bile duct of this segment typically enters the left and/or right hepatic duct at the site 
of the bifurcation. In addition to the above operations, type III and IV tumors require 
(extended) right or left hepatectomy to ensure tumor-free margins. In case of portal 
vein involvement, more advanced techniques such as extended liver resection com-
bined with portal vein resection and reconstruction to achieve negative margins 
have been shown to result in acceptable survival. Additional pancreaticoduodenec-
tomy is sometimes necessary, particularly in patients with type I and II Klatskin 
tumors to ensure a radical resection. 

 Pathological staging is done according to the TNM classifi cation. The clinical 
staging of Jarnagin and Blumgart defi ning radial as well as longitudinal extension 
of Klatskin tumors has also been shown to be useful [ 14 ]. This classifi cation entails 
three elements: (a) location and extent of ductal involvement, (b) presence or 
absence of portal vein invasion, and (c) presence or absence of hepatic lobe atrophy. 
According to Jarnagin et al., criteria for unresectability include patient factors, local 
factors, and distant disease, factors which have been demonstrated to correlate cor-
rectly with radical resectability. There are different pathological types and different 
growth patterns having the potential for causing vascular encasement and lymphatic 
metastasis, and this makes radical surgical resection more diffi cult.  

    Surgery 

 In patients with Klatskin tumors, as mentioned earlier, true resectability is ulti-
mately determined at surgery. In the absence of retropancreatic and paratruncal 
nodal metastases, liver or more distant metastases, invasion of the main hepatic 

  Fig. 13.2    Bismuth-Corlette classifi cation of cholangiocarcinoma       
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artery, and of extrahepatic adjacent organ invasion, resection of Klatskin tumors 
should be attempted. During surgery, after general abdominal inspection to exclude 
distance metastases, the perihilar tumor can be locally assessed by palpation. 
Intraoperative ultrasonography can be useful to determine the exact resection plane. 
Once the resection plan is made, liver parenchyma dissection is performed, and the 
bile duct(s) is cut at the presumed tumor-free site(s); fresh frozen section pathology 
of the bile duct(s) is performed in many centers. Often dysplasia, sometimes even 
severe, is noted at these sites. Only in case of overt adenocarcinoma, however, an 
attempt should be made to further extend the resection if possible. Another strategy 
is to perform the most radical resection believed necessary and possible depending 
on the preoperative imaging and intraoperative fi ndings, to reconstruct the bile 
duct(s) and to wait for the defi nitive pathology report (Figs.  13.3  and  13.4 ). There 
are few data regarding the benefi ts of lymphadenectomy for perihilar cholangiocar-
cinoma. Lymph node involvement however is a prognostic factor. Selective portal 
lymphadenectomy is often recommended. PTC drains placed preoperatively can be 
placed through the anastomosis or anastomoses, but one should be aware of seeding 
of tumor when these drains were passed through the tumor preoperatively. Despite 
all preoperative measures and often extensive resections, cure is still possible in 

  Fig. 13.3    Liver resection 
surface after left hepatectomy 
and biliary resection       

 

G. Kazemier and M.A. Cuesta



167

fewer than 50 % of patients, and in the majority of cases, long-term disease control 
is rarely achieved [ 15 ,  16 ]. Within some clinical protocols, liver transplantation has 
been shown to have great potential as treatment for non-resectable Klatskin tumors. 
It is however too early to recommend this as standard of care [ 17 ].

        Complications and Mortality 

 Treating patients with Klatskin tumor is challenging. Large series describe consid-
erable postoperative morbidity (up to 76 %) and mortality (up to 19 %) [ 4 ,  18 ,  19 ]. 
Morbidity includes infectious complications including cholangitis, liver abscesses, 
intra-abdominal abscesses, and wound infection. The majority can be treated non-
surgically, but percutaneously or with wound drainage. 

 Direct postoperative bleedings are rare but require re-exploration in the majority 
of cases. Bleeding later postoperatively as a result of septic complications is mostly 
arterial and resulting from biliary leak and biliary fi stula. This should be treated by 
angiography and coiling if possible. 

  Fig. 13.4    Hepaticojejunostomy        
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 Biliary leak is a common postoperative complication. The majority can be treated 
successfully percutaneously by draining the biloma fi rst and diverting the biliary 
fl ow by placement of PTC catheter after resolving the fi rst septic period. 

 Postoperative liver failure as a result of too small residual liver capacity can be 
very diffi cult to treat, and its associated mortality has been associated with the 
extent of the resection and the quality of the liver remnant. In case of acute postop-
erative liver failure in the fi rst few days after operation, accompanied by high serum 
transaminases, torsion of the liver remnant and its vasculature should be considered 
as it mandates prompt surgical intervention. 

 Because of the signifi cant perioperative risk for complications, complex nature 
of operative management and rarity of this tumor, patients are better served by 
referral to tertiary centers.     
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     Pancreatic carcinoma is the fourth most deadly cancer in the United States and was 
responsible for 36.800 deaths in 2010. The incidence is 11/100,000 per year, and in 
about 80 %, the cancer is located in the pancreas’ head. Together with ampullary 
carcinoma, distal common bile duct carcinoma, and duodenal carcinoma, they are 
referred to as periampullary carcinomas [ 1 ,  2 ]. 

 When diagnosed the overall 5-year survival rate is around 5 %. While prognosis 
is poor and survival low, surgical resection remains the only potential curative pro-
cedure for periampullary carcinomas. After radical resection the 5-year survival is 
currently 20–25 % and up to 50 % is found in ampullary tumors [ 3 ]. However in 
80 % of patients with pancreatic cancer, curative procedure is infeasible, because of 
local vascular ingrowth or metastatic disease [ 4 ]. For patients with a resectable 
lesion partial pancreatoduodenectomy is the procedure of choice as introduced by 
Kausch and Whipple, currently modifi ed for a pylorus-preserving pancreatoduode-
nectomy (PPPD) [ 5 ]. 

 In the early years mortality rates of 10–40 % have been reported, but after 
increasing experience and improved perioperative care, mortality rate reduced to 
less than 5 % in high-volume centers [ 6 ,  7 ]. With improved results pancreatoduode-
nectomy (PD) is now widely accepted as treatment of choice for malignant tumors 
and even used for some benign lesions such as chronic pancreatitis with radiological 
signs of a mass in the pancreatic head region. 
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 Unfortunately, the procedure is still accompanied by substantial morbidity rates 
ranging from 40 to 60 % [ 8 – 11 ]. The enormous difference in morbidity is partly due 
to a wide variety of defi nitions of complications used in the past. Fortunately the 
most common complications such as pancreatic anastomotic leakage, hemorrhage, 
and delayed gastric emptying now have been defi ned by the International Study 
Group of Pancreatic Surgery (ISGPS) [ 12 – 14 ]. A more general classifi cation of sur-
gical complication was introduced by Clavien in 2004 in which complications are 
graded following the invasiveness of their therapeutic interventions [ 15 ]. 

 In this chapter we will discuss the diagnoses, grading, and management of the 
most important complications such as postpancreatectomy hemorrhage, anasto-
motic leakage, delayed gastric emptying, and chylous leakage as well as prevention 
and risk factors. 

    Complications 

        Anastomotic Leakage 

    Pancreatic Anastomosis 

  Incidence and Defi nition  
 Leakage of the pancreatic anastomosis is a key determinant in postoperative out-

come and the most important complication after pancreatic surgery. It is associated 
with other complications such as intra-abdominal abscesses, sepsis, bleeding, and 
delayed gastric emptying that prolong hospital stay and are responsible for up to 
88 % of postoperative mortality [ 9 ]. Due to a wide range in defi nitions, highly vari-
able incidence rates between 2 and 30 % are reported in studies on pancreatic anas-
tomotic leakage [ 16 ,  17 ]. The different defi nitions prevent a validated comparison 
of incidence and outcomes in different clinical trials. The International Study Group 
for Pancreatic Fistula    (ISGPF) therefore developed a grading system for an objec-
tive and universally accepted defi nition of postoperative pancreatic fi stula (POPF). 
It represents a “failure of healing/sealing of a pancreatic-enteric anastomosis, or it 
may represent a parenchymal leak not directly related to an anastomosis such as one 
originating from the raw pancreatic surface” [ 12 ]. 

  Diagnosis and Grading  
 M. Trede reported many years ago the early clinical signs of POPF being 

abdominal tenderness, a slightly drier tongue, a rise in temperature and pulse, 
 dyspnea, oliguria, and barely perceptible agitation [ 10 ]. These simple clinical 
changes are still the fi rst step in early recognition of this complication. Pancreatic 
anastomosis leakage is generally recognized between the third and seventh POD 
(postoperative day). 

 When POPF is suspected, intra-abdominal drain effl uent is tested on amylase 
contents. Amylase contents higher than three times the upper normal serum value 
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associated with the symptoms mentioned above set the diagnosis POPF. Most 
patients generally will have a thorax X-ray examination because of the dyspnea 
showing pleural effusion due to the intra-abdominal collections. Computed tomog-
raphy (CT) will confi rm the diagnosis and identify the presence of intra-abdominal 
collections, see Fig.  14.1a .

   Since the defi nition mentioned above will include clinically well patients with 
minor complaints, POPF is graded based on its clinical impact and therapeutic con-
sequences following the ISGPF defi nition (Table  14.1 ) [ 12 ,  18 ].

    Management and Outcome  
 Depending on the severity of POPF conservative management is adequate in up 

to 90 % of all patients and includes maintenance of perioperatively placed abdomi-
nal drains, supportive intravenous fl uid and antibiotics, abstention of oral feeding, 

a

b

  Fig. 14.1    ( a ) CT scan image 
of a patient after 
pancreatoduodenectomy who 
developed an intra-abdominal 
collection ( arrow ) due to 
leakage of the 
pancreaticojejunostomy. 
( b ) CT-guided percutaneous 
drainage ( arrow ) to manage 
leakage of the 
pancreaticojejunostomy       
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and nutritional support preferably by enteral feeding tube. Radiological intervention 
such as percutaneous drainage (Fig.  14.1b ) is performed when conservative mea-
sures are unsuccessful and intra-abdominal collections or abscesses are found indi-
cating a grade B POPF. 

 The incidence rate of grade B is widely variable, 13–63 %, and so is the fre-
quency of radiological interventions ranging from 7 % up to 17 % in patients with 
POPF [ 19 – 21 ]. 

 In the case of repeated unsuccessful percutaneous drainage or complications seen 
in POPF grade C such as sepsis, surgical intervention is almost mandatory. Like grade 
B POPF, the incidence rate of grade C and its subsequent surgical treatment is vari-
able, ranging from 5.5 % up to 66 % of patients who undergo surgery [ 22 ]. The mini-
mal approach during relaparotomy is extensive lavage and drainage. For a total 
dehiscent anastomosis, a more radical approach is needed. The anastomosis is discon-
tinued, the jejunostomy closed by a stapler, and the pancreatic remnant can be closed 
and left behind with drainage of the pancreatic duct to create a controlled fi stula, or 
even removed, a so called salvage pancreatectomy. This measure is under debate 
since defi nitive endocrine insuffi ciency is inevitable. More recently some advocate 
performing a new anastomosis into the stomach, a pancreaticogastrostomy. 

 In a study conducted in our institute surgical drainage was performed in 20 % of 
all patients with severe pancreatic leakage and completion pancreatectomy was 

   Table 14.1    ISGPF defi nition postpancreatectomy pancreatic fi stula   

 Grade A  Transient 
fi stula 

 No clinical 
impact 

 No peripancreatic 
collections on CT scan; 
little/no change in 
management 

 Clinically well; no sepsis; no 
prolongation of hospital 
stay; slow removal of 
operatively placed drains 

 Grade B  Clinical 
impact 

 Peripancreatic drains in 
place or repositioned to 
drain collections; 
change in management 
is required 

 Clinically fairly well; degree 
of infection requiring 
specifi c treatment; 
prolongation of hospital 
stay; patients often 
discharged with drains in 
situ and observed in 
outpatient setting 

 Grade C  Severe 
clinical 
impact 

 Worrisome peripancreatic 
collections that require 
percutaneous drains; 
major change in 
management usually in 
ICU setting; possible 
re- surgery to salvage a 
diffi cult situation 
(completion pancreatec-
tomy,    etc.) 

 Clinically unwell; associated 
sepsis requiring 
aggressive antibiotics, 
octreotide, and other 
intensive care support; 
major prolongation of 
hospital stay; associated 
complications; and 
possibility of mortality 

   ISGPF  International Study Group on Pancreatic Fistula,  CT  computed tomography,  ICU  intensive 
care unit 
 Source: Adapted from Shrikhande et al. [ 12 ,  18 ]  
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performed in 22 %. This study also showed a signifi cant reduction in the overall 
relaparotomy rate of 16.1–7.7 % ( P  = 0.005) in the period 1992–2002, despite a 
stable leakage rate, which has been further reduced during the past 10 years, indicat-
ing improvement of the nonsurgical management [ 22 ]. 

 Radiological interventions have gained a more prominent role in the manage-
ment of complications in most recent studies. These minimal-invasive techniques 
will shorten hospital stay and lower mortality rates and hospital costs by preventing 
extensive surgical procedures. 

  Risk Factors and Prevention  
 Many factors infl uence the incidence of POPF after PD as depicted in Table  14.2  

[ 23 ]. Some factors are more signifi cant than others. Generally accepted to be the 
most important risk factors are disease and pancreas-related factors as well as sur-
geons’ experience and hospital volume.

   Yeo et al. reported the strongest predictors of POPF being ampullary or duodenal 
disease and surgical volume [ 24 ]. Others reported additional risk factors in their 
multivariate analyses: coronary artery disease (OR 3.7; 95 % CI 1.2–12.1), a soft 
gland (OR 10.0; 95 % CI 2.1–47.6), and pancreatic duct diameter ≤3 mm (RR 2.5; 
95 % CI 1.05–9.5). Similar predictive factors were found in our study: pancreatic 
duct size ≤2 mm ( P  = 0.002), operating time ≥285 min ( P  = 0.031), and ampullary 
adenocarcinoma ( P  = 0.035) [ 22 ,  25 ]. 

 Several surgical techniques have been described in order to fi nd the optimal 
reconstruction after PD and prevent high rates of POPF. Two randomized controlled 
trials (RCT) compared the two most common techniques: pancreaticojejunostomy 
(PJ) versus pancreaticogastrostomy (PG). However, no superiority of either PJ or 
PG was reported [ 24 ,  26 ]. 

 New techniques different from the conventional anastomotic techniques have 
been described in two other RCTs. A signifi cant decrease in clinically relevant 
POPF from 18 % to 4 % was reported after comparing pancreaticogastrostomy with 
gastric partition versus conventional PJ, in favor of the PG with gastric partition 
( P  = 0.01) [ 27 ]. A new pancreaticojejunostomy binding technique compared with 

   Table 14.2    Factors considered infl uencing the incidence of POPF   

 Disease and pancreas- related 
factors 

 Histopathological diagnosis, pancreatic texture, pancreatic duct 
size 

 Surgeon and hospital- related 
factors 

 Surgeon volume, hospital volume, hospital resources 

 Perioperative treatments  Preoperative biliary drainage, neoadjuvant treatment, prophylac-
tic somatostatin or its analogs, perioperative nutritional 
support 

 Operative factors  Type of procedure, anastomotic technique, use of fi brin sealants, 
pancreatic duct stenting, intraoperative blood loss, periopera-
tive transfusions, operative time, use of intraperitoneal drains 

 Patient-related factors  Age, gender, obesity, cardiovascular diseases, diabetes mellitus 

   POPF  postoperative pancreatic fi stula 
 Source: Adapted from Ramacciato et al. [ 23 ]  
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conventional PJ reported leakage rates in 0 % versus 7.2 %, respectively (OR 1.08; 
95 % CI 1.02–1.14;  P  = 0.014) [ 28 ]. 

 The most optimal technique for the PJ reconstruction is still under debate rang-
ing from end-to-side, duct-to-mucosa, to invagination, but only two randomized 
trials were performed. One study showed fewer POPF cases after the invagination 
technique compared with the duct-to-mucosa PJ (12 % vs. 24 %,  P  = 0.04), though 
another study revealed no signifi cant differences in POPF rates in patients with soft 
pancreatic texture when duct-to-mucosa was compared to end-to-side PJ. Another 
ongoing debate is one- or two-layer reconstruction with continuous or interrupted 
sutures, but no differences are reported. The experience of the surgeon with one of 
these techniques is the most important determinant [ 29 ]. 

 Procedures to avoid a pancreatic anastomosis and thereby avoiding POPF have 
also been described. Occlusion of pancreatic duct after PD showed no difference in 
postoperative complications [ 30 ]. Total pancreatectomy will of course avoid anas-
tomotic leakage but is associated with endocrine pancreatic insuffi ciency. 

 Drainage of the pancreatic duct as a preventive measure was studied in three 
RCTs. They compared drainage versus no drainage after PD. Internal pancreatic 
duct drainage did not reduce the POPF rate; however two studies reported a signifi -
cantly lower rate after external drainage (26 % vs. 42 %,  P  = 0.034; 6.7 % vs. 20 %, 
 P  = 0.032) [ 20 ,  25 ,  31 ]. The role of fi brin glue was also evaluated but no decrease in 
POPF rates was reported [ 32 ]. 

 Pharmacological intervention is another major preventive measure. Lai et al. 
reviewed 11 RCTs in which 6 showed a decreased postoperative complication rate 
after the use of perioperative somatostatin, but the other 5 did not. Two studies 
reported signifi cantly less POPF cases in the somatostatin group ( P  < 0.05). Though, 
due to the contradictory outcomes, the use of somatostatin remains controversial [ 9 ]. 

 In conclusion, many different aspects to prevent leakage have been analyzed, and 
so far none have been proven superior in meta-analyses or large RCTs. The sur-
geon’s experience in performing the anastomosis might be the most important fac-
tor, but new techniques/modifi cations as pancreaticogastrostomy with gastric 
partition, the invagination procedure, as well as stenting of the anastomosis are 
promising, but more research is necessary to prove superiority of any of those 
procedures.  

    Biliary Anastomosis 

  Incidence and Defi nition  
 Leakage of the hepaticojejunostomy is reported between 0.4 and 10 % of the 

patients after pancreatic surgery. It can initiate a biliary peritonitis and is associated 
with concomitant complications such as intra-abdominal abscesses, bleeding, and 
wound infection. This prolongs hospital stay and decreases quality of life. Unlike 
pancreatic leakage, it is a rare complication with very low mortality rates ranging 
from 1 to 3 % [ 33 ]. 
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 The International Study Group of Liver Surgery (ISGLS) recently developed a 
uniform defi nition and grading system of biliary leakage. It is defi ned as bile-stained 
fl uid in the abdominal drain or biliary collections in the abdominal cavity in need 
for radiological or surgical intervention. Bilirubin concentration of the drained fl uid 
is at least three times the serum bilirubin concentration [ 34 ]. 

  Diagnosis and Grading  
 Biliary leakage is suspected when bile-stained fl uid is present in the abdominal 

drain. Other anastomotic leakages have to be ruled out and ultrasonography and 
CT can detect any intra-abdominal perihepatic collections. Diagnostic aspiration 
of the collection will establish the diagnosis of biliary leakage. Magnetic reso-
nance cholangiopancreatography (MRCP) can be used to detect the location of the 
leak. 

 In patients with biliary leakage, typical laboratory abnormalities are seen: iso-
lated hyperbilirubinemia with normal Gamma-glutamyl transpeptidase and alkaline 
phosphatase due to the lack of obstruction. 

 The clinical characteristics and grading parameters are summarized in 
Table  14.3  [ 34 ].

    Management and Outcome  
 Maintenance of preoperatively placed drains is the fi rst step in managing biliary 

leakage. However in the case of an insuffi ciently drained leakage, percutaneous 
transhepatic biliary drainage (Fig.  14.2 ) is the treatment of choice and is performed 
in nearly 70 % of patients. A catheter is placed into the biliary system and preferably 
through the anastomosis into the jejunal loop which facilitates external and internal 
drainage.

   This procedure changed the aggressive management of early relaparotomy in 
which the leakage was drained externally and abdominal lavage was performed. 
Anastomotic repair was performed when necessary but is currently avoided by the 
percutaneous approach. Surgical management is now only performed in less than 
20 % of patients after drainage is unsuccessful or patients’ clinical status asks for an 
immediate aggressive approach seen in grade C. 

  Prevention and Risk Factors  
 In a multivariate analysis, we found three independent predictors of biliary leak-

age: obesity BMI ≥ 35 (OR 11.32, 95 % CI 1.71–75,  P  = 0.012), no preoperative 
endoscopic biliary drainage (OR 2.43, 95 % CI 1.03–5.78,  P  = 0.044), and segmen-
tal anastomosis (OR 13.56, 95 % CI 4.23–43.49,  P  < 0.001) [ 33 ]. 

   Table 14.3    Proposal of the ISGLS for grading bile leakage after hepatobiliary and pancreatic 
surgery   

 Grade A  Bile leakage requiring no or little change in patients’ clinical management 
 Grade B  Bile leakage requiring a change in patients clinical management (e.g., additional 

diagnostic or interventional procedures) but manageable without relaparotomy 
 or  a grade A bile leakage lasting for >1 week 

 Grade C  Bile leakage requiring relaparotomy 

   ISGLS  International Study Group of Liver Surgery 
 Source: Adapted from Koch et al. [ 34 ]  

14 Prevention and Treatment of Major Complications 



178

 Preventing leakage of the hepaticojejunostomy can be achieved by placing a 
stent in the common bile duct during operation providing the bile to leak through 
the stent into the jejunum or drained externally.  

    Enteric Anastomosis 

  Incidence and Defi nition  
 Enteric anastomotic leak is very rarely seen after pancreatic surgery. Only one 

article solely describes duodenojejunostomy (DJ) or gastrojejunostomy (GJ) leak-
age after PPPD or standard PD, respectively [ 35 ]. The clinical symptoms might be 
the same as leakage of the PJ or HJ. Most large studies do not report DJ or GJ leak 
separately, simply because the complication did not occur, or in a low incidence rate 
ranging from 0.4 % to 1.2 %. The incidence is comparable with rates reported in 
other upper gastrointestinal operations. DJ or GJ leakage was defi ned as radio-
graphic or visual evidence of the anastomotic defect [ 30 ,  35 ]. 

  Diagnosis and Grading  
 DJ or GJ leakage can present within the fi rst 10 days after surgery with one or 

more of the following clinical signs: an acute abdomen, fever, or enterocutaneous 
fi stula or loss of bowel contents via the abdominal drain. Laboratory results will 
often reveal a leukocytosis. Radiological signs that indicate anastomotic failure will 
reveal free air on X-ray and fl uid collections on CT (Fig.  14.3 ).

   DJ or GJ leakage has been graded in a study previously mentioned according to 
the Clavien complication grading system [ 15 ]. 

  Fig. 14.2    Patient presenting 
with bile leakage after 
pancreatoduodenectomy. 
Cholangiogram reveals 
leakage of the 
hepaticojejunostomy ( arrow ). 
Percutaneous transhepatic 
biliary drainage is performed 
to manage the leakage       
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  Management and Outcome  
 DJ or GJ leakage is a potentially fatal complication, it can prolong hospital stay 

with up to 25 days and surgical management is often required. In a study mentioned 
above, 12 out of 13 patients underwent relaparotomy. In >80 % of these patients, a 
distal gastrectomy had to be performed followed by new reconstruction. Only one 
patient was treated radiological with percutaneous drainage. Mortality rate reported 
in this study was substantial (38 %) [ 35 ]. 

  Prevention and Risk Factors  
 Due to the low incidence, multivariate models of risk factors are unavailable. 

Furthermore the causes of these complications are unknown, but impaired perfusion 
of the anastomosis and a poorly vascularized duodenal stump might be causative 
factors in particular for the pylorus-preserving pancreatoduodenectomy.   

    Postpancreatectomy Hemorrhage 

  Incidence and Defi nition  
 Postoperative hemorrhage is another serious complication after pancreatic resec-

tion with incidence rates varying from 2 to 20 % and mortality rates exceeding 50 % 
[ 36 ]. The variability in incidence and mortality is partly caused by the many differ-
ent defi nitions that are being used. Furthermore, substantial differences are seen in 
onset, cause, bleeding site, intensity, and clinical impairment of postoperative 
hemorrhage. 

 To enable a comparison between different surgical techniques in pancreatic sur-
gery and the consequential incidence rate of postoperative hemorrhage and its mor-
tality, one widely accepted defi nition is needed. The International Study Group of 
Pancreatic Surgery (ISGPS) developed a defi nition and proposed the term postpan-
createctomy hemorrhage (PPH) [ 13 ]. They classifi ed postoperative bleeding based 

  Fig. 14.3    CT scan image of 
a patient after pylorus- 
preserving 
pancreatoduodenectomy 
presenting with abdominal 
pain and fever revealing 
intra-abdominal free air 
( white arrow ) and collections 
( black arrow ) suggestive for 
leakage of the 
duodenojejunostomy       
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on three criteria: time of onset, early PPH occurring within 24 h postoperatively and 
late PPH >24 h; location, intraluminal or extraluminal; and severity and impact, 
mild PPH with a similar clinical impairment and severe PPH with sequential blood 
transfusions and radiological and/or surgical interventions. 

 Since the introduction of the ISGPS hemorrhage classifi cation, a number of stud-
ies validated the scoring system which is currently generally accepted [ 36 ,  37 ]. 

  Diagnosis and Grading  
 Patients who develop PPH may present with hypotension, tachycardia, decreas-

ing hemoglobin concentration, clinical deterioration, or blood loss through the gas-
trointestinal tract or abdominal drains depending on the site of the bleeding: 
intraluminal or extraluminal. 

 Intraluminal bleedings are seen near the anastomotic site, vessels in that area, 
the surface of the pancreas, or near a gastric ulcus. They generally present with 
blood loss through the gastrointestinal tract being hematemesis, melaena, and 
blood loss through the nasogastric tube. Intraluminal bleeding will usually mani-
fest as an early hemorrhage. Consensus has been reached considering the cause of 
early hemorrhage which is likely due to technical failures during the index opera-
tion. In the case of intraluminal hemorrhage, endoscopy can be very useful since 
diagnosing and managing an anastomotic bleeding can be performed simultane-
ously. Angiography can be used to embolize bleeding from vessels. A recent analy-
sis showed that angiography was performed in over 50 % of patients with PPH 
after pancreatic surgery and 18 % was subjected to an endoscopy. Both procedures 
were initially performed to detect the bleeding site [ 38 ]. All diagnostic interven-
tions were performed provided that the patient was in a stable hemodynamic 
condition. 

 Extraluminal bleedings are seen in the abdominal cavity and may be evident by 
blood loss through the abdominal drain. The bleedings are caused by vascular ero-
sion, anastomotic ulceration, arterial pseudoaneurysm, or disrupted suture line 
caused by POPF, biliary leakage, or intra-abdominal infections and generally pres-
ent as late PPH. When PPH is suspected, ultrasonography and CT can detect intra- 
abdominal collections (hematoma as well as abscesses) seen in 70–80 % in late 
PPH. Furthermore, both procedures can detect pseudoaneurysms. The diagnosis is 
confi rmed by angiography [ 39 ]. 

 Blood loss through abdominal drains or nasogastric tubes is called a sentinel 
bleed and can be seen hours or even days before massive hemorrhage. Jagad et al. 
reviewed several studies and showed that in 30–100 %, a sentinel bleed resulted in 
PPH hours or days later [ 36 ]. A study performed in our institute reported that in 
78 % of patients, a sentinel bleed was detected prior to late PPH and 74 % of patients 
with late PPH had septic complications [ 39 ]. 

 When PPH is diagnosed, the clinical grading system proposed by the ISGPS 
classifi cation, summarized in Table  14.4 , can be used to state the severity of the 
hemorrhage [ 13 ].

    Management and Outcome  
 Severe PPH asks for immediate treatment through either radiological interven-

tion, e.g., angiography with embolization (Figs.  14.4a and b ,  14.5a and b ) or 
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endoscopy with clips or sclerotherapy, or surgical intervention when the patients’ 
condition is deteriorating rapidly or radiological interventions are unsuccessful or 
infeasible.

    In a recent study on PPH, 38 % of patients underwent primary surgery, 57 % 
underwent primary radiological intervention, and 5 % were treated conservatively. 

   Table 14.4    Proposal of the ISGPS for grading PPH after pancreatic surgery [ 13 ]   

 Grade A  Results in a temporary and marginal variation of the standard postoperative course 
 Grade B  Additional diagnostics and interventions are required leading to therapeutic 

consequences such as blood transfusion, intensive care necessity or even 
relaparotomy, or embolization 

 Grade C  A life-threatening situation in which surgical and radiological interventions are 
mandatory 

   ISGPS  International Study Group,  PPH  postpancreatectomy hemorrhage  

a

b

  Fig. 14.4    Patient presenting 
with severe melaena after 
pancreatoduodenectomy was 
performed. Angiography of 
the arteria hepatica communis 
reveals a pseudoaneurysm 
shown in ( a ) (arrow) which is 
treated by means of coiling 
shown in ( b ) ( arrow )       
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More than half of the radiological interventions (54 %) were unsuccessful and a 
rescue laparotomy still had to be performed. The success rate of radiological coiling 
in terms of hemostasis was 80 % [ 38 ]. In this study endoscopic intervention was used 
in patients with early intraluminal bleeding realizing that a PJ bleeding generally is 
outside the reach of endoscopy but can also be managed by interventional angiogra-
phy. Intraluminal bleeding can disrupt the anastomosis, causing a “false” extralumi-
nal bleed since blood is then seen in the abdominal cavity. Early extraluminal PPH 
(within 24 h after surgery) is generally managed immediately with relaparotomy. 

 Management of late PPH is different since it is often caused by pseudoaneu-
rysms due to POPF or intra-abdominal infections. An earlier study conducted at the 
AMC showed that 69 % of patients with late PPH underwent primary surgery and 

a

b

  Fig. 14.5    Patient presenting 
with hematemesis after 
pancreatoduodenectomy was 
performed. Angiography 
reveals an aberrant arteria 
hepatica communis (AHC) 
originating from the arteria 
mesenterica superior (AMS) 
and a pseudoaneurysm of the 
arteria gastroduodenalis 
shown in ( a ) ( arrow ). A 
covered stent is placed in the 
arteria hepatica communis to 
manage the pseudoaneurysm 
shown in ( b ) ( arrow )       
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only 9 % were managed by radiological embolization. In half of all the surgical 
procedures, a vessel ligation was performed. Completion pancreatectomy was per-
formed because of persistent anastomotic leakage (Table  14.5 ) [ 39 ].

   More recently embolization is performed in the majority of patients. 
 A meta-analysis regarding the management of late PPH after PD showed 20 small 

case series with 163 patients in which 47.2 % of patients underwent primary surgery, 
44.8 % underwent primary radiological intervention, and 8 % were treated conser-
vatively. No signifi cant differences were found regarding the morbidity or mortality 
between relaparotomy and radiological intervention. Though late hemorrhage is 
often already associated with other complications, in particular leakage and sepsis, 
as mentioned earlier, this combination is associated with a poor prognosis [ 40 ]. 

 The pathophysiology of early PPH makes its management less complicated with 
better outcomes compared to late PPH. Identifying the importance of a sentinel 
bleed and an adequate aggressive approach towards the patients’ clinical status will 
dictate the appropriate treatment. More research is needed to offer any standardized 
rules in the management of PPH. 

  Prevention and Risk Factors  
 The two most important predictive factors in PPH are sentinel bleed and pancre-

atic fi stula [ 39 ]. A multivariate analysis reported three signifi cant risk factors being 
pancreatic leakage (OR 3.5; 95 % CI 1.8–6.1), gastrojejunostomy leakage (OR 9.2; 
95 % CI 1.5–56), and intra-abdominal abscess (OR 7.8; CI 4.2–14) [ 41 ]. Others 
suggest extended lymph node dissection being a risk factor [ 36 ]. PPH can be mini-
mized by optimal preoperative preparation of the patient, exact attention to details 
during surgery, and close observation of the patient postoperatively.  

    Delayed Gastric Emptying 

  Incidence and Defi nition  
 The most common complication after pancreatoduodenectomy is delayed gastric 

emptying (DGE). Although DGE is not associated with a high mortality, it does 
have a severe impact on the postoperative course, hospital stay, and quality of life. 
It is most often found in patients with intra-abdominal complications. Although the 

   Table 14.5    Therapeutic interventions in delayed massive hemorrhage [ 39 ]   

 Therapeutic intervention  Patients with late PPH (n = 23) 

 Conservative  2/5 
 Embolization  2/2 
 Surgical hemostasis  14/16 
  Anastomotic resection and reconstruction  2/3 
  Vessel ligation  8/8 
  Completion pancreatectomy  4/4 
  Exploration  0/1 

   PPH  postpancreatectomy hemorrhage (no. successful/no. performed)  
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pathogenesis of primary DGE, without intra-abdominal complications, still remains 
unclear disruption of the neural connections, ischemic injury to the muscle mecha-
nism and low levels of circulating motilin are thought to be involved. 

 Due to the lack of a generally accepted defi nition, the reported incidence rates 
vary widely from 5 to 57 % [ 42 ]. More recently, the International Study Group of 
Pancreatic Surgery (ISGPS) developed an objective and generally applicable 
defi nition with different grades [ 14 ]. The defi nition takes several aspects into 
account:

 –    Duration of nasogastric tube (NGT) and/or need for reinsertion of NGT  
 –   Ability to tolerate solid oral intake  
 –   Severity  
 –   Therapeutic consequences    

  Diagnosis and Grading  
 The different grades of DGE describe its severity and clinical impact 

(Table  14.6 ) [ 14 ].
   DGE is an early complication seen after pancreatic surgery. Patients are unable 

to tolerate solid oral intake by POD 7 and NGT is required for 4 days or more. When 
DGE arises, the underlying cause and in particular intra-abdominal collections due 
to leakage have to be excluded and generally a CT scan is performed. Diagnostic 
procedures to assess the gastric emptying are not routinely used but scintigraphy is 
considered the most accurate method for measurement of DGE [ 43 ]. 

  Management and Outcome  
 The required intervention depends on the severity of DGE. Grade A will have no 

interventional consequences, but in grade C DGE adequate management aimed at 
the cause is necessary. When DGE is caused by intra-abdominal complications, 
managing these complications will subsequently manage DGE. 

 Standard treatment of DGE is mainly supportive by maintenance of periopera-
tively placed nasogastric tube and nutritional support preferably by the enteral route 
despite the fact that enteral infusion can potentially impair gastric emptying. A ran-
domized trial was conducted in our institute to assess the effect of cyclic versus 
continuous enteral feeding on DGE. Cyclic enteral feeding after PPPD was 

   Table 14.6    Proposal of the ISGPS for grading DGE after pancreatic surgery   

 DGE 
grade  NGT required 

 Unable to tolerate solid 
oral intake by POD 

 Vomiting/gastric 
distension 

 Use of 
prokinetics 

 A  4–7 days or 
 reinsertion > POD 3 

 7  ±  ± 

 B  8–14 days or 
 reinsertion > POD 7 

 14  +  + 

 C  >14 days or 
 reinsertion > POD 14 

 21  +  + 

   ISGPS  International Study Group of Pancreatic Surgery,  DGE  delayed gastric emptying,  NGT  
nasogastric tube,  POD  postoperative day 
 Source: Adapted from Wente et al. [ 14 ]  
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associated with a shorter period of enteral nutrition, faster return to a normal diet 
( P  = 0.04), and a shorter hospital stay ( P  = 0.04) [ 44 ]. 

 Massive production of the NGT might lead to electrolyte and body fl uid distur-
bances, and in these circumstances parental supplementation is mandatory. 

 Therapeutic measures have been sought to minimize the incidence of DGE. The 
reduction in circulating motilin levels after PD is thought to be causing DGE. 
Motilin agonists, erythromycin, have been administered in order to improve gastric 
emptying. DGE was reported in 14.3 % of patients who were administered erythro-
mycin versus 57.1 % of patients who did not received erythromycin ( P  < 0.04) [ 42 ]. 

  Prevention and Risk Factors  
 Since the causes of DGE are unclear and likely to be multifactorial, it is diffi cult 

to take preventive measures. Various surgical techniques have been appointed to 
decrease the incidence of DGE. 

 Extended research has been conducted on the outcomes of standard PD versus 
pylorus-preserving PD (PPPD). A recently published RCT revealed that standard 
PD signifi cantly reduces the incidence of DGE compared with PPPD ( P  = 0.02) [ 45 ]. 
However three systematic reviews failed to report this. They did report perioperative 
differences, PPPD was a faster procedure (95 % CI −105.70 to −30.83;  P  = 0.0004) 
with less intraoperative blood loss (95 % CI −0.96 to −0.56;  P  < 0.00001) [ 46 – 48 ]. 

 Two meta-analyses compared standard PD with extended lymphadenectomy PD 
and revealed slightly higher DGE rates in the extended group [ 49 ,  50 ]. The largest 
RCT reported DGE in 6 % in the PD group and in 16 % in the extended PD group 
( P  = 0.006) [ 51 ]. Explanation for this difference might be that more complex opera-
tions, with increased operation time and more blood loss, have a higher chance 
of DGE. 

 A more recently published study on DGE analyzed the effect of antecolic versus 
retrocolic reconstruction of the enterojejunostomy. DGE was seen in 30.9 % and no 
differences were found between the two techniques (antecolic 34 % vs. retrocolic 
28 %,  P  = 0.6). Age was the only signifi cant predictive factor found after multivari-
ate analysis ( P  = 0.02) [ 52 ]. Another RCT did however show a signifi cant difference. 
DGE was reported in 5 % in the antecolic group and in 50 % in the retrocolic group 
( P  = 0.0014), but the study population was very limited (n = 40) [ 53 ]. Currently an 
RCT is being conducted in our own institute regarding DGE after retrocolic versus 
antecolic reconstruction of the duodenojejunostomy (registration number NTR1697). 

 The infl uence of prophylactic octreotide on DGE was analyzed in an RCT but 
failed to show an effect. They did however identify preoperative biliary drainage as 
an independent risk factor (OR 3.8; 95 % CI 0.98-14.9;  P  = 0.054) [ 54 ].  

    Chylous Leakage 

  Incidence and Defi nition  
 Chylous leakage is caused by injury to the lymphatic system. The cisterna chyli, 

a saccular dilatation which contains ascending lymphatic trunks, is located on the 
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same level as the pancreas and injury to the cisterna chyli or its tributaries can occur 
during pancreatic dissection from the back site. 

 Chylous leakage is a rare complication; thus little is known about its inci-
dence and management. Recent studies report a wide variation and incidence 
rates of 1.8, 5, 6.7, and 11 % [ 55 – 57 ]. In the absence of a uniform defi nition, our 
center proposed a grading system and a clear defi nition of chylous leakage. 
Chylous leakage was defi ned as a drain output of ≥275 mL with milky appear-
ance and triglyceride level higher then 1.2 mmol/L in the absence of anastomotic 
leakage [ 57 ]. 

  Diagnosis and Grading  
 Chylous leakage is usually seen on POD 1 or 2. It can appear as painless abdom-

inal distension and respiratory embarrassment and can cause weight loss and 
fatigue. The appearance of the drain output and its high levels of triglycerides are 
suffi cient to set the diagnosis. In some cases, CT can be helpful and some authors 
report more invasive diagnostic measures such as lymphangiography and lympho-
scintigraphy [ 58 ]. However these techniques are very rarely used in daily 
practice. 

 Chylous leakage is graded in order to predict the severity and clinical impact 
(Table  14.7 ) [ 57 ].

    Management and Outcome  
 In general, dietary therapy is the most frequently used conservative manage-

ment. Enteral feeding with high protein and low fat with low or median-chain tri-
glycerides is the treatment of choice. When enteral intake is impossible, total 
parenteral nutrition (TPN) is given. TPN is also given as an addition to enteral 
feeding when enteral feeding alone is insuffi cient [ 57 ]. The combination of dietary 
measures and somatostatin has been reported to be benefi cial as well [ 55 ]. 
Paracentesis is performed when conservative measures alone are not adequate and 
is reported to be suffi cient in up to 100 % [ 57 ]. Like the invasive diagnostic proce-
dures, rigorous therapeutic measures for chylous leakage such as relaparotomy or 
a peritoneovenous shunt to close the leakage of the cisterna chyli are rarely 
 performed [ 56 ]. 

   Table 14.7    Proposed grading system for isolated chylous leakage after pancreatoduodenectomy   

 Criteria  Grade A  Grade B  Grade C 

 Clinical conditions  Well  Often well  Ill appearing 
 Signs of infection  No  No  Yes 
 Ultrasound/CT (if obtained)  Negative  Negative/positive  Positive 
 Duration of CA production  < 7 days  7–14 days  >14 days 
 Dietary measure  Yes/no  Yes  Yes 
 Persistent drainage  No  Usually yes  Yes 
 Surgical intervention  No  No  Yes/no 
 Prolongation of hospital stay  No  Yes  Yes 
 Readmission  No  No  Yes/no 

   CT  computed tomography,  CA  chylous ascites 
 Source: Adapted from Gaag et al. [ 57 ]  
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  Prevention and Risk Factors  
 Several factors were associated with a higher risk of chylous leakage. In a multi-

variate analysis, an increasing number of lymph nodes harvested (OR 1.07; 95 % CI 
1.02–1.13;  P  = 0.007) and vascular resection at the time of surgery (OR 8.25; 95 % CI 
1.99–34.6;  P  = 0.004) were two prognostic factors. Chronic pancreatitis was another 
independent-associated factor (OR 2.52; 95 % CI 1.19–5.32;  P  = 0.016) [ 56 ,  57 ].  

    Summary 

 Pancreatic surgery is associated with a high incidence of complications. The most 
severe combination of complications responsible for high mortality rates is anasto-
motic leakage and hemorrhage. Clinical observation and an adequate approach are 
important in the postoperative management. This postoperative management has 
shifted over the last decade, and a nonoperative management is seen more often in 
which radiological intervention plays an important role.     
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    Introduction 

    Acute pancreatitis is a relatively common disease with increasing incidence in the 
Western world. The cause for this increase is not fully clear but may be related to the 
increase in incidence of gallstone disease. It is the second most common gastrointestinal 
disorder requiring acute hospitalization in the United States, with annual costs exceeding 
$2 billion [ 1 ,  2 ]. Approximately 20 % of patients develop severe acute pancreatitis, 
defi ned by organ failure or necrotizing pancreatitis [ 3 ]. Severe pancreatitis is associated 
with a mortality of 15–30 % whereas the mortality of mild pancreatitis is only 0–1 % 
[ 4 ]. Organ failure is the most important determinant for mortality in acute pancreatitis, 
mainly occurring in the early phase of the disease, where the clinical course is domi-
nated by the severity of the systemic infl ammatory response syndrome (SIRS) [ 4 ]. 

 At this early stage, there is essentially no place for surgical intervention, other 
than to treat abdominal compartment syndrome, persistent life-threatening bleeding 
in spite of attempted coiling, and (nonocclusive) small bowel ischemia. 

 Sterile pancreatic necrosis and sterile peripancreatic collections can be treated con-
servatively. Although the natural course of untreated (peri)pancreatic necrosis is 
unknown, there is accumulating data to suggest that spontaneous resolution by resorp-
tion, liquefaction, or perforation to the digestive tract can occur (Figs.  15.1  and  15.2 ).
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  Fig. 15.1    Necrotizing acute 
pancreatitis       

  Fig. 15.2    After 3 weeks, 
liquefaction process       
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    In around 30 % of patients, secondary infection of necrosis occurs, which, if left 
untreated, turns out to be fatal in nearly 100 % [ 3 ]. 

 Interventional Treatment of Infected Necrosis 
 Since there is no causal treatment for acute pancreatitis, interventional treatment 

is restricted to complications of the disease. Organ failure – early or late – is a com-
mon and life-threatening complication and obviously needs adequate medical and 
supportive treatment. Treatment of organ failure is beyond the scope of this chapter 
and will not be dealt with in any detail. 

 If intra- and/or peripancreatic necrosis develops, this only needs treatment in 
case of infection or mechanical complications, like obstructive jaundice (when the 
necrotic collection leads to compression of the common bile duct) or mechanical 
ileus, due to compression of the duodenum or proximal jejunum.  

    Obstructive Jaundice or Mechanical Ileus 

 Since spontaneous resolution is well documented, an aggressive approach to necrotic 
collections causing mechanical complications is not justifi ed. No controlled data, 
however, are available to guide the clinician through the period of expectative man-
agement in these patients. The risk of inducing infection by intervention in sterile 
necrosis should be weighed against the morbidity caused by protracted conservative 
management with stenting of the common bile duct or a long episode of enteral nutri-
tion through a naso-jejunal tube, clinically or on an  outpatient basis.  

    Infection of (Peri)pancreatic Necrosis 

 Acute pancreatitis runs a biphasic course. The fi rst phase is characterized by a sys-
temic infl ammatory response syndrome (SIRS) and lasts about 2 weeks. The second 
phase is characterized by a counteractive anti-infl ammatory response syndrome 
(CARS). Organ failure in the SIRS phase is usually not caused by infection but 
rather by severe infl ammation. Organ failure in the CARS phase is related to infec-
tion of necrosis. Infections like bacteremia and (ventilator-associated) pneumonia, 
however, do occur in SIRS phase [ 4 ]. 

 Necrosis can get infected in any stage of the disease, in a time interval ranging 
between the fi rst week of disease and several months thereafter. Early infection is rare 
and over 50 % of the infections need treatment in the time period between 3 and 8 
weeks after onset of disease. If after an episode of clinical stabilization or improve-
ment, clinical signs of infection with sepsis, and organ failure develops, infection of 
necrosis is the cause of sepsis, once other sources have been ruled out. Infection of 
necrosis can induce a new episode of clinical signs of sepsis with or without organ 
failure. Organ failure developing early (fi rst 2 weeks) in the course of disease is rarely 
caused by infection of necrosis [ 5 ]. 

 Once infection of necrosis has been diagnosed and leads to signs of sepsis, inter-
vention is the next step.  
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    Intervention for Infected Necrosis 

 Recently the paradigm for treatment of infected necrosis has shifted from surgery – 
laparotomy or some of the available minimally invasive procedures – with removal 
of necrosis as the fi rst step to catheter drainage as the fi rst line of treatment. 

 In a randomized controlled study it was shown that around 30 % of patients with 
infected necrosis and signs of sepsis were effectively treated by catheter drainage only. 
In these patients, apparently drainage of pus under tension suffi ces and the patient is 
capable to get rid of the necrosis (resorption, liquefaction, spontaneous evacuation into 
the digestive tract) without further intervention, surgically or endoscopically. 

 In the remaining 70 %, removal of the necrosis is necessary and several tech-
niques are currently applied, like open necrosectomy by laparotomy, videoscopic- 
assisted retroperitoneal debridement (VARD) [ 6 – 8 ], several laparoscopic techniques 
[ 9 ], and endoscopic transgastric necrosectomy [ 10 – 12 ]. 

 One-stage open necrosectomy followed by postoperative lavage is widely accepted 
and still considered a valid option by many experienced centers and surgeons [ 13 ,  14 ]. 
Morbidity is considerable and mortality in around 15 % in expert centers. 

 VARD was developed in Seattle and consists of a retroperitoneal, small-incision 
approach to the necrotic collection with video-assisted direct (intentionally, one 
stage, complete) removal of the necrosis. Mortality ranges from 0 to around 20 % in 
recent series. Morbidity seems to be lower than in open necrosectomy. 

 Laparoscopic and endoscopic techniques as developed in Glasgow, Liverpool, 
Germany, and Rochester, respectively, are less invasive than VARD but need sev-
eral sessions to totally or subtotally remove the necrosis. Probably the learning 
curve is longer than in case of VARD or open necrosectomy, although there is no 
controlled data on this topic.  

    Perioperative Care 

 Step 1: Percutaneous or Endoscopic Drainage 
 A percutaneous drain is placed in the peripancreatic collection under guidance of 

CT or ultrasound (step 1a). In the previously mentioned controlled study, minimal 
drain size is 12 French and multiple drains were allowed but mostly not necessary. The 
preferred route is of course dependent on the next step in case of drainage failure. If 
VARD is considered, the preferred route is through the left retroperitoneum, thereby 
facilitating minimally invasive retroperitoneal necrosectomy at a later stage. 
Transabdominal drainage can be performed if a retroperitoneal access route for drain-
age is not possible or if open necrosectomy is the next step. If neither retroperitoneal 
nor transabdominal drainage is possible or if endoscopic transgastric necrosectomy is 
the procedure of choice of the responsible team, transgastric drainage is performed. For 
irrigation the drains are fl ushed with a bolus of 250 cc of normal saline four times a day 

 Step 2: Necrosectomy 
 VARD, and all other current minimally invasive techniques, use the retroperito-

neal drain for guidance. Only loosely adherent necrosis is removed with video-
scopic assistance and two large-bore drains are inserted.  
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    Postoperative Management 

 Continuous postoperative lavage amounting up to at least 10 L per 24 h on the third 
postoperative day will be performed both after open necrosectomy and minimally 
invasive surgery. Patients undergo contrast-enhanced CT 1 week after intervention; 
other CT scans are performed on demand, either to detect insuffi ciently drained col-
lections or to control collapse of the necrotic cavity.  

    Complications of Surgery for Infected Necrosis 

 Complications after surgery can be divided into three subgroups: fi rst, complica-
tions after surgery in critically ill and septic patients; second, complications in rela-
tion to the operation or intervention as such; and third, complications refl ecting to 
what extent surgery has affected pancreatic function.  

    Complications of Surgery in Critically Ill Patients 

 New-onset organ failure induced probably by the release of the contents of the 
infected collection into the systemic circulation results in fever and signs of sepsis. 
This event can be called “new-onset organ failure” and is defi ned as organ failure 
directly after intervention and not already present at any time in the 24 h before this 
intervention, with two or more organs (pulmonary, circulatory, or renal failure) fail-
ing at the same time. From the literature, it is diffi cult to extract the exact incidence 
because defi nitions are different. Figures are ranging between 12 % for minimally 
invasive techniques and 56 % for open necrosectomy. 

 Organ failure may or may not be associated with disseminated intravascular 
coagulation, severe metabolic derangement with critical decrease of serum calcium 
level, and gastrointestinal bleeding.  

    Complications in Relation to the Operation 
or Intervention as Such 

 Enterocutaneous fi stula, perforation of a visceral organ requiring intervention, and 
intra-abdominal bleeding requiring intervention are the best-documented type of 
complications. Enterocutaneous fi stula is present if fecal material is produced from 
a percutaneous drain or drainage canal after removal of drains or from a surgical 
wound, from either small or large bowel, to be confi rmed with imaging or during 
surgery and requiring surgical or endoscopic treatment. 

 The incidence of this type of complications ranges between 10 and 20 % in open 
surgery and between 7 and 15 % for the minimally invasive techniques. 

 Appropriate treatment strategies are usually not described and range from par-
tial colectomy with end-to-end anastomosis to the construction of a loop 
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ileostomy to be taken down at a later stage, with or without partial colectomy with 
restoration of continuity. 

 Intra-abdominal bleeding requiring intervention is defi ned as any bleeding need-
ing surgical, radiological, or endoscopic treatment. Strategies in the different stud-
ies are again different with incidences ranging between 15 and 25 %. 

 Pancreatic fi stula is a well-recognized complication of surgery for acute necro-
tizing pancreatitis and diffi cult to treat if persisting. Incidences are different for 
minimally invasive procedures (3–30 %) and open surgery (7–38 %).    Treatment 
varies and consists of a conservative approach sometimes ending up with a pancre-
atic pseudocyst to partial pancreatectomy or pancreaticogastrostomy or pancreati-
cojejunostomy. The approach is highly dependent on the local intra-abdominal, 
anatomical situation and the preference and experience of the surgeon in charge. 

 All components of major morbidity tended to occur more frequently after pri-
mary open necrosectomy, although in the previous PANTER trial the difference was 
signifi cant only for new-onset multiple organ failure and multiple systemic compli-
cations [ 15 ]. In this study the difference was mainly driven by the occurrence of 
organ failure. 

 Mortality after open and minimally invasive necrosectomy seems to be higher 
after open necrosectomy, even twice as high in a recent comparative but uncon-
trolled series. This has not been confi rmed in controlled studies, where no differ-
ence has been documented so far. Probably selection or referral bias explains for the 
difference reported. 

 As expected, the rate of incisional hernia is higher after open necrosectomy than 
after VARD or other minimally invasive procedures. The same holds for the rate 
new-onset diabetes and use of pancreatic enzymes. More “liberal” debridement in 
case of open surgery with a higher tendency to also remove vital pancreas, looking 
necrotic on the outside but representing functional gland tissue on the inside, may 
be the cause but histological data to support this assumption are lacking.  

    Health Care Utilization and Costs 

 It is inappropriate in this era to exclude health care utilization in the scope of surgi-
cal treatment of acute pancreatitis. There is a distinct relation between the severity 
of complications, the outcome of treatment, the experience of the local team, and 
the costs to be considered in patients with infected necrotizing pancreatitis. In a 
recent randomized controlled trial, health care consumption was lower in the so- 
called step-up approach than after primary open necrosectomy. After primary open 
necrosectomy, more than twice as many of patients needed new ICU admission after 
surgical intervention compared to the step-up approach. 

 The mean total direct medical and indirect costs per patient during admission and 
6 months follow-up were €78,775 ($116,016) for the step-up approach and €89,614 
($131,979) for open necrosectomy, resulting in a mean absolute difference of €10,839 
($15,963) per patient. Therefore, the step-up approach reduced costs by 12 %. This 
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obviously constitutes an additional reason to prefer the “step-up” approach when 
patients reach the stage of infected necrosis with signs of sepsis [ 15 ].  

    How to Reduce the Rate of Complications? 

 Any attempt to reduce the rate of complications of the disease itself has failed so far, 
and early intervention by medical means defi nitely needs novel approaches. 

 Complications of intervention at a later stage – the stage of infected (peri)pancre-
atic necrosis – like enteric fi stula and bleeding are related to the experience of the 
team responsible for treatment of these patients. Looking at recent literature, it 
seems as if the complication rate and mortality are lowest in expert units. Many of 
these series are retrospective and comparison between studies and centers is fl awed 
because bias cannot be ruled out. More detailed analysis of recent data, for instance, 
by performing individual patient data meta-analysis (IPDMA) potentially corrects 
for bias and needs to be done, but the conclusion that centralization for these highly 
complex cases will improve results will be inevitable. 

 Pancreatic fi stula is probably not experience dependent, and centralization will 
not help reducing this diffi cult notorious complication. The same holds for second-
ary onset diabetes mellitus and exocrine insuffi ciency.  

    Summary 

 Much progress has been made in the understanding of the course of necrotizing pan-
creatitis. Nomenclature and classifi cation of the disease is in discussion, and when 
successfully completed, description of patients for clinical studies will improve. 

 New techniques and new strategies for intervention have improved the outlook, 
with mortality stabilizing between 15 and 20 % for the subgroup where necrosis 
gets infected and needs intervention. Possibly endoscopic transluminal necrosec-
tomy will further reduce the complication rate with a positive impact on mortality.     
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        Introduction 

 Safe and successful surgery of these three organs starts with a good indication to 
operate. Based on the symptoms of the patient, laboratory tests and imaging studies 
will be performed. Prior to surgery, a multidisciplinary meeting should take place to 
accept the patient for surgery, identify risk factors, and discuss treatment stratifi ca-
tion to prevent major complications. Furthermore this chapter will guide you in 
practicing proper management of major complications.  

    Spleen 

 The majority of elective splenectomies will currently be performed laparoscopi-
cally [ 1 ]. Concerning    the size of the spleen, indication for surgery can be divided 
into three groups: the normal spleen, the enlarged spleen, and the giant spleen in 
cases of malignant hematological diseases. 
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 Examples for these are idiopathic thrombocytopenia (ITP), spherocytosis, and 
malignant hematological diseases such as myelodysplasia, myelofi brosis, and lym-
phomas. All these conditions require close collaboration with hematologists. 
Particular caution is necessary in patients with impaired formation of red and white 
blood cells, myelodysplasia, and myelofi brosis. In these patients, residual hemato- 
and leukopoiesis are located in the liver and the spleen. Removal of the spleen can 
be followed by fatal aplasia. In general, splenectomy should be avoided in patients 
with myelofi brosis. 

 In the fi rst two groups, the spleen can be taken out by laparoscopy and frag-
mented (morcellated) in a bag, to be extracted in pieces without enlargement of any 
port. Morcellation of the spleen is best done by fi nger fracture inside the extrac-
tion bag. Employment of mechanical morcellators can cause inadvertent damage 
of intra-abdominal structures. During morcellation of the spleen, spill of fragments 
of the spleen should be avoided to prevent intraperitoneal seeding of splenic tissue. 
In the case of a giant spleen, this may be approached “hand assisted” and the organ 
as a whole is offered to the pathologist. 

 Currently, the clinical attitude and approach of the traumatic spleen is a point of 
discussion. Conservative treatment is fi rst considered in hemodynamic stable patients. 
If interventional radiology expertise is available, an angiography should be done and 
the splenic artery or tributaries should be coiled if a blush is clear. If the patient is 
unstable, laparotomy and open splenectomy should be considered [ 2 ] (Fig.  16.1 ).

   In the case of thrombocytopenia, preoperative intramuscular administration of 
immunoglobulin (IgG) can be used to increase the platelet count [ 3 ]. When platelet 
transfusions are considered, it is important to start transfusion only after the splenic 
artery has been ligated to maximize the effect [ 4 ]. 

  Fig. 16.1    Angiography and 
coiling splenic artery in 
spleen trauma       
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 Patients undergoing laparoscopic splenectomy should be placed in a lateral decu-
bitus position to expose the spleen and minimize the need for retracting surrounding 
organs. In lateral decubitus, the spleen hangs from its lateral attachments, while the 
stomach, splenic fl exure, and pancreatic tail are displaced to the right of the patient 
due to gravity. Hence the splenic hilum is exposed rendering dissection simpler than 
in supine position. The key of safe splenectomy is atraumatic dissection, delicate 
traction on the tissues, and dissecting at least one centimeter away from the splenic 
parenchyma to leave some vessel length for ligation in case bleeding occurs. Large 
curved dissecting forceps facilitate isolating the large branches of the splenic hilum. 
Although suture ligation is possible, the use of mechanical staplers with vascular 
cartridges is preferable. It is of paramount importance to visualize the pancreatic tail 
and avoid central dissection of the splenic vessels to prevent pancreatic injury. 
During dissection and ligation of the short gastric vessels, utmost care should be 
taken to avoid diathermic injury of the gastric wall. 

 Assessment of the size of the spleen is important to determine whether laparo-
scopic removal will be possible (Fig.  16.2 ). While trocars can be placed closely to 
the left costal margin in normal or slightly enlarged spleens, trocar sites need to be 
placed further away from the costal margin when the spleen extends beyond the left 
costal margin. Giant spleens, those extending more than a hand’s width from the 
costal margin, merit hand-assisted surgery. Most surgeons insert the left hand 
through a supraumbilical vertical incision. The hand facilitates atraumatic retraction 
of the spleen and digital compression of the splenic pedicle in case of bleeding.

   Bleeding after splenectomy is rare when the splenic bed is inspected thoroughly 
after removal of the spleen. Lowering the insuffl ation pressure at the end of the pro-
cedure facilitates identifi cation of venous bleeding. Thrombocytosis is normal after 
splenectomy, but if the number of platelets surpasses 1.2 million/mL, therapeutic 
anticoagulation should be considered [ 5 ]. 

 Pancreatic fi stula with formation of pancreatic fl uid collection can occur when 
the pancreatic tail was severed during dissection of the splenic hilum.    Vague upper 
abdominal pain, fever, and increased white blood cell count should alert the suspicion 

  Fig. 16.2    Open splenectomy 
of giant spleen. Nowadays 
this operation will be 
performed laparoscopically       
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of such a complication. CT or ultrasound percutaneous drainage of such a collec-
tion suffi ces when there is no obstruction of the pancreatic duct. Administration of 
somatostatin is expensive and of unclear effi cacy. 

 Gastric leakage due to laceration of the greater curvature during ligation of the 
short gastric vessels requires in the majority of patients repeat surgery, either laparo-
scopically or open, to close the gastric perforation and lavage the abdominal cavity [ 6 ]. 

 Most complex and potentially life-threatening is the underreported, in most cases 
subclinical, thrombosis of the splenic vein and in some patients the portal vein as 
well after splenectomy. 

 Machado et al. studied the risk factors of portal vein thrombosis after splenec-
tomy and identifi ed large size of the spleen, myeloproliferative disorders, large size 
of the splenic vein, and presence of associated coagulopathy, including rebound 
high levels of platelets postsplenectomy. Giant spleens are associated with wide 
splenic veins. Occlusion of the splenic vein in patients with giant spleens leaves a 
venous stump (“cul-de-sac”) laterally to the junction of the splenic vein and the 
inferior mesenteric vein which predisposes to turbulence and subsequent thrombo-
sis [ 7 ]. Laparoscopic surgery seems associated with a higher rate of portal vein 
thrombosis, but the exact implication of the problem is not clear. It is important to 
defi ne the risks of these complications and to fi nd an adequate treatment. 
Administering anticoagulants in addition to routine thrombosis prophylaxis after 
removal of a large spleen should be considered. Once thrombosis has been con-
fi rmed by diagnostic imaging, therapeutic anticoagulation should be started in order 
to resolve the thrombus for 3–6 months [ 8 ]. Infarction of the gut, caused by venous 
thrombosis after splenectomy has been reported, is very rare and requires a lapa-
rotomy to resect the affected bowel segment [ 9 ]. 

 Another major complication is “overwhelming postsplenectomy sepsis (OPSS)” 
or “postsplenectomy sepsis (PSS).” The most common cause is Streptococcus 
pneumoniae, Haemophilus infl uenzae type B, and Neisseria meningitides. Patients 
should be vaccinated 2 weeks preoperatively in elective surgery or 2 weeks after 
surgery in order to prevent this complication. Education of the patient includes rec-
ommendations concerning repeat vaccination and early use of antibiotics during 
respiratory infections [ 9 ]. We would like to emphasize its importance because the 
incidence of sepsis is 600× higher in postsplenectomy patients [ 9 ,  10 ].  

    Adrenal Glands 

 Managing patients with adrenal pathology requires close collaboration with 
endocrinology, nuclear medicine, and radiology. Good understanding of adrenal 
physiology, pathophysiology, and hormonal analysis is essential to select patients 
successfully for a conservative of    surgical approach [ 11 ,  12 ]. 

 Fine-needle aspiration biopsy of adrenal lesions is rarely helpful and can incur life-
threatening hemodynamic instability in case of presence of a pheochromocytoma.  
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 Adrenal incidentalomas are commonly referred to surgery. Hormonal analysis 
will determine whether these adrenal lesions are hormonally hyperactive which 
necessitates removal. Nonfunctional adrenal tumor greater than 4 cm in diameter 
requires surgery as well while smaller adrenal lesions can be followed by periodic 
imaging. 

 Distinguishing unilateral adrenal adenomas from bilateral hyperplasia in patients 
with hyperaldosteronism (morbus Conn) is done by imaging and progressively 
venous sampling. Hyperaldosteronism due to hyperplasia requires medical treat-
ment. Removal of an aldosterone-producing adrenal adenoma (morbus Conn) is 
followed in all cases by normokalemia which eliminates the need to continue 
potassium- sparing medication postoperatively. Sixty percent of patients can discon-
tinue all antihypertensive medications after removal of a Conn’s adenoma. The 
remaining patients can either diminish medication or need to continue antihyperten-
sive drugs in the same dosage. 

 In patients with hypercortisolism, differentiation between adrenal (Cushing’s 
syndrome) or pituitary origin (Cushing’s disease) is essential. Some neuroendocrine 
tumors such as carcinoids secrete ACTH and cause a non-pituitary ACTH-dependent 
adrenal hyperplasia. Primary therapy of morbus Cushing is pituitary surgery fol-
lowed, if unsuccessful, by radiotherapy of the sella. Bilateral adrenalectomy is the 
ultimate intervention in refractory Cushing’s disease. 

 Intravenous administration of corticosteroids needs to be started once the 
cortisol- producing adrenal tumor has been removed. Transition to oral corticoste-
roids can occur on the day after surgery. 

 Patients with pheochromocytomas require MIBG (mono-iodo-benzyl- guanidine) 
scintigraphy in addition to CT or MRI to identify multiple localizations. Adrenal 
pheochromocytomas can produce both adrenaline and noradrenaline, while extra- 
adrenal pheochromocytomas (paragangliomas) secrete noradrenaline or dopamine. 
Paragangliomas arise from the sympathetic chain and are mostly less amenable for 
minimally invasive surgery particularly when located between the caval vein and 
the aorta or in the renal hilum. These tumors tend to have multiple small venous 
branches which may require suture ligatures which are accomplished more easily 
through open surgery. 

 Patients with pheochromocytomas require thorough and timely control of hyper-
tension prior to surgery. Alpha-blockers are administered clinically starting at least 
seven days before surgery striving for orthostatic hypotension. Beta-blockers are 
given when tachycardia arises. 

 Including anesthesiology in preoperative blood pressure management is advis-
able. Anesthesiologists experienced in medically controlling severe hypertension 
are invaluable in managing patients with pheochromocytomas intraoperatively. 
During surgery, the anesthesiologist needs to alert the surgeon when systolic 
blood pressures increase signifi cantly. Cessation of dissection and retraction of 
the adrenal gland and desuffl ation are measures to reduce the release of 
catecholamines. 

 Postoperatively, these patients are monitored for at least 24 h in a critical care unit. 
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 Presence of an adrenocortical cancer needs to be considered in tumors larger 
than 6 cm in diameter, when different densities are present within the adrenal lesion, 
in case of irregular margins, and when pathological lymph nodes are identifi ed [ 16 ]. 
Adrenocortical cancers may be associated with tumor thrombus in the adrenal vein. 
These thrombi can extend through the left renal vein and caval vein on the left side 
or directly through the caval vein on the right side into the right atrium (Fig.  16.3 ). 
Special attention is required to rule out the presence of tumor thrombus in patients 
with adrenal tumors suspect of adrenocortical cancer. Minimally invasive surgery is 
not advocated in these fragile tumors which render them susceptible to perforation 
and tumor spread during retraction and manipulation. Open surgery and, in case of 
tumor thrombus extending into the atrium, sternotomy are recommended.

   Various minimally invasive approaches to the adrenal gland are employed [ 17 ]. 
General surgeons favor the transperitoneal approach with the patient in full lateral 
decubitus position. On the right side, the right lobe of the liver is liberally mobilized 
by incising the right triangular ligament. Cranial retraction of the right liver lobe 
and medial mobilization of the duodenum will expose the caval vein and right adre-
nal gland. Indirect retraction of the adrenal gland is utilized to avoid tearing the 
fragile adrenal gland. The right adrenal vein which drains into the caval vein is short 
and requires gentle retraction to prevent bleeding. Placement of clips on the side of 
the caval vein only suffi ces in case of limited length of the vein because venous 
back bleeding tends to be limited. An additional right adrenal vein may be present 
draining into a venous branch from the caudate lobe of the liver.    Removal of the 
adrenal gland once it has been in a bag is necessary to avoid spill of adrenal tissue 
during extraction. 

 The transperitoneal approach to the left adrenal gland is performed with the 
patient in right lateral decubitus position. Mobilization    of the lateral attachments 
of the spleen to the level of the left crus allows the spleen and the pancreatic tail to 

  Fig. 16.3    Adrenal gland 
cancer with vena cava 
thrombus       
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be displaced medially exposing the left adrenal gland. Mobilization of the splenic 
fl exure exposed the upper pole of the kidney. The left adrenal vein is longer than 
the right adrenal vein which renders dissection and ligation less diffi cult. A branch 
of the left diaphragmatic vein joins the left adrenal vein and requires individual 
ligation. 

 Retroperitoneal adrenalectomy, favored by urologists, is done either with the 
patient in full lateral decubitus or prone position [ 13 – 15 ]. Anatomic landmarks are 
fewer than in transperitoneal surgery which render proper orientation more diffi cult. 
The retroperitoneal space is a virtual space which requires balloon dissection to 
establish a working space. The retroperitoneal approach obviates the need to mobi-
lize and retract adjacent organs and avoids the peritoneal cavity which is advanta-
geous in patients who had previous abdominal surgeries. Oppositely, prior renal or 
perirenal surgery is a contraindication for retroperitoneal adrenalectomy. 

 Retroperitoneal adrenalectomy in prone position allows bilateral adrenalectomy 
without the need for changing the position of the patient. 

 Postoperative complications are rare after adrenalectomy. Hematomas can occur 
in patients with hypercortisolism which is associated with coagulopathy.  

    Distal Pancreatectomy 

 Distal pancreatectomy is a complex procedure with a mortality rate ranging between 
0 and 5 % in high-volume centers and a morbidity rate between 23 and 57 % [ 18 ,  19 ]. 

 Pathology of the pancreatic tail includes adenocarcinoma, cystic neoplasm, 
mucinous cystic neoplasm, IPMN (intraductal papillary mucinous neoplasm), solid 
pseudopapillary neoplasm (SPPN), neuroendocrine tumors, pancreatic lymphomas, 
and metastases [ 20 – 22 ]. 

 Careful assessment of CT and MRI images combined with ERCP or MRCP fi nd-
ings is crucial to determine the nature of the disorder. In patients with suspicion of 
malignancy, open surgery is recommended. 

 Preservation of the spleen is an important aspect of distal pancreatectomy. 
Isolation of the splenic artery which runs at the cranial margin of the pancreatic tail 
is feasible in most patients. However, dissecting the splenic vein can prove diffi cult 
particularly when the vein is entirely surrounded by pancreatic parenchyma. Several 
small fragile venous branches join the splenic vein. A combination of small clips, 
suture ligatures, and vessel sealing technology should be available to control these 
small branches. 

 Some surgeons transect both the splenic artery and vein and leave the spleen in 
situ relying on suffi cient blood supply through the short gastric vessels [ 24 ]. 

 Debate exists on whether to close the stump after distal pancreatectomy either 
with a stapler or with hand-sewn closure [ 25 ]. The DISPACT randomized 
study [ 26 ] randomized 450 patients in two groups (221 vs. 229) of whom fi nally 
352 patients were analyzed. The    pancreatic fi stula rate or mortality did not differ 
between the two groups (32 % vs. 28 %), concluding that stapler closure did not 
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reduce the rate of pancreatic fi stula compared with hand-sewn closure for distal 
pancreatectomy. 

 Patients    with BMI <27, without adenocarcinoma, and with pancreatic specimen 
length <8.5 cm had signifi cant higher rates of fi stulas after open than after laparo-
scopic surgery. In contrast no preoperatively evaluable variables were associated 
with a higher likelihood of signifi cant fi stula after laparoscopic versus open [ 23 ,  25 ]. 

 Other alternative techniques are studied for prevention of postoperative pancre-
atic fi stula. Examples given are stapling versus seromuscular patch or use of falci-
form ligament pedicle fl ap [ 27 ], ultrasonic dissection, and application of mesh or 
fi brin glue. 

 These studies show a variety of outcomes not providing a standard solution. 
 Cho et al. studied 693 patients after distal pancreatectomy, 439 open and 254 

laparoscopic approached. On the multivariate analysis, variables associated with 
major complications and clinically signifi cant fi stulas (27 % open and 23 % laparo-
scopic) did not differ between open and laparoscopic surgery [ 23 ]. 

 Pancreatic fi stula and/or development of an abscess requires percutaneous or 
transgastric drainage and is associated with longer hospital stay and double costs in 
comparison with uncomplicated distal pancreatectomy [ 28 ]. In case of development 
of an abscess, this should be transgastrically    or percutaneously drained [ 29 ,  30 ].     
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        Small Bowel 

 Surgery involving small bowel is performed very frequently. The reasons are differ-
ent such as involvement of small bowel loops growing in continuity with tumors of 
other organs, having to deal with perforations during the taking down of adhesions, 
or for resection of the ischemic loops found in an incarcerated hernia. These are 
distinct scenarios found in surgical practice each day. Moreover, resections have to 
be planned for treating specifi c diseases of the small bowel, such as Crohn’s disease 
or the more rare small bowel cancers and lymphomas associated with celiac disease. 

 In elective surgery for Crohn’s disease, it is important to plan the size of resec-
tion so to prevent short bowel syndrome, as in the case after recurrence of Crohn’s 
disease. At least 1 m of small bowel with a whole colon is considered a minimum 
length for preventing the short bowel syndrome. During reoperation, extensive 
resection will have to be prevented, and eventually stricturoplasties of stenosis 
should be considered instead of resections. 

 The general principle during resection includes marking the mesentery to be 
resected in respect to the irrigation of mesentery to be left behind; doing so avoids 
unnecessary extensive resections. After resection, it is important to perform an ade-
quate anastomosis. Meaning, an anastomosis will need to be performed with well- 
irrigated and with good color margins, not bluish, watertight, not under tension, and 
patent (Fig.  17.1 ). If in doubt, the anastomosis should be re-created. Queries about 
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types of anastomosis, end-to-end or side-to-side and mechanical or manual, are of 
lesser importance if certain principles are taken into account.

   Concerning the types of anastomosis, single or double layer, in 1990, Irwin et al. 
published outcomes of a single-layer anastomosis in their institution during an 
11-year period [ 1 ]. A total of 466 single-layer upper gastrointestinal anastomoses 
had been made in 349 patients, of which 1.3 % of the anastomoses had leaked. 
There were no leaks following 66 gastrojejunal anastomoses; one of 84 (1.2 %) 
gastroduodenal anastomoses leaked and that was converted to a gastrojejunal anas-
tomosis. Two of 121 (1.7 %) biliary-enteric anastomoses leaked and both were suc-
cessfully managed without reoperation. Two of 171 (1.2 %) enteroenteric 
anastomoses leaked, both holding for patients with established intraperitoneal sep-
sis, which proved fatal. Of the 349 patients, 13 (3.7 %) died in a hospital or within 
30 days of their operation, but in only two cases could anastomotic leakage be 
implicated. Irwin et al. concluded that single-layer appositional upper gastrointesti-
nal anastomoses are to be considered simple, safe, and economic. 

 In 2012, Sajid et al. performed a Cochrane systematic review of studies that com-
pared single-layer (SGIA) versus double-layer suture anastomosis of the gastroin-
testinal tract [ 2 ]. SGIA can be performed quicker when compared to double- layer 
GIA. SGIA is comparable to DGIA in terms of anastomotic leak, perioperative 
complications, mortality, and hospital stay. SGIA may routinely be used for GIA 
following bowel resection. However, since this conclusion is derived from a study 
of a smaller number of patients recruited in relatively moderate quality trials, further 
trials should aim to reduce the limitations of this review. 

 An important intervention in daily practice is the reversal of a loop ileostomy 
and its complications. Luglio et al. reviewed a total of 944 patients undergoing 
reversal [ 3 ]. Ileostomy was created for several indications including ulcerative coli-
tis (49.5 %) and rectal cancer (27.5 %) and compared different reversal techniques 
including sutured fold-over in 466 patients (49.4 %), stapled in 315 (33.4 %), 
and handsewn end-to-end in 163 (17.3 %). Handsewn cases had longer operative 

  Fig. 17.1    Well-performed 
one-layer running small 
bowel anastomosis       
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times, as well as longer times to bowel movement, to tolerance for soft diet, and 
to discharge. Overall, complications occurred in 203 patients (21.5 %), including 
45 patients (4.8 %) who experienced a major complication; there were no deaths 
within 30 days (Fig.  17.2 ). Ileostomy closure should be reserved for patients who 
have a predicted postoperative major complication rate of 5 % or more without 
diversion. In a retrospective review by Giannakopoulos et al., the reversal of 119 
loop ileostomies was analyzed [ 18 ]. The overall morbidity rate was 19 % with 12 % 
major complications. This study points out that the reversal of a loop ileostomy is 
associated with considerable risks. This should be kept in mind when thinking about 
applying it as a protective means in lower rectal surgery.

       Acute Appendicitis 

 Indication for an appendectomy should be considered by way of (a) clinical 
 assessment and physical examination, (b) laboratory tests especially leukocytes and 
 differentiation and CRP, and (c) imaging techniques such as an ultrasonography and 
when in doubt by CT scan [ 4 ]. 

 The current policy is to perform the appendectomy laparoscopically. Once it has 
been decided to operate the patient, prophylactic antibiotics (AB) should be admin-
istered. The combination of a cephalosporin with Metronidazol ® should be one 
dosage administered. In case of perforation or abscess, AB will need to be given for 
5 days or according to the surgeon’s opinion. Laparoscopy will start with inspection 
of the appendix, and if the appendix is normal, systematic inspection of the female 
genitalia and the rest of the abdomen will follow [ 5 ]. Special attention should be 
given to the presence of a Meckel’s diverticulum. This is usually found within 1 m 
from the cecal at the antimesenterial side of the small bowel. 

  Fig. 17.2    Intestinal 
obstruction after reversal loop 
ileostomy       
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 Prevention of complications start with the introduction of the trocars, especially 
those placed between the umbilicus and the left anterior spine, considering there 
always is a risk of damaging the inferior epigastric vessels with signifi cant corre-
sponding bleeding. Inspection of the artery during its introduction and control of 
trocar site at the end of intervention will help to avoid this complication. 

 During appendectomy, it is important to realize that the mobilization of the 
infl amed appendix takes place with an appropriate grasper, in order to avoid rupture 
by traction or perforations. Aspiration of pus or leakage material must be carried 
out immediately in order to avoid the spreading of infected materials. If general 
peritonitis or abscesses are present, then intervention will have to start with aspira-
tion of the pus. The lavage of the abdomen should be done after the appendectomy. 
Dissection will be started with the mesentery using diathermia or clips. Dissection 
will then proceed up to the basis of the appendix. A known complication is leaving 
a long stump behind for this will cause a recurrent episode of acute appendicitis. 
An important issue at this point is how to handle the division of the appendix, either 
by means of endoloops or endostaplers. Kazemier et al. carried out a multi-anal-
ysis of four studies involving 427 patients [ 6 ]. Findings were that operative time 
was 9 min longer when using the endoloops. Also that superfi cial wound abscesses 
and postoperative ileus were signifi cantly less frequent when the appendix stump 
was secured with staplers instead of with loops. Moreover, of the ten intraoperative 
ruptures of the appendix with contamination, seven cases occurred in loop-treated 
patients. Furthermore, hospital stay and postoperative intra-abdominal abscesses 
rate were also comparable in loop-treated and staple-treated patients. Beldi et al. 
studied a large cohort of prospectively acquired data of 6,486 patients, of which 
60.5 % had been endoloop treated [ 7 ]. Intra-abdominal surgical-site infection rate 
and the rate of readmission to hospital were in this study found to be signifi cantly 
less in the staple-treated cases. The only remaining problem turned out to be the cost 
of the endostapler. 

 In 2010, Sauerland et al. carried out the last Cochrane study comparing the mor-
bidity of the procedure performed by laparoscopy or open appendectomy in 67 ran-
domized studies [ 8 ]. Findings were that wound infections were less likely after 
laparoscopic appendectomy (LA) than after open appendectomy (OA), but the inci-
dence of intra-abdominal abscesses was increased (Fig.  17.3 ). Comparatively, the 
duration of surgery for LA was 10 min longer than for OA. After LA, pain was on 
the fi rst postsurgical day reduced by 8-mm on a 100-mm visual analogue scale. 
Hospital stay was shortened by 1.1 day, and return to normal activity, work, and 
sport occurred earlier after LA than following OA. While the operation costs for LA 
were signifi cantly higher, the costs outside the hospital were reduced. Seven studies 
on children were included, but the results do not seem to be much different when 
compared to adults. Moreover, diagnostic laparoscopy reduced the risk of a negative 
appendectomy, but this effect was stronger in fertile women [ 5 ].

   If the appendix is normal and the rest of the abdomen show no abnormalities, 
question arises what to do with the normal appendix? Since many years, this matter 
has remained controversial. Currently, this quandary has been addressed by Van den 
Broek et al., who studied the subject for a retrospective period of 4.4 years involving 
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285 patients who had a normal appendix removed [ 9 ]. Findings show that different 
approaches were used and that complications occurred in 6 % of the cases, whereby 
2 % of the patients requiring a reoperation. The extra hospital costs of a negative 
appendectomy were EUR 2712 per patient. The conclusion by Van den Broek et al. 
was that removal of a normal appendix entails considerable complications and 
costs. Therefore, when found, a normal appendix should be not removed. Moreover, 
it is important to perform adequate preoperative studies in order to establish a good 
diagnosis [ 4 ]. 

 The policy concerning a carcinoid found in the appendectomy specimen has 
been addressed in one of the cases, but policy advised that “carcinoid tumours in the 
appendix smaller than 2-cm and radically operated do not need other complemen-
tary treatment whereas tumours >2-cm or not radical will need a right hemicolec-
tomy to complete the completeness of the resection” [ 10 ]. 

 Concerning diagnosis and treatment of postoperative complications, in the event 
that the patient should develop fever caused by wound abscess, this will need to be 
adequately drained. If the patient develops fever with a normal wound and has 
abdominal pain, then a CT scan of the abdomen should be done. An intra-abdominal 
abscess will need to be percutaneously drained. 

 Postoperative ileus after removal of a phlegmonous or perforated appendicitis 
may be related to infl ammatory adhesions or the presence of an abscess at the ileo-
cecal junction. Hence, it is important during an operation to ensure that the terminal 
ileum and Bauhin’s valve are cleared of adhesions or of pus. 

 An interesting and sometimes diffi cult issue is how to deal with acute abdomen/
acute appendicitis in pregnant women? For certain, a prompt diagnosis is crucial. 
Unal et al. studied a series of 20 pregnant patients [ 11 ]; they found that the use of 
ultrasound is limited for diagnosis, whereas the CT scan should not be used due to 
fetal radiation. Therefore, MRI is becoming more popular for the evaluation of such 
cases. Otto et al. have confi rmed the valuable use of the MRI for pregnant patients 
involving a suspicion for acute appendicitis [ 12 ]. 

  Fig. 17.3    Percutaneous 
drainage post-
appendicectomy abscess       
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    Is Laparoscopy Contraindicated in an Acute Abdomen 
During Pregnancy? 

 This subject remains controversial, especially if acute surgery has to be performed 
during the fi rst trimester. Insuffl ation with CO 2  will induce during anesthesia a respi-
ratory acidosis, yet not a decreased fetal oxygenation. Nonetheless, it will induce 
fetal acidosis and hypercapnia. Moreover, the Swedish register held on 720,000 
pregnant women—including laparoscopically operated patients—led to the conclu-
sion that no increase in stillbirths or birth defects and no difference in the type of 
delivery have been recorded in comparison with the control group [ 13 ]. The most 
important concerns remain twofold. Primarily, should in the event of an acute abdo-
men/acute appendicitis the operation be open or be laparoscopic? And secondarily, 
is the laparoscopic treatment risky for the fetus in terms of abortion and preterm 
labor? The SAGES guidelines address both points [ 14 ]. Regarding the fi rst point, 
we read: “Risk and benefi ts of both procedures will be considered and discussed 
with the patient. Moreover, benefi ts of laparoscopy during pregnancy appear similar 
to the benefi ts in nonpregnant patients”. Regarding the second point, their guideline 
is that “Recent literature has shown that pregnant patients may undergo laparo-
scopic surgery safely during any trimester without any increase of risks for mother 
or foetus” [ 14 ,  15 ].    Some general recommendations are pertaining to the follow-
ing: the instruction that the pneumoperitoneum can be safely used between 10 and 
14 mmHg; the advisable use of open-access laparoscopy in advanced pregnancy, in 
order to avoid mechanical lesions of the uterus and fetus; and fi nally the counsel to 
adequately monitor and correct gases during anesthesia. Moreover, the positions of 
trocars will be adapted to the size of the uterus. 

     Midterm complications 

 Concerning midterm complications after laparoscopic appendectomy, Swank et al. 
conducted a study on 755 patients operated in the open type (545 patients) and lapa-
roscopic type (210 patients) [ 16 ]. In the long term, there were no differences 
between both groups concerning small bowel obstruction or incisional hernias. 

     Approach of an appendiceal phlegmon/mass 

 Traditional approach of an appendiceal phlegmon/mass has been conservative. 
A CT scan should be done in order to rule out the presence of an abscess, which 
should be percutaneously drained. Questions remaining after successful treatment 
are the following: (a) Should an interval elective appendectomy be performed? (b) 
How necessary is it to rule out a cecal cancer? Tekin et al. described 94 patients that 
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had been diagnosed and treated because of appendicular mass [ 17 ]. In nine patients 
an abscess had to be drained and in fi ve other patients a delayed operation was nec-
essary because of intestinal obstruction or recurrence of abscess. The recurrence 
rate of mass or acute appendicitis after conservative treatment was 14.6 %. On view 
of these numbers, an interval elective appendectomy is not indicated if there has 
been no recurrence of complaints. Moreover, in patients older than 50 years, a rou-
tine colonoscopy should be done to rule out the presence of a cecal cancer.   
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        Introduction 

 Laparoscopic colorectal surgery has been demonstrated to have superior out-
come with earlier return of bowel function, decreased postoperative pain, shorter 
hospital admission, decreased morbidity, and favorable long-term outcome 
[ 1 – 4 ]. Laparoscopic ileocecal or right hemicolectomy is generally considered as 
one of the easiest to perform laparoscopic colectomies. Presumed easy access 
to vascular structures and presumed little danger of damage to adjacent organs 
and structures contribute to this conviction. But most experienced laparoscopic 
surgeons agree that a right hemicolectomy is not an easy procedure. A bulky 
colon, proximity of a right ureter, the duodenum, and a complex venous vas-
cular structure when dissecting the transverse colon and omentum can make an 
ileocecal or right hemicolectomy to a real challenge, especially in the presence 
of a large malignancy, infl ammation as seen in Crohn’s colitis, or a complicated 
appendicitis.  
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    Safe Technique 

    Preoperative Preparations 

 Antibiotics, according to the hospital protocol, should be administered at least 30 min 
before starting the procedure. A catheter a demeure is inserted. Temporarily nasogas-
tric tube is introduced in the stomach and removed at the end of the procedure. Other 
fast-track principles should be applied as much as possible and  incorporated in the 
hospital protocols [ 5 ]. 

 After general anesthesia and preferably a high epidural block, the patient is posi-
tioned in dorsal decubitus on a bean bag in French position with the left arm along 
the body. The right arm can be positioned according the anesthetists preference. 
Patient is slightly in anti-Trendelenburg position and tilted to the left. Typically there 
is a three-trocar access. The camera is positioned under the umbilicus, one trocar is 
placed in the left lower quadrant, and the third trocar can be positioned either supra-
pubical in the midline or in the midline in the upper abdomen, according to the sur-
geon’s preference. The suprapubical position guarantees easy access to the terminal 
ileum and the right paracolic space; the upper midline trocar position facilitates the 
mobilization of the hepatic fl exure and part of the transverse colon. The choice of the 
trocar position is dependent from the intended resection. For an ileocecal resection in 
Crohn’s disease, the lower triangle confi guration is the best choice. For a formal 
extended right hemicolectomy, the upper triangle confi guration could be the pre-
ferred trocar position. An additional trocar should be placed without hesitation to the 
surgeon’s preference and need. 

 The right hemicolectomy can be performed with basic laparoscopic instruments: 
one or two fenestrated graspers, dissector, scissor, and a diathermic hook. A sealing 
device as the harmonic scalpel or    Ligasure device can be used if preferred. If no 
sealing devices are used, clips to ligate the vascular structures should be available. 

 A rinsing tube for irrigation and suction, straight endoscopic staplers (blue 60 or 
80 mm), and reloads and wound protector should be readily available.  

    Proper Plane 

 As in all laparoscopic colectomies, identifi cation of the proper planes is crucial to a 
successful procedure (Fig.  18.1 ). Opposite to the open procedures, the laparoscopic 
approach is from medial to lateral or mediocaudal to lateral. At the lateral side fascia 
of Toldt is the landmark. A thin white line typically identifi es this fascia. Opening of 
this plane should be on the visceral side. One should stay close to the ascending colon 
and its mesocolon. As the medial-to-lateral or mediocaudal-to-lateral approach is 
advocated by most surgeons, dissection of the lateral peritoneum is one of the last 
steps of the resection. As the complete cecum and ascending colon are mobilized from 
the medial (caudal) side, this peritoneal refl ection is a thin layer and easily identifi ed. 
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Starting from lateral to medial, identifi cation of the proper plane can be diffi cult, and 
it is easy to be lost in Gerota’s fascia and eventually behind the kidney.

   The medial landmark is the lateral border of the pars descendens of the duode-
num. As the duodenum is a retroperitoneal organ, this structure is not always easily 
identifi ed. A cautious approach from distally after opening the mesocolon the base of 
the ileocolic artery will show the duodenum just cranially from the ileocolic artery. 

 The upper limit of the resection is the caudal part of the liver. The hepatic fl exure 
and ligaments are easily identifi ed in the fi nal phase when dissecting the peritoneum 
from lateral. 

 It is easy to be confused with the adhesions from the omentum to the transverse 
colon. Partial en bloc resection of the omentum is dependent from the diagnosis. In 
oncological resections in case of malignancy, as colon cancer, the omentum is taken 
with the specimen. In benign diseases the omentum can be dissected from the trans-
verse colon in order to have a clear view on the transverse colon and hepatic fl exure. 
The distal margin of the right hemicolectomy is formed by the ileocolic artery and 
the terminal ileum. The appendix is removed en bloc with the ileocecal resection or 
right hemicolectomy. 

 After dissection and anastomosis, the mesentery defect could either closed or left 
open. In open surgery the defect is historically always closed. Since the introduction 
of laparoscopic surgery, defects of the mesentery are left open. A recent study even 
showed that closure of the mesenteric defect was associated with a higher rate of 
complications [ 6 ].   

    Ileocecal Resection in Crohn’s Disease 

 Despite novel medical treatment regimens in Crohn’s disease, the rate and type of 
surgical resections have barely changed in the last decade [ 7 ]. Surgical therapy in 
Crohn’s disease is indicated in case of complications of disease. Most frequently an 

  Fig. 18.1    Laparoscopic 
colectomy       
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ileocecal resection is performed, as this part of the bowel is most affl icted. Active 
disease can cause obstruction of the lumen with signs of a (sub-) ileus. One-third of 
patients have enteroenteric, enterocutaneous, enterosigmoid, or enterovesical fi stu-
lae at time of surgery. 

 If medical treatment fails, surgical resection of the infl amed part of the bowel is 
indicated. The timing of resection is in close collaboration with the gastroenterolo-
gist in a narrow equilibrium between optimal conservative treatment and surgery. 
The surgical procedure is characterized by a limited procedure to avoid the risk of 
short bowel at time of procedure or future procedures. Disease-free resection mar-
gins are not necessary, as there is no relationship between a (microscopic) disease-
free margin and recurrence of disease. The surgeon’s assessment of the diseased 
part of the bowel is generally longer than the histologist’s judgement [ 8 ]. At the start 
of the procedure, the complete small bowels are inspected for additional lesions. 
Strictures in any part of the small bowel are treated with stricturoplasty. Resection 
is only needed in case of active disease with signs of obstruction. 

 Ileocecal resection in Crohn’s disease is preferably performed by laparoscopy. 
Apart from faster functional recovery and less pain, there is a superior cosmetic 
result, which is important in often young patients. Less cicatrical hernia’s and post-
operative adhesions facilitate future surgical resections. Postoperative complica-
tions are common as most patients also use immunosuppressive medication. 
Anastomoses in infl amed tissue have a higher probability of leakage. 

 A laparoscopic ileocecal resection can be very demanding, especially in case of severe 
infl ammation or presence of fi stula formation between bowel loops or other organs. 

 Reoperation for recurrence of Crohn’s disease is more complex than primary 
surgery. Often additional surgical interventions, e.g., extensive adhesions or associ-
ated with severity of disease, are required, and patients are prone to a higher mor-
bidity rate and longer hospital stay. The need for temporary defunctioning stoma is 
higher [ 9 ,  10 ]. 

    Technique 

 In uncomplicated cases of Crohn’s disease, resection can be easily accomplished. 
The proximal margin has to be judged. The fatty overgrowth is one of the indica-
tions. Thickening of the mesentery and an infl ammatory aspect of the bowel is 
another. The resection should be as close to the distal end of normal appearance of 
the small bowel. Here the small bowel should be supple, although prestenotic dilata-
tion can be present. The small bowel is cut with a linear stapler. Dissection of the 
small bowel in the initial stage has the advantage that the affl icted bowel and mes-
entery can be inspected easily from both sides during dissection for the presence of 
fi stulae or adhesions in the small pelvis. Another advantage is the fact that the 
infl amed bowel and mesentery have not to be exteriorized at the same time as the 
large cecum and ascending colon, limiting the extraction site. A sealing device can 
be used to dissect the mesentery close to the bowel. The cecum and ascending colon 
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are mobilized from the lateral attachments. The ileocolic artery should be spared. 
An intra- or extracorporeal anastomosis can be made according to the preference 
and experience of the surgeon (see below). Laparoscopic intracorporeal anastomo-
sis in ileocolic resection for Crohn’s disease has to be demonstrated safe and feasi-
ble [ 11 ]. No infl uence on recurrence was found whether a side-side or end-end 
anastomosis is made [ 12 ]. 

 The surgery of complicated Crohn’s disease can be very demanding. Subtle and 
tedious dissection of adhesions can be necessary to free the infl ammatory mass 
from other organs and bowel. The presence of (large) abscesses or fi stulae can make 
a laparoscopic approach very diffi cult. Fistulae to the bladder can be very fi rm and 
fi brotic. In most case they can be cut, even with a sealing device. The orifi ce in the 
bladder can be sewn. If the fi stula is not clear and not leaking when fi lling the blad-
der, a catheter a demeure is left for 7–10 days before removal.   

    Right Colectomy 

    Medial to Lateral 

 The patient is placed in mild Trendelenburg position and tilted to the left side. The 
omentum and transverse colon are retracted cephalad. The omentum is placed over 
the liver and stomach. The small bowels are moved to the left side of the abdomen. 

 The ileocecal fold is grasped with a fenestrated grasper close to the bowel. Traction 
is applied to ventrolateral direction. In most cases the fold of the ileocolic artery in the 
mesocolon is easily identifi ed. At the base of the artery, the peritoneum is opened 
along the axis of the mesenteric vessels. The ileocolic artery, ileocolic veins, and supe-
rior mesenteric vein are identifi ed. The ileocolic artery and ileocolic veins are tran-
sected with a sealing device or hemoclips. The mesocolon with the vascular trunk is 
lifted upwards. Below the mesocolon, the dissection is continued in an avascular plane 
by traction and countertraction technique. When in the proper plane, the white line of 
Toldt can be seen. Below this layer, the retroperitoneal structures as gonadal vessels 
and ureter can be seen. Dissection in this avascular plane is continued cephalad and 
lateral to the abdominal wall. Superior of this dissection plane, the posterior side of 
the ascending colon can be seen. In cranial direction, dissection is continued below 
the transverse colon up to the liver. Identifi cation in an early stage of the duodenum is 
important to avoid damage to this structure. The duodenum is smoothly taken down 
from the mesocolon. Then the peritoneum is opened from the base of the trunk of the 
ileocolic vessels in an avascular thin layer just over the duodenum. The dissection 
along the superior mesenteric vein, medial of the duodenum, is continued to the base 
of the transverse colon. The head of the pancreas can be visualized. The right colic 
artery can be found in 30 % of cases. Then the base of the transverse mesocolon is 
dissected lateral to the branching of the middle colic artery. The right branch of the 
middle colic artery and vein are divided, preserving the left branch. The dissection of 
the mesocolon continued till the transverse colon. The transverse colon is divided with 
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a straight linear stapler. The adjacent omentum is dissected as well preserving the 
gastroepiploic vein and Henlé’s trunk. After completing the medial dissection, the 
mesenterium of the terminal ileum is dissected along the ileocolic vessels. The termi-
nal ileum is divided with a straight linear stapler. 

 The last phase of the procedure is dissection of the lateral peritoneum from the 
appendix upwards to the hepatic fl exure. If posterior dissection is carried out prop-
erly, the ascending colon is only attached with a thin layer of peritoneum to the 
lateral abdominal wall. Dissection of the hepatic fl exure completes the dissection of 
the right colectomy.  

    Mediocaudal to Lateral 

 Some surgeons prefer the mediocaudal access to the vascular trunk of the ileocolic 
vessels. Patient position and exposure are the same as in the medial approach. The 
terminal ileum is lifted ventral. The peritoneum at the base of the cecum and appen-
dix is dissected and the retroperitoneal space is identifi ed. This avascular plane 
below the right mesocolon is dissected cephalad by traction and countertraction 
technique. The terminal ileum can be dissected at this point with a straight linear 
stapler. Dissection along the ileocolic vessels is carried out to the base at the mesen-
teric vessels. The ileocolic artery and vein are dissected and duodenum is identifi ed. 
The dissection is then carried out in the same way as the medial approach. 

 In the laparoscopic-assisted technique, division of mesentery, ileocolic, and medial 
colic vessels as well as the division of bowel itself can be either intra- or extracorpore-
ally. As the base of the mesocolon and vessels are located in the midline, surgeons 
argue that these structures can be easily exteriorized through a 4–6 cm midline inci-
sion. The base of these vessels is easily accessible for proximal ligation [ 13 ]. But in 
increasingly obese patients, exposure of the pedicles can be very limited, compromis-
ing optimal oncologic results. Many series, therefore, advocate intracorporeal ligation 
and transection of the mesentery with an extracorporeal anastomosis [ 2 ,  14 ,  15 ].   

    Intracorporeal vs Extracorporeal Anastomosis 

 Laparoscopic-assisted hemicolectomy involves externalization for bowel resection 
and anastomosis. A midline periumbilical or transverse incision can be used. The 
incision should allow a smooth externalization of small and large bowel and the 
adjacent mesocolon. If dissection is completed intracorporeally, a small Pfannenstiel 
or umbilical incision for removal of the specimen is needed. The incision length 
should be appropriate to the size of the tumor. A stapled side-to-side intracorporeal 
anastomosis is created with a linear stapler. The common opening is sutured with a 
running suture. Some authors advocate a second running seromuscular suture 
around the entire anastomosis to reinforce the staple line [ 16 ]. 
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 In comparison to the extracorporeal resection, superior results in intracorpore-
ally completed resection and anastomosis with earlier return of bowel function, 
decreased postoperative pain, morbidity, and hospital stay have been claimed [ 16 –
 18 ], although debated by others [ 19 ]. In experienced hands intracorporeal anasto-
mosis is associated with equal or even shorter operative time [ 20 ,  21 ], as compared 
to open or extracorporeal anastomosis. Less mobilization and less tension applied to 
the colon, mesentery and incision with better preserved blood supply to the bowel 
and wound could be contributing factors for this superior result. There is also a 
reduced risk of twist of the small bowel at time of the anastomosis. The advantages 
of a laparoscopic-assisted hemi-right compared to open resection have been 
doubted. Since intracorporeal anastomosis was introduced in laparoscopy colon 
programs, authors claim augmented benefi ts compared to both open and 
laparoscopic- assisted procedures [ 16 ,  19 – 21 ]. 

 In case of an extracorporeal anastomosis, a good orientation at the base of the 
mesentery, after transection of bowels, is extremely diffi cult. A twisted small bowel 
loop can occur, resulting in prolonged postoperative ileus or even small bowel 
obstruction. An extracorporeal anastomosis harbors also potential danger of traction 
on vascular pedicles with bleeding. Recognition and awareness of this bleeding is 
often late as the extraction site is blocked by exteriorized bowel loops. A laparo-
scopic check at the end of the procedure can both control for possible twists of 
bowel loops and bleeding of vascular pedicles. A safe intracorporeal anastomosis 
requires good dexterity and superior laparoscopic suturing skills.  

    Perioperative Complications 

 The complications of an ileocecal or right colectomy are essentially the same as for open 
colectomy, except for specifi c laparoscopic complications as trocar site hernia and pneu-
moperitoneum-related complications. Opposite to open surgery, overview during sur-
gery is limited to an often bulky cecum and ascending colon. Identifi cation of the proper 
planes is easy, but once one fails to identify the proper planes, it can be very diffi cult to 
identify the crucial structures. Gonadal vessels have been cut assuming them as ileocolic 
or right colic vessels. Dissection behind the duodenum or (thermal) injuries to the duo-
denum has occurred, failing to recognize the duodenum at an early stage. 

    Structures at Risk 

 Ureter at the right side is usually less at risk as the left ureter in left sided colecto-
mies. Resection planes are above the level of the iliac crossing of the ureter. The 
ureter and gonadal vessels are in the retroperitoneal space. When dissection is in the 
proper plane, both ureter and gonadal vessels are below Gerota’s fascia. In infl am-
matory bowel resections, identifi cation of the proper planes can be extremely 
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diffi cult. Explicit identifi cation of the ureter in these cases is mandatory. Also in 
advanced cancer with involvement of the posterior planes, the ureter can be incor-
porated in the process. Careful dissection of the ureter in these situations, preferably 
after inserting a pre- or perioperative splint in the ureter, can avoid damage to the 
ureter. Special devices as double J ureteral stents or a ureter infrared illuminated 
stent can be helpful in identifying the ureter, especially in surgical therapy in infl am-
matory bowel disease or advances cancer cases. 

 Small lesions to the ureter detected during surgery can be sutured over a 
laparoscopic- inserted double J ureteral stent. Complete transection and dissection 
of part of the ureter require complex reconstruction in cooperation with the urolo-
gist. Not recognized lesions are typically detected second or third postoperative day. 
Fluid leakage from trocar incisions or intra-abdominal drains may be observed. A 
(large) intra-abdominal or retroperitoneal fl uid collection on sonography or CT scan 
indicates a urinoma. Puncture of the fl uid collection and determination of the creati-
nine content can proof urinary leakage. Small lesions detected with an intravenous 
pyelography can be treated with a transurethral double J catheter for some weeks. 
Larger defects need surgical repair.  

    Ileocolic Artery and Mesenteric Artery 

 The ileocolic pedicle and the right branch of the middle colic artery are divided 
close to their origin. Failure to identify the proper vascular structures potentially 
endangers the blood supply of the small bowel or remaining transverse and left 
colon. When isolating and dissecting the ileocolic artery at the origin, proper iden-
tifi cation of the superior mesenteric artery and vein is mandatory. Failure to recog-
nize the superior mesenteric artery potentially leads to ischemic alterations and 
subsequent necrosis of (parts of) the small bowel. Dissection of the pedicle of the 
middle colic artery leaves the entire colon depending on a patient’s Drummond 
arcade. An incomplete arcade at Griffi th’s point or an absent arcade of Riolan is 
present in up to 30 % of patients. Dissection of the middle colic artery could lead to 
severe ischemia and subsequent necrosis of the transverse and left colon.  

    Duodenum and Small Bowel Injuries 

 The duodenum is one of the structures most at risk in a right colectomy. After dis-
section of the vessels and going upwards below the right mesocolon, the duodenum 
has to be identifi ed clearly. By careful traction, counter-traction technique, the duo-
denum should be cleared from the mesocolon. 

 Unrecognized small bowel or duodenal lesions leads to signifi cant and severe 
postoperative morbidity and even mortality. Damage to the electrical isolation of 
the shaft of laparoscopic instruments causes cauterization injuries to small bowel 
and other intra-abdominal organs without being notifi ed during surgery. Leakage 
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test of all laparoscopic instruments is mandatory in some countries. Adhesiolysis at 
the start of the procedure has to be performed with great care to avoid serosal lesions 
and full-wall perforations. Leakage of thermal and serosal injuries is typically on 
second or third postoperative day. Clinical signs depend on severity of spillage and 
resemble anastomotic leakage or intra-abdominal abscess formation. Gross spillage 
of bowel content usually requires reintervention. As the lesion is not recognized 
during surgery, exact localization of the perforation is unclear, even in case of clear 
extraluminal contrast at a CT scan. A diagnostic laparoscopy can be performed, but 
often fails to localize the focus, due to postoperative adhesions, protein deposits, 
and fecal content. A formal midline laparotomy is necessary in most cases. As the 
bowel often has a limited injury, the perforation can be oversewn. In case of severe 
damage to the bowel, resection and anastomosis might be indicated. 

 Duodenal perforations are not limited to the retroperitoneal space due to the dissection 
at surgery. Duodenal perforation presents similar to small bowel injuries and is treated 
similarly. In severe duodenal injuries, a jejuno-duodenostomy can be performed.   

    Postoperative Complications 

    Anastomotic Leakage 

 Anastomotic leakage has a profound and severe infl uence on postoperative out-
come. It is one of the most serious complications in colorectal surgery with a 
reported incidence of between 1 and 17 %. The incidence of leakage is higher in 
infl ammatory disease and Crohn’s disease. Dedicated centers claim 3–6 % as an 
acceptable overall leakage range. Mortality rates after anastomotic leakage up to 
40 % have been reported. Reoperation and redo of the anastomosis or dismantling 
the anastomosis and a temporary ileostomy are nearly always necessary. 

 A tension-free and well-vascularized anastomosis is the base of any bowel anas-
tomosis. A proper blood supply of both remaining ends of the bowel is the result of 
a proper knowledge of the vascular anatomy (and its variations) and positive periop-
erative identifi cation of the remaining pedicles. 

 Emergency surgery, prolonged surgical procedures, perioperative radiotherapy 
or chemotherapy, and immunosuppressive medication (e.g., steroids) have a nega-
tive infl uence on the healing of the anastomosis. Patient-related factors as dia-
betes, malnutrition, cardiovascular and hepatic comorbidity, high ASA score, or 
male gender have all been associated with a higher rate of anastomotic leakage. 
Resection in case of infl ammation generally has higher leakage ratios than in 
cancer surgery. In a nationwide German survey, anastomotic leakage in 28,271 
colorectal cancer patients was 3 %. Multivariate analysis identifi ed long dura-
tion of surgery, a high ASA score, male gender, obstruction, left sides tumor, car-
diovascular hepatic comorbidity, single-layer hand suture, biofragmentable ring 
anastomosis, intraoperative complications, and BMI >30 kg/m 2  as risk factors for 
postoperative leakage [ 22 ]. 
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 Anastomotic leakage not only increases postoperative morbidity and hospital 
stay but also has been associated with nearly threefold higher recurrence rates and 
reduced survival after curative resection of colon cancer [ 23 – 25 ]. 

 Management of anastomotic leakage should be individualized to the patient’s 
need. Early detection of anastomotic leakage is crucial and improves outcome. 
Early signs of leakage are often nonspecifi c and should be interpreted within the 
context of the postoperative course. Rise in heart rate, subfebrile temperature, 
decreasing urinary output and rising infection parameters (white blood cell count, 
sedimentation rate and C-reactive protein) in the blood, and increasing (local) ten-
derness are all indicative of an intra-abdominal problem or infection. They are non-
specifi c indicators as other sources of infection have similar signs. If leakage is 
suspected, a CT scan with oral and i.v. contrast is made. Observation and bowel rest, 
percutaneous drainage of abscess or fl uid collection, surgical revision of the anasto-
mosis, and diversion are available strategies. Re-anastomosis in cases with limited 
contamination should be considered. In selected cases early anastomotic leakage 
can be solved laparoscopically, even in the presence of a limited postoperative ileus. 
Additional sutures in small leaks or complete revision of anastomosis is challeng-
ing, and conversion to open revision should be without hesitation. 

 If there are signs of a generalized peritonitis with or without septic shock, prompt 
resuscitation, antibiotics, and surgical intervention are mandatory. Revision of anas-
tomosis is dependent from the degree of peritonitis and condition of the bowel. 

 In case of anastomotic leakage, fi stula formation, or intra-abdominal abscess 
related to anastomotic leakage after resection for Crohn’s disease, revision of the 
anastomosis is debated. It has been claimed that surgical outcome is better with a 
lower rate of recurrence of postoperative Crohn’s disease after dismantling the 
anastomosis with an end stoma [ 26 ].  

    Abscess 

 Intra-abdominal postoperative abscess is a frequent observation in colon cancer. 
Incidence is reported up to nearly 40 % in colon cancer patients. Clinical manifestation 
is depending from size and localization. Subfebrile or spiking temperature, local ten-
derness, prolonged postoperative ileus, and rising infection parameters are indicative, 
but are similar to those observed in anastomotic leakage or other postoperative infec-
tions. A CT scan is preferred over sonography to prove the presence of an abscess, as 
percutaneous drainage of larger abscesses can be performed in the same session. Small 
abscess (<3–4 cm) can be treated with prolonged antibiotic regimen only.  

    Prolonged Postoperative Ileus 

 Bowel function normally is restored within 24–48 h after right colectomy. A pro-
longed ileus can indicate surgical-related complications as a twisted anastomosis or 
stenosis of the anastomosis. 
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 In case of an extracorporeal anastomosis, the choice of the extraction site is lim-
ited. Proper intestinal alignment after extraction can be diffi cult. An intestinal twist 
can be the result of lack of proper orientation of the bowel alignment. Intracorporeal 
anastomosis may reduce this risk.      
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        Leakage of Anastomosis with Fecal Peritonitis 

 Anastomotic complications after colorectal surgery are unfortunate. The determi-
nants of anastomotic healing include both general patients and disease-related con-
ditions. Malnutrition (especially albumin <2.0 g/dl or recent weight loss >15 %), 
DM, radiation, shock, blood loss, and immune defi ciency are among the many fac-
tors for anastomosis leak. These conditions should be taken into account when 
deciding whether or not to perform a primary anastomosis or an end colostomy and 
Hartmann’s stump or mucous fi stula. 

 Most leaks become apparent between the 5th and 10th postoperative day. Early 
leaks present with fever, leukocytosis, localized or generalized tenderness, ileus, 
and sepsis. If a leak is suspected but not apparent, a water-soluble contrast enema is 
the initial test of choice to identify it. Abdominal CT can help in the identifi cation 
of collections which are suggestive of leaks. If there are signs of peritonitis with or 
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without septic shock, resuscitation, broad-spectrum antibiotics and urgent laparot-
omy are indicated. If fi ndings show a small leak (<1 cm) and the bowel is healthy, 
local repair with proximal fecal diversion might be feasible. If ischemia and necro-
sis ≥1/3 of the circumference are noted, the anastomosis should be resected and 
either re-done or exteriorized as an end stoma. 

 Technical considerations are fundamental to a successful anastomosis. Blood 
supply should be ensured by transecting the mesentery close to the anastomosis and 
by preserving the vascular arcade supplying the respective area. Anything less than 
pulsatile bleeding at the cut edge after bowel transaction is unacceptable, and resec-
tion should be proximally extended until bleeding is encountered. Fatty tissue 
should not be cleared more than 5–6 mm from the edge. Tension is another key 
factor, as it may compromise blood fl ow. 

 Tension-free anastomosis in the left colon can be facilitated by:

    1.    Complete mobilization of the splenic fl exure   
   2.    Separation of the omentum from the distal transverse colon and mesocolon   
   3.    High ligation of the inferior mesenteric artery (IMA)   
   4.    Division of the inferior mesenteric vein (IMV) at the lower edge of the pancreas     

 The bowel ends must be viable. Infl amed or thickened bowel must be resected 
until it is soft and thin colon is encountered. Single or double layer, interrupted or 
continuous sutured, or manual or stapled anastomotic techniques are all acceptable 
variants. Most anastomotic leaks occur after rectosigmoid surgeries with low anas-
tomosis. The anastomosis can be tested by occluding and submerging the anastomo-
sis under saline while insuffl ating air through the rectum. The absence of bubbles 
confi rms anastomotic integrity. 

 A Cochrane data base review [ 1 ] of 1,233 patients enrolled in randomized clini-
cal trials (RCTs) compared stapled and handsewn colorectal anastomosis. There 
was insuffi cient evidence to demonstrate any superiority of one technique over the 
other, regardless of the level of the colorectal anastomosis. 

 Intraoperative fl exible sigmoidoscopy is a valuable tool during left colon surger-
ies to assess the anastomosis for air leaks or anastomotic bleeding. This intraopera-
tive procedure has been studied to assess its usefulness in preventing anastomotic 
leaks and bleeding after colorectal surgery. In a study of patients undergoing 
colorectal resection with distal anastomosis [ 2 ], 107 patients who underwent rou-
tine intraoperative endoscopy (RIOE) were compared to 137 who underwent selec-
tive intraoperative endoscopy (SIOE). The results showed more postoperative 
anastomotic complications including staple line bleeding and anastomotic leakage 
in the SIOE as compared to the RIOE group. 

 The long-term oncological impact after anastomotic leaks was recently reviewed 
by Mirnezami et al. [ 3 ]. He performed a meta-analysis of 21,902 patients with anas-
tomotic leakage (AL) after restorative surgery for colorectal cancer. They found an 
OR (OR) of 2.9 for developing a local recurrence for articles describing rectal anas-
tomoses. Those describing both colon and rectal anastomoses showed an OR of 2.9. 
Distant recurrence and long-term cancer-specifi c mortality after AL showed an OR 
1.38 and 1.75, respectively. 
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    Intra-abdominal Abscess 

 Intra-abdominal abscess can result from anastomotic leaks, enterotomies, or 
spillage from bowel contents at the time of the surgery. Its incidence varies. 
Eberhardt et al. [ 4 ] analyzed the impact of leaks and intra-abdominal abscesses 
on cancer recurrence and survival in patients undergoing resections for colorectal 
cancer. Besides concluding that neither leaks nor abscesses are associated with 
worsened survival or recurrence at 5 years, they showed an incidence of intra-
abdominal abscess of 38.9 % for colon cancer patients vs. 14.4 % for the rectal 
cancer group. Symptoms are highly variable. They may present 5–7 days after 
surgery with persistent abdominal or pelvic pain, focal tenderness, spiking fever, 
prolonged ileus, and/or leukocytosis. Intermittent polymicrobial bacteremia sug-
gests an intra- abdominal abscess in patients who have had abdominal surgery. If 
an abscess is located deep in the pelvis, classic signs and symptoms might be 
absent. Abdominal CT scan with IV, oral, and possible rectal contrast is the 
modality of choice as it provides more than a 95 % diagnostic accuracy rate. 
A fl uid collection with a thickened enhancing rim and surrounding infl ammatory 
stranding is diagnostic. 

 Most intra-abdominal abscesses can be percutaneously drained under CT guid-
ance with an effi cacy of 65–90 % depending on size, complexity, etiology, and 
microbial fl ora.   

    Leakage of Distal Rectal Anastomosis 

 The incidence of leaks in left side colorectal anastomosis varies according to the 
distance of anastomosis from anal verge. Vignali et al. [ 5 ] reported an overall leak 
rate of 2.9 % in a series of 1,014 colorectal anastomosis. Eight percent of low anas-
tomosis <7 cm from anal verge leaked compared to 1 % of anastomosis >7 cm from 
anal verge. Ileal pouch-anal anastomosis has the greatest risk for leak with a reported 
incidence of 5–10 %. Other identifi ed risk factors are male gender, increased BMI, 
previous surgery, distal rectal cancer [ 6 ], albumin <3.5 g/dl, operative time 
>200 min, blood loss >200 cc, transfusion requirement [ 7 ], and “after hours” con-
struction of anastomosis [ 8 ] . As previously mentioned technical factors included an 
ample blood supply and tension-free anastomosis. A leak may present in 3 ways: 

    Dramatic Early Leak 

 Presents with acute abdominal pain, distension, fever, tachycardia, diffuse peritoni-
tis, oliguria, and shock within several days of surgery. These symptoms usually 
predict a large uncontained leak.  
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    Subtle Insidious Leak 

 Can present with mild leukocytosis, protracted ileus, and failure to thrive. Such leaks 
typically present 5–14 days following surgery; by this time adhesions have formed 
and contain the process. Because of nonspecifi c signs, detection may be diffi cult.  

    Asymptomatic Leak 

 Is usually harmless, is incidentally discovered by radiologic studies weeks to months 
after surgery, and consists of a walled-off sinus. Treatment is rarely necessary. 

 Initial management in patients without signs of peritonitis is aimed to identify 
and localize the process. Water-soluble enema is usually the fi rst test ordered, 
although CT scan with triple contrast (oral, intravenous, and rectal) has become 
the imaging modality of choice (Fig.  19.1 ). During this period, an infectious pro-
cess may be diffi cult to differentiate from acute postoperative infl ammation and 
fl uid collection. Collections >4 cm can often be drained via a transabdominal, 
transgluteal, or transanal image-guided catheter. If the abscess cavity is small 

  Fig. 19.1    Anastomotic leak following distal colorectal anastomosis       
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and contrast fl ows freely back into the lumen, conservative management with 
intravenous antibiotics and bowel rest may suffi ce. An algorithm to manage leaks 
has been proposed [ 9 ] Fig.  19.2 .

    A vacuum-assisted endosponge is a new approach to treat patients with anasto-
motic dehiscence following anterior resection for rectal cancer. It has been shown 
useful in treating pelvic sepsis following anastomotic dehiscence or rectal stump 
insuffi ciency [ 10 ]. Management of persistent sinuses involves observation, sinus 
unroofi ng, debridement, and instillation of fi brin glue.  

Anastomotic Leak

Pelvic collection

Fluid collection with
gas:

guided aspiration

Fluid collection >3cm
without gas:

consider aspiration

Anastomotic Leak

Extension outside
of the pelvis

Fecal diversion and
trans-abdominal/anal 

drainage

1.-Transanal drainage
if localized sepsis

2.-Fecal diversion and
trans-abdominal/anal

drainage if high-grade 
sepsis

1.-Transanal drainage
if localized sepsis

2.-Trans-abdominal/anal
drainage if high grade 

sepsis

Contained within pelvis
without fecal diversion

Contained within pelvis
with fecal diversion

Examination
under anesthesia

without extra-
luminal contrast

with extra-luminal 
contrast

Pelvic collection

  Fig. 19.2    Standardized algorithms for management of anastomotic leaks (Adapted from 
Phitayakorn et al. [ 9 ])       

 

19 Prevention and Treatment of Major Complications



234

    Pelvic Drains 

 Pelvic drains have not shown to prevent anastomotic leakage. In fact a Cochrane 
database meta-analysis [ 11 ] showed that there is insuffi cient evidence that routine 
drainage after colorectal anastomoses prevents anastomotic or any other complica-
tions. However, still some controversies exist. Some studies have shown it reduces 
clinical anastomotic leakage and that if kept in place it may reduce the need of 
surgery in selected patients [ 12 ]. In spite of no agreed benefi t, the senior author 
routinely drains distal colorectal and coloanal anastomosis.  

    Fecal Diversion 

 A recent review [ 13 ] of diverting stomas after low anterior resection showed that 
they seemed to be useful in preventing the adverse sequelae of anastomotic leakage 
and consequent urgent reoperations. However, a proximal diverting stoma does not 
seem to offer advantage in terms of 30 days or long-term mortality. It is recom-
mended after construction of distal colorectal and coloanal anastomosis following 
neoadjuvant therapy for rectal carcinoma. 

 However, diversion should be considered for any high-risk anastomosis includ-
ing colorectal anastomosis <6 cm from anal verge and coloanal anastomosis. 
General conditions including malnutrition, immunosuppression, peritonitis, or pel-
vic sepsis should also be considered a strong indication for diversion.   

    Presacral Abscess 

 Presacral abscess is reported to occur after TME (total mesorectal excision) for 
rectal cancer in 10 % of patients [ 14 ]. It might also spontaneously occur secondary 
to Crohn’s disease. The large defect created by the total mesorectal excision (TME) 
is fi lled by the neorectum or the colonic J pouch. In case of a leak, this cavity may 
turn into an abscess. Patients in poor general health, who have received neoadjuvant 
radiation therapy ( p  < 0.003), or who have large tumors (median 38 mm [ p  < 0.04]) 
are at risk for developing a presacral abscess [ 14 ]. The clinical picture is sometimes 
insidious; thus, vigilance and clinical suspicion are important as a delay in diagnosis 
may increase morbidity. Collections can be drained via transgluteal approach by CT 
guidance, transrectal approach under ultrasonography (US) guidance, or a dorsal 
transsacral approach. Probably the most promising indication for vacuum-assisted 
closure is the treatment of para-anastomotic presacral abscesses following anasto-
motic leakage after total mesorectal excision. In a multicenter [ 15 ] study which 
aimed to evaluate the use and success of the endosponge for treating the presacral 
cavity due to leakage, the authors concluded that the success of this treatment is not 
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dependent on the time interval between surgery and treatment. Nine of their 16 
patients (56 %) achieved defi nite resolution. Six of the 8 patients achieved resolu-
tion when the sponge was placed within 6 weeks of surgery compared to only 3 out 
of 8 patients (38 %) in whom it was placed at a later time point.  

    Stenosis of the Anastomosis After Low Anterior Resection 

 Benign strictures after low anterior resection (LAR) are a common complication 
with an incidence ranging from 5.8 to 22 %. They can be defi ned as a narrowing of 
the anastomosis of less than 12 mm, thus preventing the passage of a 12 mm sig-
moidoscope. Symptoms vary according to the degree of stenosis, from asymptom-
atic to constipation, tenesmus, abdominal pain, and even large bowel obstruction. 
Risk factors promoting this problem include ischemia, dehiscence, and radiation 
therapy. In a study of 24 patients [ 16 ], symptoms developed at a mean of 6.8 (range3 
to 19) months. Diagnosis is clinically suspected and then subsequently confi rmed 
by a water-soluble contrast enema and endoscopy. A variety of modalities of treat-
ment have been reported, although therapy is based on 3 main procedures: (1) dila-
tion with fi nger, anal dilators, or endoscopy, (2) electroincision, and (3) resection 
and reanastomosis. A method utilizing a transanal circular stapler has also been 
reported [ 17 ,  18 ]. The most commonly used method is digital dilation although the 
most common method reported in the literature is endoscopic dilation. A recent 
study [ 19 ] showed no difference with regarding the number of dilations needed, 
stenosis-free time intervals, and complications between endoscopic balloon dilation 
when compared to Eder-Puestow metal olive dilators. An indisputable advantage 
regarding the cost favors the Eder-Puestow technique (22.30 Euros vs. 680 Euros; 
 p  < 0.001). Surgical resection with reanastomosis is associated with a more demand-
ing procedure with higher morbidity and mortality than endoscopic procedures and 
is usually performed after failure of the later. 

 Denoya et al. [ 20 ] reviewed the records of 16 patients who developed an anasto-
motic stricture after colorectal resection and anastomosis. Results showed that 94 % 
of patients had incomplete left colonic mobilization. The authors concluded that 
lack of complete mobilization of the left colon is associated with anastomotic stric-
ture formation.  

    Stenosis of Anastomosis After Sigmoid Resection 

 Anastomotic strictures after sigmoid resection are an interesting topic although 
reported series are heterogeneous due to patient selection. The incidence of symp-
tomatic anastomosis stricture with double-stapling technique has been reported as 
18 % [ 21 ]. Stenosis can present several months after surgery and may occur after 
primary resection and anastomosis or after Hartmann’s reversal. Fistula, leak, or 
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inclusion of remnants of sigmoid in the anastomosis might be related to its develop-
ment. Arterial preservation, double- or single-stapled techniques, and stapler diam-
eter do not seem to infl uence the risk of anastomotic stenosis. Symptoms include 
lower abdominal pain when passing gas or stool, abdominal distension, fractional 
evacuation, constipation, and/or ribbonlike stools. Diagnostic evaluation includes 
contrast enema (Fig.  19.3 ) and fl exible sigmoidoscopy. Ambrosetti reported a mean 
diameter of 7 mm (4–10) in 22 patients with stenosis after sigmoid resection for 
diverticular disease [ 21 ]. Management involves endoscopic balloon dilatation as the 
initial option when the stenosis is short, which is the most common presentation. 
Success rate ranges between 59 and 88 % after an average of 2.5 sessions (1–13) 
[ 22 ]. If anastomosis is short and needs to be re-done, surgery can be simplifi ed by 
the use of a circular stapler introducing the anvil through a proximal enterotomy. 
Anastomosis resection and reanastomosis is reserved for those patients who fail 
balloon dilation or who have a long stricture. Re-resection is associated with 
increased morbidity and mortality. Ureteral stents should be placed to help in the 
identifi cation of the ureters. Although this practice does not decrease the ureteral 
injury rate, it helps with its identifi cation and management.

   Boutros et al. [ 23 ] reported 9 ureteral injuries (23 %) out of 3,950 patients who 
underwent colorectal surgery. In 1,038 patients (26 %) ureteral stent placement 
(USP) was performed. Laparoscopy and pelvic dissection were more commonly 

  Fig. 19.3    Stenosis after sigmoid resection       
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performed in this group of patients ( p  < 0.002 and  p  < 0.001, respectively). They 
were also signifi cantly older ( p  < 0.01), had an increased BMI ( p  < 0.02), a diagnosis 
of diverticular disease, Crohn’s disease, fi stula, and a history of radiation therapy 
( p  < 0.001 each). All ureteral injuries (UI) were recognized intraoperatively. Eight 
of them occurred in the USP group. The authors concluded that the use of prophy-
lactic USP may aid in the intraoperatively UI identifi cation as well as promptly and 
successful repair. 

 The last meta-analysis comparing open sigmoid resection (OPR) vs. laparo-
scopic sigmoid resection (LSR) [ 24 ] showed no differences in incidence of stric-
tures. This type of stricture is avoidable by performing a complete distal sigmoid 
resection and anastomosis of the proximal colon to the rectum rather than any resid-
ual sigmoid colon [ 25 ].  

    Leakage of an Ileoanal Pouch Anastomosis 

 The ileal pouch-anal anastomosis (IPAA) has become the standard of care for 
patients with mucosal ulcerative colitis (MUC) and familial adenomatous polyposis 
(FAP) who require total proctocolectomy (TPC) and do not wish a permanent ileos-
tomy. Leakages at the ileoanal anastomosis (IAA) are associated with the develop-
ment of pelvic or abdominal sepsis and subsequently with pouch-cutaneous or 
pouch-vaginal fi stulas. Handsewn anastomosis has been reported to be a risk factor 
for its development; this fact may be due to increased tissue trauma, leading to poor 
healing or increased tension at the anastomosis resulting in ischemia [ 26 ]. Tension 
in the anastomosis and current steroid use has also been identifi ed as risk factors 
[ 27 ]. The incidence of this complication is shown in Table  19.1 .

   Ileoanal pouch leaks usually present within 30 days after surgery. Raval at al. 
[ 29 ] showed a median time from pouch construction to the diagnosis of pouch leak 

   Table 19.1    Leakage of ileoanal pouch anastomosis   

 Year  Author   N  patients enrolled  % Leakage IAA 

 1995  Fazio  1,005  Early 2 % 
 Late 0.9 % 

 1997  Bauer  392  10.7 % 
 1999  Billeveau  239  Early 3.3 % 
 2003  Fabrizio  391  Early 3.3 % 
 2003  Michalessi  391  6.4 % 
 2005  Krausz  174  4.8 % 
 2007  Manoj  141   b With abscess 2 % 

  b Without abscess 3.1 % 
 2007  Von Roon  189  12.6 % 
  a 2009  Rink  131  0.76 % 

   a Preserving mesorectal tissue. Follow-up at a median of 85 (14–169) months 
  b All early leaks. Early = within 30 days after surgery  
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of 19 (1–336) days. In 68 % of patients, the leak was recognized within 30 days of 
surgery. Symptoms included fever (67 %), abdominoperineal pain (38 %), and 
abdominal abscess (6 %). The diagnosis is made usually by radiologic studies 
including pouchogram and pelvic CT, although occasionally, endoscopy is the 
method of identifi cation. Proximal diversion is a matter of debate since recent data 
show that it can be safely omitted in selected patients. A recent survey among 
ASCRS members [ 28 ] concluded that the majority of surgeons create a temporary 
loop ileostomy at the time of ileal pouch-anal anastomosis for ulcerative colitis. 
Different approaches for treatment have been proposed depending upon whether or 
not the patient is diverted. Non-diverted patients with peritonitis need immediate 
diversion. Non-diverted patients who develop a leak might be initially treated with-
out diversion. In a recent study [ 29 ] 80 % (33/42) of patients were successfully 
treated without diversion. A trial of conservative therapy with pouch drainage, anti-
biotics, and abscess drainage can be attempted before surgery. If leak persists after 
a week, diversion is undoubtedly needed. Leaks identifi ed in diverted patients can 
be managed depending on the severity of the leak. Local attempts may include 
debridement with installation of fi brin glue and pouch advancement. The latter 
method consists of mobilizing the pouch transperineally or utilizing a combined 
abdominoperineal approach. Regardless of the technical approach selected at the 
time of pouch advancement, infected tissue must be excised and granulation tissue 
curetted. Omentopexy to separate tissues can be performed. Pouch reconstruction or 
excision may be necessary. An algorithm has been proposed for the management of 
leak after IPAA Fig.  19.4 .

       Late Ileoanal Pouch Fistulas 

 Timewise ileoanal pouch fi stulas can be classifi ed according to its appearance after 
surgery as either early (<12 months) or late (>12 months). The etiology in late 
developing fi stulas although still poorly understood might be related to undiag-
nosed Crohn’s disease. However, leaks, pelvic sepsis, experience, and techniques 
have been linked to the development of early fi stulas. In general the incidence of 
pouch fi stulas varies from 4 to 16 %. Nisar J et al. [ 30 ] classifi ed them according to 
their severity in major and minor fi stulas. Major fi stulas including complex fi stulas 
which extend to or originate from 2 or more sites: abdominal wall, vagina, perito-
neal cavity, or urological structures. Minor fi stulas involve the buttocks, perineal or 
perianal skin, or presacral space. They concluded that the presence of major fi stulas 
is associated with pouch failure. Fistulas can present as external fi stulas (most com-
mon presentation), with pelvic or abdominal sepsis and/or pelvic or abdominal pain. 
The diagnosis can be made clinically or with imaging studies. Time and frequency 
distribution vary and are shown in Fig.  19.5 .

   Treatment should be individualized. The decision to perform a specifi c proce-
dure is based on the etiology and anatomy of the problem, the surgeon’s preference, 
and patient-related factors. Fistulas, leaks, and strictures are the most common 
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causes for redo abdominal pouch surgery. Drainage, correction of strictures, and 
loop ileostomy are usually the fi rst steps. Local repair if feasible includes endoanal 
ileal advancement fl ap, pouch advancement, and muscle interposition techniques. 
Salvage pouch surgery can be safe and successful in avoiding pouch excision and 
permanent ileostomy. Pouch salvage procedures are mostly performed on early 
appearing fi stulas, whereas anoperineal procedures are most common performed on 
their late counterparts. 

 In an effort to assess outcomes and predictors of success after re-operative ileo-
anal pouch surgery and pouch excision, Shawki et al. [ 31 ] reviewed the records of 
51 and 17 patients, respectively. The re-operative group consisted of patients with 
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  Fig. 19.4    Suggested algorithm for the management of IPAA by Raval et al. [ 29 ]       
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diagnosis of ulcerative colitis, (44) familial adenomatous polyposis (6), and indeter-
minate colitis (1). While in this group 38 (74.4 %) of patients had a successful out-
come, Crohn’s disease was diagnosed in more than half of the patients who 
underwent primary pouch excision. In general prevention of this complication is 
aimed to reduce contamination and tension in the pouch.  

    Rectovaginal Fistula After Low Anterior Resection 

 Rectovaginal fi stulas (RVFs) are suspected with symptoms of fl atus and/or mal-
odorous discharge per vagina, incontinence episodes, recurrent, urinary tract infec-
tions, and vaginitis. They are not a common complication after rectal surgery for 
cancer and can present early or late in the postoperative course. RVFs have been 
reported to occur in 0.9–2.9 % of patients after LAR (low anterior resection). The 
early variant has been classically associated with the involvement of the posterior 
vaginal wall in the staple line at the moment of fi ring the circular stapler and there-
fore depends on the individual surgeon’s experience and skills using the stapler. 
Recurrent tumor, radiation history, and devascularized vagina in close proximity to 
the anastomosis have also been proposed as risk factors [ 32 ]. The delayed variant as 
reported by Shin et al. usually presents after 30 days [ 33 ]; they studied 1,838 
patients who underwent sphincter-preserving surgery for rectal cancer to investigate 
the characteristics of those who developed delayed anastomotic leaking (DAL). 
They found 10 delayed anastomotic-vaginal fi stulas (0.54 %) which were detected 
at a median of 37 postoperative days. Female gender, low colorectal anastomosis 
(<4 cm from anal verge), and a history of preoperative chemoradiation therapy were 
independent risk factors for the development of DAL. The authors proposed that 
leakage at the colorectal anastomosis with subsequent tracking to the vaginal wall 
is a more plausible explanation than incorporating the posterior vaginal wall in the 
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anastomosis since no vaginal tissue was found in the doughnut rings from the EEA 
stapler. Diagnosis is made clinically and by physical examination. In an earlier 
study by Rex et al. [ 32 ], a questionnaire was sent to 990 members of the American 
Society of Colon and Rectal Surgery of which 300 (30 %) surgeons answered. Of 
57 RVFs/year identifi ed, only 4 occurred after handsewn anastomosis. In this study 
fi stulas presented at an average of 20 days after surgery (1–90). The management by 
the respondents is outlined in Table  19.2 .

   Overall conservative therapy should be considered fi rst before diversion or surgi-
cal repair especially if the fi stula is small. Transvaginal approach with simple clo-
sure or advancement fl ap has also been reported by some authors. Prevention of this 
complication aims to the need of dissecting free the rectum from the posterior wall 
of the vagina and to angle the stapler so that the vagina is kept out of the staple line. 
Good visualization of the operative fi eld in the deep pelvis is mandatory, and a 
simple digital vaginal examination before fi ring the stapler has been found to pre-
vent this complication.  

    Infection Perineal Wound After APR 

 Unhealed wounds typically occur more frequently in the perineal region after APR 
with an incidence of 11–50 %. Neoadjuvant radiation therapy especially including 
the perineum, prolonged operative time, intraoperative hypothermia, fecal contami-
nation during perineal dissection [ 34 ], DM, and increased BMI [ 35 ] have been iden-
tifi ed as risk factors. Besides good surgical technique, good blood supply, nutritional 
status, and smoking may be the only modifi able factors at the time of proctectomy. 
Avoiding the external sphincter during intersphincteric dissection has been pro-
posed for benign diseases. This maneuver allows better hemostasis and multiple 
layer closure. The use of drains has been associated with an improved rate of peri-
neal healing, especially transabdominal drains compared to perineal drains; they 
should be kept 2–5 days. Perineal muscle fl aps have provided little improvement in 
perineal wound healing. If infection occurs, the skin should be opened to allow 
drainage, and a program of wet to dry packing should be started followed by a 

  Table 19.2    Surgical 
management of RVF after 
LAR  

 Success rate 

 A. Management with diversion ( n  = 28) 
  1. Diversion only ( n  = 17)  35 % 
  2. Diversion with staged endoanal repair ( n  = 8)  62 % 
  3. Diversion with reanastomosis (3)  100 % 
 B. Management without diversion 
  1. Endoanal repairs  66 % 
  2. Reanastomosis  100 % 
 C. Pull-through operation ( n  = 2) 
 D. Abdominal perineal resection ( n  = 3) 

  Adapted from Rex Jr. et al. [ 32 ]  
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vacuum-assisted closure device. If perineal sinus develops, wound debridement and 
myocutaneous fl ap reconstruction with gracilis, inferior gluteus, or rectus abdomi-
nis muscle might ultimately be necessary.  

    Perineal Hernia 

 A perineal hernia is a protrusion of intra-abdominal contents through a pelvic fl oor 
defect as a result of surgery. They reportedly occur in 0.1–7 % of patients after APR, 
although most of them are asymptomatic and <1 % needs repair. Symptomatic hernia-
tion is estimated to be <1 %. Coccygectomy, previous hysterectomy, pelvic irradiation, 
excessive length of small bowel mesentery, large pelvis, failure to close perineal defect, 
and excision of the levators seem to be risk factors. Bulging feeling, pain when sitting, 
and discomfort in the perineum are sometimes referred by patients. These symptoms 
can be controlled with a T bandage or a fi rm pair of underpants. The diagnosis is usu-
ally made clinically and subsequently confi rmed with imaging modalities. Surgical 
management is based on the same principle of other hernias repair. The aim is to recon-
struct the pelvic fl oor using synthetic mesh or autogenous tissue such as grafts or mus-
cle fl aps. The operative approach can be perineal, abdominal, or a combination of both. 
The perineal approach seems to be preferable since the abdominal cavity is not entered 
although all approaches seem to have similar results. The transabdominal approach is 
reserved for patients with recurrent hernias or those who need abdominal entry for any 
reason. This technique allows suturing a mesh to the bony pelvis under direct vision. 
Recently the laparoscopic transabdominal approach has been described. However, it 
can be diffi cult to approach the levators after cancer surgery since the defect may be 
quite large. Using the perineal approach, a mesh can be secured to the musculofascial 
tissue or the periosteum of sacrum (Fig.  19.6a, b ). Care should be taken to avoid large 
vessels. Ureteral stents and an obturator in the vagina can be preoperatively inserted to 
aid in these structures identifi cation. Its main disadvantage is the limited exposure and 
higher rate of hernia recurrence. So et al. [ 36 ] reported an incidence of 0.62 % follow-
ing APR and a recurrence of 16 % after 12-month follow-up (all had undergone peri-
neal repair). It may be also advisable to work combined with plastic surgery for the 
transposition of healthy tissue to fi ll large anatomical defects.

       Abscesses After Hartmann Procedure 

 Hartmann’s procedure may be performed when making a colorectal anastomosis is 
considered unsafe. Thus, not surprisingly Hartmann's operation is associated with 
high morbidity and mortality if severe peritonitis of sigmoid diverticular origin 
occurs. Unfortunately the rectal stump may postoperatively leak. 

 This complication is not frequently reported in the literature. Symptoms are 
usually related to intra-abdominal infection. Cherukuri et al. [ 37 ] reported 4 leaks 
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(2 symptomatic) in 84 patients who underwent contrast-enhanced radiography of 
the pouch after Hartmann’s procedure to evaluate for postoperative abnormalities. 
Schein et al. [ 38 ] have reported so far the biggest series of patients with clinical 
leak of the rectal stump. 

 Management basically consists of a washout with or without refashioning of the 
rectal stump. The washout system is based on 2 observations: leaving the rectal 

a

b

  Fig. 19.6    ( a ) Perineal hernia. 
( b ) Perineal hernia with mesh 
in place (Courtesy of 
Cleveland Clinic Florida)       
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stump open and irrigate it before the repair, avoiding further contamination of the 
abdominal cavity. 

 A recent review [ 39 ] of 15 studies to compare primary resection with anastomosis 
vs. Hartmann’s procedure in nonelective surgery for diverticulitis included 963 patients, 
57 % following primary resection with anastomoses and 43 % Hartmann's procedures. 
The overall mortality was signifi cantly reduced with primary resection and anastomo-
sis (4.9 vs. 15.1 %; odds ratio = 0.41). Leaks from the rectal stump were not included in 
the study, which again may be due to the relative infrequency of this problem. 

 Some surgeons fashion a mucus fi stula instead of Hartmann’s procedure in an 
effort to avoid this theoretical complication.     
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        Introduction 

    Colorectal surgery for benign and malignant disease comprise of the majority of the 
abdominal operations. It is generally done either by colorectal surgeons or gastroin-
testinal surgeons. The implementation of the laparoscopic approach, since its intro-
duction in 1991, has rapidly expanded particularly over the last 5 years. Patient 
demands, surgeon’s preference, broad acceptance, and above all training programs 
have been responsible for this explosive growth. In most surgical units the laparo-
scopic approach is the preferred one in primary surgery for colorectal disease. With 
the introduction of the laparoscopic approach specifi c complications have emerged, 
e.g., trocar herniation, nonexisting in open surgery. In this chapter we will focus on 
the prevention, diagnosis, and treatment of major complications associated with 
laparoscopic colorectal surgery, e.g., “late” conversion, peroperative major bleed-
ing, bowel ischemia, and anastomotic leakage.  
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    General Remarks 

 Key in the prevention of complications is surgical profi ciency and case selection 
irrespective of the approach or type of procedure. With the introduction of laparo-
scopic surgery, the “learning curve” was introduced as if it did not exist in open 
surgery. Different outcome parameters have been used to assess the learning curve 
of a specifi c procedure; operating time, conversion rate, hospital stay, and morbidity 
were the most common parameters. Probably hospital stay and morbidity are the 
outcome parameters that really matters. The learning curve for colorectal resections 
depend on the complexity of the resection increasing from ileocecal resection, right 
colectomy, low anterior resection to restorative proctocolectomy. The diffi culty of 
the operation also depends on the type of laparoscopic approach, e.g., facilitated 
(laparoscopic mobilization only), laparoscopic assisted (intracorporeal mobiliza-
tion and devascularization, and extracorporeal anastomosis), and total laparoscopic. 
A surgeon should tailor the type of procedure, the type of laparoscopic approach, 
the extent of the pathology, and the patient characteristics to his or her laparoscopic 
skills. Literature data indicate that the numbers for the learning curve vary from 15 
to more than 100 laparoscopic cases before profi ciency is reached [ 1 ]. Experienced 
laparoscopic surgeons know that learning goes on long after having done 100 cases. 
In the prevention of complications, case selection is therefore of paramount impor-
tance. In the beginning of the learning curve, the surgeon should select a patient 
with a low BMI, preferably women (little abdominal fat), no prior major open sur-
gery, requiring a relatively simple resection, and done either facilitated (e.g., ileoce-
cal resection) or laparoscopic assisted [ 2 – 4 ]. The procedure is done with the 
assistance of a more experienced colleague. 

 Each procedure must be succinctly planned and prepared. In left-sided resection 
one or two enemas are required to empty the bowel to prevent stapling problems in 
a stool-loaded bowel. If bowel preparation is indicated because off, for instance, 
when a defunctioning ileostomy is planned, bowel preparation should be started 
timely. Late initiation of bowel preparation will result in a fl uid-loaded small and 
large bowel jeopardizing exposure of the surgical fi eld. Proper position on the table 
with the legs in French position or the Lloyd Davis boots is of great importance 
enabling transanal access. Optimal equipment preferably chip on the tip or high- 
defi nition technology is a prerequisite for advanced laparoscopic procedures. The 
ability to use vessel sealing equipment (ligasure, ultracision), endoscopic staples, 
and wound protectors is basic in advanced laparoscopic surgery. 

 A huge amount of evidence exists nowadays that “late” conversion is associated 
with increased morbidity and mortality. “Late” conversion meaning conversion 
because of a peroperative complication or due to lack of progression of the proce-
dure should be prevented and is a refl ection of a mismatch of surgical skill required 
for this particular patient to complete the procedure [ 3 ]. 

 Some have shown that implementation of recovery after surgery programs (“fast- 
track programs”) have reduced the morbidity rate. It is therefore advised to train the 
medical and nursing staff in the fast-track principles [ 5 ,  6 ]. 
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 Key in diagnosis is early suspicion. Patients having laparoscopic colorectal sur-
gery without complications are mobilized and have a regular oral intake within 
2–3 days after surgery. If this is not the case, there must be a high level of suspicion 
that something is wrong. Increasing instead of a decreasing C-reactive protein 
(CRP) might precede the clinical manifestation of the complication [ 7 ,  8 ]. CT scan-
ning with enteral and intravenous contrast is the fi rst line diagnostic tool. 

 Key in treatment is even more surgical experience. Depending on the type of 
complication, the treatment options are external drainage by intervention radiology, 
relaparoscopy, or open surgery. In contrast to open surgery, laparoscopic reinterven-
tion after prior laparoscopic operation is rarely hampered by early adhesions to the 
abdominal wall. If a surgical reintervention is required, this is preferably done lapa-
roscopically provided small bowel distension is limited and provided a suffi ciently 
experienced surgeon is available.  

    Conversion 

 Late conversion must be considered as a complication and must therefore be pre-
vented. Within 15 min after the start of the laparoscopic procedure, the surgeon has to 
decide whether there is a fair chance that he or she can complete the procedure lapa-
roscopically within a reasonable operating time. When in doubt, a more experienced 
laparoscopic surgeon must be asked to help out, or it is decided to “convert early.”  

    Bowel Ischemia and Bleeding 

 The introduction of vessel sealing equipment made life easier for the laparoscopic 
surgeons. Superior homeostasis even of large vessels is obtained and obviates the 
need of meticulous dissection. However, careless dissection taking unidentifi ed 
structures can lead to major damage to important blood vessels and ureters. 

 During right-sided dissection the superior mesenteric artery can be mistaken for 
the ileocolic artery particularly when an anterior medial approach of the mesentery is 
applied. When in doubt, a submesenteric tunnel beneath the mesentery of the right 
colon must be created to clarify the vascular anatomy. Pulling at the cecum will show 
the ileocolic trunk discriminating it from the superior mesenteric trunk (Fig.  20.1a, b ). 
If the superior mesenteric trunk is damaged, the small bowel is devascularized, and 
immediate conversion and reconstruction by the vascular surgeon must be attempted.

   During left-sided resections care must be taken to preserve the left branch of the 
middle colic artery, particularly when it is decided to perform a high tie ligation to 
obtain maximum bowel length as in coloanal anastomosis. Applying transmesen-
teric transbursal dissection and mobilization of the left fl exure, it is possible that the 
window towards the lesser sac is opened anteriorly from the left branch of the mid-
dle colic. Freeing the mesentery of the pancreas, another structure either not 
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recognized or identifi ed as “an aberrant” vessel might be cut devascularizing the 
entire left colon. To prevent this, one should stick on the anterior surface of the 
pancreas opening the transmesenteric window to the lesser sac (Fig.  20.2 ).

   Another pitfall of the medial to lateral mobilization of the left colon is that while 
expanding the submesenteric tunnel cranially, the plane behind the pancreas is opened. 
The splenic vein on the posterior part of the pancreas can be damaged (Fig.  20.3 ).

   Creating the submesenteric tunnel, the gonadal vessels are encountered. If the 
submesenteric plane is opened correctly, the gonadal vessels will remain in their ret-
roperitoneal position. If the vessels are crossing the submesenteric tunnel or are stuck 
to the posterior surface of the mesentery, they will detach and left retroperitoneal. 

 Dealing with a major bleeding, one should start with control of the bleeding using 
an adequate irrigation and suction system and effort must be done to grasp the bleeder 

*
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*

**

a

b

  Fig. 20.1    ( a ) (*) Ileocolic 
pedicle. (**) Superior 
mesenteric pedicle. ( b ) (*) 
Ileocolic pedicle. (**) 
superior mesenteric vein       
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with a fenestrated grasper. Sometimes, it is helpful to insert additional trocars and to 
ask for assistance. The bleeder can only be controlled with suture of vessel sealing 
device if it is clear what the origin of the vessel is, otherwise conversion is warranted.  

    Ureter Damage 

 It is estimated that ureter damage occurs in 1 % of the laparoscopic colorectal resections 
[ 9 ]. The best way to prevent ureteral damage is to clear the ureter at the beginning of the 
procedure by creating the submesenteric tunnel in the proper plane and freeing the mes-
entery from the retroperitoneum. In this way the ureter remains behind a connective 
tissue layer, and the ureter cannot be damaged in case of more anteriorly located 

Pancreas

stomach

Left flexure

  Fig. 20.2    Transmesenteric 
transbursal medial to lateral 
left fl exure mobilization. 
Stick to the pancreas       

Treitz ligament

Submesenteric tunnel

Splenic vein

Pancreas

  Fig. 20.3    Exposed splenic 
vein on the posterior part of 
the pancreas       
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infl ammatory mass like in diverticulitis (Fig.  20.4 ). Before taking the superior rectal 
artery or the inferior mesenteric artery at its root, it is important to free the vessel circum-
ferentially. The ureter might be pulled up behind the vessel. Otherwise the left ureter can 
be damaged if the artery is stapled or taken care of with a vessel dealing device.

   Postoperatively, ureteral damage can be diagnosed by creatinine level in the 
drain fl uid, ultrasound of the kidneys, or intravenous pyelogram.  

    Internal Herniation 

 There are clear literature data with respect to the incidence of internal herniation [ 10 ,  11 ]. 
Occasional case reports indicate that it occurs incidentally. Particularly in the medial to 
lateral approach with central vascular ligation, a large mesenteric defect is created. In 
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  Fig. 20.4    Two window 
technique ( a ) in superior 
rectal artery saving 
sigmoidectomy for 
diverticulitis ( Tme   total 
mesorectal excision). The left 
ureter (*) is freed from 
medial to lateral as far as 
possible into the pelvis ( b )       
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anterior resections, the remaining mesentery of the colon anastomosed to the rectum 
will run parallel to the retroperitoneum and will close the opening. After the anastomo-
sis is stapled, the small bowel must be checked for its position in relation to the mesen-
tery and if necessary repositioned. In left colectomy with transverse-sigmoidal 
anastomosis, the fi rst loop of small bowel will very likely herniate unless the large 
bowel mesentery is closed meticulously reconstructing Treitz ligament (Fig.  20.5 ). The 
likelihood of internal herniation is probably lower after right-sided resection. The mes-
enteric defect is large and herniation remains a small but signifi cant a risk provided it 
is closed. Unexplained small bowel obstructing shortly after surgery must raise the 
suspicion. CT scan can be used to establish the diagnosis. Sometimes the diagnosis can 
only be established by relaparoscopy. The bowel needs to be repositioned and the mes-
entery closed meticulously. Another subset of patients might prevent late complaining 
of intermittent small bowel obstruction. Since adhesions are rare after laparoscopic 
bowel resection, an internal herniation requiring relaparoscopy must be suspected.

       Trocar Hernia 

 The adoption of laparoscopy in surgical practice has resulted in the emergence of 
incisional hernia at the trocar site (Fig.  20.6 ). Trocar site hernia (TSH) can be asymp-
tomatic, but occasionally presents with ileus or intestinal strangulation, requiring 
emergency surgery.

   Trocar site hernia can be classifi ed into early- and late-onset dehiscence. In the 
case of early dehiscence, intestine or omentum herniates through the peritoneum, 
within several days after surgery. The herniation can be at the level of the preperito-
neal fat, at the level of abdominal musculature, underneath the external fascia, or 
full thickness. In the case of late dehiscence, the peritoneum is intact, yet there is 
dehiscence of the abdominal musculature or fascia. In these cases the intestine or 

  Fig. 20.5    Mesenteric defect 
after laparoscopic left-sided 
colectomy responsible for 
intermittent small bowel 
obstruction. The small bowel 
is repositioned       
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omentum herniates through the musculature and fascia along with the peritoneum, 
typically several months after surgery. 

 In a systematic review [ 12 ], 22 articles were included, of which one randomized 
controlled trial, fi ve prospective cohort studies, and sixteen retrospective cohort 
studies. The prevalence of TSH is low, with a pooled estimate of 0.5 % (range 
0–5.2 %). No meta-analysis could be performed on the risk factors. Pyramidal- 
shaped sharp trocars, 12 mm trocars, and a long duration of surgery were identifi ed 
as the most important technical risk factors for TSH. Higher age and a higher BMI 
were found to be patient-related risk factors. 

 It is advised to close trocar sites larger than 10 mm. Full-thickness closure with 
devices like the Endoclose (Covidien®) is probably superior to closure of the anterior 
fascia only. In the latter, partial abdominal wall or subfascial herniation can still occur. 

 Symptoms of trocar site hernia consist of a painful lump at the trocar site. 
Sometimes it is accompanied by ileus due to small bowel occlusion or torsion 
(Fig.  20.7 ). Subfascial hernia is diffi cult to diagnose because it does not present 
with a lump. CT scan or ultrasound imaging should make the diagnosis.

   Trocar hernia’s can be best treated laparoscopically, freeing the fi xed viscus or omen-
tum. Full-thickness closure is advised to prevent the recurrence of subfascial hernias.  

    Anastomotic Leakage 

 Anastomotic leakage is the most important surgical complication following colorec-
tal resection with intestinal anastomosis. The reported clinical leakage rate after 
colorectal resection depends on the site of anastomosis and ranges from 2 to 21 %. 
Anastomotic leakage after colorectal surgery is associated with a high morbidity rate 
and is the most important causative factor for postoperative death. Leakage may 

  Fig. 20.6    Trocar site hernia        

W.A. Bemelman



255

result in a long stay in intensive care, sepsis, and abdominal wall complications due 
to reinterventions and wound infections. Furthermore, the risk of permanent stoma 
ranges from 10 to 100 %. The rate of anastomotic leak after laparoscopic colorectal 
surgery is similar to that after open surgery [ 13 ]. Prevention of leakage consists of 
preservation of the vascular supply of the two bowel parts and tension free anastomo-
sis. Low anastomosis is generally checked by applying the air bubble test. Coloanal 
anastomoses, preoperative chemoradiation, high doses of steroid, and prior irradia-
tion are risk factors for leakage warranting a defunctioning ileostomy. If a defunc-
tioning ileostomy is scheduled, Rullier et al. [ 14 ]. indicated that bowel preparation is 
superior to the non-prepared bowel with respect to the occurrence of pelvic sepsis. 

 Anastomotic leakage must be suspected if a patient cannot tolerate a normal diet 
within a couple of days and has signs of infection. For this reason, earlier diagnosis 
and reintervention might be expected after a laparoscopic operation. This earlier 
reintervention might prevent severe generalized peritonitis and systemic sepsis. 

 Confi rmation of an anastomotic leak is best done by CT scan with intravenous 
and enteral contrast. 

 During laparoscopic reintervention, the previous trocar wounds are used for 
insertion of a blunt trocar, e.g., TrocDoc trocar (Storz, Tubingen, Germany), estab-
lishing the pneumoperitoneum [ 15 ]. The whole reintervention is performed laparo-
scopically, and the minilaparotomy used for specimen retrieval at the fi rst operation 
can be opened only when necessary. 

 The operative procedure consists of inspection and exploration, then culturing 
and rinsing of the abdominal cavity. Ileoanal, coloanal, and low colorectal anasto-
moses are diverted by creating a loop ileostomy and irrigation of the rest of the 
colon. In patients with intra-abdominal located anastomoses with major breakdown, 
the afferent loop needs to be exteriorized as an end stoma. An end colostomy is cre-
ated in those with anastomotic leakage after left-sided resections, and an end ileos-
tomy is created after right-sided resections. 

  Fig. 20.7    Internal herniation 
after anterior resection 
causing anastomotic leakage 
in colorectal anastomosis       
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 If long-standing peritonitis with pus pockets and infl ammatory adhesions pre-
cludes adequate irrigation, an option is to insert a hand port via the (earlier used) 
Pfannenstiel incision to facilitate irrigation and blunt separation of the bowel loops. 

 Wind et al. [ 16 ] showed that laparoscopic reintervention for anastomotic leakage 
after primarily laparoscopic surgery is feasible and safe, with no conversions or 
intraoperative complications observed. They demonstrated that a laparoscopic rein-
tervention tends to be associated with less postoperative morbidity, a faster recov-
ery, and fewer abdominal wall complications.     
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     Intestinal stomas or enterostomies are an important and essential part of a colorectal 
surgeon’s repertoire. Their function is to divert the fecal stream when necessary. 
Indications are the prevention of complications in anorectal sepsis or low rectal 
anastomosis, the treatment of fecal incontinence and severe proctocolitis, and the 
avoidance of an anastomosis in intra-abdominal sepsis. 

 Creation of an enterostomy should be considered as a major component of the 
surgeon’s armamentarium. Complications of enterostomies lead to stomal dysfunc-
tion resulting in leakage and skin excoriations and an unfavorably adjustment to the 
new situation. Complications have been reported in up to 50 %, and surgical revi-
sion is required in approximately 30–40 %, which is often due to poorly siting and 
construction by an inexperienced surgeon. Since poorly sited stomas may seriously 
hinder adequate stoma care and are associated with a high complication rate, selec-
tion of the optimal stoma site by enterostomal nurses is of utmost importance. It is 
imperative for any abdominal surgeon to have this skill too since a stoma therapist 
may not always be available and counseling is not possible for patients who need 
emergency surgery. Occupation, clothing style, abdominal wall contour, and physi-
cal limitations and disabilities such as bad sight or rheumatoid arthritis should be 
considered. In complex cases, test placement should be performed with the 
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appliance full of water and the patient fully clothed. In obese patients stoma man-
agement may only become possible by the use of a mirror. The selected site should 
be marked with indelible ink. Preoperative counseling is also mandatory in properly 
preparing the patient for life with a stoma. With proper preoperative education and 
training, earlier hospital discharge is possible [ 1 ]. 

 The ideal stoma site is a fl at surface on the abdomen supported by the rectus 
abdominis without folds or scars. Construction of the trephine is essential. The pre-
ferred site is in the center of a 100 cm 2  fl at skin surface over the rectus muscle, 
between the umbilicus and the anterior superior iliac spine, just below the midline 
and well away from the pubis and costal margins, free of scars and skin folds since 
an irregular skin surface leads to a poor seal and subsequent leakage. The apex of the 
infraumbilical fat mound should be used. The trephine for a permanent stoma should 
be constructed before opening the abdomen so as to ensure a straight course from 
the peritoneal cavity to the abdominal wall. A midline incision should always be 
used since it leaves both iliac fossae undisturbed for possible future stoma resiting. 

 The trephine should run through the rectus muscle. Placement outside the rectus 
muscle more often leads to parastomal herniation of the small bowel causing loos-
ening of the appliance and subsequent leakage. A 3–4 cm skin disk is excised leav-
ing all of the subcutaneous fat to minimize the chance on dead space and 
accumulation of a parastomal seroma or abscess. A vertical fascial incision is pre-
ferred to a cruciate incision since more fascia will remain intact. The rectus muscle 
is split in the direction of its fi bers and the posterior fascia and peritoneum incised. 

 The trephine should allow admission of one fi nger for an end ileostomy and two 
fi ngers for a double-loop ileostomy or an end colostomy. A too narrow trephine may 
interfere with adequate blood supply, leading to necrosis and stenosis, or cause 
obstruction. When too wide it will allow the passage of small bowel loops creating 
a parastomal hernia. In a fl oppy abdominal wall, implantation of a mesh is an effec-
tive procedure to narrow the trephine opening and decrease the risk of prolapse 
although it bears the risk of infection. 

 The vascular supply of the bowel should be adequate. In a loop enterostomy this 
will not be a problem since vessels are not ligated, but in an end enterostomy, too 
much dissection may impair mesenteric circulation leading to stoma necrosis, stric-
ture formation, and stoma retraction. It is fairly easy to bring out enough small 
bowel, but for a colostomy, mobilization of the proximal colon, especially the 
splenic fl exure, is often necessary. The mesentery should not be stretched for fear of 
rendering the stoma ischemic. 

 The end of the bowel, normally closed by a stapling procedure, is grasped with 
an Ellis or Babcock clamp and gently pulled through the trephine to avoid tearing 
of the mesentery. Maturation of an enterostomy is performed after closing the 
abdominal wound to avoid spilling intestinal content in the abdominal wound in 
order to prevent wound infection. After opening the bowel, the vascularization of its 
edge and the mucosal color should be checked both before and after stoma construc-
tion. Any blackening is suspect and a clear invitation for reconstruction. 

 The ileum should protrude 3–4 cm to create a spigot effect. The eversion will 
drain the liquid output directly into the stoma bag minimizing leakage and skin 
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irritation. This is also preferred in colostomy formation despite the presently pre-
vailing opinion that the more solid nature of the stool does not damage the skin. A 
1–2 cm protrusion performed similarly to ileostomy maturation is benefi cial for 
appliance placement. The preferred height should be 15 mm since it causes 35 % 
less care problems [ 2 ]. When the intestinal contents are liquid such as after a previ-
ous small bowel resection or when little proximal colon is left, an eversion colos-
tomy is preferable (Fig.  21.1 ).

   An end-ileostomy maturation is performed by grasping the internal bowel wall 
at 3–4 cm from the edge and folding back the distal bowel wall. In a loop ileostomy 
an ileal segment at 15–20 cm from the ileocecal valve is pulled up 3–4 cm. This 
provides enough distal ileum to create an ileoileal anastomosis when, in restoring 
continuity, a small resection has to be performed due to bowel wall damage. The 
segment is gently pulled through the abdominal wall with the afferent loop distally, 
which will provide the best spigot. Twisting of the bowel should be avoided to 
ensure that the afferent loop remains distally. The efferent loop is incised about 
5 mm above skin level transecting 80 % of the circumference. If the incision is 
fl ushed with the skin, mucus may escape from the recessive limb and cause a faulty 
seal with the appliance. Eversion is done as in an end ileostomy. 

 Fixation in this position is performed by placing four sutures through the skin 
edge, the seromuscular layer of the ileum at skin level, and the seromuscular and 
mucosal edge of the bowel, the so-called tripartite sutures. Supporting the limb in a 
loop ileostomy by a plastic rod is not necessary since the eversion is kept in place 
by the tripartite sutures. A rod may be responsible for bowel damage and skin exco-
riation. Suturing the bowel serosa to the posterior abdominal fascia is not necessary 
for fi xation either and may lead to bowel perforation and stomal fi stulae. One or two 
sutures are placed in between to further approximate the mucocutaneous junction. 

 Visual inspection of the stoma in the early postoperative period is of utmost 
importance. When stoma viability is doubtful, the extent can be judged by mucosal 

  Fig. 21.1    Well-created 
eversion colostomy       
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inspection through a glass tube inserted into the stoma. Nurses charged with post-
operative care must be well trained to detect early stoma complication. Early post-
operative inspection may prevent late complications. 

 Closure of the lateral gutter between the bowel and the abdominal wall is not 
necessary since internal herniation rarely occurs. Routine prophylactic placement of 
a mesh patch around the stoma to decrease the incidence of parastomal herniation is 
controversial because of the risk of infection. 

 In extreme obesity the fashioning of an enterostomy may be extraordinary diffi -
cult. When the mesentery is fatty, a generous (8–10 cm) incision may be made in the 
peritoneum and posterior rectus sheath so that the bowel can be brought out through 
the abdominal wall easily. Sutures are previously placed on each side of the extended 
incisions and tied after the bowel has been brought out. The surgeon should watch 
for any ischemic effects on the bowel produced by tying these sutures. It may also 
be diffi cult to bring the end of the ileum beyond skin level due to the thick abdomi-
nal wall and the shortened mesentery. A loop-end ileostomy may then be fashioned. 
The terminal ileum is delivered through the trephine approximately 5 cm from the 
closed bowel end, incised and everted at the proximal side. Adequate blood supply 
is thus guaranteed. 

 For temporary diversion, a loop ileostomy is usually preferred (Fig.  21.2 ). A 
right-sided loop colostomy (at the right side of the arteria colica media) is an alter-
native but has a higher overall stoma-related morbidity and reoperation rate. Loop 
ileostomy causes less skin excoriations, is less bulky, is associated with a lower 
incidence of peristomal sepsis and parastomal herniation or prolapse, and is easier 
to close, whereas a loop transversostomy has a much larger lumen, rarely stays 
everted, is usually inconveniently placed in the epigastrium, is quite malodorous, 
and frequently needs a rod. The rod is necessary to hold the loop colostomy in posi-
tion, to prevent retraction, and to achieve complete defunctioning. It should be in 
place for at least 5–6 days. A left-sided loop colostomy should never be constructed 
since it bears the risk of damage to the marginal artery during construction or 

  Fig. 21.2    Well-created loop 
ileostomy       

 

H.C. Kuijpers and S. Klok



263

closure and, hence, to the distal colonic blood supply after previous ligation of the 
inferior mesenteric artery. Construction of an end or split enterostomy for tempo-
rary use should be avoided when possible since restoration of continuity requires a 
regular laparotomy instead of a local procedure. An alternative is a side-to-side end 
ileostomy which does not require a regular laparotomy for closure. The bowel is 
completely divided, the proximal part everted as in an end ileostomy, and the distal 
end closed sutured to the side of the emerging bowel and at fascial or subcutaneous 
level. A cecostomy has become obsolete. It never completely diverts and often does 
not close spontaneously. A loop ileostomy usually remains adequately everted, but 
some spillover may occur. Complete defunctioning is obtained only by a split or 
side-to-side end ileostomy, but this is hardly ever necessary. When diversion is per-
formed for anastomotic dehiscence, the colon has to be washed out to prevent per-
sisting contamination from the leaking site. A Foley catheter is inserted through the 
efferent loop with both legs of the patient in stirrups and 3–6 l of warm saline is 
irrigated. If a stoma gives rise to leakage and skin irritation, correction may be nec-
essary. A well-trained stomatherapist can resolve many stoma complications. Most 
ileostomy complications can be managed by experienced stoma care, but 30–40 % 
requires surgical revision. Evaluation of the appropriate refashioning procedure 
involves careful clinical assessment between the surgeon and the stomatherapist.

   Early complications are peristomal sepsis, necrosis, and retraction (Figs.  21.3 , 
 21.4 ,  21.5 , and  21.6 ). They are usually the result of abdominal sepsis, too extensive 
mesenteric dissection and stretching of the bowel in order to reach the abdominal 
wall, or entrapment of the mesentery in the abdominal wall opening. In peristomal 
sepsis a protective barrier may be built to separate the stoma from the drainage site 
until granulation tissue has been formed. Skin barrier dressings such as hydrofi ber 
and alginate can be used. Stomal intubation is an alternative. Adequate drainage of 
the subcutaneous layer can be achieved by placing a small fl at drain around the 
stoma perforating the skin beyond the edge of the appliance. This could also be 
done as a prophylactic measure in abdominal sepsis. Resiting and proximal 

  Fig. 21.3    Necrosis of 
colostomy       
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  Fig. 21.4    Prolapse end 
ileostomy       

  Fig. 21.5    Stenosis of 
colostomy       

  Fig. 21.6    Dilatation of 
stenosis       
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deviation are other alternatives. Another cause of stomal sepsis is subcutaneous 
bowel perforation caused by fi xation sutures. After healing a fi stula will remain. 
The fi stula opening is normally adjacent to the mucocutaneous junction and can be 
incorporated into the pouching system. Necrosis and retraction may lead to con-
tamination of the abdominal wall and cavity with peristomal sepsis, occasionally 
life-threatening fasciitis necroticans, and secondary peritonitis. The extent of the 
necrosis should be assessed by mucosal inspection through a glass tube inserted into 
the stoma. Any sign of necrosis or retraction is suspect, should be assessed, and be 
an invitation for reconstruction. An early, aggressive approach, even in mild cases, 
will be rewarded. When, in mild cases, surgery is delayed too long, the patient will 
suffer from frequent leakage and painful skin irritation for months since stomal 
refashioning should not be attempted within the fi rst 10–12 weeks of the last lapa-
rotomy since the risk of damage to the small bowel with subsequent resection is 
considerable.

      Intestinal obstruction occurs in about 10 % after an abdominal intervention. 
When combined with an ileostomy, a too narrow trephine could be the cause of the 
intestinal obstruction. Insertion of a Foley catheter could be both a diagnostic and 
therapeutic intervention. It should be considered as an alternative when relaparot-
omy is considered. When the obstruction is at fascia level, the catheter will start to 
produce immediately after intubation and symptoms of obstruction will disappear 
within a few hours. The balloon should not be infl ated and the catheter removed 
after 24 h to avoid small bowel perforation due to pressure.    
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  This chapter will    cover three of the most common proctological disorders encoun-
tered in practice, hemorrhoids, fi ssure in ano, and fi stula in ano. Numerous pro-
cedures are advocated for their effective treatment, which relates in part to the 
diffi culty of minimizing disruption to anorectal function. Due to the many symp-
toms which may be attributed by patients to anal conditions, a clear history and a 
discussion of realistic outcomes are paramount. 

 This is particularly important in the treatment of hemorrhoids which are highly 
prevalent and may be asymptomatic. After controlling for preoperative symptoms 
and postoperative complications in a series of 350 patients, patient dissatisfaction 
was independently related to recurrent or residual anal pain. It was noted that the 
dissatisfi ed group (16 %) were more likely to have a preexisting history of irritable 
bowel syndrome [ 1 ]. It is important therefore to distinguish between true complica-
tions and those relating to unrealistic expectations or inadequate diagnosis. 

    Hemorrhoids 

    Introduction 

 Established operative interventions for the treatment of hemorrhoids include open 
(Milligan-Morgan) and closed (Ferguson) hemorrhoidectomy which may be 
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performed using bipolar energy devices (e.g., LigaSure). More recent techniques 
include stapled hemorrhoidopexy (PPH) and Doppler hemorrhoidal artery ligation 
(HAL) with or without rectoanal mucopexy. This array of techniques testifi es to the 
inadequacy of a single technique for the treatment of all cases. The range of clinical 
manifestations of hemorrhoidal disease requires the surgeon to select an appropriate 
technique. Rubber band ligation, injection sclerotherapy, and photocoagulation will 
not be covered in this section. 

 Conventional hemorrhoidectomy, including open, closed, submucosal, and 
LigaSure variants, is less likely to result in residual hemorrhoidal symptoms com-
pared with a stapled approach which has been shown to result in a threefold increase 
in overall recurrence and a higher long-term reoperation rate [ 2 ,  3 ]. However, PPH 
(procedure for prolapse and hemorrhoids) and HAL result in reduced postoperative 
pain and a more rapid return to activity. A recent Cochrane review also reported no 
signifi cant difference between conventional and stapled techniques for other 
reported outcomes including recurrent bleeding, pruritus, passive fecal incontinence 
or urgency, residual/recurrent skin tags, anal stenosis, quality of life, or recurrent 
pain [ 3 ]. LigaSure hemorrhoidectomy reduces early postoperative pain and time off 
work compared with diathermy excision [ 4 ]. Postoperative pain scores with 
LigaSure are equivalent to stapled hemorrhoidectomy with a reduction in recurrent 
hemorrhoidal prolapse when compared with PPH [ 5 ,  6 ]. The decrease in pain is 
thought to be related to improved control of thermal energy transmission to the tis-
sues (Figs.  22.1  and  22.2a, b ).

    It is generally accepted that in elderly patients, the contribution of hemorrhoidal 
tissue to continence may be signifi cant, and consideration should be given to non-
operative management in this group, particularly when only minor symptoms are 
present. Although hemorrhoidectomy has not been described as a risk factor for 
fecal incontinence in a recent US federal report, the fi ne balance of continence vs. 
incontinence in the elderly, especially women, should alert the clinician to avoid 
surgery in this group where possible [ 7 ]. 

 Major complication following hemorrhoidectomy is rare. Pelvic sepsis may 
complicate rubber band ligation, injection sclerotherapy, and conventional hemor-
rhoidectomy although the frequency appears to be lower than with stapled tech-
niques [ 8 ]. Pruritus ani may result from iatrogenic internal anal sphincter (IAS) 
injury, from the loss of hemorrhoidal tissue in the elderly, or rarely due to mucosal 
ectropion resulting from the suturing of anorectal mucosa below the level of the 
IAS, as can occur after an incorrectly performed Whitehead’s procedure. Reactive 
bleeding is an avoidable complication and wounds must be carefully inspected for 
bleeding at the end of the procedure and under run if required. Secondary hemor-
rhage is managed conservatively if at all possible. 

 In the case of the acutely thrombosed but not gangrenous hemorrhoid, every 
attempt should be made to avoid surgery. Ice packs, adequate analgesia, and a 
hygroscopic agent (such as honey) facilitate a conservative approach. Following 
resolution of the acute episode, the appropriate operative or nonoperative manage-
ment option can be administered based on the clinical scenario after the acute 
infl ammation has settled.  
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    Prevention and Treatment of Complications 

    Conventional Hemorrhoidectomy 

 During the procedure, it is recommended that the right posterior (7 o’clock) and left 
lateral (3 o’clock) hemorrhoids are excised prior to the right anterior (11 o’clock) 
hemorrhoid in order to minimize disruption of the fi eld with bleeding. 

 Minor continence disturbance is common after hemorrhoidectomy (50 %) but 
usually settles within 6 weeks [ 9 ]. It results from the replacement of sensate anorec-
tal epithelium with fi brosis and generally occurs in the elderly who may have a 
history of incontinence. 

 Postoperative pain is a major concern of patients if not strictly a complication 
of hemorrhoidectomy. Ambulatory hemorrhoidectomy has signifi cant advantages 
and has been widely adopted but is not compatible with the use of epidural mor-
phine. The use of GTN ointment 0.2 % and ketorolac have been demonstrated to 
reduce pain in randomized trials, whereas the use of long-acting local anesthetic 

  Fig. 22.1    Injection into 
the submucosa space of 
a dilution of 1:200,000 
adrenaline in saline to 
facilitate a clear views 
of the dissection plane.       
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is not supported. The evidence for botulinum toxin and metronidazole is 
confl icting. 

 Massive reactive hemorrhage refl ects a technical error and relates to inadequate 
ligation of the arterial pedicle. This complication is reduced with the use of suture 
ligation. Delayed hemorrhage occurs between 3 and 14 (most frequently 4 and 6) 
days postoperatively at a frequency of 2 % and relates to sepsis around or erosion of 
the pedicle suture. It is not considered to be a preventable complication and should 
be managed with conservative measures including balloon tamponade with a Foley 
catheter in severe cases. 

 The prevalence of postoperative urinary retention has been described to be as 
high as 20 % in historical series. These rates have reduced dramatically after the 
introduction of ambulatory hemorrhoidectomy. Perianal pain results in a failure of 
urinary sphincteric relaxation which is partially mitigated using day surgery anes-
thetic techniques. Intravenous fl uid overload has also been described to be an impor-
tant predictor of retention. Urinary voiding should not be considered a prerequisite 
for discharge, except in those with known bladder outfl ow disease. Postprocedural 
constipation relates to pain and narcotic analgesia which should be treated actively 
with stimulant and bulk laxatives in titrated doses. 

a

b

  Fig. 22.2    ( a ,  b ) Wounds 
following open (Milligan-
Morgan) and closed 
(Ferguson) 
haemorrhoidectomy, 
undertaken using diathermy 
and scissor dissection 
respectively.       
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 The incidence of severe sepsis following conventional hemorrhoidectomy is 
extremely rare and restricted to case reports alone. It may manifest as Fournier’s 
gangrene or systemically due to translocation. It is prudent to give prophylactic 
antibiotics to immunocompromised patients in whom these complications are more 
common. 

 Anal stricture will not occur provided adequate skin bridges are preserved. 
Submucosal veins spared beneath skin bridges may become engorged and manifest 
as a “recurrence” which can be avoided by ligating vessels beneath skin bridges to 
avoid the need for a Whitehead’s procedure in extensive disease. The vast majority 
of anal strictures, which may follow any hemorrhoidectomy procedure, respond to 
simple dilatation. For mild to moderate stenoses, unilateral or bilateral VY or house 
advancement fl aps are appropriate. However, in severe cases where more than 50 % 
of the anal canal requires reconstruction, rotational fl ap reconstruction, which covers 
a greater surface area without tension, may be required. Acute hemorrhoidal throm-
bosis with supervening gangrene requires the surgeon to denude the anal canal cir-
cumferentially and is not a recommended technique. Conservative treatment as 
detailed earlier is the best option. In situations where it is absolutely necessary to 
perform surgery in the acute setting and where the anal canal is completely denuded, 
delayed anoplasty will be required. The stricture is completely excised, and thereaf-
ter, the rectal mucosa is sutured to a sphincterotomized internal anal sphincter in 
order to widen the anal canal. Prophylactic antibiotics and preoperative phosphate 
enema are indicated, particularly when extensive skin fl aps are to be raised. Ectropion 
may complicate open hemorrhoidectomy or anoplasty since the anorectal mucosa 
can migrate to cover the denuded area, below the anal canal. This may be prevented 
by suturing excess mucosa to a level above the caudal extent of the IAS.  

    Stapled Hemorrhoidectomy 

 Acute postoperative pain is less frequent after PPH than conventional hemorrhoid-
ectomy [ 3 ]. Complications, including severe postoperative pain at 1 week, are sig-
nifi cantly more frequent in those patients who had squamous (but not merely 
transitional) epithelium identifi ed within the resection “doughnut” [ 10 ,  11 ]. There 
was no signifi cant association between the inclusion of rectal muscle wall and these 
complications. Chronic pain of unknown origin has been termed the PPH syndrome 
and although uncommon can be extremely disabling and diffi cult to treat. It has 
some features in common with the low anterior resection syndrome [ 12 ]. Its etiol-
ogy is unknown but has been postulated to relate to the formation of a rectal pocket 
or rectal inclusion cysts caused by the purse string partially cutting through the 
rectal mucosa prior to the deployment of the staples. An intramural or submucosal 
diverticulum thus formed may be complicated by local infection and require a fur-
ther surgery to lay open the pocket. It has been suggested that staple line irritation 
of branches of the pudendal or sacral nerve spindles in the pelvic fl oor may mediate 
the symptoms. The chronic pain associated with PPH syndrome may respond to oral 
nifedipine in some circumstances and may be effective after topical GTN has failed, 
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suggesting an etiology outside the anal canal. Agrapphectomy or staple line revision 
by excision and hand suture is also advocated as an effective treatment. More con-
servative measures such as transanal electrostimulation, topical steroids, and local 
anesthetics are useful in some but not all cases [ 13 ]. 

 Complete rectal obliteration has been reported at least six times and on one occa-
sion has led to a patient’s death. It is thought to result from anvil placement to the 
side of rather than through the purse string, possibly related to an unrecognized 
intussusception. The closed purse string obliterates the rectal lumen before it is 
stapled closed by the PPH device [ 14 ,  15 ]. 

 Further complications related to the PPH staple line range from asymptomatic 
pneumoretroperitoneum to gross pelvic sepsis requiring emergency resection. 
Rectal perforation is thought to result from ischemic dehiscence of a staple line that 
incorrectly includes the full thickness of the rectal wall and has been reported at a 
frequency of 0.1 % [ 16 ]. The integrity of the anastomosis should be checked in all 
cases and any defect repaired promptly. Pelvic sepsis after stapled procedures typi-
cally present with severe pain, fever, and urinary symptoms or frank septic shock 
within 7 days of surgery, although delayed presentation after 5 weeks has been 
reported. Cases associated with a recognized stapler malfunction are diagnosed ear-
lier than those without, suggesting the need for a higher index of suspicion. 

 Rectovaginal fi stula is a rare but devastating complication described only in 
association with stapled techniques. It is considered to be mediated by an ischemic 
injury rather than direct mechanical insult and consequently presents several days 
following surgery. The injection of saline into the anterior rectal submucosa or wall 
may reduce the possibility of including deeper structures in the purse string. Careful 
inspection and palpation of the posterior vaginal wall and rectovaginal septum 
while ascertaining the presence or absence of a prolapsed pouch of Douglas remain 
mandatory intraoperative precautions. Enterocele, which should be considered par-
ticularly in women who have undergone hysterectomy, contraindicates PPH due to 
the risk of intestinal perforation [ 17 ]. 

 Tenesmus has not been included as a secondary outcome in meta-analyses but 
one prospective RCT reported a rate of 50 % at 1 year following PPH for fourth- 
degree hemorrhoids. Fecal soiling may be induced by a low staple line or internal 
sphincter fragmentation due to the insertion of the large caliber stapling device and 
should be carefully considered in multiparous women and perhaps men with ele-
vated anal tone. 

 Reactive hemorrhage after PPH can be managed with submucosal injection of 
1–2 ml of 1:100,000 adrenaline although it is often more effective to apply direct 
pressure with a fi nger or gauze and return the patient to theatre for suture ligation of 
the bleeding pedicle. Late bleeding from a granulomatous foreign body reaction to 
staples can occur between 6 weeks and 4 months and may resemble staple line pol-
yps. Excision of the staples, “agrapphectomy,” may be required.  
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    Hemorrhoidal Arterial Ligation 

 Doppler-guided hemorrhoidal arterial ligation (HAL) or transanal hemorrhoidal 
dearterialization (THD) is a non-excisional technique which may be performed with 
a concomitant mucopexy. Systematic review (of observational studies and one pro-
spective RCT), including patients with third- and in some cases fourth- degree hem-
orrhoids, has indicated that although early postoperative pain is not uncommon 
(18.5 %), there is otherwise minimal procedure-related morbidity [ 18 ]. Overall 
recurrence rates of prolapse and bleeding after a relatively short median follow-up 
period of 12 months were 9 and 8 %, respectively, while 5 % described defecatory 
pain and 2.3 % fi ssure. In patients with third- and fourth-degree hemorrhoids, a 
mucopexy was found to be associated with a nonsignifi cant reduction in the rate of 
relapse [ 18 ]. 

 It has been demonstrated that neither PPH nor HAL completely interrupts the 
branches of the superior hemorrhoidal arteries as hypothesized. Bleeding from the 
staple line after PPH may be minimized by using the more hemostatic PPH3 device, 
tightening the stapling device fully, using an endoanal sponge, and underunning of 
the anastomosis.   

    Conclusions 

 Contemporary meta-analysis has demonstrated that hemorrhoid recurrence is sig-
nifi cantly less frequent after conventional than stapled hemorrhoidectomy, 
although the follow-up interval remains short. The main advantage therefore of 
stapled hemorrhoidectomy relates to reduced early postoperative pain and return to 
function, which remains an important concern. The use of LigaSure™ has a cost 
implication but has been demonstrated to offer comparable pain scores to the sta-
pled technique. Acute postoperative pain resolves within 3 weeks after diathermy 
excision. There are no other signifi cant differences in outcome on meta-analysis, 
though some rare complications particular to stapled hemorrhoidectomy are well 
documented. 

 The most appropriate technique can be selected with reference to the grade and 
symptoms which can be attributed to the patient’s hemorrhoids. The presence of 
skin tags, which can be a signifi cant concern to the patient, is included in modern 
classifi cations. Rubber band ligation, excisional hemorrhoidectomy, and stapled 
hemorrhoidectomy can be employed on a continuum. The choice between increased 
acute postoperative pain, common after excision, and rare but serious complications 
after stapled hemorrhoidectomy should be presented to the patient during preopera-
tive counselling.   
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    Fissure in Ano 

    Introduction 

 A recent Cochrane review has compared a number of techniques in the treatment of 
fi ssure in ano [ 19 ]. It was reaffi rmed that the practice of anal stretch should be aban-
doned due to a higher rate of fi ssure persistence and fl atus incontinence than other 
techniques. The review included botulinum toxin injection and variations of sphincter-
otomy as well as the relatively novel techniques of controlled balloon dilatation 
(a variant of anal stretch) and sphincterolysis which requires fi rm digital pressure to 
fragment the lateral fi bers of the internal sphincter. Incontinence, which is usually 
minor, is the most serious complication with an incidence of less than 5 % in all but one 
series. Comparative RCTs would suggest that fi ssurectomy is less effi cacious than uni-
lateral partial lateral sphincterotomy or sphincterolysis which in turn may be less effec-
tive than bilateral partial lateral sphincterotomy. Comparison between trials was again 
hampered by differences in the defi nition of recurrence and length of follow-up. 

 The technique of lateral internal sphincterotomy may vary in relation to patient 
positioning (left lateral, lithotomy, or prone jackknife) and approach (open or closed 
and the direction of internal anal sphincter division). 

 A lateral rather than a posteriorly placed incision was favored by Eisenhammer, 
and this was supported by the work of Goligher and Bennett who recorded high 
rates of fl atus (34 %) and fecal (15 %) incontinence following posterior sphincter-
otomy. However, the only RCT to compare these approaches ( n  = 41) favored lateral 
sphincterotomy with respect to fi ssure healing time but did not demonstrate a differ-
ence in continence between posterior and lateral sphincterotomy in contrast to this 
well established principle [ 20 ]. 

 Eisenhammer initially advocated division of four fi fths the length of the internal 
sphincter although subsequently recommended only half be divided. Sphincterotomy 
to the dentate line reduces recurrence when compared with tailored sphincterotomy 
to the cephalad extent of the fi ssure with no difference in the rates of incontinence 
(Wexner scale). 

 A large nonrandomized series comparing the open and closed approaches with 
mean follow-up of 36 months reported persistent symptoms in 4 %, recurrence in 
10 %, and a change in anal continence in 37 %. No signifi cant difference in fi ssure 
resolution was detected; however, continence was impaired in a signifi cantly higher 
proportion of patients after open sphincterotomy [ 21 ]. Lateral to medial closed divi-
sion from the intersphincteric space minimizes inadvertent damage to the external 
sphincter in comparison to a medial to lateral division. 

 The advancement fl ap is an alternative treatment, typically used in the setting of 
a low-pressure fi ssure. In a small RCT in comparison with (DCR 1995 69) sphinc-
terotomy, no difference in the rate of incontinence was noted although in 3 of 20 
patients, the fl ap did not heal. A recent study supports the use of advancement fl ap 
in the treatment of high-pressure fi ssure, reporting an aggregate recurrence rate and 
wound failure rate of less than 6 % with no associated incontinence [ 22 ]. 
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 Recent study has demonstrated that patients with low-pressure fi ssure may have 
a different physiological response to botulinum toxin which paradoxically increases 
tone [ 23 ]. This treatment may be inappropriate for those with low anal tone 
therefore. 

 Chronic fi ssure may be associated with anal stenosis, particularly in those who 
have undergone hemorrhoidectomy. This may be treated with excision of the fi s-
sure, with posterior internal sphincterotomy, and if necessary with a broad based, 
tension-free VY advancement fl ap. 

 It is important to discriminate between fi ssure and ulcerative diseases of the anal 
canal which may be associated with HIV infection such as syphilis, chancroid, 
chlamydia, tuberculosis, herpes simplex, cytomegalovirus, squamous cell carci-
noma, Kaposi’s sarcoma, and B-cell lymphoma. All ulcers which are slow to heal 
should be biopsied and tested for acid fast bacilli. It may be diffi cult to distinguish 
between tuberculosis and Crohn’s disease, and the identifi cation of pulmonary dis-
ease may assist with the diagnosis. Formal investigation of the gastrointestinal tract 
may be appropriate in selected cases. Fissure may be the sole manifestation of 
Crohn’s disease where the majority are situated in the anterior or posterior midline 
and are painful in approximately 50 % cases [ 24 ]. There is no role for internal 
sphincterotomy in these patients and medical treatment will treat the fi ssure in 
70 % cases.  

    Prevention and Treatment of Complications 

 Flatus or fecal incontinence is the only major complication from sphincterotomy 
although several immediate complications are noted in the literature including 
ecchymoses or hematoma (2 %) and perianal abscess, fi stula in ano, and hemor-
rhage (all 1 %). Hematoma usually results from inadequate manual pressure on the 
wound at the completion of the procedure. Hemorrhage may require suture ligation 
and is more common after the open technique. Perianal abscess is more common 
after closed sphincterotomy and is virtually always associated with a fi stula initiated 
by inadvertent breach of the mucosa during closed sphincterotomy. If the correct 
plane has been developed during sphincterotomy, any subsequent fi stula will be low 
and intersphincteric and therefore can be laid open. 

 Hemorrhoidal prolapse may also complicate internal sphincterotomy and since 
simultaneous hemorrhoidectomy has not been demonstrated to increase the rate of 
complications, it is reasonable to perform a prophylactic procedure for bulky hem-
orrhoids. However, hemorrhoidal tissue may make a substantial contribution to con-
tinence in the elderly. 

 The female sphincter is shorter and may be injured (structurally or functionally) 
during parturition. Perineal shortening should alert the clinician to the strong pos-
sibility of sphincteric injury. Obstetric injury is more common than once appreci-
ated and may remain subclinical for a substantial period, and caution should be 
exercised when considering sphincterotomy. It is recommended that in those with a 
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history of anal surgery or obstetric complication, anorectal physiology should be 
acquired to guide management. Nine out of ten women undergoing lateral sphinc-
terotomy for fi ssure in ano were found to have unintentional complete division on 
postoperative ultrasound [ 25 ]. A retrospective analysis has demonstrated that the 
only predictor of postoperative incontinence after internal sphincterotomy was the 
length of the residual sphincter. Frank fecal incontinence is very rare, and if associ-
ated with inadvertent injury to the EAS, direct or overlapping repair may be per-
formed with good results. 

 A randomized trial established that treatment under local anesthesia was associ-
ated with delayed healing in 50 % of cases, compared with only 3 % of those per-
formed under general anesthesia [ 26 ].  

    Conclusions 

 Should conservative measures fail in the treatment of fi ssure, a trial of botulinum 
toxin can be performed. Where this also fails, a lateral sphincterotomy to the dentate 
line should be performed in men with normal tone and anorectal function. Current 
evidence suggests that advancement fl ap might be considered in all patients at risk 
of continence disturbance, for example, those with clinically abnormal anorectal 
function, previous anal surgery, and particularly in women with anterior fi ssure, a 
history of complicated labor, or multiparity. Should advancement fl ap fail, in any 
individual with such risk factors, anorectal physiology and endoanal ultrasound 
would be recommended prior to consideration of lateral sphincterotomy. Botulinum 
toxin may exacerbate symptoms in low-pressure fi ssure and further investigation 
might be considered to exclude alternative causes prior to consideration of primary 
surgical treatment with an advancement fl ap.   

    Fistula In Ano 

    Introduction 

 The complications of operative treatment for fi stula in ano are (1) persistence of 
sepsis from inadequate drainage and (2) unacceptable fecal incontinence with refer-
ence to preoperative expectation. The treatment of complex disease (high trans-
phincteric, suprasphincteric, or those with secondary extensions) may require a 
compromise between these two critical outcomes. Research into methods that can 
preserve sphincter integrity and reliably cure the fi stula continues. 

 This section will not detail the possible reconstructive options following planned 
high division of the external sphincter but will outline a strategy to approach this 
problem. The treatment of recurrence utilizes the same principles as with primary 

C. Thorn and J. Warusavitarne



277

disease albeit in a more complex anatomical context. Complex recurrences ought to 
be managed at a tertiary center. The best way to prevent such complications is to 
correctly treat the primary disease which itself demands a comprehensive apprecia-
tion of the fi stula anatomy and the baseline anorectal function of the patient. 
Extrasphincteric fi stulas arise from pelvic pathology and are not included in this 
chapter. 

 The published literature includes very few randomized trials which are generally 
underpowered. It is often not practicable to compare trials since follow-up is often 
short and populations under study are heterogeneous. It is diffi cult to defi ne either 
complex fi stula anatomy or outcomes. Recent Cochrane review reiterated the need 
for randomized trials and concluded from the 18 studies included that there was no 
signifi cant difference in recurrence between the various techniques employed [ 27 ]. 

 Park’s classifi cation of fi stulae is based on the cryptoglandular hypothesis and is 
applicable in over 90 % of fi stulae presenting in the United Kingdom. The remain-
der are secondary, associated with infl ammatory bowel disease (predominantly but 
not exclusively Crohn’s disease), pilonidal disease, hidradenitis suppurativa, malig-
nancy, tuberculosis, and trauma (including iatrogenic) [ 28 ]. For this reason, routine 
histological evaluation of the fi stula tract is recommended. In addition to the pres-
ence of a secondary cause, Miles defi ned the key attributes of a fi stula to be the sites 
of the internal and external openings, the course of the primary tract, and the pres-
ence of any secondary tracts; indeed, the common reasons for surgical failure are 
inadequate treatment of the primary tract, secondary extensions, and, less com-
monly, an unrecognized secondary cause. 

 The goal of fi stulotomy is to create an acute wound where the subsequent infl am-
matory process will result in wound healing. Infected niduses require drainage, the 
initiating diseased intersphincteric anal gland requires excision, and tracts must be 
completely de-epithelialized, requiring curettage and sharp dissection.  

    Patient Assessment 

 At the initial consultation, baseline continence including stool type must be estab-
lished as well as risk factors for subclinical loss of function, such as previous anal 
surgery or childbirth, which may be unmasked following surgery. The impact of an 
equivalent loss of continence varies widely between individuals, and the impor-
tance of careful attention to the patient’s attitudes and expectations cannot be over-
emphasized (Fig.  22.3 ).

   Examination of the conscious patient allows assessment of global pelvic fl oor 
function through the surrogates of perineal position at rest and during straining and 
may also enable the accurate assessment of the sphincter cephalad to the primary 
tract. An accurate appreciation of this distance is essential for appropriate decision 
making. The internal opening may be palpated as a grain of sand or rice. A Graeme- 
Anderson oblique viewing proctoscope is ideal for visualizing this site in the clinic. 
Goodsall’s rule generally applies though an important exception is the fi nding of 
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  Fig. 22.3    The St. Mark’s fi stula proforma is used to clearly record the intra-operative fi ndings.       
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unilateral or bilateral openings over 3 cm anterior to the anal verge which may rep-
resent anterior extensions of a posterior horseshoe. Induration of the levator plate 
may indicate a high primary tract in the roof of the ischiorectal fossa, a suprasphinc-
teric fi stula, or more commonly secondary extensions. The relationship between the 
tract and the anorectal ring – puborectalis posteriorly and the upper external sphinc-
ter anteriorly – can be assessed by asking the patient to contract the sphincters dur-
ing digital examination. Sigmoidoscopy is obligatory to detect concomitant mucosal 
disease. 

 Preoperative imaging with gadolinium-enhanced STIR sequence magnetic reso-
nance imaging is a valuable adjunct in surgical planning and is required in patients 
with recurrent fi stula who are more likely to have associated deformity or a nonclas-
sical tract orientation or in cases where examination has failed to convincingly 
clarify fi stula anatomy. It is not possible to discriminate the mucosa, submucosa, or 
internal sphincter using MRI, and therefore, the internal opening may not be clearly 
seen. 

 Examination under anesthesia permits further characterization although with 
reduced muscle tone. The site of the external opening will often differentiate an 
intersphincteric (within the pigmented perianal skin) from a transphincteric or 
suprasphincteric fi stula. If a cord is palpable immediately outside the external 
sphincter, a superfi cial transphincteric fi stula is likely, which may be amenable to 
simple lay open. The internal opening is most commonly situated at the dentate line 
in the posterior midline where the decussating fi bers of the EAS are weakest. It is 
this anatomical feature of the EAS which underlies Goodsall’s rule. The internal 
opening may be palpable and inspected through gentle traction on the papillae 
which may be augmented through direct pressure on the tract to reveal a bead of pus 
at the internal opening. Instillation of hydrogen peroxide via the external opening 
may assist its identifi cation. If the internal opening has epithelialized or scarred, a 
bulge may be seen at the dentate line. Hydrogen peroxide has the advantage of not 
staining the tissues, and bubbles formed at the internal opening assist in its localiza-
tion. Alternatively, tethering or dimpling may be seen on opening an Eisenhammer 
retractor in the canal. 

 The fi stula may run an eccentric course through the external and sometimes 
internal sphincters, and care must be taken when probing to avoid the creation of a 
false passage while leaving the true internal opening unrecognized. This will result 
in the creation of a more complex fi stula. Where the course is not clear, the use of 
both the crypt hook and a suitable probe (via the internal and external openings, 
respectively) using a “fencing” movement may assist its identifi cation. The place-
ment of a loose-seton (Latin: bristle) suture can delineate the extent of sphincter 
involvement, may improve assessment in the conscious patient, and is used to eradi-
cate sepsis prior to a defi nitive procedure. 

 In principle, intersphincteric and low transsphincteric (involving less than 30 % 
EAS) tracts may be laid open with reference to the baseline function of the patient. 
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If the internal opening is at the dentate and the tract is intersphincteric, then the 
anoderm and IAS are divided over the probe. If an intersphincteric dissection is 
required in order to drain extensions, for example, a curved incision reduces the 
chances of inadvertent damage to the sphincters. Great caution must be exercised in 
women with anterior transphincteric fi stula where the canal is short and may have been 
injured during parturition. In this situation, division of 30 % of the EAS may result in 
unacceptably poor function. If    a transphincteric tract is found to be high and doubt 
exists as to whether it can be opened safely, the IAS should be divided in order to 
excise the involved anal gland and the primary tract outside the EAS is laid open or 
excised. Effective lay open may require division of the anococcygeal ligaments to gain 
access to the deep postanal space in the case of high posterior tracts. Thereafter, a seton 
can be placed through the affected external sphincter and the implications of division 
discussed with the patient. Options thereafter include a long-term drainage seton, inter-
val removal of the seton (after wound healing) with 40 % recurrence rate but preserva-
tion of sphincter function, and a snug or cutting seton to slowly divide the sphincter in 
an attempt to preserve function (minimal recurrence) or lay open (staged or otherwise) 
depending upon the amount of sphincter remaining [ 29 ] (Figs.  22.4a–e  and  22.5 ).

    High transphincteric and suprasphincteric tracts should not be laid open primar-
ily due to the extent of external sphincter division. A high, apparently blind tract 
may represent an unrecognized extrasphincteric fi stula arising from pelvic or 
abdominal sepsis or a presacral dermoid with a healed internal opening, though this 
scenario is now rare due to improved access to high-quality preoperative imaging. 

 When the primary tract cannot be defi ned using Lockhart-Mummery or lacrimal 
probes, dissection from the external opening may be undertaken in order to negotiate 
an acute bend in a horseshoe, for example, the tract may peter out before reaching the 
intersphincteric space. In this situation, the procedure should be abandoned to prevent 
iatrogenic injury which will render the situation more complex still. If dissection into 
the intersphincteric space is achieved but no internal opening can be found, it is likely 
to have healed and a one quadrant mucosectomy, to include this site, is effective. 

 Secondary tracts must also be identifi ed and treated at this time. Persistence of 
granulation tissue despite curettage of the primary tract indicates a secondary tract 
or intersphincteric extension, which will require drainage. Removing granulation 
tissue with a curette (avoid the use of a probe in this situation) must be performed 
with great care under these circumstances in order to avoid iatrogenic breeches of 
unaffected anorectal mucosa. A fi nger should be placed within the anorectum to 
minimize this possibility, particularly when curetting supralevator extensions or 
within the intersphincteric space. 

 Wound care after lay open is an essential element of management, and the patient 
must digitate open wounds to prevent “bridging” of the granulation tissue which 
can predispose to recurrent localized sepsis which may initiate fi stula recurrence. 
Marsupialization of the wound may contribute to successful outpatient management. 

 Division of the anorectal ring can result in total incontinence. Caudal to this 
level, the defi cit in continence varies with the level of division and is reported to 
vary between 5 and 40 % [ 30 ]. The most important determinants of continence are 
the patient’s preoperative function and the length of EAS cephalad to the fi stula 
tract. The treatment of the cryptoglandular focus in the intersphincteric space is 
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achieved by laying open the internal sphincter to this level (typically at the dentate 
line) with a concomitant risk of 30 % mild mucus leak or loss of fl atus control. The 
results of surgery are predicted better by clinical features than objective physiologi-
cal measurements. In general, at least 2 cm of normal sphincter (or 1/3 entire sphinc-
ter length) above the fi stula tract in a patient with normal continence and a solid 

a

c
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  Fig. 22.4    ( a ) A fi stula track in the 3’o’clock position has been dissected to the roof of the ischio-
rectal fossa and the anus has been obscured by a self-retaining retractor. ( b ) A probe is inserted into 
the external opening but cannot safely reach the internal opening. Thereafter, a second probe is 
inserted via the internal opening and guided through the physical contact or ‘fencing’ between the 
two probes. ( c ) The probe through the internal opening is thereby navigated safely into the wound 
superfi cial to the external sphincter and ( d ) a loose seton is placed to drain this track. ( e ) The con-
fi guration of the track is illustrated in the accompanying schematic.       
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stool permits the surgeon to divide the muscle with only the consequences of inter-
nal sphincter division described above. This is not the case in an anterior tract in 
women where a much more conservative approach is required. 

 Overlapping repair of the divided EAS has been reported to be successful (65 % 
grade I and II continence) and can be performed immediately or as a staged proce-
dure where a stoma is raised at the time of high sphincterotomy and the wounds are 
allowed to heal with the consequent exclusion of sepsis before sphincter repair is 
undertaken [ 31 ]. Following this, the stoma is reversed only after confi rmation of 
adequate function as indicated by the ability to retain a porridge enema or similar. 

 Staged fi stulotomy is intuitively attractive since the distal EAS is left intact with 
the intention of allowing the partially divided sphincter above to heal before the 
sphincterotomy is completed. Despite high rates of fi stula eradication, the func-
tional results are highly variable and the technique has lost popularity. 

 The cutting seton is associated with high rates of fi stula eradication; however, 
poor function and patient discomfort limit its acceptability, and the “snug” seton, 
which cuts more slowly and is more comfortable, may offer a better solution [ 32 ]. 
Patient selection for this technique is identical to lay open with respect to the amount 
of sphincter that can acceptably be divided. It has been recommended for patients 
with good preoperative function in whom less than two-thirds of the sphincter 
requires division (less than one-third anteriorly in women). 

 The use of advancement fl aps is an attractive proposition since it avoids sphincter 
muscle division. Eltings’s original principles remain pertinent; the tract must be 
separated from communication with the bowel, and adequate closure removal of all 
diseased tissue in the anorectal wall must be achieved [ 33 ]. Sphincter-preserving 
techniques are particularly prone to failure should sepsis not be completely eradi-
cated from either the primary tract or secondary extensions. Further requirements 
are that the fl ap be well vascularized and tension-free and should be anastomosed to 
a site well distant to the excised internal opening. Mucosal fl aps are associated with 
higher rates of recurrence, whereas deeper fl aps are associated with unpredictable 

  Fig. 22.5    Demonstrating a 
low transphincteric fi stula in 
ano treated with fi brin glue 
but which may have been 
amenable to simple lay open.       
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postoperative sphincter function which can be severe in the event of wound break-
down. Large internal openings (>2.5 cm) and the presence of infection are contrain-
dications to advancement fl ap. The technique is impracticable in the densely 
infl amed “woody” perineum. Published results from selected series are variable, but 
overall success rates are in the region of 50–60 % with minimal functional morbid-
ity. Preoperative antibiotics are indicted prior to advancement fl ap surgery. 

 The LIFT procedure (ligation of intersphincteric fi stula tract) has been described 
and is based on an earlier technique developed at St. Mark’s Hospital [ 34 ]. The 
operation involves excision of the intersphincteric component of the fi stula alone, 
accompanied by ligation of the tract close to the internal opening and excision of 
granulation tissue in the remaining tract. The reported eradication rate varies 
between 40 and 94 % in reported series. 

 Fibrin glue has been used to avoid surgical dissection completely and early 
reports held promise. However, it does not facilitate host cell integration or revas-
cularization and therefore does not function as a scaffold for repair. After degrada-
tion, fi stula recurrence can manifest as “recurrent” sepsis despite healed internal and 
external openings. The fi stula plug (porcine intestinal submucosa) was considered a 
superior biomaterial but results also demonstrate a recurrence rate of 50–60 %. 
These sphincter-sparing techniques have hitherto been examined only in the context 
of selected fi stulae which may be treated without signifi cant complication by more 
traditional methods. Sphincter-sparing techniques have not yet been demonstrated 
to compete with sphincter-dividing techniques in the treatment of more complex 
fi stulae in ano.  

    Conclusions 

 The prevention of complications in surgery for fi stula in ano depends upon a com-
prehensive appreciation of fi stula anatomy which must be supplemented with high- 
quality imaging with contrast-enhanced magnetic resonance imaging when there is 
uncertainty on clinical assessment alone. This information enables appropriate sur-
gical planning and patient counselling and must be correlated with clinical exami-
nation in the conscious and anesthetized patient. 

 Undrained sepsis propagates fi stulation, increasing the complexity of future 
treatment, and must be controlled. Sphincter-sparing techniques have a substan-
tial rate of failure but can be repeated if necessary in patients unwilling to enter-
tain the implications of sphincter division. Fistulotomy and fi stulectomy are the 
most effective techniques for fi stula eradication though inevitably result in a 
degree of continence disturbance, related to the length of cephalad residual 
sphincter and preoperative anorectal function. Fistulectomy can be performed by 
different techniques (cutting seton, staged fi stulotomy, lay open), but results are 
similar. 

 Recurrent, suprasphincteric, and extrasphincteric disease as well as sphincter 
reconstruction should be referred to a high-volume specialist center.      
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        Closure of Abdominal Wall 

    Early Postoperative Complications After Closure 
of Abdominal Wall 

 Wound complications that occur after closure of laparotomy remain challenging. 
Early wound complications included subcutaneous wound infection, deep wound 
infection, dehiscence, fi stula, and suture sinus. Surgical site infections and wound 
and tissue dehiscence are the most frequent postoperative complications in gastro-
intestinal surgery that surgeons have to deal with, and usually both of them are 
related one to another. In fact, concurrent infection is a risk factor for abdominal 
wound dehiscence, and the prevention of wound infection would reduce 
substantially the incidence of dehiscence and herniation in abdominal wounds. 
Presence of bacteria in the healing tissue affects all processes of healing and pro-
motes impairment of collagen synthesis and release of proteolytic enzymes, which 
promotes dehiscence by decreasing the suture-holding capacity of the tissue [ 1 ]. 
When present, infection and disruption of wounds and tissues are associated with a 
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higher risk of reoperation and a prolonged postoperative admission [ 2 ]. On    the other 
hand, disruption of the local vascular supply, thrombosis of the vessels, and tissue 
hypoxia [ 3 ] bacterial contamination in the wound will affect the process involved in 
healing increasing the risk of wound infection, delayed healing, and dehiscence. 

 As it has been mentioned, traditionally, local factors such as the degree of con-
tamination and the surgical technique have been regarded as strong predictors for 
surgical site infection, wound dehiscence, and hernias [ 4 ]. Literature supports, 
however, the concept that patient’s factors are a major determinant of wound out-
come following surgery, and systemic factors such as high age, gender, lifestyle, 
and  coexisting morbidity play a signifi cant role in the pathogenesis of these com-
plications [ 5 ,  6 ]. In    fact, lifestyle such as smoking and comorbidity such as diabe-
tes, cardiovascular disease, and lung disease have been associated in different 
studies with surgical site infections and dehiscence of tissue and wounds [ 7 ,  8 ], 
which are being involved with several pathogenetic mechanisms. Smoking, micro-
vascular disease, and severe lung disease are known to cause peripheral tissue 
hypoxia [ 9 ], which increases the risk of wound infection and dehiscence [ 10 ]. In 
addition, some studies suggest that hypoxia, smoking, and diabetes reduce collagen 
synthesis and oxidative killing mechanisms of neutrophils [ 11 ,  12 ]. On the other 
hand, following elective operations, perioperative blood loss was a predictor of 
postoperative tissue and wound complications in a dose-dependent manner when 
adjusting for other risk factors and confounders. This fi nding confi rms previous 
reports [ 13 ] and suggests that hypovolemia and reduction of tissue oxygenation by 
loss of red blood cells are detrimental to healing and increase the risk of infection 
and tissue dehiscence [ 14 ,  15 ]. 

 Different studies demonstrate also a signifi cantly higher incidence of postopera-
tive tissue and wound complications in emergency than elective surgery [ 16 ]. In 
emergency surgery, peritonitis in terms of localized pus or diffuse peritonitis was a 
strong predictor of wound and tissue complications. As shown by others, wound 
infection is likely to occur when peritonitis with a large intra-abdominal bacterial 
load and bacteremia is present, despite intravenous antibiotics administered periop-
eratively [ 17 ,  18 ]. 

 It has been also described how optimal wound healing requires adequate nutri-
tion. Nutrition defi ciencies impede the normal processes that allow progression 
through stages of wound healing. Malnutrition has also been related to decrease 
wound tensile strength and increase infection rates. Malnourished patients can 
develop infections and delayed wound healing that result in chronic nonhealing 
wounds. Chronic wounds are a signifi cant cause of morbidity and mortality for 
many patients and therefore constitute a serious clinical concern [ 19 ]. 

    How to Prevent Early Wound Complications 

 There have been major advances in the management of patients undergoing surgery 
in order to prevent wound complications including aseptic techniques, prophylactic 
antibiotics, and advances in surgical approaches such us minimally invasive 
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surgery. Prevention of wound infection requires standard principles of infection 
control after laparotomy, being essential sterile technique and conscientious efforts 
to avoid wound contamination. Perioperative systemic antibiotics, depending on 
the type of surgery, may reduce wound infection rates in the wounds that are closed 
primarily. 

 But, as it has been mentioned, wounds are exquisitely sensitive to hypoxia, which 
is common and preventable. Perioperative management can be adapted to promote 
postoperative wound healing and resistance to infection. Along with aseptic tech-
nique and prophylactic antibiotics, maintenance of perfusion and oxygenation of 
the wound is paramount. There is strong clinical evidence that once perfusion is 
assured, the addition of increased inspired oxygen substantially reduces site infec-
tion in at-risk patients. 

 There is enough data to establish that intraoperative care of patients has reper-
cussions far into the postoperative period. The impact of anesthetic technique on 
wound healing and resistance to infection is becoming an important factor in order 
to avoid early wound complications. The most important factors include tempera-
ture management, increased arterial oxygen tension (PaO 2 ), pain control, fl uid man-
agement, and, as it has been long recognized, appropriate sterile technique and 
administration of prophylactic antibiotics. All but the last relate particularly to 
maintaining perfusion and oxygenation of the wound. 

 All anesthetics tend to cause hypothermia by causing vasodilatation, which 
redistributes heat from core to periphery in previously vasoconstricted patients and 
increase heat loss, and by decreasing heat production. Vasoconstriction is uncom-
mon intraoperatively, but it is often severe in the immediate postoperative period 
when thermoregulatory threshold returns to normal. The onset of pain with emer-
gence from anesthesia adds to this vasoconstriction. Pain control should be 
addressed intraoperatively so that patients do not have severe pain upon emergence 
from anesthesia. Maintenance of normothermia intraoperatively has been shown to 
decrease the wound infection rate by two-thirds in patients undergoing colon sur-
gery [ 20 ]. Rapid rewarming of hypothermic patients in the postanesthesia care unit 
also appears to be effective. 

 Surgical stress results in increased intravenous fl uid requirements. Infl ammatory 
mediators cause both vasodilatation and an increase in vascular permeability [ 21 ]. 
Optimizing the perioperative fl uid administration remains a controversial challenge. 
Current best recommendations include replacing fl uid losses based on standard rec-
ommendations for the type of surgery, replacing blood loss, and replacing other 
ongoing fl uid loss. 

 All vasoconstrictive stimuli must be corrected simultaneously to allow optimal 
healing. Volume is the last to be corrected because vasoconstriction for other rea-
sons induces diuresis and renders patients hypovolemic. Assessing perfusion is 
critical. Unfortunately, urine output is a poor and often misleading guide to periph-
eral perfusion. Markedly low output may indicate decreased renal perfusion, but 
normal or even high urine output has little correlation to wound and tissue PO 2 . 
Physical examination of the patient is a better guide to dehydration and 
vasoconstriction. 
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 Regarding local management of the wounds, topical antibiotics and antiseptics 
are not of proven value and may interfere with wound healing or cause tissue injury. 
In grossly contaminated wounds, leaving the skin/subcutaneous tissue open is 
advisable. Systemic antibiotics do not reduce wound infection rates in wound that 
are managed by open methods. Necrotizing fasciitis is purportedly less frequent 
when contaminated wounds are left open. 

 Prevention of dehiscence/evisceration entails avoidance of infection, technical 
errors in closure, minimization of tension on the wound closure, and avoidance of 
wound ischemia. Edematous, distended intestine in the multiply operated abdomen 
results in the tense fascia closure which has a high rate of dehiscence. Severe edema 
and distention may preclude fascia closure even after attempts at intestinal decompres-
sion. Alternative strategies avoid dehiscence, damage to the fascial edges, bowel injury 
from evisceration, and abdominal compartment syndrome [ 22 ]. When an abdominal 
wall stoma is required, an important strategy is to place it remote from the reoperative 
open wound if possible to avoid secondary contamination. But when a fi stula appears 
in an open abdomen, the situation becomes a problem diffi cult to deal with.

       Early Diagnosis of Early Wound Complications 

 The diagnosis of wound infection is made from the identifi cation of pus which is 
discharged from the closed wound, but classic signs of infl ammation, such as indu-
ration or erythema, suggest infection (Fig.   23.1 ). Fever in the operated patient is a 
nonspecifi c fi nding of little value in the diagnosis. In the open wound, advancing 
cellulitis and progressive wound necrosis of the soft tissue margins confi rm the 
diagnosis. Cultures are useful from the wound in the multiply operated patient and 

  Fig. 23.1    Wound abscess        
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will refl ect the source of contamination responsible for the infection. Open surgical 
wounds that are culture positive or have superfi cial exudate but are without either 
necrosis or cellulitis should not be considered infected.

   Necrotizing    fasciitis is a clinical diagnosis from the identifi cation of necrosis and 
suppuration of the wound fascia. The infection will be noted to invade laterally from 
the midline wound. Necrotic fat is commonly present from the subcutaneous space 
but skin or muscle may show minimal changes. Cultures are of value for the selec-
tion of antibiotics. Late necrotizing infection from multiply operated open wounds 
may refl ect resistant nosocomial pathogens from the intensive care unit environ-
ment, and require cultures. 

 The diagnosis of dehiscence/evisceration is purely a clinical observation. Fascial 
separation is usually heralded by discharge of serous, bloody, or suppurative fl uid 
from a closed wound. Opening the wound confi rms the fascial separation 
(Fig.  23.2b ). Fascial separation in the already open wound is readily seen.  

    How to Treat Early Wound Complications 

 Even with appropriate perioperative management, some wounds become infected 
or fail to heal. Management of wound infection from the closed abdominal wound 
is removal of skin sutures, opening and drainage of pus, and mechanical 

  Fig. 23.2    ( a ) open abdomen with intestinal fi stula; ( b ) Dehiscence of the wound; ( c ) VAC therapy; 
( d ) Care of open abdomen with intestinal fi stulas       
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debridement of fi brin. Systemic antibiotics are not necessary unless necrotic soft 
tissue or a perimeter of cellulitis is present. If it is a simple case of infection, the 
wound will generally heal rapidly by secondary intention with just attention to basic 
care. If other complicating factors are involved, it may take more effort to achieve 
healing. In either case, basic proper wound care is crucial to ensure success. Basic 
care to avoid infection include:

•    The fi rst step to ensure a proper care of a wound includes reducing the bacterial 
load, especially by washing the wound gently. All open wounds are contami-
nated with bacteria and most of them are normally resident on the skin.  

•   Saline kept refrigerated or at room temperature should be avoided in order to 
avoid local vasoconstriction.  

•   Antibacterial agents, including antibacterial soaps, betadine, bleach, hydrogen 
peroxide, and alcohol, are effective at reducing bacterial load, but they do so at 
the cost of inactivating white cells and harming granulating tissue.  

•   It is also important to maintain moist wound environment, since moist wounds 
heal about 50 % faster than dry ones. The open wound is managed with moist 
gauze dressings without topical antiseptics or antibiotics.  

•   Invasive infection in open wounds requires debridement of necrosis. Localized 
debridement may spare elements of muscle or posterior fascia. Small areas 
of debridement may create fascial defects, and if no bowel is exposed, these 
small defects may be subsequently managed by secondary intention or small 
split- thickness skin grafts when culture is negative. In advanced stage, when 
 necrotizing fasciitis exists, the dead tissues need to be debrided until only viable 
bleeding tissue remains.  

•   The vacuum-assisted closure (VAC) therapy has been also demonstrated to 
accelerate the healing process in open wounds (Fig.  23.2c ).  

•   Regarding systemic antibiotics, we should take under consideration the fact that 
gram stain of exudate may guide antibiotic choice. Antibiotic choices are selected 
based on in-hospital protocols.  

•   While taking care of local wound it is important to pay attention to systemic fac-
tors. Nutrition and perfusion are essential to improve wound healing.    

 Open abdomen is another condition to deal with. There are some conditions in 
which closure of the fascial layer and skin may not be favorable in some surgical 
conditions, such us peritonitis, trauma, or mesenteric ischemia. The defi nitive clo-
sure of the abdominal wall is not possible, and a laparotomy is created to facilitate 
reexploration or to prevent abdominal compartment syndrome (Figs.  23.2a, d ). 
Regarding the technique and material used for the temporary closure, no prospec-
tive randomized data exists, but mesh materials are commonly used. They provide 
drainage of infectious material, permit visual control of the underlying viscera, 
facilitate access to the abdominal wall, preserve the fascial margin, enable healing 
by secondary intention, and allow mobilization of the patient. In the case of decreas-
ing intra-abdominal pressure, meshes can be trimmed to centralize the rectus mus-
cle and to facilitate defi nitive closure. Nonabsorbable meshes have been frequently 
reported to cause enteric fi stulae and persistent infection necessitating mesh 
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explantation; for that reason the use of absorbable mesh material is common in 
these patients, but it should be determined in the near future the role of biological 
meshes in these types of wounds. While these infectious complications appear to 
occur less frequently with the use of absorbable materials, these meshes will fi nally 
lead to an incisional hernia, requiring repair with nonabsorbable mesh after a period 
of 6–12 months [ 23 ]. 

 But new systems such as the vacuum-assisted fascial closure (VAFC) therapy 
can be used in open abdomen under a carefully applied protocol. The use of VAFC 
may result in signifi cantly higher fascial closure rates, obviating the need for subse-
quent hernia repair in most patients [ 24 ]. The utility of this technique is not limited 
to the early postoperative period, but it can be successful as much as 3–4 weeks 
after initial operation. VAFC differs from these and other techniques in that it pre-
vents both fascial retraction and visceral adherence, allowing for continuing 
attempts at abdominal closure several weeks after laparotomy. This is an extension 
of the standard vacuum pack technique and has two important components allowing 
for later closure. The fi rst is the perforated polyethylene sheet placed over the bowel. 
This    must be tucked under the fascial edges to prevent adherence. The second is the 
thick polyurethane sponge as opposed to the surgical towel used in the original 
technique. This provides suction to the cross section of the abdominal wall, prevent-
ing fascial retraction by creating constant medial tension on the fascia without injur-
ing it as some similar techniques using suture might.   

    Late Postoperative Complications After Closure 
of Abdominal Wall 

 Incisional hernia is a late complication following abdominal surgery, occurring as a 
result of breakdown or loss of fascial closure and, as such, an iatrogenic disease. 
The incidence after laparotomy has been reported as ranging between 4 and 12 % in 
large series [ 25 ], but the true incidence is probably underestimated [ 26 ]. Many inci-
sional hernias are asymptomatic, but if symptoms are present, an incisional hernia 
may be associated with major morbidity, loss of time from productive employment, 
and diminished quality of life. Given the fi nancial cost of incisional hernia repair 
and the disappointing recurrence rates, incisional hernia remains a signifi cant chal-
lenge for most surgeons. 

 A number of factors associated with incisional hernia have been identifi ed, some 
of which are local, such as wound infection, surgical technique [ 27 ], and surgeon’s 
experience, and some systemic, such as older age, male sex, and altered collagen 
metabolism [ 28 ]. In addition, a lifestyle factor such as obesity or smoking has been 
found to be associated with incisional hernias [ 29 ,  30 ]. 

 Postoperative wound infection is a well-documented risk factor for early dehis-
cence of incisional wounds and fascia and for later development of incisional 
 hernia [ 25 ]. The pathogenesis is related to proliferation of bacteria in a wound, 
which affects each process involved in healing leading to decreased collagen 
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synthesis, decreased bursting strength of the abdominal wall, and an increased risk 
of dehiscence. 

 Re-laparotomy is the strongest predictor for incisional hernia. Reoperations have 
previously been found to increase the rate of abdominal wound dehiscence and may 
also be responsible for the development of incisional hernia [ 31 ], especially due to 
the need of re-suturing a relatively nonvascular scar tissue of the fascia. In addition, 
patients undergoing re-laparotomy are likely to have bacterial contamination of the 
wound and may in addition have peritonitis, which increase the risk of wound infec-
tion and delayed healing. 

 Regarding the systemic factors that may infl uence on the presence of incisional 
hernias, we observe how high age is associated with atrophy of the abdominal wall 
and changes in connective tissue. Inherent connective tissue disorders may result in 
a deterioration of abdominal wall connective tissue and the tensile strength of scar 
tissue may be decreased. Diabetics are prone to wound infection, which impairs 
wound healing. Moreover, atherosclerosis in diabetics may impair wound healing, 
as may obesity, which is often the cause of diabetes development. Corticosteroids 
have a deleterious effect on wound healing and are used by large groups of patients, 
especially those with pulmonary disease. In addition, malnutrition, radiotherapy, 
smoking, and cancer are known to cause impaired wound healing. 

 Smoking is another factor to be considered since several pathogenic mechanisms 
seem to be involved. Peripheral tissue hypoxia, which may be caused by smoking, 
increases the risk of wound infection and dehiscence, presumably through reduction 
of the oxidative killing mechanism of neutrophils, which constitute a critical defense 
against surgical pathogens. In addition, decreased collagen deposition in surgical 
test wounds has been found in smokers, a mechanism that may further attenuate the 
fascia in addition to the reduced collagen I–collagen III ratio present in incisional 
hernia. Degradation of connective tissue caused by an imbalance between proteases 
and their inhibitors may also be responsible. The latter mechanism, which is 
enhanced by smoking, is believed to cause tissue-destructive disorders like abdomi-
nal aorta aneurysm and pulmonary emphysema. Both diseases are associated with 
abdominal wall herniation. In fact, the incisional hernia rate has been reported as 
high as 31 % following midline laparotomy for abdominal aorta aneurysm repair. 

 Increased intra-abdominal pressure has been identifi ed as another important fac-
tor that infl uences the development of incisional hernias after a laparotomy. Several 
conditions cause increased intra-abdominal pressure, such as chronic pulmonary 
disease with cough, obesity, ascites, prostatism, constipation, pregnancy, and ileus. 
During raised intra-abdominal pressure the strain put on the abdominal wall scar is 
increased, which could lead to wound failure and subsequent hernia development. 

    How to Prevent Late Postoperative Complications 

 The control of any of the aspects, previously mentioned, that infl uence hernia devel-
opment will help to prevent incisional hernias, but surgical factors also play an 
important role. Some types of incisions, such as the lateral paramedian and 
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transverse incisions have proven to cause less incisional hernias than, for example, 
the midline incisions. This is caused by several factors, including the anatomical 
structures that are cut by the incision, since richly vascularized structures heal better 
than avascular structures, while division of major arteries may result in impaired 
wound healing. Another important factor is the pulling force of the abdominal mus-
cles, which is mainly transverse. This means that the wound edges in vertical inci-
sions are likely to be separated by this force, while transverse wound edges are 
approximated. 

 Suture technique is also an important factor involved in incisional hernia devel-
opment. The length of the suture used to close the abdomen should exceed the 
length of the wound by at least four times (suture length to wound length ratio 4:1) 
[ 32 ,  33 ]. The length of the stitch, or tissue bite, should at least be one centimeter, but 
not bigger than 5 cm. The suture should include aponeurotic tissues, may include 
muscle, but not peritoneum or subcutaneous tissue, and may be either interrupted or 
continuous. It is important to realize that the tensile strength of the wound increases 
to approximately 50 % at 4 weeks after operation. After 6–12 months, the wound 
reaches 80 % of its original strength. Suture materials should remain their tensile 
strength for at least 6 weeks to allow the wound to regain suffi cient tensile strength. 
Rapidly absorbable suture materials, such as polyglyconate (Vicryl), should not be 
used, while slowly absorbable materials such as polydioxanone (PDS) perform 
equally well as nonabsorbable materials, such as nylon and polypropylene [ 34 ,  35 ]. 
Multifi lament sutures result in an increased incidence of wound infection and 
should therefore not be used. In addition to type of incision and suture technique, 
prevention of wound infection by aseptic techniques will prevent wound infection, 
together with prophylactic antibiotics, atraumatic surgical technique, meticulous 
hemostasis, and removal of necrotic and breakdown tissues [ 36 ].  

    Early Diagnosis of Late Postoperative Complications 

 As we have seen, it has been suggested that early development of incisional hernias 
is caused by perioperative factors, such as surgical technique and wound infection, 
together with systemic factors, such as connective tissue disorders. Burger et al. 
[ 36 ] conducted a study in order to determine whether incisional hernias develop 
early after abdominal surgery might be predictive. Patients who underwent a mid-
line laparotomy were submitted to a CT scan during the fi rst postoperative month. 
The distance between the two rectus abdominis muscles was measured on these CT 
scans, after which several parameters were calculated to predict incisional hernia 
development, being hernia development established clinically. The average and 
maximum distances between the left and right rectus abdominis muscles were sig-
nifi cantly larger in patients with subsequent incisional hernia development than in 
those without an incisional hernia. Altogether, 92 % of incisional hernia patients 
had a maximum distance of more than 25 mm compared to only 18 % of patients 
without an incisional hernia. This study concluded that incisional hernia occurrence 
can thus be predicted by measuring the distance between the rectus abdominis 
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muscles on a postoperative CT scan, although its clinical manifestation may take 
years. On the other hand, this study shows the importance of perioperative factors in 
incisional hernia development and how prevention should focus on controlling this 
type of factors. 

 The diagnosis of incisional hernia is normally made based on clinical examina-
tion. However, small hernias, hernias in obese patients or patients with abdominal 
pain, distension, or various other factors can be diffi cult to diagnose. In cases in which 
there is clinical uncertainty of the diagnosis of an incisional hernia, ultrasound or CT 
scan, and even magnetic nuclear resonance, can be used to detect these clinically 
unsuspected incisional hernias. CT scan can show the exact size, location, and content 
of each incisional hernia. The evaluation of postsurgical abdomen by CT scan should 
include a careful assessment of previous laparotomy sites in search of occult inci-
sional hernias that may be the source of the patient’s abdominal symptoms.  

   How to Treat Late Postoperative Complications 

 The treatment of late postoperative complications, such as incisional hernias, must 
follow the basic principles of ventral hernia repair.    

    Abdominal Wall Hernia Repair 

 Open or laparoscopic mesh implantation for hernia repair of abdominal wall defects 
has been the gold standard treatment since it appears to reduce the rate of recurrence 
by an average of 30–50 % in comparison with nonmesh herniorrhaphy. However, 
the use of prosthetic materials is not without potential clinical problems and might 
lead to various complications such as seromas, adhesions, acute and chronic pain, 
migration of the mesh, rejection, and mesh-related infections [ 37 ,  38 ]. 

 Mesh-related infection, along with seroma formation, is the most common com-
plication following ventral hernia repair. Risk factors for surgical site infection after 
mesh implantation include gender, age over 70, comorbidities (diabetes, obesity), 
operating time, and the prophylactic use of drainages. Mesh-related infection rates 
are also associated [ 37 ] to the type of mesh, type of surgical technique used to place 
the mesh (laparoscopic or open), relationship of the mesh to the subcutaneous tis-
sue, perioperative use of prophylactic antibiotics, sterile technique to apply the 
mesh, mesh placement in contaminated wounds, and systemic factors such as smok-
ing and immunosuppression. 

 Elective primary mesh hernia repair is considered a clean surgery, with infection 
rates of up to 8 % being reported [ 37 ], being in most of the cases a problem related 
to open repair. On the other hand, one of the main advantages of laparoscopic ven-
tral hernia repair is the lower mesh infection rate, especially when compared to 
open repair. But the main problems associated to the laparoscopic approach are 
adhesion and seroma formations. 
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 The infl uence of the type of mesh on overall mesh-related complications is very 
important. The choice of the proper mesh to repair a ventral hernia, either by lapa-
roscopic or open approach, may infl uence on the results and not only on the recur-
rence rate. Type of biomaterial, pore size, and weight are important factors that lead 
surgeons to select one or other mesh depending on the approach, the surgical fi eld, 
the risk factors associated to the patient, and the risk of recurrence based on the size 
of the defect. 

 The development of polypropylene prosthetics revolutionized surgery for the 
repair of abdominal wall hernias. A tension-free mesh technique has drastically 
reduced recurrence rates for all hernias compared to tissue repairs and has made 
possible to reconstruct large ventral defects that were previously irreparable. The 
repair of abdominal wall defects is one of the most commonly performed general 
surgical procedures, and more research is needed to investigate the interaction of 
abdominal wall forces on a ventral hernia repair or the required amount or strength 
of the foreign-body material necessary for an adequate hernia repair. 

 The long-term consequences of implantable prosthesis are not without concern. 
The body generates an intense infl ammatory response to the prosthetic that results 
in scar plate formation, increased stiffness of the abdominal wall, and shrinkage of 
the biomaterial. Reducing the density of the prosthetic material and creating a 
“lightweight” mesh theoretically induces less foreign-body response, results in 
improved abdominal wall compliance, causes less contraction or shrinkage of the 
mesh, and allows for better tissue incorporation, but the potential increase of recur-
rence should be still investigated. Different studies of the laboratory data and short- 
term clinical follow-up have been reviewed to provide a strong basis or argument 
for the use of “lightweight” prosthetics in hernia surgery. 

    Infection 

   How to Prevent Infection 

 New improved techniques and stricter aseptic protocols in the operating room have 
contributed to a decrease in wound infection rates after hernia repair. Principles to 
avoid wound infection must be followed after any laparotomy. Due to the special 
features of implant devices, the best way to treat an implant-related infection with-
out destroying the implant is to take the appropriate measures to avoid initial expo-
sure to infection agents. 

 Preoperative administration of antimicrobial agents in clean surgical procedures 
such as primary hernioplasty has been a matter of considerable debate for years, but 
a recent meta-analysis published by Sanabria et al. [ 39 ] of the accumulated evi-
dence suggests that infection rates were decreased by almost 50 % in patients who 
received antimicrobial prophylaxis. 

 Considerable efforts are being made to develop techniques that will restrain the 
fundamental mechanism for implant-related infections, which are bacterial 
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adhesion and colonization of artifi cial surfaces and biofi lm formation. Various    strat-
egies such as the previously mentioned antimicrobial prophylaxis and mesh coat-
ings of antimicrobial biomaterials are being developed, but so far there is a lack of 
data regarding the infl uence of this coated material in infection rate. Apart from 
antibiotic coating, silver, gold, titanium, carbonitride, polyglactin, gelatine, and 
other biomaterials have been used as coatings, with different mechanism of action. 

 Laparoscopic ventral hernia repair compared with open mesh techniques has 
been proven to induce a lower incidence of surgical wound infections, probably due 
to the lack or relatively limited physical contact of the mesh with the surgical wound 
during surgery. 

 The type of mesh is also of vital importance regarding the development or not 
of an infection. Monofi lament polypropylene is the most frequently used bioma-
terial for open repair of an abdominal wall defect due to the low infection rates 
compared with other nonabsorbable types of meshes. The biocompatibility and the 
large pore size of this PP textile permit the relatively uncompromised infl ammatory 
response of the immune system on the surface of this material. Surgical infection 
promoted by implantation of biomaterials is caused by infection and proliferation 
of bacteria into and within the pores and interstices of these synthetic materials. 
When pores are less than 10 μm, bacteria averaging 1    μm cannot be eliminated by 
macrophages and neutrophilic granulocytes, which are too large to enter a 10-μm 
three- dimensional pore. Totally macroporous prostheses, containing pores larger 
than 75 μm, deter housing and growth of bacteria by allowing macrophages, rapid 
fi broplasias, and angiogenesis, which also prevent infi ltration and growth of bacte-
ria. On the other hand, totally microporous prostheses (pores less than 10 μm) and 
macroporous prostheses with multifi lamentous and microporous components are 
similar to braided suture materials, and by harboring bacteria, they can promote 
their growth, likewise resulting in biomaterial-related infection. Based on these 
principles, some authors have concluded that in cases of infection, the totally mac-
roporous prostheses do not have to be removed, which leads us to select the proper 
mesh based on the risk factors of a wound to develop an infection. 

 Hernia repair is considered a clean operation, nevertheless, when bowel opening 
or abdominal wound infection has previously occurred, this procedure becomes 
contaminated; thus, the use of a prosthetic material was thought for years to be 
contraindicated. However, recent studies suggest that minor morbidity, minimal risk 
of infection, and minor wound-related mortality are observed after mesh placement 
in contaminated tissues.  

   Early Diagnosed Infection 

 Surgical wound infections are the most commonly encountered type of infection, 
presenting at an early postoperative stage, usually days or a few weeks after the 
mesh placement. The symptoms and signs are typical of local acute infl ammation: 
pain, erythema, swelling with locally increased temperature, and confi ned 
tenderness. 
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 Inappropriate treatment of surgical wound infections may be complicated by the 
formation of discharging fi stula, intra-abdominal abscess, or, rarely, osteomyelitis. 
The emergence of systemic symptoms such as fever, chills, or rigor and malaise 
should urge prompt investigations and initiation of therapeutic actions before sepsis 
occurs. 

 Deep-seated mesh infections generally manifest in the early postoperative period, 
but infrequently they can also be observed as a late-onset phenomenon that is delayed 
for month or years (up to 4–5 years after the operation) [ 40 ]. Deep-seated infections 
may result from persistent fl uid collection (seromas) leading to chronic sepsis. 
Symptoms can be chronic, recurrent, or totally absent until the progression to sepsis. 

 The combination of clinical presentation, physical examination, laboratory val-
ues, and previous medical history is usually adequate to establish a diagnosis. 
However, when there are doubts regarding differential diagnosis, two noninvasive 
imaging techniques could provide the diagnosis. Abdominal ultrasound and CT scan 
may reveal the infl ammatory process in the adipose tissue around the implant as well 
as complications related to mesh infection such as the presence of a fi stula or an intra-
abdominal abscess. Diagnostic puncture of a mesh-related seroma when there is no 
sign of infl ammation should be carefully considered and not performed routinely, 
since there is a high risk of transforming a potentially aseptic reaction to an infectious 
process through the introduction of bacteria into the previously aseptic seromas.  

   Treat Infection 

 The therapeutic options available following the development of mesh-related infec-
tion can be separated according to the type and severity of infection and the type of 
implanted mesh.

•    Superfi cial wound infections after prosthetic material implantation may have 
better prognosis and may be treated conservatively using proper intravenous 
antimicrobial coverage and drainage when signs of accumulated exudates exist. 
However, the use of drainage is still controversial due to insuffi cient evidence.  

•   Deep-seated infections of the mesh required prolonged antibiotic treatment in 
combination with percutaneous or open drainage, since it has been demonstrated 
to be effective to restrain the infectious process. However, when extensive infec-
tions is present, due to biofi lm formation and limited penetration of the drug in 
the area, mesh removal and surgical cleaning of the wound pose the best possible 
treatment to eradicate the infection. Hernia recurrence could be a postoperative 
complication if adequate fi brous tissue has not developed earlier.    

 The choice between conservative and surgical treatment could also be infl uenced 
by the type of implanted mesh. Structural (monofi lament or multifi lament) and bio-
chemical (hydrophobic or hydrophilic) properties infl uence the potential response 
of the infection to the administered antibiotics. Clinical fi ndings in combination 
with recent in vitro experiments suggest that infected hydrophobic meshes, such as 
PTFE and ePTFE, are most likely to be removed in order to achieve complete cure.   
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    Seroma After Laparoscopic Ventral Hernia Repair 

 The    potential complications related to seroma formation include pain, discomfort to 
the patient, and cellulitis, being the most important complication of them the pos-
sibility of getting infected. The infection of a seroma is considered one of the most 
challenging complications since it might lead to mesh removal and recurrence. 

 The rate of cellulitis and infection after laparoscopic ventral hernia repair varies 
from one series to another. Seroma-related cellulitis is considered by some authors 
to be a common problem that it is present in most of the patients in whom a seroma 
is detected [ 41 ]. This cellulitis can lead to mesh infection, postoperative morbidity, 
and further need for operative care. Some authors have proposed the administration 
of 7 days of postoperative prophylactic antibiotics to decrease the rate of patients 
with seroma developing cellulitis [ 41 ]. 

 Seroma after laparoscopic ventral hernia repair could also be related to recur-
rence, since the weight of this serous fl uid between the mesh and the anterior 
abdominal wall could increase the tensile strength on the fi xation of the mesh and 
therefore disattach tackers (Fig.  23.3 ) from its original fi xation to the anterior wall 
and be responsible of an improper anchoring of the mesh right after surgery, which 
may infl uence in the presence of recurrence in the future. In fact, some authors have 
observed at reoperation, due to recurrences, how they appeared to be due to mesh 
detachment, and this fact might be related to the presence of a seroma.

     How to Prevent Seroma 

 The real importance of seroma formation and the infl uence of them in the quality of 
life in the postoperative period of the patient are also still to be determined. But it 

  Fig. 23.3    Seroma could be 
related to recurrence, since it 
could disattach the tacks due 
to its weight (disattachment 
of the tackers of the inner 
crown is indicated by the 
 arrow )       
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can be concluded that seroma is not really a key factor in the postoperative period 
after this surgery and its simple presence cannot be considered a complication. But    
it would be better to avoid it since, in some cases, it could be responsible for some 
sort of discomfort to the patient and because it could confuse both patients and sur-
geons about a possible recurrence. 

 Different methods are being proposed lately in order to decrease seroma forma-
tion, but since the method of describing the presence of seroma is not described in 
the same way by different authors, it is diffi cult to determine the effectiveness of 
one method compared to the other. Some authors have proposed that defect closure 
confers a strong advantage in laparoscopic ventral hernia repair, since there is a shift 
of the paradigm towards more physiologic abdominal wall reconstruction, and 
especially because defect closure essentially eliminated postoperative seroma. 
These authors advocate routine use of the closure of the defect technique during 
laparoscopic ventral hernia repair [ 42 ], but for other authors, such as Palanivelu 
et al. [ 43 ], this maneuver of closing the defect has no infl uence in the rate of seroma 
formation. 

 Other methods have been described to decrease the rate of this serous fl uid 
between the mesh and the sac, such us cauterization of the hernia sac [ 44 ] and use 
of argon bean to treat the hernia sac or to excise it, and to decrease the seroma- 
related complications, such us the use of postoperative antibiotics to decrease the 
incidence of seroma-related cellulitis and decrease the possibility of mesh removal 
due to this cellulitis [ 41 ]. 

 The studies conducted to reduce the presence of seromas, like the one described 
by Fernandez-Lobato et al. [ 45 ] and JP Chevrel, by using fi brin glue after conven-
tional open ventral hernia repair, together with other publications of the reduction of 
seroma with the same substance in other pathologies like breast surgery or plastic 
and reconstructive surgery, made us develop a protocol looking for a solution to also 
decrease the presence of seroma. We have conducted a clinical study in which we 
have observed that the use of fi brin glue in the sac after laparoscopic ventral hernia 
repair seems to have an important value in the laparoscopic treatment of abdominal 
wall hernias in reducing seromas, while favoring, on the other hand, the ingrowth of 
meshes.  

   Early Diagnosed Seroma 

 Seroma, defi ned as serous fl uid retention between the mesh and the anterior abdom-
inal wall, is present in most of the cases after laparoscopic ventral hernia repair, as 
different series that analyzed its presence by radiological exams show. Its presence 
cannot be considered a complication since patients do not even detect them in most 
of the cases. For these reasons, it is important to defi ne that seroma must be consid-
ered an incident after this surgery which may lead to complications. 

 The real incidence of seroma after this procedure is diffi cult to be determined 
and not being properly documented and analyzed since its presence varies from one 
series to another. Different studies have shown how seroma formation is very 
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variable, ranging the different series from 0.5 to 78 % [ 46 ] (Table  23.1 ), being the 
rate of the systematic review published by Bedi et al. of 5.4 % [ 47 ]. But this data is 
related to the presence of clinical seroma following different criteria, since one of 
our studies [ 48 ] and the study conducted by Susmallian et al. [ 49 ] show that seroma 
is present in radiological exams in almost all cases (Table  23.2 ).

    One of the main problems related to the variety of these results is that seromas 
have been considered following different criteria by different authors. For some 
authors it is considered just a complication [ 43 ], for others it is considered one of 
the main complications of this technique [ 50 ] or even as the most common sequel 
of this surgery [ 51 ], but others just think it is a minor complication [ 52 ] or an inci-
dent [ 6 ]. 

 On the other hand, an additional problem related to the description of seromas is 
observed in most of the series: authors have been using different parameters, diffi -
cult to be measured, to quantify the rate of seroma formation. Some authors have 
included the defi nition of “signifi cant seroma” [ 42 ] or “prolonged seroma”; others 
described seroma as a fl uid retention that requires surgical intervention [ 53 ] or the 
need to be punctured [ 54 ]; or based on the time lasting after surgery, lasting more 
than 4 weeks [ 55 ], more than 6 weeks [ 56 ], or even more than 8 weeks [ 57 ]; or they 

  Table 23.1    Clinical incidence of 
seroma after laparoscopic ventral 
hernia repair  

 Author  Clinical seroma (%) 

 3rd Parker et al. [ 77 ]  0.5 
 Morales-Conde et al. [ 78 ]  2.1 
 Heniford et al. [ 55 ]  2.6 
 Ferrari et al. [ 79 ]  2.6 
 Carbonell et al. [ 80 ]  2.7 
 Heniford et al. [ 55 ]  3 
 Bedi et al. [ 47 ] (systematic review)  5.4 
 Kaafarani et al. [ 57 ]  6.8 
 Uranues et al. [ 81 ]  7 
 Varnell et al. [ 58 ]  8.5 
 Tessier et al. [ 56 ]  9 
 Perrone et al. [ 50 ]  10.7 
 Farrakha et al. [ 82 ]  10.9 
 Sodergren et al. [ 83 ]  14.5 
 Sharma et al. [ 51 ]  25 
 Chowbey et al. [ 84 ]  32 
 Edwards et al. [ 41 ]  32.3 
 Edwards et al. [ 41 ]  33 
 Susmallian et al. [ 49 ]  35 
 Birch et al. [ 85 ]  78 

  Table 23.2    Radiological 
incidence of seroma after 
laparoscopic ventral hernia repair  

 Author  Radiological seroma (%) 

 Morales-Conde et al. [ 78 ]  95.2 
 Susmallian et al. [ 49 ]  100 
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are just defi ned as “a symptomatic seroma” [ 58 ] or by the presence of a complica-
tion such as seroma-related cellulitis. 

 Based on these facts, in order to early diagnose a seroma, we have to determine 
fi rst what we want to diagnose, since seroma is going to be present in almost all the 
case if its presence is determine by ultrasound or CT scan. 

 For that reason we propose a clinical classifi cation of seroma after laparoscopic 
ventral hernia repair in order to unify different criteria so we can establish in the 
near future in the surgical literature the proper incidence of seroma and its clinical 
importance (Table  23.3 ).

      Treat Postoperative Seroma 

 It is diffi cult to know, based on the literature, the best method to manage patients 
presenting seromas and theirs complications in the postoperative period. Different 
treatment options for postoperative seromas have been described including observa-
tion for spontaneous resolution, percutaneous aspiration [ 41 ], closed suction drain-
age, abdominal blinders, and sclerosant [ 59 ]. While some groups recommend 
puncturing the seroma just in case of pain or discomfort, other groups recommend 
not doing it in order to avoid contamination. Most    of the authors considered that 
spontaneous resolution of seroma occurs in the vast majority of the cases, being not 
necessary to puncture any of them or the number of seromas that need to be aspi-
rated is very low. But   , it can also be observed in the literature review that the reasons 
that lead different authors to puncture seromas and the complications of this invasive 
approach are also not well defi ned. Based on this data, we have observed that the 
rate of seromas being punctured varies from one author to another, from 0 to 33.3 %.   

   Table 23.3    Clinical classifi cation of seroma   

 Type 0   No clinical seroma   No clinical 
seroma  0a  Neither clinical nor radiological seroma 

 0b  No clinical seroma, but it can be detected by radiological exams 
 Type I   Clinical seroma lasting less than  1  month   Incident 
 Type II   Clinical seroma lasting more than  1  month  

 IIa  Between 1 and 3 months 
 IIb  Between 3 and 6 months 

 Type III   Minor seroma-related complications   Complication 
 IIIa  Clinical seroma lasting more than 6 months 
 IIIb  Important discomfort which does not allow normal activity 
 IIIc  Pain 
 IIId  Cellulitis 

 Type IV   Major seroma - related complications  
 IVa  Need to puncture the seroma to decrease symptoms 
 IVb  Infection 
 IVc  Recurrence related to seroma 
 IVd  Mesh rejection related to seroma 
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    Adhesions After Laparoscopic Ventral Hernia Repair 

 The formation of adhesions is an extremely complex process, which has not 
been well-determined so far. As a result, many of the studies on this phenom-
enon are still empirical, but the results published are so far promising and it is 
possible that we can control this process in the near future, whether stimulat-
ing or inhibiting it, depending on the circumstances. The consequence of these 
studies could lead in the future to use prosthetic materials for intra-abdominal 
placement in laparoscopic surgery of the abdominal wall, with no risk of cre-
ating adhesions and the subsequent consequences, such as fistulas or bowel 
occlusion. 

 In the meantime, while we try to determine the different factors involved in adhe-
sion formation, the ideal material and substance to prevent them are still far from 
being found. Different studies performed so far have proved that it is possible to 
reduce the quantity and the quality of these adhesions, but not to prevent them com-
pletely. Full tissue integration without adhesion formation is still a challenge for 
intra-abdominal mesh materials. 

 Different factors have been related to the process of adhesion formation, but the 
need of the bowel and the intraperitoneal organs to isolate foreign agents, such us 
prosthetic materials, sutures, and bacteria, seems to have an important role in this 
issue. However, during laparoscopic repair of ventral hernia, the presence of intra-
peritoneal adhesions is not a result of only the material itself, since other experimen-
tal studies have related them to other factors: spiral tacks, improper placement and 
fi xing of the mesh, or leaving the parietal side of these materials exposed to the 
intra-abdominal viscera [ 60 ] (Fig.  23.4 ).

   On the other hand we also have a lack of information about the healing process 
involved on adhesion formation. It    would be interesting for the future to determine 

  Fig. 23.4    Adhesions to the 
edge of the mesh after 
laparoscopic ventral hernia 
repair       
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the critical moment in which adhesions to the prosthetic materials are formed. For 
that reason some authors have designed different studies by using sequential lapa-
roscopy to monitor the real-time adhesion formation process and the critical period 
when most adhesions form [ 61 ]. 

 If we analyze the factors involved on adhesion formation when a mesh is placed 
intraperitoneally, we can determine the following:

•    Material: Different studies published [ 62 ] have shown how porosity of the 
 material is considered as one of the most important factors related to adhesion 
formation and ingrowth. Large porosity has been related to an increase amount 
of adhesions. Polypropylene meshes are considered a high porosity prosthetic 
material which creates an important scar tissue involved in adhesion formation. 
On the other hand, a low porosity material, such as ePTFE (expanded polytetra-
fl uoroethylene) [ 62 ,  63 ], produces a capsule of tissue that covers the mesh, form-
ing few or no adhesions. So, we can conclude that pore size of mesh is critical in 
the development and maintenance of abdominal adhesions and tissue ingrowth, 
but it has been demonstrated, however, that a reduction in the amount of mate-
rial and an increase in pore size results in better mesh biocompatibility with a 
potential reduction of adhesion formations [ 64 ,  65 ], as it has been trying to dem-
onstrate with the new “low weight” polypropylene. These large-pore polypro-
pylene meshes in the intra-abdominal position showed a reduced infl ammatory 
tissue reaction, so they could be considered an alternative for the future devel-
opment of intraperitoneal onlay meshes [ 66 ]. In fact, new studies with reduced 
weight polypropylene mesh have demonstrated a smallest change in the adjacent 
 tissue pliability/compliance and smallest amount of adhesion than conventional 
polypropylene [ 67 ]. On the other hand, these factors should be also analyzed 
in the future regarding the pore size of other materials such as PTFE. The large 
pore size, thinner meshes such as condensed PTFE (c-PTFE), led to better tissue 
 integration compared to the other meshes with PTFE based or polypropylene. 
Through hydrophobic chemistry, low profi le, and increased pore size, c-PTFE 
balances the rapid resolution of the infl ammatory and wound healing response 
that resists adhesion formation, with effi cient integration within the surrounding 
abdominal tissue [ 68 ].  

•   Surgical technique to place the mesh: An experimental study conducted by our 
group [ 60 ] has demonstrated the infl uence of the surgical technique during mesh 
placement during laparoscopic ventral hernia repair. In this study, most of the 
adhesions to the ePTFE meshes were observed at the edges compared to the 
central part of this prosthetic material. The potential reasons of these adhesions 
were analyzed, and it could be seen how adhesions were formed to the undesired 
exposition of the parietal face of the prosthesis or to tackers improperly intro-
duced into the mesh. These issues demonstrate the need of a meticulous tech-
nique to avoid complications related to adhesions, such us bowel occlusion and/
or perforation. The mesh must be properly extended so the parietal face do not 
end expose to the bowel and tackers should be introduced all the way into the 
mesh to avoid them hanging from the anterior abdominal wall.  
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•   Role of fi xation on adhesion formation: As it has been said previously adhesions 
to spiral tacks may occur and we have observed them in experimental study. 
Resent clinical papers have even reported cases of obstruction and/or perforation 
of the small bowel resulting from a band adhesion caused by a displaced spiral 
tacker [ 69 ,  70 ].  

•   Surgical trauma: Surgical trauma to the bowel or to the peritoneal surface of the 
anterior abdominal wall, during the process of adhesiolysis, has some infl uence 
in adhesion formation, even if the ideal mesh to be placed intra-abdominally is 
used. Adhesions result from the normal peritoneal wound healing response and 
develop in the fi rst 5–7 days after injury. Adhesion formation and adhesion-free 
re-epithelialization are alternative pathways, both of which begin with coagula-
tion which initiates a cascade of events resulting in the buildup of fi brin gel 
matrix. If not removed, the fi brin gel matrix serves as the progenitor to adhesions 
by forming a band or bridge when two peritoneal surfaces coated with it are 
apposed [ 71 ]. The band or bridge becomes the basis for the organization of an 
adhesion, especially if a foreign-body reaction is added to the process when a 
mesh is placed intra-abdominally, becoming of great importance the surgical 
trauma on the surface of the bowel [ 72 ].    

   How to Prevent Adhesions 

 Little clinical information based on preoperative fi ndings is available about adhe-
sions to biomaterials placed intra-abdominally. RH Koehler at al. [ 73 ] published a 
multi-institutional study of adhesions to implanted expanded polytetrafl uoroethyl-
ene (ePTFE) mesh at reoperation in patients who had previously undergone laparo-
scopic incisional hernia repair done with the same mesh implantation technique. In 
this large series of reoperations after laparoscopic incisional hernia repair, no or 
minimal formation of adhesions to implanted ePTFE mesh was observed in 91 % of 
cases, and no severe cohesive adhesions were found. This study shows how the 
selection of the proper mesh may reduce the incidence of adhesion formation. 

 On the other hand, as it has been already mentioned, a meticulous technique is 
one of the most important factors involved in reducing adhesion formation: avoid 
unnecessary surgical trauma on the surface of the peritoneum and on the serosa of 
the bowel, avoid the parietal face of the mesh to be exposed to the abdominal cavity, 
and avoid the spiral tacks to be hanging from the mesh due to an improper introduc-
tion through the prosthetic material. 

 But, since these circumstances are not usually possible to avoid due to the pro-
cess of adhesiolysis needed or to the location of the defect that makes diffi cult to 
place properly the mesh or the tackers, alternative method to avoid adhesion is 
under investigation. Moreover, efforts to prevent or reduce adhesions have been 
unsuccessful, hindered by their empirical basis, the lack of good predictive animal 
models, and the biochemical complexities of adhesiogenesis. The two major strate-
gies for adhesion prevention or reduction are adjusting surgical technique, as it has 
been already proposed, and applying adjuvants. 
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 Different studies have been published using a variety of substances to prevent 
adhesion formation to the prosthetic materials with different results: hyaluronic 
acid/carboxymethyl cellulose (HA/CMC) membrane has been used as an effec-
tive measure to prevent polypropylene-induced adhesions; taurolidine 2 % solu-
tion has been proposed as a cost-effective alternative to HA/CMC membranes 
when a polypropylene mesh is used in direct contact with the abdominal vis-
cera; hyaluronate sodium in the form of a bioresorbant membrane has also been 
demonstrated to signifi cantly reduce the development of intra-abdominal adhe-
sions found after implantation of a polypropylene mesh in the context of surgical 
hernia repair; and a collagen foil (CF) has also been used to reduce adhesion 
formation. 

 Looking for a cost-effective alternative to reduce adhesion formation during 
laparoscopic ventral hernia repair to the mesh placed intra-abdominally, we 
have conducted different studies with two substances that can guarantee a good 
coverage of the complete surface of the mesh, even if we use a large prosthetic 
material [ 74 ,  75 ]. The two substances used are fi brin glue (Tissucol ®, Baxter 
Biosurgery, Vienna, Austria) and hyaluronidase cream. Both substances have 
been able to decrease, in an animal model, the number and the quantity of the 
adhesions to both polypropylene and ePTFE meshes. The reduction of adhe-
sions with hyaluronidase cream is a consequence of an acceleration in the nor-
mal process of healing needed to create adhesions. This factor may also infl uence 
in the reduction of adhesion with fi brin glue, but may also be related to other 
facts: the mechanical barrier that the fi brin glue produces 3–5 min after its appli-
cation, and the capsule of new tissue created by the fi brin glue with a different 
process of healing compared to the infl ammatory process necessary to create an 
adhesion.  

   Early Diagnosed Adhesions 

 Laparoscopic ventral incisional hernia repair involves intra-abdominal placement 
of a synthetic mesh, and the possibility of formation of severe visceral adhesions to 
the prosthesis is a principal concern. Adhesions cause increased morbidity and mor-
tality, with subsequent socioeconomic consequences. Zinther et al. [ 76 ] have 
recently published a structured literature search of medical databases based on 
English literature published until September 2009 in order to assess the presence of 
adhesions to implanted synthetic mesh after laparoscopic ventral hernia repair. The 
search identifi ed transabdominal ultrasonography (TAU) and cine magnetic reso-
nance imaging (cine MRI) as relevant tools matching the search criteria. In all, 12 
publications concerning TAU and four publications concerning cine MRI were 
identifi ed. Both TAU and cine MRI seem able to identify intra-abdominal adhesions 
using visceral slide with accuracy of 76–92 %. Unfortunately, the studies are biased 
by being nonblinded, which infl uenced the fi nal sensitivity, specifi city, and accu-
racy. Accordingly, a need exists for a systematic well-conducted double-blinded 
comparative study to validate these radiologic techniques.  
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   Treat Postoperative Adhesions 

 Adhesions do not need to be treated unless complications, such as chronic pain, 
bowel occlusion, or fi stulas, appear.       
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     The treatment by open abdomen approach is very diffi cult to prevent. Performing 
surgery with a good indication and applying good surgical judgment and skills can 
in most cases prevent this problem. But given severe complications—mostly leak-
ages of anastomosis or repeated surgical reoperations in the abdomen—surgeons 
may encounter the double problem of the sepsis of the abdominal cavity not being 
solved and also the closure of the abdominal wall not being possible. The best atti-
tude in this sick patient, mostly cared in the intensive care unit, is to leave the abdo-
men open for adequate drainage of fi stulas, care of stomas maintaining the possibility 
to inspect, and treat new problems. Practical problems are:

    1.    Respiratory insuffi ciency and insuffi ciency of other organs (MOF). This is a very 
important part of the treatment of these patients on the ICU. In general, MOF of 
more than double organ insuffi ciency is related to a progressive mortality rate.   

   2.    General treatment of ongoing sepsis. Treatment with antibiotics will be selective 
and based on cultures. Long treatment with antibiotics will include antifungal 
therapy.   

   3.    Feeding the patient. This is a very important part of the treatment. A feeding 
team will decide together with the surgeon what the best strategy for the patient 
can be. The best is the enteral feeding option, but sometimes in the case of fi stu-
las, this is very diffi cult or even impossible. Alternative option will be the TPN 
and, if possible, the collection of the leaked fl uids being returned through a more 
distal fi stula with good passage to the stomas or the rectum. Whatever the course 
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chosen, the total amount of calories and nutrients will have to be determined and 
administered well in order to get the patient in an optimal anabolic situation.   

   4.    Care of the wound. It is essential to obtain an adequate drainage of all leakages com-
ing out of the abdomen. If possible, a vacuum system or a most simple wound man-
ager with suction drains will keep the abdomen constantly well drained and keep at 
the same time the wound clean. The vacuum system will provide a stimulus of the 
granulating tissue and closure of the wound (Fig.  24.1a–d ). Care of the stomas is 
important too, avoiding leakages and permitting adequate care of the skin. In the end 
an adequate drainage along with the abovementioned measures will best contribute 
to the recovery of the patient. The treatment involved is clearly multidisciplinary.

       How to close the wound, fi stulas (and stomas) after an open abdomen treatment? 
 There are two possibilities:

    1.    If the wound is granulating and patient is recovering and no intestinal fi stulas are 
present, defi nitive closure of the wound may be postponed until a better recovery 
of the patient, e.g., 6 months later, may have occurred. In the latter case, a tem-
porary closure can permit an easier care of the wound. Temporary closure of it 
can be achieved by means of a splits skin graft.   

   2.    In the presence of intestinal fi stulas (and stoma’s) and if the patient is recov-
ering, closure can be attempted 6 weeks later. This is the minimum period of 
time needed to permit the loosening of the adhesions between intestinal 

  Fig. 24.1    (a–d) Vacuum-assisted closure device (VAC)® (KCI Medical, San Antonio, TX)       

a b

c d

 

M.A. Cuesta and J.B. Tuynman



315

loops so that the operation becomes possible. There are different possibilities 
involved:

    (a)    Complete closure of everything, being fi stulas, stomas, and defi nitive 
abdominal wall closure.   

   (b)    Closure of intestinal fi stulas and temporary closure of abdominal wall, e.g., 
Vicryl mesh® in order to facilitate an optimal oral feeding and a good intes-
tinal transit, thereby avoiding the risks of taking down stomas.         

 Whatever the course taken, it will depend on the condition of the patient and the 
experience of the surgeon on what to do. 

 Steps to do are:

    1.    Resect the whole scar of the open abdomen; with this approach the skin will be 
never the problem. A tangential excision of the granulating surface will be done 
with the knife without damage to the underlying intestinal loops. In this way and 
by maintaining as much as possible fascia, we enter the abdomen (Figs.  24.2 , 
 24.3  and,  24.4 ).

          2.    In the abdomen, complete inspection of the loops has to be carried out. This 
work can be done by digital dissection and with scissors. One must take care 
to minimize the serosa and intestinal loop perforations. Most of the time this 
is impossible to avoid.   

   3.    Dissect adequately the intestinal fi stulas and stomas and make a plan. Do not 
perform sequential anastomosis in the small bowel within a short distance; the 
principle is to conserve the maximum of bowel with a minimum of anastomosis. 
Anastomosis will have a good perfusion, no tension, and an adequate patency. 
Close all the serosa defects and bowel perforation in horizontal direction thereby 
not compromising the patency of the bowel.   

   4.    Inspect the bowels again, now controlling the closure of the stomas, if distal in 
the left colon by using methylene blue.   

  Fig. 24.2    Scar and intestinal 
fi stulas       
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  Fig. 24.3    Tangential 
excision of the scar       

  Fig. 24.4    Abdomen after 
excision of the scar       

  Fig. 24.5    Mesh fi xed to 
fascia in order to close the 
abdomen       
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   5.    Close all the defects (fi stulas and stomas) in the abdominal wall. Do this from the 
inside using a thick thread.   

   6.    Finally, after leaving some drainage intra-abdominally, now follow the proce-
dure of closure of abdominal wound (Fig.  24.5 ). The most perfect way is using 
some combination of muscular plasty, e.g., component separation technique 
(Ramirez plasty) with a mesh. This would be an ideal situation but impossible 
at this stage. We prefer to cover the bowels with omentum and over this to put 
a mesh, mostly double, e.g., Parietex® or in the case of present residual sepsis, 
a double Vicryl mesh® attached to the fascia with a continuous reabsorbable 
running suture. Between the fascia mesh and the subcutaneous tissues, two 
drains are left to keep this space clean and dry.   

   7.    After drainage, subcutaneous tissues and skin have to be closed     

    Discussion 

 Bjorck et al. and De Waele et al. stressed the indications, causes, risks, and manage-
ment of the open abdomen, describing different treatment strategies [ 1 ,  2 ]. Interesting 
is the use of the topical negative pressure by means of the vacuum- assisted closure to 
the management of open abdomen with and without enteric fi stulae. D’Hondt et al. 
reported the experience with topical negative-pressure (TNP) therapy in the manage-
ment of enteric fi stulae using the vacuum-assisted closure (VAC) device (KCI 
Medical, San Antonio, TX). They described that nine patients with 17 enteric fi stulae 
in an open abdomen were treated with topical TNP therapy [ 3 ]. Surgery with take 
down of the fi stulae and abdominal closure was planned 6–10 weeks later. Three 
fi stulae closed spontaneously. The median time from the onset of fi stulization to 
elective surgical management was 51 days. No additional fi stulae occurred during 
VAC therapy. They concluded that although previously considered a contraindication 
to TNP therapy, enteric fi stulae can be managed successfully with TNP therapy. 
Surgical closure of fi stulae is possible after several weeks     
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     The way to establish the pneumoperitoneum forms the initial part of any laparo-
scopic intervention. There are two ascertained ways for undertaking this important 
part of the operation, the fi rst by means of the Veress needle and the second by the 
open method. Taking into account all variations introduced, four ways can be delin-
eated: (a) Veress needle, (b) the open Hasson technique, (c) direct trocar placement 
without prior pneumoperitoneum, and (d) the optical view technique. A review of 
each method is now provided. 

 Regarding the Veress needle, the potential danger of using it is the occurrence of 
visceral or vascular injury. We note that Bonjer et al. have performed a retrospective 
study of the literature to compare the closed laparoscopy and open laparoscopy in 
terms of safety [ 1 ]. Data on closed laparoscopy in 489,335 patients and in open 
laparoscopy in 12,444 patients were culled. The rates of visceral and vascular injury 
were respectively 0.083 and 0.070 after closed laparoscopy and 0.048 and zero after 
open laparoscopy. Mortality rates after closed and open laparoscopy were respec-
tively 0.003 and zero. In this study, Pearson Chi 2  analysis demonstrated a statisti-
cally signifi cant difference in terms of visceral and vascular injury between closed 
and open laparoscopy, there was no such difference for mortality rates. The conclu-
sion by Bonjer et al. was that in laparoscopic surgery the open establishment of 
pneumoperitoneum is advocated because it is safer than the closed method. 

 In 2003, Merlin et al. did a systematic review of the safety and effectiveness of 
methods used to establish pneumoperitoneum in laparoscopic surgery [ 2 ]. Their 
meta-analysis was carried out on prospective, nonrandomized studies of open 
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versus closed access. Their fi ndings regarding open access indicated a trend towards 
a reduced risk of major complications, with a 95 % confi dence interval (ci) of 0.09–
1.03. Open access was also associated with a trend towards a reduced risk of access 
site herniation, ci 0.04–1.03, and concerning nonobese patients, a 57 % reduced risk 
of having minor complications. Additionally, they located a trend of fewer conver-
sions to laparotomy. Data on major complications gained from studies of direct 
trocar versus needle/trocar access were inconclusive. Yet, minor complications 
were fewer when engaging direct trocar access, a phenomenon predominantly 
owing to a reduction in extraperitoneal insuffl ation. 

 In 2004, Jansen et al. did an extensive inquiry regarding closed versus open- entry 
technique [ 3 ]. A questionnaire was submitted to the members of the Dutch Society 
of Gynaecological Endoscopy and Minimal Invasive Surgery, and the results were 
combined with a Medline literature search. They recorded complications from 
January 1997 to December 2001 and divided the data on methods in two groups: 
group 1 cases of Veress needle or fi rst trocar and group 2 cases of open- entry tech-
nique. Procedures were performed by 187 gynecologists in 74 hospitals. The major-
ity of the specialists (57 %) performed the closed-entry laparoscopy and had 
recorded 31 complications (0.1 %) of the 31.532 interventions. In cases of previous 
laparotomy or obesity, most of the gynecologists used an alternative insuffl ation, 
namely, the Palmer’s point. The rest of the specialists used both entry techniques. 

 In those cases of expected adhesions, or of previous laparotomy, or of obese or 
else very thin patients, an open entry was used. The specialists reported 20.027 
closed procedures and 579 open procedures, having complication rates of 0.12 and 
1.38 %, respectively. Signifi cantly, more visceral lesions were found at open entry 
in group 2. Moreover, their literature search showed a calculated average of the 
entry complication rates holding for the closed-entry technique regarding visceral 
and vascular lesions of 0.44 per 1,000 procedures and 0.31 per 1,000 procedures, 
respectively. They found no evidence of abandoning the closed-entry technique in 
laparoscopy. However, selection of patients for open or alternative entry procedures 
is still recommended in this study. 

 Varma and Gupta published in 2008 a national survey in the United Kingdom by 
questionnaire and a systematic literature search. They described the national guide-
lines and survey as well as the medicolegal ramifi cations concerning the different 
entry techniques [ 4 ]. Their conclusions were “despite widespread awareness of 
laparoscopic entry guidelines, there remains considerable variation in the tech-
niques adopted in clinical practice. Unless practice concurs with recommendation 
guidance, women undergoing laparoscopy will be exposed to increased and unnec-
essary operative risks. Laparoscopic entry-related injury in an uncomplicated 
woman is according to UK legal case law considered to be a negligent practice.” 

 In 2012, Ahmad et al. reviewed the laparoscopic entry techniques using the 
Cochrane’s search strategies [ 5 ]. They reviewed 28 randomized controlled trials 
with 4,860 individuals undergoing laparoscopy and evaluated 14 comparisons. 

 They concluded that an open-entry technique is associated with a signifi cant 
reduction in failed entry when compared to a closed-entry technique, with no differ-
ence in the incidence of visceral or vascular injury. Signifi cant benefi ts were noted 
with the use of a direct-entry technique when compared to the Veress needle. 
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The use of the Veress needle was associated with an increased incidence of failed 
entry, extraperitoneal insuffl ation, and omental injury; direct trocar entry is there-
fore a safer closed-entry technique. 

 Moreover, the SAGES guidelines [ 6 ] concluded that “there are no demonstrable 
differences in the safety of open versus closed techniques for establishing access; 
decisions regarding choice of technique are left to the surgeon and should be based 
on individual training, skills, and case assessment” (Level I, grade A). 

    Closure of the Trocar Sites 

 Trocar sites of 10 mm and gigger should be closed. There are available different 
closure techniques [ 7 ]. 

 The incidence of port-site hernia is between 1 and 2 % for the sites >10 mm. 
 In order to prevent this complication, consensus has been established to close the 

ports that are 10 mm or larger. In a review of 647 patients who underwent a laparo-
scopic operation during a period of 3 years, Moran et al. found a port-site hernia 
incidence of 1.23 %, all being symptomatic and all requiring surgical correction [ 8 ]. 
The moment when herniation occurs is interesting; an early postoperative herniation 
is associated with signifi cant morbidity. This complication should be considered in 
those patients presenting with postoperative bowel obstruction. Engaging in a meticu-
lous closure of port sites of 10 mm and wider could reduce the incidence of hernia. It 
is obvious that at the moment of diagnosis, the fascia defect is larger than the original 
10 mm that then the best way to repair it will be by means of a laparoscopic correction 
with a mesh, thereby also paying attention to have closed all the new trocar sites.     
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     The objective of this book has been to stress how important it is to prevent postop-
erative complications by a proper indication for engaging surgery and having a good 
operative technique. Especially    the indication for surgery must be discussed multi-
disciplinary; it is no longer acceptable that such a determination would only be the 
work of a solitary surgeon. Having a good surgical technique may imply a lot of 
things, such as proper standard training based on evidence-based surgery; using 
techniques demonstratively better than others; and having knowledge of the type of 
anastomosis and dissection as, for instance, when to mobilize or not the splenic 
fl exure in rectum cancer surgery. 

 More evidence on preventing postoperative complications will be required to 
accomplish these objectives, thereby stimulating an optimal training and continuous 
and permanent learning to adopt new developments. We note that the introduction 
of laparoscopic surgery and currently the fast track have changed many aspects of 
daily practice, reducing hospital stay and complication rates. And thereby not for-
getting that surgical times are becoming more complicated with the introduction of 
neoadjuvant protocols, for each patient is unique, and individualization of surgery 
has become a reality. 

 All authors and contributors to this book have succeeded to address these points, 
thereby stimulating us to go further. It also prompts some considerations I would 
like to share. 
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 Complications are inherent in surgical work! We have the audacity to treat a 
surgical disease by means of the knife! Surgical treatment as such means trauma, as 
it will create an infl ammatory response—local as well as general—and an immune 
response. Patients undergo in surgery profound physiological alterations. The issue 
now becomes: How to defi ne surgical complications in this context? We can defi ne 
a complication as an alteration of a smooth and prompt recovery of the patient 
after an operation. Examples are a wound infection or venous thrombosis but also 
a urinary infection. Observing and documenting carefully, we realize that almost 
all patients will have some sort of complication, mostly minor, but also major. 
Dr. Dindo has defi ned the principles of an optimal classifi cation for gastrointestinal 
complications. For young surgeons and residents, it is very important not only to 
learn about proper indications for surgery and corresponding operative techniques 
but certainly also to detect postoperative complications early and to treat these ade-
quately. An essential learning point I want to stress is that detection and treatment 
of complications are very much multidisciplinary practices, as the different authors 
appointed out so well in their respective chapters about complications. In modern 
surgery, the internist, gastroenterologists, and radiologist need to work together to 
accomplish the objective to detect early and to treat adequately the postoperative 
complications occurring. Early detection means proper and careful clinical observa-
tion. If the patient is doing well and recovers quickly, then he/she can go home, but 
when certain factors appear, such as abdominal pain and fever, because a patient 
does not progress properly or even is getting sick, laboratory studies and eventu-
ally CT-scan diagnosis must become a standard performance. Doing this promptly 
relates positively to better outcomes, less complications, and less mortality. All 
authors have stressed these important basic points in their respective chapters. Lack 
of progress in being timely means having complications! 

 A much more diffi cult topic and more subjective to value is how to treat major 
complications. At the same time, we recognize an abundance of evidence in this 
volume on how to treat major complications and when to do so. 

 All authors have stressed such points and we can be grateful for their candor. 
A golden standard implied in each chapter is the maxim that in case of a major 
complication, the surgeon fi rst must save the life, second must save the organ, and 
third must save the cosmetics. At the same time, it is unavoidable that adequate 
treatment of the sepsis will imply radical measures. This affi rms again that multidis-
ciplinary cooperation is of paramount importance for gaining excellence. 

 Remarkably, all authors expressed their willingness to engage in permanent 
learning regarding surgery. In particular, I laud the work of many residents and 
young surgeons, who by writing clearly about the complicated cases have been able 
to portray their own performance of professional practice understandably for a 
broad audience. Finally, we must recognize with distinction the essential role of the 
anesthesia and intensive care personnel on whom all of us rely day in and day out 
for performing the challenges of major surgery.    

M.A. Cuesta and H.J. Bonjer
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