Analysis of Surgical Risk Factors
in Tailoring Digestive Anastomosis

Mario Testini, llaria Fabiola Franco,
Valentina Ferraro, Angela Gurrado,

and Germana Lissidini

Failure of gastrointestinal anastomosis results in
leaks, fistulas and dehiscence, still representing
the major complication following abdominal sur-
gery. Despite the improved perioperative assess-
ment, the standardization of surgical technique,
and the use of innovative devices, reported inci-
dence of gastrointestinal anastomosis leakage
ranges from 2 to 12 % [1-4], significantly
increasing mortality (7-12 %), morbidity (20—
30 %), and hospital resource utilization [5].

The anastomotic leakage rate is highly vari-
able and strictly depending on the anastomotic
site [6]: failure of esophagojejunostomy is a
potentially catastrophic event, as a missed leak-
age of a colorectal anastomosis; on the contrary,
gastroenteric or entero-enteric anastomosis leak-
age could be more often managed by a conserva-
tive approach. Therefore, anastomotic leakage
represents one-third of overall mortality in
colorectal surgery [6] and even more in esopha-
gectomy and total gastrectomy [7-9].

The risk factors for anastomotic failure in
digestive surgery (Table 1.1) can be divided into
two groups:
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(a) General
(b) Local also including factors related to surgi-
cal technique
Diabetes mellitus seems to have an important
role on the anastomosis healing. Experimental
studies demonstrated an increased anastomotic
leakage in untreated diabetic rats vs diabetic one

Table 1.1 Risk factors of anastomotic leakage

General

Age

Sex

Diabetes mellitus

Nutritional state

Blood transfusion
Uremia

Anemia

Preoperative radiotherapy
Chemotherapy

Chronic obstructive
pulmonary disease

Cardiopathy
Hypotension
Weight loss

Obesity
Coagulopathy

Smoke
Corticosteroid therapy
Metastatic disease

Fluid and electrolyte
disorders
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Local
Bowel preparation
Surgical technique

Mechanical or manual
anastomosis

Emergency surgery
Surgical skills
Comorbidity
Peritonitis

Bowel obstruction
Antibiotic therapy
prophylaxis
Operative time

Protective ileostomy
Use of drain

High tension at
anastomosis level
Vascularization
Anastomosis site and
number

Positive surgical margins
after resection

(Flogosis, necrosis,
neoplasia)
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treated by insulin therapy. Obesity, anemia, hypo-
tension, uremia, coagulopathy, age, and male sex
are also reported in some experiences [1-5, 8].
Otherwise, a prolonged nonsteroidal anti-inflam-
matory drugs (NSAIDs) use yields a higher risk
of anastomotic breakdown. NSAIDs result in an
increased rate of anastomotic leakage after
colorectal surgery during the postoperative treat-
ment too; consequently, cyclooxygenase-2 selec-
tive NSAIDs should be used with caution after
colorectal resections with primary anastomosis
[10, 11]. Moreover, some authors [12, 13] con-
sider intraoperative blood loss of 200 mL or
more, blood transfusions (more than 2 U/24 h),
and low albumin serum level (inferior than
3.0 g/L) as significant factors. Conversely,
chronic hypovolemia and weight loss don’t seem
to be significant factors, while vascular disease,
advanced tumor stage, radiotherapy (Figs. 1.1
and 1.2), and chemotherapy are associated with
increased anastomotic leakage. However, local-
ized and generalized leaks also have a significant
negative impact on overall, cancer-related, and
disease-free survival [1-8, 12—14].

Among the local factors, compelling evidence
exists that intestinal bacteria play a predominant
role in the pathogenesis of anastomotic leakage

Fig. 1.1 Small bowel
side-to-side anastomosis in a
patient affected by volvulus
following radiation enteritis

[15]. Moreover, some authors consider bowel
obstruction (Fig. 1.3), while others don’t confirm
its relevance [13]. Sepsis appears to be associ-
ated with anastomosis leakage, also enhancing
the collagenolytic effects of the collagenosis
[16]. We believe that sepsis still represents an
absolute contraindication to a single-stage anas-
tomosis during emergency colorectal surgery,
above all in the presence of endoabdominal mul-
tiple abscesses and collections. In these patho-
logical evidences (Fig. 1.4), a prudent behavior
is mandatory, with the performance of a
Hartmann procedure. The leakage rate appears
significantly higher in patients undergoing to
emergency surgery than elective one [12, 17]
(38.1 % vs 13.3 % in Kim experience [18], 13 %
vs 3.9 % in our [13]). Moreover, a full bowel
preparation allows greater intraoperative clean-
ing, reducing fecal contamination, even if Harris
[19] suggests elective colon resection performed
safely without preoperative mechanical bowel
preparation.

The decrease of mortality and morbidity due
to anastomotic leaks can be also gained by per-
forming intraoperative pneumatic test, defunc-
tioning ileostomy, and drain tube insertion, as
reported by Boccola [14, 20].
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Fig.1.2 Small bowel volvulus
caused by radiation enteritis

Fig. 1.3 Mechanical bowel
obstruction with cecum
diastase due to stenosis by
carcinoma of the rectum

The choice of anastomosis remains at the discre-
tion of the surgeon, largely depending on experi-
ence, patient’s characteristics, and operative setting,
even if there isn’t a clear evidence for one technique
over another [20]. Stapled anastomoses is associ-

ated with a significant lower leak rate regardless of
anastomotic location [21], even if, as recently sur-
prisingly reported by Korolija [21], anastomotic
failures can be more than twice with stapled than
hand sewn in the emergency general surgery.
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Fig. 1.4 Pelvic abscess from
perforated carcinoma of the
rectum

The anastomosis site represents one of the
main problems in the digestive surgery. In fact,
low colorectal [12, 14] as well as esophagus—
jejunal [8, 9] anastomoses are associated with a
higher incidence of failure. In this regard,
Montesani reported re-peritonealizing and tech-
nical changes in the mechanical suture as useful
in order to reduce failures following low anterior
resection [22]. No differences in anastomotic
colorectal leak are reported between laparoscopic
and open surgery [23], even if a lower incidence
in the laparoscopic one is reported in a recent
review (3.0-17 % vs 0-23.0 %) [24]. The use of
a protective stoma is controversial, with wide-
spread use in some experience and markedly
reduced or abolished in other [25]. In our opin-
ion, according to Hansen [25], we justify the use
of a protective ileostomy or colostomy only in
situations with a high risk of failure as low
colorectal anastomosis, difficult pelvic dissec-
tion, and risk patients. However, it is important to
consider also the morbidity related to re-surgery
and to the stoma management. Therefore, we
believe that when an anastomotic failure appears,
a late opening of a ghost-ileostomy could be not
useful. A tension at the level of anastomosis
resulting from an incomplete mobilization, an
insufficient blood supply, and the absence of
margins’ integrity for necrosis, inflammatory dis-

ease, or cancer are univoquely accepted as high-
risk local factors [1]. For these reasons a proper
mobilization of the splenic flexure is essential to
prevent the stretching on the anastomosis in left
colon resective surgery [12]; otherwise, the low
percentage of splenectomies of necessity reported
in the literature does not justify different behav-
iors. Instead, the kind of disease does not seem to
constitute a risk element [22] but a higher inci-
dence of tumor recurrence resulting from the
onset of dehiscence is reported in literature [14].
In univariate analysis [8], the patient age, the pul-
monary insufficiency, the lymph node dissection,
the combined resection of other organs, the
omental resection, the operative time, the blood
loss, the intraoperative blood transfusion, and the
postoperative creatinine level were reported as
significant factors influencing anastomotic heal-
ing. Also, a multivariate analysis [1] identified
pulmonary insufficiency and duration of opera-
tion as predictors of anastomotic leakage.
Assembling the general and loco-regional
with technical factors, we still agree with the
multivariate analysis of Golub [3] that selected
five statistically significant predictive parameters:
chronic obstructive pulmonary disease (COPD),
bowel obstruction, peritonitis, corticosteroids
use, blood transfusion >2 U, and serum albumin
level <3.0 g/L. Furthermore, a supplemental 80 %
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Fig.1.5 Experimental study: i
small bowel anastomosis in
the rabbit

Fig. 1.6 Experimental study:
colo-colic anastomosis in the
rabbit

FiO2 during the rectal cancer surgery and imme-
diate postoperative period reduces anastomotic
failure [26].

Despite of the importance of general, local, or
technical factors, at the base of the anastomosis
failure could be an “innermost” primum movens,
to look for both at the pathophysiological and
biochemical levels. In fact, it is not otherwise
possible to explain leakage in anastomoses per-

formed under optimal conditions of elective sur-
gery, using perfect technique, in patients without
general risk factors.

Starting from this rationale, and from the
higher leak rate in large than in small bowel anas-
tomoses, we performed experimental studies
comparing resected and anastomosed segments
of small and large bowel (Figs. 1.5 and 1.6) using
biochemical and tensiometric methods [27-29].
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Previous experimental studies showed an early
and massive deposition of collagen and a greater
distress of the large compared with the small
bowel. It is also well known the importance of
the maturation of collagen in the anastomosis
healing process and that an adequate metabolic
energy is needed to realize healing process.
Starting from these assumptions, our first
study [27] was to analyze the process of
oxidative phosphorylation (mitochondrial func-
tion) in colon and small bowel during the anasto-
motic process. The results of polarographic,
spectrophotometric, and gel-electrophoresis
analysis showed a prevalence of oxidative metab-
olism in the colic mitochondria compared with
the small bowel, demonstrated by an increased
activity of oxygen consumption and enzymatic
respiratory. On the contrary, the small bowel
showed a prevalence of glycolytic metabolism.
Summarizing these results, the small bowel burns
sugars through anaerobic glycolysis to produce
energy for collagen deposition and healing pro-
cess of anastomosis, and therefore is less influ-
enced by the decrease of available oxygen
occurring in the anastomotic area during surgical
stress. By contrast, colon shows a metabolism
mainly linked to the oxidative phosphorylation,
presents a more difficult anastomotic healing
process in absence of oxygen, and shows a greater
risk of leak. This observation is confirmed by the
decrement of biochemical parameters in colonic
cells. In fact, at the end of the study, we observed
a small bowel tissue biochemically identical to
the preoperative one, while the colon tissue
showed marked differences.

In the second phase of our experiments [29],
we investigated if biochemical differences were
also associated with motility and peristalsis. In
fact, the aim was to verify in vitro how much the
surgical stress could affect contractility of the
smooth muscle (both spontaneous and agonist
induced) of both organs, correlating these
results to the biochemical parameters too. The
results showed an anarchist contractility and
late restart of colic peristalsis compared with an
early and regular contractile activity of the small
bowel. Such motor abnormalities may be the
consequence of abnormal biochemical changes,

because the ATP is necessary in the mainte-
nance of membrane potentials, in calcium
homeostasis, and in the actin—myosin interac-
tions. The study showed that surgical stress
determines abnormalities in the mitochondria of
the smooth muscle, damaging the contractility.
In consequence of a difficult process of collagen
maturation and deposition, these changes are
prevalent in the colon and may explain unex-
pected anastomotic leakage in the absence of
apparent risk factors.

At confirm of these experimental results, an
other retrospective study [30] showed a signifi-
cant leakage rate (24.1 % vs 2.7 %, P=0.001) in
patients who underwent colic resection, affected
by COPD compared with patients not affected by
COPD. COPD is characterized by a condition of
chronic hypoxemia that determines a reduced
peripheral oxygen delivery (DaO2). However,
the mechanism of control of blood flow and of
oxygen extraction at intestinal level let the con-
sumption of oxygen (VO2) to be independent
from DaO2; thus, the reduced DaO2 does not
influence the VO2 in patients with COPD. On the
contrary, during the healing process of colic
anastomosis, the need of oxygen increases, both
for higher metabolic request related to the oxida-
tive phosphorylation and for the synthesis of col-
lagen. In patients with COPD undergoing to
resective surgery and colic anastomosis, these
pathophysiologic changes inevitably relate the
VO2 to the insufficient DaO2. Therefore, the cor-
rection of impaired oxygen tension could reduce
the high incidence of anastomotic leak in patients
with COPD. On the basis of these results, a pre-
operative evaluation of respiratory tract (chest
X-ray, CT, spirometric tests, hemogasanalysis) is
essential before colic resective surgery, espe-
cially in aged patients affected by COPD.
Moreover, a perioperative oxygen therapy also
may facilitate anastomotic healing.

In a further experimental study [31] we
investigated in pigs if pericardium bovine patch
(Tutomesh®) wrapping ileoileal and colo-colic
anastomosis seals the suture line and promotes
anastomotic healing. By using integrated and trans-
lational methodologies, we described intraopera-
tive, histological, biochemical, tensiometric, and
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electrophysiological evaluations performed on
intestinal specimens.

Biologic materials have been introduced in
general surgery as reinforcement of abdominal
wall hernia in contaminated or potentially con-
taminated settings, when the use of alloplastic
meshes is contraindicated [26-31]. In this
respect, an innovative application of biologic
patch could be their use as reinforcement of the
gastrointestinal anastomotic suture line [7-9].
Therefore, the aim of the study was to verify if
bovine pericardium patch improved the healing
of anastomosis, when in vivo affixed on the hand-
sewn suture line of large and small bowel anasto-
mosis of the pigs.

A further end point was to verify if the patch
was able to avoid anastomotic leakage in the
presence of a deliberately incomplete left suture.

The results showed that the application of a
patch wrapping the colic anastomosis produces a
positive effect in the healing compared with
untreated samples also showing, during follow-
up, an almost full recovery [1-3, 26]. In the large
bowel patch anastomosis group, the delay of oxi-
dative stress in the early stage of reparative pro-
cesses could prevent the damage of noble cells
(like tissue stem cells), allowing a full restoration
of tissue functions and also decreasing fibrotic
reaction during the next stages of healing pro-
cess. Under a condition of cellular oxidative
stress, the protective effect of the patch is com-
patible with the histological observation of a
moderate inflammatory infiltrate; moreover, the
late increase of reacting oxygen species can be
correlated with an appearance of a granulation
tissue, without damages during the repairing pro-
cess. Therefore, tensiometric evaluations in colic
specimens suggested that the use of patch can
preserve smooth muscle response to acetylcho-
line similar to the response of controls (speci-
mens without anastomosis) in the early
postoperative time (48 h—14 days), while the
colic preparations with traditional anastomosis
showed contractility alterations. In the ileum, the
presence of pericardium bovine patch clearly pre-
vents the alterations following the traumatic
effect of surgery. However, pericardium bovine
patch appears to modulate and counteract the

traumatic effect of surgery. Overall, our results
suggest that the application of the patch also
improves the intestinal mucosal function, restor-
ing the almost normal transport properties. In
conclusion, the use of the pericardium bovine
patch as reinforcement of the intestinal anasto-
mosis could be safe and effective. Moreover, the
leakage prevention in the presence of iatrogenic
perforation is also unpublished before and it rep-
resents a surprising histopathological data. On
the basis of these experimental results, we started
a multicenter-controlled clinical trial in humans,
comparing the outcomes of intestinal anastomosis
performed with and without the bovine pericar-
dium patch in risk patients.

In conclusion, despite studies regarding risk
factors and prevention, the anastomotic leakage
continues to be the most serious complication
after gastrointestinal tract surgery. A thorough
surgical technique, avoiding hazardous anasto-
moses without protective stoma, or without two-
stage surgery in patients at risk, could allow a
significant reduction of healing process failure. A
tailored surgical approach to both patient’s physi-
ology and disease is the most important factor
that influences anastomotic integrity after resec-
tive surgery. Further studies regarding innovative
devices able to improve the healing process of
anastomosis are needed.
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