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ABSTRACT

Anastomotic leakage (AL) is a serious complication that
effects thousands of patients undergoing colorectal surgery
annually. Stapling is generally used to perform anastomoses.
Two common anastomosis techniques are the End to End (EE),
and End to Side (ES). Currently there is no experimental
approach to compare the effectiveness of these two techniques
against AL. This work proposes an ex-vivo experimental setup of
burst testing of anastomoses using porcine tissues. Twelve pigs
were used with three specimens harvested from the colon of each
of them: EE, ES, and a control specimen. Failure of the
anastomoses were monitored, and the corresponding leakage
pressures were recorded. Preliminary results indicated that ES
led to higher strength than EE.

Keywords: Colorectal Anastomosis, Anastomotic Leakage,
Burst Pressure, Stapled Anastomosis.

1. INTRODUCTION

Over 320,000 patients undergo colorectal surgery in the
United States every year [1], and require reconstruction of the
colon by reconnecting the proximal and distal ends of the
intestine. Unfortunately, it has been reported that up to 29% of
those who go through colorectal anastomosis suffer from
anastomotic leakage (AL) [2]. AL leads to increased patient
morbidity and mortality rates. Additionally, AL has a tremendous
economic impact; it is estimated that for every 1000 patients
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suffering from AL, $28.6 million additional costs are incurred in
addition to 9,500 days of additional hospitalization [1].

Several techniques are used for colorectal anastomosis
including sutures and staples. However, stapled anastomosis is
currently more commonly used, due to repeatability and
reduction in operation time in comparison to sutures [3]. While
multiple stapled anastomosis methods were developed [4]-[6],
surgeons typically use either End to End (EE) or End to Side (ES)
stapled anastomoses for colorectal anastomoses. The main
difference between these two techniques is in the distance to the
attachment of the distal and proximal ends of the reconstructed
colon. Both techniques start with sealing the openings of the tract
using linear staples followed by circular staples to form the
anastomosis. In EE anastomosis, circular staple line occurs close
to the linear staple line while in ES anastomosis the circular
staples are placed farther away from the linear staple line,
creating a pocket on the proximal end of the circular staples.
FIGURE 1 shows schematics of these two approaches. Surgeons
typically test the integrity of an anastomosis by pumping
pressurized air through the colon and monitor evidence of
leakage by looking for bubbles.

A recent review indicated that there were fewer cases of AL
in ES compared to EE [7]. Unfortunately, there is a limited
understanding of the reasons behind this observation. Due to the
difficulties associated with harvesting and testing human
colorectal tissues, researchers conducted relevant testing using
porcine tissues because of their relative structural and general
physiological functionality. The following is a review of relevant
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studies that were conducted using porcine colons. For instance,
in-vivo experiments were conducted on eighteen live pigs to
compare EE to compression anastomosis [8]. These pigs were
monitored over the course of two weeks. The results showed that
EE stapled anastomoses were able to withstand higher burst
pressures than compression anastomoses. Another research team
investigated buttressed staple lines in ex-vivo models on three
pigs [9]. Results showed almost double the strength in buttressed
staple lines in comparison to non-buttressed staple lines. An ex-
vivo experimental model to compare different techniques of
anastomosis was presented, [10], including stapled anastomosis
in single-stapled double purse string, double stapled, EE linear
staple, EE circular staple, and EE circular staple with sutured
reinforcement. Using fifteen pigs, each of these techniques was
tested using six specimens. The results showed that EE
reinforced with sutures held highest pressure. EE anastomosis
leakage pressure was evaluated using six specimens, each taken
from a separate pig in an ex-vivo model [11]. A Finite Element
Model (FEM) was developed to simulate the interaction of the
tissues and the staples of this experiment. The results showed
that further investigation is needed to understand the interaction
of the tissue and the anastomosis.

(2)

(b)
FIGURE 1: Two possible approaches for stapled colorectal
anastomosis: (a) End to End (EE) Connection, (b) End to Side
(ES) Connection

This research proposes to examine the following hypothesis:
circular staple line is where anastomotic leakage most likely
occurs. Additionally, this research is attempting to understand
two common anastomosis techniques: End to End (EE), and End
to Side (ES) differ in terms of leakage pressure. To address these
issues, a leakage experiment was developed using colorectal pig
tissues while closely mimicking the process used in surgeries.

2. MATERIALS AND METHODS

2.1 Tissue Preparation

The experiments were conducted on porcine colon
specimens harvested from a local farm. Harvested pigs (n = 12)
were 3—8-month-old; all of them were of the F1 cross-species (a
Yorkshire and Landrace mix). The entire gastrointestinal tract
was collected immediately post-mortem and taken to the lab to
prepare for experimentation, FIGURE 2. The freshly harvested
colon tract was drained of all the luminal content and flushed.
Three adjacent segments were collected from each colon and
three testing specimens were made: EE, ES, and a control. A
tubular section was used for the control specimen, which
provided baseline pressure comparison for each tested colon.

FIGURE 2: HARVESTED PORCINE COLORECTAL TRACT

2.2 Preparation of Anastomotic Staples

Preparation of anastomoses started by recording the
specimens’ tissue thickness and average tract diameter.
PROXIMATE® Regular Tissue Linear Cutter, 75Smm (Ethicon,
Inc. NJ, USA) [12] were used to prepare the EE and ES
specimens. The specimens were centered on the cutter, and a
linear staple line is applied sealing these two ends. Once stapled,
a linear cutter split the specimen into two halves. Following this
step, Ethicon® Circular Stapler Curved (ILS), 21 mm diameter
staples[13] (Ethicon, Inc. NJ, USA) were used to perform the
circular anastomosis on the specimens. In EE, the circular
anastomosis would occur 2 cm away from the linear staple line
while in ES the circular anastomosis would occur 2 cm away
from the linear staple line at the distal end and 8 cm away from
the linear staple line at the proximal end creating a pocket.
FIGURE 3 shows anastomosed colorectal tissues.
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IGURE 3: ANASTAMOSED TISSUES, (4) ES, (B) EE,
(C) CONTROL SPECIMEN. CIRCULAR STAPLED
ANASTOMOSES ARE SHOWN USING RED ELIPSE

2.3 Burst Experiment

To identify the burst pressure for each of the anastomosis
method, an ex-vivo model was designed to inflate specimens at
a constant rate while monitoring any indications of failures,
FIGURE 4. To simulate the surgical procedure as closely as
possible the experiment was fully submerged in a temperature-
controlled water tank (set to 38 °C to simulate internal body
temperature). To simulate inner body pressure, specimens were
placed under approximately 100 mm of water corresponding to
the pressure of 0.93 kPa [14]. The two unstapled distal and
proximal ends of the colon section were connected to inlet and
outlet adapters. Using a snap-grip hose clamps, an air-tight seal
was created without damaging the tissues. To inflate the
specimens, a peristaltic pump was used to pump air within the
system at a given rate of 50mL/min. A pressure transducer was
used at the outlet to measure the pressure in the system. To ensure
that the tissue was not stretched before the start of inflation, a
load cell (Interface Inc. AZ, USA) was placed behind the inlet
adapter, and the linear stage was manually adjusted until the
tissue experienced approximately 3 N in tension. Additionally,
two cameras were placed on both sides of the tank to monitor the
specific instant of failure and its location.

Failure of the EE and ES specimens was defined as the
instant at which the anastomosis leaked, and air-bubbles were
observed.

FIGURE 4: EXPERIMENTAL SETUP FOR BURST TESTING,
(A) WATER TANK, (B) TEMPERATURE CONTROLLER, (C)
SPECIMEN, (D) ADAPTER AND CLAMP. (E) AIR INPUT
FROM PUMP, (F) PRESSURE TRANSDUCER, (G) LOAD
CELL, (H) CAMERA

3. RESULTS AND DISCUSSION

The tested colorectal tissues were reasonably consistent,
with a diameter and thickness 0f 46.6 +4.9mm and 0.9 £+ 0.1mm,
respectively. The observed mode of failure of each anastomosis
method in each pig was recorded, as seen in TABLE 1.

TABLE 1: DIFFERENTIAL PRESSURE AT LEAKAGE &
MODES OF FAILURE IN EE & ES ANASTIMOSIS, &
CONTROL GROUP PRESSURE

_ EE ES Con_trol
Pig # (kPa) (kPa) Sp(f(‘:;r;‘)e”
1 Clamp (0.13) C('(;Cg’;;‘r 2.61)
2 Linear (0.82) C('(';Cg‘z!;“ (0.87)
T
P G
5 egl el gy
o G iy,
SR
o G mw
T
o o,
1 Tlssgglgsa)llure C(I:II-'C:;.I(;;.F (1.92)
I R
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It was observed that the control specimens were consistently
able to withstand higher pressures than both anastomosis
methods. The results also show that out of twenty-four
anastomosed specimen, nineteen failed at the circular staple line,
three at the linear staple line, and one failed due to improper
clamping. The three cases in which the linear staple connection
failed before the circular ones were not biased toward either
method of anastomoses. In one case, the tissues failed before
leakage was observed. For the seven pigs where failure took
place at the circular staple lined, leakage pressures were
compared across both methods of anastomosis, showing a large
pressure variation: 0.58 £ 0.40 kPa and 0.66 + 0.40 kPa for EE
and ES respectively, FIGURE 5. The results showed that five
pigs exhibited higher failure pressures for ES compared to EE,
which indicates that there could be a validated trend that ES can
withstand higher pressure in comparison to EE. Overall, the
results show that the experimental setup was successful in
achieving the goal of this research.
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FIGURE 5: COMPARISON OF EE AND ES PRESSURE
FAILURES

Statistical analysis was conducted using a Two-Tailed
unpaired T-test. The results showed that the two-tailed P value is
equal to 0.7148. The mean of EE minus ES equals to -0.080 and
the 95% confidence interval of this difference is from -0.5458 to
0.3858. These results indicate that the data has no statistical
significance in the burst pressures of EE versus ES, which can
be attributed to the small sample size and the high standard
deviation of the measurements.

4. CONCLUSION

It was hypothesized that the circular staple line may be the
point at which the anastomosis is the weakest and therefore
anastomotic leakage occurs. This hypothesis was clearly proven
based on the current results obtained from an air pressure leakage
experiment that was developed as a part of this research using
colorectal pig tissues and mimicking actual testing done in
surgeries. Additionally, this study aimed to compare the
effectiveness of two common anastomosis techniques: End to
End (EE), and End to Side (ES). Preliminary results show a
general trend of higher leakage pressures in the case of ES in

comparison to EE. Further testing using a larger number of
specimens as well as the development of an accurate Finite
Element Analysis will be needed to further identify the
mechanisms of anastomotic leakage.
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