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Abstract

Background: No studies have appeared in the literature evaluating the intraluminal volume of injected saline in the
canine colon for performing leak tests in colotomy incisions.

Aim: To determine the volume of the injected intraluminal saline necessary to achieve an intraluminal pressure of
17.3 cm H,O in 10 cm colonic segments containing a closed colotomy occluded with intestinal forceps or by digital
pressure.

Methods: Fresh colon was obtained from 8 canine cadavers and divided into 10 cm segments. A 3 cm antimesenteric
colonic incision was performed at each intestinal segment which was closed using a 3—0 polydioxanone suture in a
simple continuous pattern. Each colonic construct was occluded with Doyen intestinal forceps or by digital pressure
and a leak test was performed by saline infusion. The saline volume needed to achieve a predetermined intraluminal
pressure of 17.3 cm H,O, following occlusion was recorded.

Results: The mean volume of injected saline with the Doyen intestinal forceps occlusion (20.4 + 8.2 ml) was
significantly larger than that of the digital occlusion technique (17.5 + 6.8 ml) [p = 0.021].

Conclusion: For 10 cm canine colonic constructs containing a closed colotomy, saline volumes of 20.4 ml with Doyen

occlusion and 17.5 ml with digital occlusion can be utilized to achieve intraluminal pressures of 17.3 cm H,O.
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Introduction

Colotomy is used in dogs for the collection of full-
thickness samples, removal of impacted feces, foreign
bodies, or small masses, and for addressing colonic
perforations (Fossum and Hedlund, 2003; Williams,
2018; Smeak, 2020). Intestinal dehiscence is the
most serious complication of colorectal surgery in
small animals (Wylie and Hosgood, 1994; Latimer et
al., 2019). Postoperative intestinal dehiscence rates
are reported to be between 7% and 14% in dogs and
morbidity rates associated with dehiscence are reported
to be between 55% and 85% in dogs and cats (Allen
et al., 1992; Wylie and Hosgood, 1994; Ralphs ef al.,
2003; Grimes et al., 2011; Duell et al., 2016; Latimer
et al., 2019). Intraoperative performance of leak test is
recommended to assess the security of the enteric suture
line and decrease the risk of postoperative leakage
by detection and management of errors in closure
technique and suture line leaks (Saile ef al., 2010; Huss,
2014; Matz et al., 2014; Giuffrida and Cimino Brown,
2018). Studies reviewing the importance of leak testing
in colorectal surgeries in humans emphasized that
intraoperative leak testing is a good method for the

prevention of anastomotic leakage and reduces the risk
of postoperative clinical and radiological leaks (Gilbert
and Trapnell, 1988; Beard et al., 1990; Griffith and
Hardcastle, 1990; Dixon and Holmes, 1991; Wheeler
and Gilbert, 1999; Smith et al., 2007; Ivanov et al.,
2011).

Ideally, the leak test would achieve but not exceed
normal peristaltic intraluminal pressures, but in fact,
intraluminal pressure is not routinely measured in
practice (Giuffrida and Cimino Brown, 2018). The
normal intraluminal peristaltic pressure of the canine
colon has been documented (Hofmann et al., 1993).
The volume of intraluminal injected saline needed
to achieve normal peristaltic pressure in the small
intestine has been reported in two studies in dogs (Saile
et al., 2010; Matz et al., 2014). To the best of authors’
knowledge, no studies have appeared in the literature
evaluating the intraluminal volume of injected saline in
the canine colon for performing leak tests in colotomy
incisions.

The study presented here aimed to determine the
volume of the injected intraluminal saline necessary
to achieve an intraluminal pressure of 17.3 cm H,O in
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10 cm colonic segments containing a closed colotomy
occluded with intestinal forceps or by digital pressure.
We hypothesized that intraluminal pressure of 17.3 cm
H,O could be achieved with both methods of occlusion
in the 10 cm segments of the canine colon containing a

closed colotomy site.

Materials and Methods

Healthy colon was harvested from eight client-owned
dogs, that were euthanized for reasons other than
digestive tract pathology using an IV infusion of
propofol and 10% potassium chloride.

Immediately after euthanasia, a midline celiotomy
was performed and the colon was harvested. Intestinal
contents were gently removed by milking them away
and the remaining intestinal contents were flushed with
saline. The colon was divided into 10 cm segments
and 26 colonic segments were obtained from the 8
cadavers in total. Following colonic preparation,
colonic segments were stored in a container filled with
saline at room temperature (18°C—-23°C) until their use
within 2 hours following harvesting. In each segment,
an antimesenteric 3 cm incision was performed and the
incision was closed using a 3—0 polydioxanone suture
armed in a taper needle (PDS™, ETHICON) in a full-
thickness simple continuous pattern.

Afterclosure, the leak testwas performed. Each construct
was digitally occluded with the index and middle
finger placed across the edges of the construct (DO) or
cross-clamped with straight Doyen intestinal forceps
placed on the edges of the construct (DIF) for the leak
test. Digital or Doyen placement was standardized to
include the same length of each construct inside digital
or Doyen occlusion. Each construct was first occluded
with the DO technique the leak test was performed and
after 5 minutes the test was repeated using the DIF
technique. A 23 G needle was inserted into the lumen
of the occluded construct 2 cm away from the incision
line at the one end of the incision and was attached
to a pressure transducer (DTXPlus™, Argon Medical
Devices). The transducer was connected to a monitor
(iPM12 Vet, Mindray) through an invasive blood
pressure cable (12 Pin Becton Dickinson IBP Cable,
Mindray). With a 21 G butterfly needle attached to a
60 ml syringe and placed 2 cm away from the incision
line at the other end of the incision and at the same
site of the construct, normal saline was infused into the
lumen of the occluded construct (Figs. 1 and 2). When
intraluminal pressure reached 17.3 cm H,O (Hofmann
et al., 1993), the leak testing was completed and the
total volume of the injected saline was measured and
recorded for both occlusion techniques. Fifty-two
measurements were recorded in total.

Statistical analysis

Data were presented as mean = SD. The body weight
of the dogs included in the study was assessed for
normality using the hypothesis and the Shapiro-Wilk
test. For comparing the intraluminal infused volume

Fig. 1. A 10 cm colonic construct containing the incision
line was digitally occluded. A blue needle on the left of the
picture attached to a manometer was used for intraluminal
pressure monitoring and a green butterfly needle on the right
of the picture attached to a 60 ml syringe was used for saline
infusion and volume measurements.

Fig. 2. A 10 cm colonic construct containing the incision line
was occluded with Doyen intestinal forceps. A blue needle on
the left of the picture attached to a manometer was used for
intraluminal pressure monitoring and a green butterfly needle
on the right of the picture attached to a 60 ml syringe was
used for saline infusion and volume measurements.

needed to achieve the intraluminal pressure of 17.3
cm H,O with the two occlusion methods, a paired
t-test was used. For all data analyses, SPSS software
was used and significance was set at values of p <
0.05. The power was performed with G*power v.3.1
software. For the calculation of the sample size, data
from Saile e al. (2010) were used. To detect a 20%
reduction of the volume of saline required (from
12.2 + 4.2 t0 9.76 + 3.2 ml), which we assumed to be
clinically significant, at o = 0.05 and = 0.8 with a
two-tailed #-test, a total number of eight subjects were
required.

Ethical approval

The study was approved by the ethical committee of
the Companion Animal Clinic (1/2020) and a written
consent of the owners was obtained.
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Fig. 3. Box and whisker plots for saline volume are required
to achieve a predetermined intraluminal pressure for
canine colotomies with two different occlusion techniques
(DIF: Doyen intestinal forceps occlusion and DO: Digital
occlusion). The median is represented as the central line
inside each box (marked with an x). The upper and lower
whiskers represent the maximum and minimum values of
each technique.

Results

According to the Shapiro-Wilk test, the weight of the
dogs followed a normal distribution. The mean weight
was 26.9 + 8.5 kg (95% CI: 19.8-34 kg, range: 1740
kg, median: 25 kg).

The mean volume of injected saline needed for
achieving the intraluminal pressure of 17.3 cm H,O with
the DIF technique (20.4 + 8.2 ml; 95% CI: 13.6-27.2
ml, range: 7-48 ml, median: 21.4 ml) was significantly
greater than that of DO technique (17.5 + 6.8 ml; 95%
CI: 11.8-23.2 ml, range: 5-39 ml, median: 17.6 ml) [p
=0.021] (Fig. 3).

Discussion

In the study presented here, we found that the mean
volume of saline required to achieve the intraluminal
pressure of 17.3 cm H,O following colotomy in dogs
using the DIF technique was larger than that of the DO
technique. Thus, our hypothesis was rejected.
Colotomy was chosen in the present study as it is an
easily reproducible technique that has been reported
by others (Wylie and Hosgood, 1994; Williams, 2018;
Latimer et al., 2019) and is performed in our hospital
for biopsy purposes and removal of impacted fecaliths.
Colotomy can be closed in a simple interrupted or
continuous appositional pattern. In our study, the 3 cm
colotomy was closed with a 3—0 polydioxanone suture
in a full-thickness continuous pattern.

Dehiscence related to large intestinal surgery in small
animals has been reported to range from 9% to 10 %
(Wylie and Hosgood, 1994; Latimer et al., 2019). Septic
peritonitis caused by dehiscence of full-thickness large
intestinal incisions is correlated with a high morbidity
rate, reaching 55% in dogs (Wylie and Hosgood, 1994,
Latimer et al., 2019).

Performance of the leak test perioperatively plays
a crucial protective role against dehiscence, as the
security of the intestinal suture line is assessed by the
surgeon with minimal equipment. In our study during
leak testing, the occlusion of the intestinal segments was
achieved by two techniques. First, the constructs were
digitally occluded, followed by occlusion with Doyen
intestinal forceps. Both of these occlusion techniques
are commonly used in practice. Digital occlusion is
the choice of preference because is the less traumatic
occlusion method for the intestine. Doyen intestinal
forceps should be used for the shortest period and to
the lowest compression possible, to minimize the risk
of inducing an intestinal wall or large mesenteric vessel
trauma (Radlinsky, 2013). In our study, a leak test
was performed in 10 cm colonic constructs obtained
from canine cadavers that weighed>15 kg. In each
construct, a leak test was performed by the intraluminal
injection of saline until intraluminal pressure reached
17.3 em H,O, which corresponds to the normal mean
peristaltic colonic pressure in dogs (Hofmann et al.,
1993). Canine small or large intestines are considered
to be low-pressure systems. The normal peristaltic
pressure of the canine colon (17.3 cm H,O) was less
than that reported for the canine jejunum (20-34 cm
H,0) (Hofmann et al., 1993; Ellison, 2010). Saile et
al. (2010) reported that the volume of saline needed
to achieve 20 and 34 cm H,O intraluminal pressure in
canine jejunum containing a closed intestinal biopsy
was 11-14 and 16-19 ml, respectively, with digital
occlusion and 9-11 and 12—-15 ml, respectively, with
Doyen occlusion (Saile et al., 2010). Matz et al.
(2014) found that in 10 cm healthy jejunum segments
occluded with Doyen forceps and containing a closed
biopsy, the volume of saline needed to achieve the
predetermined pressures of 20 and 34 cm H,O during
leak testing, was similar for each closure orientation,
even though luminal circumference was narrower in
longitudinally closed biopsy sites (Matz et al., 2014).
The saline volumes reported by Saile et al. (2010) and
Matz et al. (2014) were smaller than those reported
in our study. However, no reliable comparison can be
made between their volumes and our volumes of saline
used. These differences may be related to the different
parts of the intestine examined as the large intestine
has a greater diameter lumen than the small intestine,
to the different peristaltic pressures that occurred, the
different methodology employed, and the different
state of pathology of the intestines examined.

In the study reported here, we found that the volume of
saline injected to achieve the intraluminal pressure of
17.3 cm H,O was larger for DIF compared to DO. In a
recent study, however, evaluating leak testing between
handsewn and stapled intestinal anastomosis in dogs
no association between intraoperative anastomotic leak
testing and a decrease in postoperative dehiscence was
detected (Mullen et al., 2021). This difference in our
study might be attributed to the completeness of the
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occlusion between Doyen forceps and the assistant’s
fingers. Assistant’s fingers may result in less complete
occlusion of intestinal lumen than that of Doyen forceps
of the 10 cm colonic constructs, allowing for a smaller
saline-filled volume.

Our study had several limitations. Dogs that took part
in the study had no digestive tract pathology and their
gastrointestinal tract was macroscopically healthy in all
of its length. Infiltration of the bowel with neoplastic or
inflammatory cells in gastrointestinal diseases such as
lymphoma or inflammatory bowel disease, could alter
intestinal distensibility and affect the leak test. Another
limitation is the fact that colonic segments were
maintained in a container filled with saline at room
temperature, instead of being maintained at the canine’s
body temperature. Intestinal smooth muscle contracts in
a low-temperature environment and as a result colonic
segments’ original length, diameter, and distensibility
decrease (Somlyo et al., 1971; Magaribuchi et al.,
1973; Nasu et al., 1984). In contrast, no difference in
initial leak pressure among four anastomosis techniques
evaluated in cooled canine cadaveric jejunum has been
identified (Fealey ef al., 2020). Additionally, cadaveric
canine jejunum evaluated immediately after harvesting
or after freezing and subsequent thawing does not
affect maximal intraluminal pressure (Duffy et al.,
2020). In the present study, the saline volume needed
to achieve the predetermined intraluminal pressure
might be affected when tested at room temperatures.
Another limitation of the present study was the lack of
randomization of occlusion techniques. In all colonic
constructs leaking test was performed first by DO
and then with occlusion with DIF. It is possible that
distention of the lumen with saline during the first leak
test performed by DO increased the distensibility of the
enteric wall and the saline volume needed to achieve
the predetermined intraluminal pressure, during the
second leak test performed by DIF. Moreover, the
performance of colotomy rather than the performance
of colectomy and anastomosis was another limiting
factor. Colotomy is a less invasive surgical procedure
compared to resection and anastomosis affecting the
saline volume required. Finally, measurements in our
study were performed in cadaveric colon derived from
dogs weighing >15 kg. Testing in cadaveric intestines
harvested from dogs of different weights might affect
peristaltic intraluminal pressures and the volume of
saline necessary for the leak test.

Published data regarding peristaltic pressure in the
canine colon are scarce. The need for such studies
is important, as in surgical procedures performed in
daily clinical practice, intraoperative measurement of
intraluminal pressure is usually not performed when
conducting the leak test. Further prospective studies
on pressures performed in vivo in healthy and diseased
canine colons derived from dogs of different weights
following full-thickness incisions should be performed
to determine the saline volume required for leak tests.

Conclusion

We still believe that leak testing is a helpful method
that trainee surgeons can use to help eliminate surgical
errors. Both DIF and DO techniques can be used
for performing leak testing in the canine cadaveric
colon. The mean volume of saline required to achieve
a predetermined intraluminal pressure following
colotomy in dogs using the DIF technique was larger
than that of the DO technique.
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