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A comparison of leak pressures between esophageal to esophageal anastomosis
and esophageal to jejunal anastomosis
Devin P. Cunningham, John R. Middleton, F. A. Mann*
Department of Veterinary Medicine and Surgery, College of Veterinary Medicine, University of Missouri,
Columbia, MO 65211, USA
Abstract: The goal of this study was to determine if there was a difference in leak pressure between esophageal-esophageal
anastomosis and esophageal-jejunal anastomosis when using cadaveric porcine tissue. Leak pressures were recorded for esophagealesophageal anastomosis (Group 1 [control group], n = 7), cranial esophageal-jejunal anastomosis (Group 2, n = 7), and jejunal-caudal
esophageal anastomosis (Group 3, n = 6). Each anastomosis was performed using polydioxanone sutures in a simple interrupted
pattern. Results were analyzed using one-way analysis of variance. Mean ± SD of the leak pressures for groups 1, 2, and 3 were
46.1 ± 15.9, 36.5 ± 13.6, and 50.9 ± 11.1 mmHg, respectively (p = 0.18). When the results from groups 2 and 3 were combined and
compared to that for Group 1, the mean ± SD leak pressures were 46.1 ± 15.9 and 43.1 ± 14.2 mmHg, respectively (p = 0.67). These
results provide preliminary evidence that the jejunum may be a suitable option for use in esophageal replacement surgery; however,
future studies of in vivo factors influencing the integrity of esophageal-jejunal anastomoses, including histologic evaluation of
esophageal-jejunal anastomosis healing, are needed.
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Introduction
Esophageal surgery, although rare in small animals, can be used to alleviate
foreign body obstructions and correct perforations, strictures, neoplasia,
esophageal diverticula, and esophageal fistula [1-4]. Major complications of
esophageal surgery include dehiscence, leakage, and luminal stenosis. The
esophagus is at higher risk for dehiscence than other parts of the digestive
system [5-10]. Factors that may contribute to dehiscence are lack of a serosal
layer, which is important for optimal healing, presence of saliva and food
boluses, and constant motion of the esophagus as a result of head, neck, and
respiratory movements [5-7,9,11,12]. The esophagus does not heal well under
tension, and removal of as little as 2 cm of esophageal length causes tension
and increases the risk of dehiscence [1,9]. Esophageal replacement is undertaken in human medicine in cases in which large defects of the esophagus
need repair [5,13-18].
Esophageal replacement can be performed with muscle, stomach, colon, or
small intestine tissue with or without vascular anastomoses [1,6-8,10]. However, clinical application in small animals is limited [7,19]. Although technically demanding, replacement with jejunum is becoming popular in human
medicine due to good long-term outcomes [20-23]. In both dogs and humans,
leakage from the anastomotic site is one of the most common complications
of esophageal replacement surgery when using an intestinal segment [5,18].
To the authors’ knowledge, there are no studies evaluating leak pressure at the
anastomosis when using bowel segments for replacement of the esophagus.
Cadaveric tissue is a useful model for testing enterotomy closure and measuring leak pressure [3,24-26]. Due to anatomical differences between the
jejunum and esophagus [27], knowledge of leakage pressure at an esophagealjejunal anastomosis site could provide preliminary data relevant to clinical
application of esophageal replacement surgery. Leak pressure also serves as a
proxy for luminal distension and tension at the incision site. The purpose of
this study was to compare leak pressures of esophageal-esophageal (control)
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and esophageal-jejunal anastomoses to gain initial insight
into whether jejunum may be a suitable tissue for repair of
esophageal defects in animals.

Materials and Methods
Study subjects and tissues
This study was conducted at the College of Veterinary
Medicine University of Missouri, USA. Study subjects consisted of 7 pigs that were euthanized for reasons unrelated to
this study. Segments of jejunum and esophagus were harvested from each cadaver immediately after euthanasia. The
thoracic esophagus was transected at the thoracic inlet and at
the esophageal hiatus at the diaphragm. The length of the
harvested esophagus was not recorded, but pigs were of uniform age and body weight, and the variability in the length of
the excised tissue was minimal. A single 3-0 nylon simple
interrupted suture was placed at the caudal aspect of the harvested esophageal segment to differentiate between its cranial
and caudal ends. The jejunum was harvested by measuring
5 cm orally from the jejunal-ileal junction, and then 8 cm
segments of jejunum were transected with a #11 blade oral to
this landmark. The cranial end of each jejunal segment was
marked with a 1 cm transverse cut made with Metzenbaum
scissors on the anti-mesenteric surface to mark the orientation of each segment. A total of four jejunal segments per pig
were harvested; two were used for each experimental anastomosis with the esophagus and the other two segments were
kept as extras in case there was iatrogenic damage to one or
both of the first two segments during the experiments. The
jejunal mesentery was carefully excised to decrease bunching of the intestine. The esophagus and jejunum segments
were randomly assigned a number from 1 to 7. All esophagus and jejunum segments were rinsed with lactated Ringer’s
solution (LRS) and stored in LRS in separate sealed plastic
bags (Ziplock, S.C. Johnson & Son, Inc., USA). The intestine and esophagus were kept cooled at 5oC overnight until
evaluation the following day. All procedures were performed
and data collected during one session within 36 hours of
euthanasia.
Esophageal anastomosis
Each esophageal segment was suspended from RochesterPean forceps attached to ring stands separated by 8 cm. For
all testing, the cranial segment was always suspended to the
right of the evaluator and the caudal segment was placed to
the left. A #11 scalpel blade was used to make a single transverse stab incision on the dorsal surface of the thoracic
esophagus 4 cm from the cranial edge. The transverse incision was extended with Metzenbaum scissors until complete
transection was achieved. The esophageal segments were
anastomosed to each other using 4-0 polydioxanone sutures
(PDS II, Ethicon, USA) on an SH taper needle in a simple
interrupted pattern [28]. Each bite was made 2 to 3 mm from
the edge of the anastomosis site. A metric ruler was used to

confirm the 2 to 3 mm spacing between sutures.

Measurement of leak pressure
Each segment was occluded with Rochester-Pean forceps.
Two 18-gauge catheters were inserted into the lumen at the
segment ends adjacent to the occluding forceps. The caudal
(left side) 18-gauge catheter was connected by standard intravenous tubing to a pressure transducer, a transducer amplifier (ETH 400, CB Sciences Inc., USA), and a pressure
monitoring system (PowerLab/4SP, AD Instruments, USA).
The transducer was calibrated at the start of the experiment.
The cranial (right side) 18-gauge catheter was connected by
another intravenous tubing to a syringe pump (Medfusion
Model 3500, Smiths Medical, USA) with a 60 mL syringe
filled with LRS. The tubing on both sides was secured to the
ring stands with two strips of tape to prevent excessive
weight that could have resulted in one or both catheters pulling out of the test segment (Fig. 1A). Once the anastomosis
was completed, LRS was infused at a rate of 300 mL/h
through the caudal 18-gauge catheter until the incision line
leaked. The pressure at which LRS began to leak from the
anastomosis site was recorded in mmHg.
Esophageal-jejunal anastomoses
After the pressure at which leakage occurred was recorded,
1 cm of tissue was removed from the edge adjacent to the
anastomosis of both the cranial and caudal esophageal segments. This was chosen as an arbitrary length that could easily be repeated for every test without losing an excessive
amount of the esophageal tissue from the two esophagealjejunal anastomoses. The caudal segment of the esophagus,
with the catheter still in place, remained clamped by the
Rochester-Pean forceps but was removed from the stand and
set aside. A segment of jejunum was clamped with another
Rochester-Pean forceps with 5 cm of tissue between the cranial edge and the forceps. A metric ruler was used to ensure
that the forceps were 8 cm apart. An 18-gauge catheter, with
the transducer attached, was inserted into the jejunum segment. The jejunum and the cranial segment of the esophagus
were anastomosed using the same method as previously
described for the esophageal-esophageal anastomosis (Fig.
1B). The pressure at which leakage occurred was determined
as described above. After testing, both segments were removed
from the ring stands.
The remaining caudal segment of the esophagus and a new
piece of jejunum were attached to the ring stands in the same
fashion as described above. The jejunum was placed on the
cranial ring stand with the caudal edge used for anastomosis
of the caudal segment of the esophagus that was suspended
from the caudal ring stand. An 18-gauge catheter was inserted
into the jejunum and attached to the fluid syringe pump as
previously described. Similarly, the transducer was attached
to the catheter inserted into the caudal esophageal segment as
previously described. The same methods for anastomosis and
leak pressure testing were used as described above (Fig. 1C).
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Fig. 1. Experimental setup for anastomoses using cadaveric pig esophagus (*) and jejunum (†). Cranial segments were attached to the
ring stand on the right, whereas caudal segments were attached to the ring stand on the left. (A) esophageal-esophageal anastomosis;
(B) cranial esophageal-jejunum anastomosis; and (C) jejunal-caudal esophageal anastomosis after infusion of lactated Ringer’s solution. There is fluid accumulation (black arrow) on the ventral aspect of the anastomosis indicating leakage.

Data analysis
All incisions, anastomoses, and leak pressure tests were
performed by a single investigator. The pigs were randomly
selected to determine the order in which tissues were tested.
The leak pressures for each pig were tested as follows:
esophagus-esophagus, cranial esophagus-jejunum, and jejunum-caudal esophagus. The three leak pressure test values
and the segment lengths used were recorded and compared.
Leak pressure of the anastomosed segments was defined as
the pressure at which the anastomosed segments began to
leak at the anastomotic site. In order to standardize measurements among groups, segment length was recorded as the
final length of the anastomosed tissues measured between the
Rochester-Pean forceps when suspended from the evenly
spaced ring stands.
For data analysis, normality and equality of variances of
the dependent variables (leak pressure and segment length)
were determined by using Brown-Forsythe and Shapiro-Wilk
tests, respectively. Leak pressure data met the assumptions of
normality and equal variances and were compared among
groups using one-way analysis of variance (ANOVA). Segment length data while normally distributed, did not meet the
equality of variance assumption and were compared among
groups using the Kruskal-Wallis one-way ANOVA on ranks.
All analyses were performed using commercial software
(SigmaPlot 13.0) with significance declared at p < 0.05.

Results
Twenty of 21 anastomoses were successfully completed

Fig. 2. Box and whisker plot of the leak pressures (mmHg) for
the esophageal-esophageal (Group1), cranial esophageal-jejunal
(Group 2), and jejunal-caudal (Group 3) anastomoses.

and final group sizes were as follows: esophageal-esophageal anastomosis (Group 1; n = 7), cranial esophageal-jejunal anastomosis (Group 2; n = 7), and caudal esophagealjejunal anastomosis (Group 3; n = 6). The caudal esophageal
segment from a single pig used in Group 3 was damaged
after placement of the catheter and, unfortunately, there was
not enough undamaged esophageal tissue remaining to complete the experiment. Segments of jejunum were damaged by
the catheter in two instances from 2 pigs and were replaced
with a reserved segment from each respective pig.
Median (range) final segment lengths following anastomo-
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Fig. 3. Box and whisker plot of the leak pressures (mmHg) for
Group 1 and groups 2 and 3 combined.

sis were 8.1 (7.7 to 8.3) cm, 8.1 (7.8 to 8.3) cm, and 8.1 (8.0
to 8.2) cm for groups 1, 2, and 3, respectively (p = 0.63).
Mean ± SD leak pressures (Fig. 2) were 46.1 ± 15.9, 36.5 ±
13.6, and 50.9 ± 11.1 mmHg for groups 1, 2, and 3, respectively (p = 0.18; power of the performed test with alpha =
0.05: 0.18). To evaluate leak pressure differences between
esophageal-esophageal anastomosis and any esophageal-jejunal anastomosis, the results from groups 2 and 3 were combined into a single group, resulting in mean ± SD leak pressures
of 46.1 ± 15.9 and 43.1 ± 14.2 mmHg for esophageal-esophageal and esophageal-jejunal anastomoses (Fig. 3), respectively (p = 0.67; power of the performed test with alpha =
0.05: 0.07).

Discussion
Esophageal surgery is associated with a high complication
rate, which is even higher when esophageal resection and
anastomosis is required, in both human [14,15,17,20-23,29]
and veterinary medicine [8,10,27]. The poor mobility of the
esophagus along with other factors associated with the environment of the esophagus may be associated with the rates of
dehiscence and leakage of the surgery site [1,2,4,12,13,30].
As such, esophageal replacement with small intestine tissue
may be predisposed to similar complications. A recent study
by Nucci and Monnet showed that a segment of jejunum supplied by 4 arteries can maintain an adequate blood supply
after ligation of 3 of the 4 arteries, making jejunal transposition feasible when based on blood supply. However, in that
study, the jejunum was not transected and remained in its
normal position [32]. To further investigate this strategy, a
logical next step would be to mobilize a jejunal segment by
transecting, while preserving the 3 necessary arteries and then
anastomose the segment to the esophagus. However, before
doing so, understanding the potential for leakage at the anastomosis site should ideally be determined. The present study
used leak pressure measurement at the site of anastomosis of

cadaveric tissue as a model to determine if an esophagealjejunal anastomosis would be more prone to leakage at the
anastomosis site than that of an esophageal-esophageal anastomosis. Leak pressure measurement following luminal distension with fluid provides an estimate of incisional integrity
as well as serving as a proxy for the tension placed on the
incision site as the intestinal lumen is distended.
Data from the present study showed no significant difference between leak pressure of esophageal-esophageal and
esophageal-jejunal anastomoses. There are no previous reports
that describe the normal physiologic pressure of the esophagus, let alone an intraluminal pressure at which esophagealjejunal anastomosis is expected to leak. Therefore, it is not
possible to know whether the leakages noted in this study
occurred at a “supra-physiologic” pressure. Based on the data
presented herein, it appears that an esophageal-jejunal anastomosis is unlikely to be any more leak prone than an esophageal-esophageal anastomosis.
Further, there was no significant difference detected between
the cranial and caudal esophageal anastomotic sites suggesting that either esophageal segment may be successfully
attached to the replacement segment. Leakage has been
reported to be more common at the cranial anastomosis when
the esophagus is reconstructed with intestinal tissue [7,18,31,32].
Also, an association has been noted between leakage from
the cranial anastomosis and stricture formation [33] with one
study reporting incidences of 31% and 39% for leakage and
stricture, respectively, at the cranial anastomosis [31]. There
are other factors, such as mechanical movement of the cranial esophagus and pressure differences, which could not be
tested in the present study, that are thought to have a role in
the high incidence of leakage from the cranial anastomotic
site.
Jejunal transposition has become more popular than
colonic grafts because the jejunum retains peristaltic activity,
prevents gastroesophageal reflux, and will not bellow and
cause respiratory distress [20,23,34]. The cervical esophagus
is susceptible to more movement and strain than the thoracic
esophagus, which can lead to breakdown of the anastomotic
site [14,17,18,20-23,30-33]. Dehiscence of an esophageal
anastomosis may also result from the pressure gradients
between the intrathoracic structures and the stomach, particularly during vomiting and defecation [18,32]. In one of the
few case reports of a dog with an esophageal replacement,
there was leakage from the cranial anastomosis following
postoperative vomiting, and follow-up surgical repair was
required. Shortly after repair of the leaky anastomosis, a
sound was heard during defecation and the caudal anastomotic site was found to also have broken down [7].
Dehiscence is the most common cause of death following
esophageal surgery; however, mortality rates have varied
from 7% to 80% [31,35]. A recent study showed that resection and anastomosis is associated with a higher risk than an
esophagotomy for developing immediate postoperative complications [10]. In that study, the number of dogs that devel-
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oped postoperative dehiscence was low (1/63), but not all
dogs that died or were euthanized had a necropsy performed
to determine the cause of death. Resection and anastomosis
are indicated for multiple types of esophageal lesions, but
removal of too much esophageal tissue increases tension and,
therefore, the risk for dehiscence and complications [1,6,9].
The thoracic esophagus was chosen for this study because,
in pigs, that portion is more plentiful and more easily harvested than the cervical esophagus. Further, the thoracic portion of the esophagus was applicable to our study because
this portion is a common area for esophageal lesions in dogs
and cats. A common esophageal lesion in dogs and cats is
caused by esophageal foreign bodies, which typically lodge
in the caudal esophagus or at the level of the heart base
[10,36]. Lesions that require partial esophagectomy and
resection with anastomosis are associated with significantly
higher complication rates than lesions that require an esophagotomy [10]. Esophageal replacement may be another treatment
option that could be used for extensive lesions of the esophagus that require removal of esophageal tissue [2,4-10,12,30].
The method for closure of the anastomosis in this study
was consistent with previously reported information [1,2,4,9,
11,12,30]. Although there is some debate regarding the superiority of single layer over double layer esophageal closure,
each technique requires careful suture placement [9]. Singlelayer closure has been shown to be as effective as doublelayer closure, but a more important technical goal is to prevent the mucosal layer from protruding through the suture
line [11]. Single-layer closure was chosen in this study due to
the challenges associated with closing the esophageal-jejunal
anastomosis in a double layer. Moreover, compared to the
esophageal submucosa, the jejunal submucosa is not as
robust or as easily separated from the muscularis [27].
The present study had multiple limitations. This study was
underpowered, so the lack of statistical significance could be
attributed to the small sample size. However, when the
mean ± SD esophageal-esophageal anastomosis leak pressures were compared to the combined data for both esophageal-jejunal anastomosis groups (Fig. 3), leak pressures were
similar (46.1 ± 15.9 vs. 43.1 ± 14.2 mmHg) suggesting that,
from a clinical perspective, when evaluating leak pressure
alone, leak pressures are likely to be equivalent between
techniques. The use of cadaveric tissue limits the variables
that can be investigated such as presence of a food bolus and
saliva, changing intrathoracic pressure, and wound healing
characteristics, which would require a live animal model.
The present study used swine esophagus and jejunum, tissues with some anatomical differences from dogs that may
affect leak pressures. The canine esophagus has striated muscle throughout while the swine esophagus has striated muscle in the cranial part, smooth muscle in the caudal portion,
and a mixed population in the middle portion [37]. Differences in muscle type could potentially lead to differences in
leak pressure between species or affect the apposition and
healing of this type of anastomosis. The physiology of diges-

tion is somewhat different between pigs and dogs, but the
surgical anatomy of the jejunum, more specifically the submucosa [27,37,38], does not differ appreciably between those
species; therefore, differences in jejunal leak pressure between
dogs and pigs are not expected. A future study using cadaveric canine tissues, with the same study design, would be
useful to not only compare leak pressures between species
for this unique anastomosis but also would further validate
the use of pigs as a suitable canine model. There may be
some differences in healing between the esophageal-jejunal
anastomosis of the dog and pig but that is outside the scope
of this study. Another limitation is that the cranial and caudal anastomoses were tested separately, whereas in a clinical
application esophageal reconstruction would include insertion of a section of jejunum that would be anastomosed at the
cranial (oral) and caudal (aboral) end of the jejunal replacement section resulting in two anastomoses. The cranial and
caudal anastomoses were performed separately to determine
if there was any significant difference in leak pressure
between the two hypothetical sites. Hence, the leak pressure
model used in this study did not measure leak pressure at
both sites simultaneously and thus the study was unable to
determine if the cranial site was more prone to leakage. The
lack of a difference between leak pressures using the current
model for a cranial (oral) and caudal (aboral) anastomosis
site may be a reflection of the model, as explained above, or
might suggest that differences in leak pressure and anastomosis site failure may only occur in an in vivo context in which
complicating factors such as movement, food boluses, saliva,
and changes in intrathoracic pressure are present.
In conclusion, these data provide a foundation for future
studies on potential treatment options for large esophageal
defects in animals. Future studies should determine the normal physiologic pressure of the esophagus and leak pressures following insertion of a section of jejunum into the
esophagus with simultaneous evaluation of both cranial (oral)
and caudal (aboral) anastomoses. Other factors that can be
investigated are factors such as tension and movement that
can affect healing of the anastomoses. Investigation of in
vivo factors and their effects on the integrity of esophagealjejunal anastomoses and healing of the anastomoses with histological evaluation will be important before the clinical
application of esophageal replacement surgery in small animals.
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