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Stapled functional end-to-end intestinal
anastomosis with endovascular
gastrointestinal anastomosis staplers in
cats and small dogs
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OssecTives: To investigate the use of endovascular gastrointestinal stapling devices to perform intesti-
nal functional end-to-end stapled anastomosis in small dogs and cats.

MarteriaLs anp IVIETHoDs: Medical records of dogs (<10 kg) and cats that underwent intestinal resection
and functional end-to-end stapled anastomosis with an endovascular gastrointestinal anastomosis
(endovascular-GIA) stapling device at five small animal referral centres between April 2014 and Sep-
tember 2023 were retrospectively reviewed. Data including clinical findings, surgical technique, his-
topathology and complications were collected. A minimum follow-up of 10 days was required. Patients
with follow-up of less than 10 days were included if they developed a major complication. Outcome was
obtained from assessing the clinical records and contacting the referring veterinarians or owners. Es-
timated survival was generated according to the Kaplan-Meier method. Differences between survival
curves were tested by log-rank test.

ResuLts: Twenty-five patients (10 dogs and 15 cats) were included. The median bodyweight was 4.6 kg
(range 2.6 to 10kg). Nine patients were diagnosed with intestinal neoplasia, 16 with non-neoplastic
intestinal disease. The median follow-up was 126 days (range 18 to 896 days). Five patients devel-
oped minor postoperative complications, including three superficial surgical site infections. No major
postoperative complications were reported. Eighteen patients were alive at the end of the study, one
patient was lost to follow-up. Kaplan—-Meier estimated median survival time was not reached. Survival
was significantly longer for patients with non-neoplastic versus neoplastic intestinal.

CunicaL SiaNiFicance: The study suggests that the use of endovascular gastrointestinal anastomosis
staplers is safe and effective to perform intestinal functional end-to-end stapled anastomosis in dogs
<10kg and cats.
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INTRODUCTION

Intestinal resection and anastomosis is a commonly performed
procedure in dogs and cats (Giuffrida & Brown, 2017). Different
surgical techniques have been reported for intestinal anastomo-
sis, including hand-sewing, end-to-end circular stapling devices
and skin staplers (Schwartz & Coolman, 2018). In addition, gas-
trointestinal anastomosis (GIA) stapling devices have been used
for functional end-to-end intestinal anastomosis (Giuffrida &
Brown, 2017).

Intestinal functional end-to-end stapled anastomoses
(FEESA) using GIA staplers were first reported in the vet-
erinary literature in 1991 — an open lumen technique was
described and closure of the transverse intestinal lumen was
performed using a thoracoabdominal (TA) stapler (Ullman
et al.,, 1991). A modified technique using a GIA stapler for
the transverse intestinal lumen closure was described in 2008
(White, 2008). In 2001, a one-stage technique to perform
intestinal FEESA was reported (Jardel et al., 2011). Resection
of the affected intestine before the completion of the stapled
anastomosis was not required (Jardel et al., 2011).

Short surgical time, reduced bowel manipulation and ease
of application of the GIA staplers are reported advantages of
stapled, in comparison to hand-sewn, intestinal anastomoses
(White, 2008). Another significant advantage of stapled anas-
tomoses is simplicity in performing the anastomosis of two por-
tions of intestine with marked differences in lumen diameter
(Ullman et al., 1991; White, 2008). More recent publications
suggest that stapled intestinal anastomoses might lead to lower
complication rates when compared to hand-sewn intestinal anas-
tomoses in dogs (Davis et al., 2018; DePompeo et al., 2018).

Whilst intestinal FEESA with standard GIA staplers was
reported in four cats, all patients had significant pathologic
dilation of the intestine or underwent colonic resection and
anastomosis (Ullman et al., 1991). The small size of the intesti-
nal lumen in small dogs and cats makes the passage of the limb
of a standard GIA stapler impossible (Ullman et al., 1991;
White, 2008).

Endovascular GIA staplers are smaller devices compared to
standard GIA staplers and have been extensively reported in the
human literature to perform a wide range of gastrointestinal,
thoracic and vascular procedures (Chan et al., 2000; Kimura
etal., 2015; Liu et al., 2006; Naito, Miura, et al., 2017a; Perinjelil
et al., 2018; Powell, 1995).

Medline (Pubmed), Google Scholar and Science Direct
databases were searched in December 2023 with the fol-
lowing keywords: “functional end-to-end anastomosis,”
“FEESA,” “intestinal resection and anastomosis,” “endo-GIA,”
“endovascular-GIA,” “stapled intestinal anastomosis” and
“enterectomy.” When filtered for veterinary patients, our lit-
erature search documented only one cadaveric study in feline
patients (Sanders et al., 2023).

The objective of this study was to describe the clinical use of
endovascular-GIA stapling devices to perform functional end-to-
end intestinal anastomosis in small dogs (<10kg) and cats.

MATERIALS AND METHODS

Data extraction

This retrospective study was approved by the Royal College
of Veterinary Surgeons Ethics Review Panel (approval number
2022-144). The medical record databases of five small animal
referral hospitals from the United Kingdom and Italy were
searched in the period of May to September 2023 for patients
that underwent an intestinal FEESA using an endovascular-
GIA stapler. The databases including ezyVet (Idexx), RxWorks
(Covetrus Software Services), easyVET (VetZ, Antech), CRIS™
and POA (POA Systems) were searched by the leading investiga-
tor from each hospital using the keywords “enterectomy,” “intes-
tinal anastomosis,” “stapled anastomosis,” “FEESA,” “endo-GIA
anastomosis’ and “functional end-to-end anastomosis.” Dogs
with a bodyweight <10kg and cats were included in the study.
Patients with a minimum of 10days follow-up were included.
Patients were excluded if the available follow-up was less than
10 days; however, patients with a follow-up of less than 10 days
were included in the study if a major complication developed.

Medical record review

The following data were retrieved from the medical records:
signalment, bodyweight, body condition score, presenting
clinical signs, presence of septic peritonitis at presentation,
diagnostic imaging, surgical findings, site of affected intestinal
tract, surgical technique for intestinal resection and anasto-
mosis, stapler type, staple size, surgical time, anaesthetic time,
final diagnosis, histopathological results, duration of hospitali-
sation, intra- and postoperative complications, follow-up time,
survival time and cause of death. Postoperative complications
were classified as minor if resolved spontaneously or required
medical treatment, and major if required revision surgery or
resulted in death.

Surgical technique

All patients underwent an exploratory celiotomy as well as an
intestinal resection and FEESA. The procedure was performed
via an open lumen technique (Ullman, 1994; White, 2008) or
a one-stage technique (Jardel et al., 2011). The endovascular-
GIA staplers used included the Ethicon Echelon/Echelon flex
(Johnson & Johnson Medical Limited, New Brunswick, New
Jersey, USA) or the Covidien Medtronic Endo GIA™ (Medtronic
Limited, Dublin, Ireland) stapler. Transverse stapling of the anas-
tomosis was performed with an endovascular-GIA or a TA sta-
pler. A suture was placed at the base of the longitudinal staple
line (crotch suture). Oversewing of the transverse staple line was
performed according to surgeon’s preference. In addition, leak
testing of the anastomosis site was performed according to sur-
geon’s preference.

Data analysis

Outcomes of interest for each patient included diagnosis, intra-
and postoperative complications as well as survival time. The
time to complication and follow-up were calculated from the
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Endo-GIA functional end-to-end stapled anastomosis

date of surgery. Survival time was calculated from the date of
surgery to the date of death. The cause of death was classified
as either related to a surgical complication of the stapled anas-
tomosis, related to the progression of the underlying intestinal
pathology or unrelated. For patients with incomplete follow-
up information, referring veterinarians were contacted and the
clinical records from the referring first-opinion practice were
obtained. When information could not be obtained from the
referring veterinarian or referring practice records, the owner
was directly contacted using a standardised telephone ques-
tionnaire (Appendix S1). Referring veterinarians and/or own-
ers were contacted, if necessary, in the period between May
2023 and September 2023. Data analysis was performed using
Microsoft Excel 2020. The Kaplan—Meier method was used
to estimate survival. Differences between survival curves were
tested by log-rank test. For all tests, a p value <0.05 was con-
sidered statistically significant.

RESULTS

Patients

Thirty-two patients that underwent intestinal resection and
FEESA were identified in the examined databases. Five patients
(all cats) were excluded because a standard GIA stapler was used.
Of the remaining 27 patients that underwent surgery with an
endovascular-GIA stapling device, two cats were excluded due to
follow-up time of less than 10days (2 and 4 days, respectively).
Neither cat had a known complication at the time they were
lost to follow-up. Twenty-five patients that underwent surgery
between April 2014 and September 2023 matched the inclusion
criteria and were enrolled in the study. Each referral centre con-
tributed between one and eight cases. A total of 10 dogs and 15
cats were included. The dog breeds included cross breed (five),
miniature Pinscher (one), Lagotto Romagnolo (one), Chihuahua
(one), dachshund (one) and Lancashire Heeler (one). The cat
breeds included domestic shorthair (five), Maine Coon (five),
domestic longhair (one), Oriental (one), Siamese (one), Bengal
(one) and Munchkin (one). Of the 10 dogs, seven were female
(six neutered) and three were male (two neutered). Of the 15
cats, nine were male and six were female. All cats were neu-
tered. The median bodyweight was 4.6kg (range 2.6 to 10kg):
5.8kg in dogs (range 3.2 to 10kg) and 4.18kg in cats (range

2.6 to 7.4kg). The body condition score was recorded for 18 of
the 25 patients, with a median score of 5/9 (range 3/9 to 6/9).
The median age was 8 years (range 5 months to 16years): 5 years

in dogs (range 5months to 12years) and 8years in cats (range
6 months to 16years) (Table 1).

Presurgical clinical findings

The most common clinical signs at presentation were vomiting
[7=16 (64%)], hyporexia or dysorexia [z=13 (52%)], weight
loss [7=6 (24%)], lethargy [72=6 (24%)], anorexia [z=5 (20%)],
diarrhoea [#=5 (20%)], polyphagia [2=2 (8%)], polydipsia [ =1
(4%)] and melaena [#z=1 (4%)] (Table 2). Two dogs and one cat
[7=3 (12%)] were diagnosed with preoperative septic peritonitis
— due to intestinal perforation in two patients and dehiscence of
a jejunal enterotomy, performed to remove a foreign body 3 days
before referral, in one patient. Abdominal ultrasonography was
performed in 23 patients (92%) and an abdominal CT scan in
two patients (8%). Twenty-three patients (92%) were diagnosed
with jejunal disease. Two patients (8%) had jejunal disease with
ileocecocolic junction involvement. A jejunal mass was identified
in four dogs and six cats [#=10 (40%)]. Jejunal intussusception
was diagnosed in seven cats and one dog [7=8 (32%)]. Two cats
and one dog [7=3 (12%)] were diagnosed with a jejunal foreign
body. One dog was diagnosed with jejunal volvulus, one dog
with a jejunal perforation, one dog with a jejunal diverticulum
and one dog with dehiscence of a jejunal enterotomy (4% each).

Surgical procedures and complications

Fifteen patients (60%) had an open lumen, whereas 10 patients
(40%) had a one-stage, intestinal FEESA. Partial jejunectomy
was performed in 23 patients (92%), with resection of the ileo-
caecocolic junction, ileum and part of the jejunum performed
in two patients (8%). In 14 patients (56%), a Medtronic Endo
GIA™ (Medtronic Limited, Dublin, Ireland) stapler was used.
A Covidien Echelon™ or Echelon Flex™ (Johnson & Johnson
Medical Limited, New Brunswick, New Jersey, USA) stapler
was used in 11 patients (44%). The length of the endovascular-
GIA stapler cartridge was 60 mm in 18 patients (72%), 45 mm
in five patients (20%) and not reported in two patients (8%).
The height of the staples was 3.5mm (colour coding=blue)
in 15 patients (60%) and variable height from 3.0 to 4.0mm

Table 1. Patient demographics

n Breeds (n) Female, n

Dogs 10 Cross Breed (5), Miniature
Pinscher (1), Lagotto
Romagnolo (1), Chihuahua
(1), dachshund (1),
Lancashire Heeler (1)

Domestic Shorthair (5),
Maine Coon (5), Domestic
Longhair (1), Oriental (1),
Siamese (1), Bengal (1),
Munchkin (1)

7 (6 neutered)

Cats 15 6 (all neutered)

Median bodyweight,
kg (range)
5.8 (3.2 to 10)

Male, n Median age (range)

3 (2 neutered) S5years (5months to 12years)

9 (all neutered) 8years (6 months to 16years) 4.18 (2.6 to 7.4)

n Number of affected patients
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Table 2. Clinical signs at presentation

Clinical sign Number of patients (%)
Vomiting 16 (64)
Hyporexia/dysorexia 13 (52)
Weight loss 6 (24)
Lethargy 6 (24)
Anorexia 5 (20)
Diarrhoea 5 (20)
Polyphagia 2(8)
Polydipsia 1(4)
Melaena 1(4)

(Tri-Staple™ technology, Medtronic Limited, Dublin, Ireland —
colour coding=purple) in eight patients (32%). No detail on
staple height was reported in two patients (8%). In all patients,
the longitudinal staple lines were offset before transverse stapling
was performed. The transverse stapling of the anastomosis was
performed using a TA stapler in 20 patients (80%). The length of
the TA stapler cartridge was 30 mm in 10 patients (40%), 60 mm
in six patients (24%) and not reported in four patients (16%).
The height of the staples in these patients was 3.5mm (colour
coding=blue). In five patients (20%), a Medtronic Endo GIA™
stapler was used for the transverse stapling. Of these, staples of
variable height from 3.0 to 4.0mm (Tri-Staple™ technology,
Medtronic Limited, Dublin, Ireland — colour coding=purple
cartridge) were used in four patients (80%) and a staple height of
3.5 mm (colour coding=blue) were used in one (20%) patient. A
summary of the surgical procedures and equipment used can be
found in Table 3.

Oversewing of the transverse staple line was performed in 19
of 25 patients (76%). In 25 patients, a suture was placed at the
base of the longitudinal staple line (crotch suture). Leak testing
was performed in 17 patients (68%). Leaking was identified in
one patient and a simple interrupted suture of polydioxanone
was placed.

The surgical time for the completion of the anastomosis was
reported for six patients, with a median of 10 minutes (range 8 to
20 minutes). The total surgical time was reported for 17 patients,
with a median of 58 minutes (range 30 to 95 minutes). The total
anaesthetic time was reported for 24 patients, with a median of
117 minutes (range 60 to 260 minutes).

No intraoperative surgical complications were reported. Two
patients experienced intraoperative hypotension and required
a constant rate infusion of noradrenaline (noradrenaline 1mg/
mL solution for infusion — Hospira UK Ltd. — 0.1 pg/kg/min).
One patient experienced transient low oxygen saturation. Minor
postoperative complications were reported in two dogs and three
cats [#7=5 (20%)]. One patient developed marked ileus which
responded to medical management within 2days. One patient
developed regurgitation that resolved within 4 days with medi-
cal management. Three patients (12%) developed a superficial
surgical site infection (SSI). In two of these patients, the SSI was
suspected to be secondary to self-trauma and was managed with
topical disinfection and application of a protection collar, with-
out administration of antibiotics. No major postoperative com-
plications were reported. The median duration of hospitalisation
was 4 days (range 1 to 8 days).

Table 3. Surgical technique

Surgical technique Number of patients (%)

Partial jejunectomy 23 (92)
Resection of ileocaecocolic junction 2 (8)

Open lumen intestinal anastomosis 15 (60)
One-stage intestinal anastomosis 10 (40)
Medtronic Endo-GIA™ stapler 14 (56)
Covidien Echelon™ Flex™ stapler 11 (44)
Transverse stapling with TA stapler 20 (80)
Transverse stapling with endo-GIA stapler 5 (20)
Oversewing of transverse staple line 19 (76)

Histopathological diagnosis

Histopathological examination of the resected intestinal tract
was performed in 21 patients (84%). Ten patients (40%) were
diagnosed with inflammatory changes, nine patients (36%)
with neoplasia, one patient (4%) with an intestinal diverticu-
lum and one patient (4%) with no abnormalities. Of the nine
patients with a diagnosis of neoplasia, adenocarcinoma was
reported in two dogs and two cats [z=4 (44%)], lymphoma in
four cats (44%), and a gastrointestinal stromal tumour in one

dog (11%) (Table 4).

Follow-up and postoperative outcome

The median follow-up time was 126days (range 18 to
896 days). Eighteen patients (72%) were alive at the time of
the last follow-up (nine dogs and nine cats). One cat was lost
to follow-up after 19 days. Follow-up information until death
was available for five cats and one dog [#=6 (24%)]. Five of
the six patients were diagnosed with neoplasia [lymphoma
(n=3) and adenocarcinoma (7 =2)], and one patient with jeju-
nal intussusception. Three of the six patients died due to the
progression of the neoplastic disease. Three patients died of
unrelated causes [acute renal failure (7=1), haemolytic anae-
mia (7z=1) and cardio-respiratory arrest during investigations
of upper airway disease (z=1)], 60, 285 and 149 days post-
operatively, respectively. No patient died due to postoperative
surgical complications. One cat required an enterotomy for the
removal of a small intestinal foreign body 9 months following
jejunal resection and FEESA. The foreign body was not associ-
ated with the previous anastomosis site; however, upon surgical
exploration, the anastomosis site was found to be moderately
dilated (Fig 1). The Kaplan—Meier estimated survival was not
reached. Survival was significantly longer for patients with
non-neoplastic versus neoplastic disease (p=0.005).

DISCUSSION

The findings of this study suggest the use of 45 to 60 mm
endovascular-GIA staplers with blue or purple cartridges is safe
and effective in performing intestinal FEESA in dogs (<10kg)
and cats. The advantages of FEESA are well reported and include
reduced surgical time, bowel manipulation and rate of intesti-
nal dehiscence as well as simpler anastomosis of two segments
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Endo-GIA functional end-to-end stapled anastomosis

Table 4. Histopathological diagnosis

Histopathological diagnosis Number of patients (%)

Inflammatory changes (
Neoplastic disease 9 (
Adenocarcinoma 4(
Lymphoma 4 (
Gastrointestinal stromal tumour 1 (
Intestinal diverticulum 1 (
No abnormalities 1 (

Dilated previous FEESA site

FIG 1. Intraoperative photograph showing a dilated jejunal tract 9 months
following endo-GIA FEESA.

of intestine with marked differences in luminal diameter (Davis
et al., 2018; DePompeo et al.,, 2018; Ullman et al., 1991;
White, 2008). The use of the smaller sized endovascular-GIA sta-
pler could therefore facilitate FEESA in patients that, historically,
were not considered suitable candidates (Ullman et al., 1991;
White, 2008).

Stapled intestinal anastomoses have been associated with a
reduced risk of postoperative dehiscence in dogs, with a 5%
dehiscence rate for stapled anastomoses versus 13% for hand-
sewn anastomoses (DePompeo et al., 2018). The presence of
preoperative septic peritonitis has been identified as a risk fac-
tor for postoperative intestinal dehiscence (Ralphs et al., 2003;
Snowdon et al., 2016). In dogs presenting with septic peritoni-
tis, the difference in the reduced risk of postoperative intestinal
dehiscence was even greater, with a dehiscence rate of 9.7% for
stapled anastomoses versus 28.9% for hand-sewn anastomo-
ses (Davis et al., 2018). The possibility to perform intestinal
FEESA in smaller patients could extend the reduced risk of
intestinal dehiscence to small dogs. Incisional dehiscence fol-
lowing intestinal surgery is reported to be significantly lower
in cats than dogs, with less than 1% of cats developing dehis-
cence of an intestinal anastomosis in 126 patients (Hiebert
et al., 2022). In our study, no patients developed intestinal

dehiscence including three patients with preoperative perito-
nitis. While our study’s sample size limits the statistical power,
the observed absence of intestinal dehiscence was similar to a
report of low dehiscence rate following intestinal anastomoses
in cats (Hiebert et al., 2022).

Endovascular-GIA staplers may also provide a distinct
mechanical advantage compared to staplers employing a two-row
configuration for intestinal anastomosis. All endovascular-GIA
staplers have three rows of staples on each side of the central cut-
ting blade, instead of the two rows of most GIA staplers. Increased
resistance and burst pressure of three-row stapling devices, in
comparison with two-row stapling devices, have been reported
(Kimura et al., 2015). The longitudinal staple line and the crotch
of the staple line have been described as potential weak points
of the anastomosis performed with two-row stapling devices,
however, only the crotch has been reported as the critical area
for three-row stapling devices (Kimura et al., 2015). In a recent
human clinical trial, the use of triple-row stapling devices was
associated with a lower complication rate compared to double-
row stapling devices in patients undergoing ileocolic anastomosis
(Foo et al., 2018).

The transverse staple line has been identified as a weak point
of intestinal FEESA (Ellison et al., 2019; Jardel et al., 2011;
Snowdon et al., 2016; Ullman et al., 1991). This is due to the
inherent everting pattern of the transverse staple line (Ullman
etal., 1991) as well as the presence of a cross-stapling site where
the transverse staples are fired over the longitudinal staple line
(Jardel et al., 2011; Naito, Sato, et al., 2017b). In most of the
dogs with dehiscence of the anastomosis at the transverse staple
line, a standard TA stapler with two rows of staples was used
(Sumner et al., 2019). In our study, 20 of 25 of the transverse
staple lines were performed using a TA stapler (two rows of sta-
ples) and five of 25 were performed using an endovascular-GIA
stapler (three rows of staples). Based on biomechanical and clini-
cal studies in humans, transverse stapling with a three-row sta-
pling device should be a consideration (Foo et al., 2018; Kimura
etal., 2015).

Oversewing of the transverse staple line has been reported to
increase the maximum leakage pressure and reduce the risk of
postoperative dehiscence and anastomosis leakage in dogs (Duffy
& Moore, 2020; Sumner et al., 2019). In our study, 19 of 25
transverse staple lines were oversewn, while no oversewing was
performed in six of 25. Given that none of the cases in our series
developed dehiscence, we cannot draw conclusions and provide
firm recommendations regarding the best technique. However,
based on previous studies in dogs, oversewing is advisable (Duffy
& Moore, 2020; Sumner et al., 2019).

In our study, the height of the staples used was either
3.5mm (1.5mm when closed, blue cartridge) or variable
height (Medtronic Tri-Staple™ technology) with the height of
the internal row, intermediate row and external row of staples
3, 3.5 and 4 mm, respectively (purple cartridge). The use of
1.5 mm high (blue cartridge) staples is reported as the standard
in human surgery and the choice in staple height in veterinary
science has been guided by this data (DePompeo et al., 2018;
Duffy & Moore, 2020; Sumner et al., 2019; Tobias, 2007;
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Ullman et al., 1991; White, 2008). Optimal staple height
should be guided by the thickness of the target tissue and,
recently, data on small intestinal thickness in dogs and cats
has become available and compared to human data (Mullen
et al., 2020; Sanders et al., 2023). An ex-vivo study exam-
ined the small intestinal wall thickness in healthy dogs and
reported 2.49 mm +0.28 mm for the jejunum, while the aver-
age thickness of the human small intestine was reported to
be 1.5mm (Mullen et al., 2020). When a FEESA performed
with blue cartridges was compared to green cartridges in dogs,
leak pressure exceeded maximum intraluminal peristaltic pres-
sure in all anastomoses (Mullen et al., 2020). A recent ex-vivo
study on healthy cats’ intestine reported an average jejunal
thickness of 2.28 mm + 0.30 mm (Sanders et al., 2023), simi-
lar to dogs, which supports the use of comparable cartridge
recommendations in both species, despite the body size dif-
ference. Intestinal FEESA were performed with a Medtronic
Endo GIA™ stapler with Tri-Staple™ technology (purple car-
tridge) for the longitudinal staple line and TA staplers (blue
cartridge), for the transverse staple line (Sanders et al., 2023).
Again, the leak pressure measured was higher than the physi-
ological peristaltic pressure in all cases (Sanders et al., 2023).
Based on the comparable small intestinal thickness in dogs
and cats, cadaveric (Mullen et al., 2020; Sanders et al., 2023)
and clinical studies (Ullman et al., 1991; White, 2008), as
well as the results of our study, the use of blue and purple
cartridges appears appropriate in dogs and cats. Both Mullen
etal. (2020) and Sanders et al. (2023) claimed green and black
cartridges may be a more appropriate choice in dogs and cats
based on the higher intestinal mural thickness compared to
humans. These studies raised concerns including the possible
compromise of the intestinal wall microvasculature, adequate
engagement of the submucosa and correct staple conforma-
tion when using blue cartridges (Mullen et al., 2020; Sanders
etal., 2023). However, based on our literature search, no clini-
cal data assessing the small intestinal microvasculature response
to different staple sizes is available in the veterinary literature
currently. More importantly, it would be difficult to recom-
mend performing intestinal FEESA with green cartridges in
dogs and cats until more compelling clinical evidence becomes
available. A better distribution of the forces along the staple
line and improved perfusion of the stapled tissue are claimed
advantages of the variable height staple technology according
to the manufacturer [Medtronic Limited, hteps://www.medtr
onic.com/covidien/en-us/products/surgical-stapling/tri-stapl
e-technology.html (Accessed December 2023)], however,
definitive evidence that the variable height Tri-Staple™ tech-
nology leads to better clinical outcomes in intestinal surgery
is lacking at this stage.

A crotch suture was placed at the base of the longitudinal
endovascular-GIA staple line in all 25 patients enrolled in our
study. The use of a reinforcing suture at the crotch of the anas-
tomosis has been recommended to reduce the risk of complica-
tions related to staple pull-out and leakage (Goto et al., 2007;
Tobias, 2007; Ullman, 1994). Different suture patterns
have been described for the crotch suture, including simple
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interrupted and cruciate pattern sutures (Sumner et al., 2019).
However, a higher complication rate was not reported when
a crotch suture was not used (Jardel et al., 2011; Sumner
etal., 2019).

The length of the stapler jaw may have implications in
altering the local anatomy and function. The original reports
describing FEESA in dogs suggested the use of a 50 to 60 mm
long stapler jaw (Jardel et al., 2011; Ullman et al., 1991;
White, 2008). This is considered adequate for patients large
enough to accommodate a standard GIA stapler. However,
objective data providing recommendations on optimal stapler
jaw length in small dogs and cats are lacking. It would appear
reasonable to consider shorter jaw length in small patients.
White (2008) anecdotally suggested an endovascular-GIA sta-
pler with a 30 mm long jaw could be considered to perform
FEESA in small dogs. Similarly, Sanders et al. (2023) described
the use of a 30-mm long endovascular-GIA stapler with vari-
able height staples (purple cartridge) in a feline cadaveric study
to assess the resistance to leakage in five different intestinal
anastomosis techniques. Normal small intestinal diameter in
cats is reported to be less than 12 mm (Adams et al., 2010),
which could indicate that a 30-mm long endovascular-GIA
might be sufficient. However, several factors will affect the
final size of the anastomosis, including the healing process,
positioning of the transverse staple line as well as the use of
an inverting suture pattern for oversewing. It is currently
unknown if this could lead to a stenotic lumen. None of the
intestinal FEESA in our study was performed with a 30-mm
long endovascular-GIA; therefore, no conclusions on the
safety of a 30-mm stapler jaw length can be drawn. Stapled
anastomoses in this study were performed with 45- to 60-mm
long endovascular-GIA staplers and this length was deemed
safe given that no major complications were encountered.
However, one of the patients in our study developed a moder-
ate dilation of the anastomosis site, identified 9 months after
the original FEESA during an exploratory celiotomy for an
intestinal foreign body located distant to the original FEESA
site. Although the clinical significance of this finding was
unknown, it is possible that a 60-mm long stapler jaw might
be unnecessary in small dogs and cats and could lead to an
excessively long anastomotic site that may impact peristaltic
function, resulting in accumulation of intestinal content at
the anastomosis site. In fact, one of the five cats that were
excluded from the study because a standard GIA 60-mm sta-
pling device was used, developed a severe sacciform dilation
of the anastomosis site with subsequent coprostasis. No evi-
dence of underlying intestinal pathology was present in this
patient. Surgical resection and sutured end-to-end intestinal
anastomosis resolved the clinical signs. The absence of specific
investigations into the remodelling of the anastomotic site in
24 of 25 patients in this study prevented conclusions being
drawn into the incidence and clinical relevance of this finding.
Further investigations into the optimal stapler jaw length for
FEESA in small dogs and cats are however warranted.

Fifteen out of 25 of our patients underwent intestinal resec-
tion and FEESA using an open lumen technique, whereas 10 of
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25 underwent a one-stage technique. In the authors’ experience,
the use of endovascular-GIA stapling devices has a slight disad-
vantage compared to the use of standard GIA stapling devices,
especially when a one-stage technique is chosen. Manipulating
the intestine to manoeuvre the endovascular-GIA stapler jaws
within the lumen is subjectively more difficult given the jaws
cannot be separated. The procedure was, however, successfully
completed in all the cases included in our study.

Our study included patients with a minimum of 10days
follow-up. This decision was based on a study that reported
intestinal anastomosis dehiscence and subsequent septic perito-
nitis was identified within 3 to 10days of surgery in 115 dogs
and cats (Ralphs et al., 2003). In addition, a similar minimum
follow-up period was selected in a study comparing the inci-
dence of complications following FEESA in dogs (DePompeo
et al., 2018). The authors concluded this minimum follow-up
period was appropriate in identifying patients with a major sur-
gical complication.

The retrospective nature of our manuscript and the small sam-
ple size are limitations of our study. Additionally, the inclusion
of both canine and feline patients might limit the assessment of
the outcomes. The presence of patients with underlying intes-
tinal disease makes interpretation of some of our findings dif-
ficult. However, in conclusion, this study suggests that the use of
endovascular-GIA stapling devices was safe and effective in per-
forming FEESA in small dogs and cats. Further studies regard-
ing the ideal height of the staples and the length of the stapler

cartridge used are warranted.
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