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Collection and evaluation of full-thickness small 
intestinal biopsy specimens is useful for investi-

gation of small intestine physiology in experimental 
horses,1-4 and serial collection of biopsy specimens is 
occasionally necessary to confirm diagnosis of refrac-
tory intestinal disorders in clinical horses.5,6 At pres-
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Conclusions and Clinical Relevance—Laparoscopic collection of serial full-thickness small 
intestinal biopsy specimens with a 45-mm ELS may be an effective and safe technique for 
use in healthy adult experimental horses. (Am J Vet Res 2008;69:431–439) 

ent, full-thickness small intestinal biopsy specimens in 
horses are collected through flank laparotomy or mid-
line celiotomy incisions.5,7-9 However, these procedures 
are invasive and can be associated with substantial 
postoperative complications such as incisional infec-
tions, wound dehiscence, herniation, and development 
of abdominal adhesions.10 In the authors’ opinion, re-
peated midline celiotomy or flank laparotomy cannot 
be used to collect serial full-thickness small intestinal 
biopsy specimens in experimental horses because these 
procedures are associated with high risk for postopera-
tive complications11 and would negatively impact the 
horses’ health. 

Laparoscopy has been used to collect full-thickness 
intestinal biopsy specimens for diagnosis of multiple 
gastrointestinal diseases in humans.12,13 This procedure 
is associated with a short hospital stay, less postopera-
tive pain, and minimal complications and is considered 
to be a safe and efficient alternative to midline celi-
otomy in humans.12,13 Automatic endoscopic stapling 
devices have been used for laparoscopic collection of 
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full-thickness small intestinal biopsy specimens in hu-
mans.12,13 In horses, use of these automatic stapling de-
vices reduces surgical time and risk of contamination, 
compared with conventional hand-sutured anastomosis 
techniques.14-16

Laparoscopy is established as a minimally invasive 
surgical technique in horses.17 It allows for excellent 
observation of and access to abdominal organs and is 
associated with minimal postoperative pain and com-
plications.17-19 A laparoscopic technique for collection 
of full-thickness biopsy specimens of the cecum and 
duodenum by use of a single-layer intracorporeal sutur-
ing technique in horses has been reported.17-21 However, 
the technique is technically challenging, and its use is 
limited to surgeons with advanced laparoscopic intra-
corporeal suturing skills. Furthermore, the technique 
is associated with risk of abdominal contamination and 
postoperative septic peritonitis.20

The purpose of the study reported here was to eval-
uate a laparoscopic technique involving use of an ELS 
for collection of serial full-thickness small intestinal bi-
opsy specimens in healthy experimental adult horses. 
We hypothesized that use of an ELS to collect intestinal 
biopsy specimens laparoscopically would be associated 
with lower bursting strength and bursting wall tension 
at the biopsy site, that anastomosis could be performed 
with less luminal diameter reduction at the biopsy site 
than if double-layer hand-sewn closure were used, and 
that the specimen derived would be suitable for histo-
logic examination. We also hypothesized that the lower 
bursting strength and bursting wall tension and luminal 
diameter remaining at the biopsy site after serial full-
thickness biopsy with an ELS would not be associated 
with intra- or postoperative complications.

Materials and Methods

All procedures and experimental protocols were 
approved by the Animal Care Committee of the Uni-
versity of Guelph.

Part 1—Part 1 of the study consisted of ex vivo 
evaluation of bursting strength and bursting wall ten-
sion of the descending duodenum and distal portion 
of the jejunum after collection of full-thickness biopsy 
specimens by use of either hand-sewn or stapling clo-
sure techniques.

Horses

Six horses (1 gelding and 5 mares; 3 Standardbreds 
and 3 Thoroughbreds) euthanized for reasons unrelat-
ed to gastrointestinal tract disease were used in the ex 
vivo part of the study. Horses ranged from 3 to 16 years 
of age (mean, 11 years) and weighed from 385 to 604 
kg (mean, 489 kg). 

ColleCtion of intestinal segments

Sixty-centimeter segments of duodenum and distal 
portion of the jejunum were obtained from each horse 
through a right flank laparotomy performed immedi-
ately after euthanasia. Duodenal segments were collect-
ed from a point 5 cm aboral to the duodenal sigmoid 
flexure to the most aboral portion of the ascending duo-
denum. Distal jejunal segments were collected from a 

point 30 cm oral to the jejunoileal junction. Collected 
duodenal and jejunal segments were divided into three 
20-cm segments; labeled as ascending, middle, and de-
scending parts of the duodenum and as oral, middle, and 
aboral parts of the distal segment of jejunum; and pre-
served in 4oC lactated Ringer’s solution until tested.22-24 

Biomechanical testing of the collected intestinal seg-
ments was performed within 3 hours after collection.

ColleCtion of biopsy speCimens

A randomized block design was used to assign 
each 20-cm intestinal segment to one of the follow-
ing groups: control, full-thickness small intestinal 
biopsy by use of a double-layer hand-sewn closure 
technique, or full-thickness small intestinal biopsy 
by use of an ELS. All control groups were left intact 
for biomechanical testing. In the biopsy groups, a 
full-thickness 3-cm-long and 1-cm-wide full-thick-
ness intestinal biopsy specimen was collected from 
the antimesenteric border of the middle section of 
the intestinal segment under simulated surgical con-
ditions. In the hand-sewn closure group, specimens 
were obtained with conventional surgical instru-
ments, and biopsy sites were closed in 2 layers with 
2-0 gylcomer 631a suture material in a full-thick-
ness simple continuous suture pattern followed by a 
Cushing continuous inverting suture pattern. 

In the ELS group, a 45-mm endoscopic articulating 
linear staplerb with a 440-mm shaft was used to col-
lect biopsy specimens. The ELS cartridgesc contained 
4 staggered rows of titanium staples with a leg length 
of 4.1 mm. To collect the biopsy specimens, the open 
jaws of the ELS were applied on the antimesenteric 
border of the middle section of the intestinal segment 
at a 10o angle to its long axis. The jaws were closed 
and the device fired to both activate the 4 parallel stag-
gered rows of staples and make a full-thickness section 
through the intestinal wall, leaving 2 staggered rows of 
titanium staples on both the biopsy specimen and the 
biopsy site. The stapler was reloaded, and a second cut 
was performed crossing the first one at a 120o angle to 
obtain a full-thickness V-shaped intestinal biopsy speci-
men. In both the hand-sewn and ELS groups, the time 
taken to perform full-thickness biopsy was recorded. 
Biopsy construction time was defined as the time from 
the moment of incising the full-thickness biopsy speci-
men at the antimesenteric border of the intestinal seg-
ment to completion of the second layer for the hand-
sewn group and from the moment of loading the ELS to 
the moment of obtaining the V-shaped biopsy specimen 
for the ELS group. 

Determination of biomechanical variables

Bursting strength was determined by increasing the 
intraluminal pressure of each intestinal segment to the 
point of mechanical failure of the walls. During test-
ing, each intestinal segment was placed in a plastic tub 
and submerged in 25 L of saline (0.9% NaCl) solution 
at temperatures ranging from 21o to 23oC (Figure 1). 
Both ends of the tested segment were attached to 3.8-
cm barbed tube connectors so that the tip of each con-
nector was located 2.5 cm into the intestinal segment 
lumen. Adherent taped and 2 stainless-steel screw hose 
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clamps were positioned on both ends of the tested seg-
ment and tightened to provide a watertight seal between 
the intestinal wall and barbed connectors. One barbed 
connector was secured to an end cap with a bleeder 
valve. The second barbed connector was attached to a 
T-connector, which was attached to a pressurized new 
methyelene blue solution delivery system. This system 
consisted of a pressure transducer,e shutoff valve, and 
new methyelene blue solution reservoir. Pressure trans-
ducer instrumentation consisted of a 12-V direct cur-
rent power supply, a strain gauge amplifier,f an analog-
to-digital data acquisition card,g and a personal com-
puter with data acquisition software.h System pressure 
was sampled at 30 Hz. Before each mechanical bursting 
trial, the pressure transducere and associated instru-
mentation were calibrated with a linear scale and wa-
ter column U-tube manometer operating at an ambient 
temperature of 21o to 23oC. The new methyelene blue 
solution reservoir was suspended by a winch system. 
When activated, the winch system elevated the reser-
voir so that it delivered a constant 2 mm Hg/s pressure 
increase to the intestinal segment being tested. Volume 
of solution infused into the intestinal segment during 
bursting trials was determined with a force plate and 
associated instrumentation. The force plate consisted 
of 3 uniaxial load cellsi fixed between 2 sheets of 2-cm 
plywood. The force plate instrumentation consisted of 
3 strain gauge amplifiersf and the same analog-to-digi-
tal data acquisition card, personal computer, and data 
acquisition software used to measure sample pressure 
increase. The force plate was positioned underneath the 
plastic tub used to hold the tested intestinal segment 
and saline solution. Prior to each bursting trial, force 

plate calibration factors were determined with a set of 
calibration weights and accompanying output voltage 
from the strain gauge amplifiers. For each bursting tri-
al, the output voltage of the 3 load cells was combined 
with their respective calibration factors and summed to 
yield total force plate load. The weight of the plastic 
tub, saline solution, and tested intestinal segment was 
constant, whereas the weight of infused solution in the 
tested intestinal segment increased with infused vol-
ume. The weight increase measured during each burst-
ing trial was converted to sample volume increase by 
dividing load change (in Newtons) by density of the 
new methyelene blue solution at 20oC. 

For each bursting trial, the data collection sys-
tem was activated, the reservoir was situated adjacent 
to the sample, the shutoff valve was opened, and new 
methyelene blue solution was infused into the tested 
intestine segment. Air in the tested intestine segment 
was removed through the end cap and bleeder screw. 
The winch connected to the new methyelene blue 
reservoir was activated, and the dye solution was in-
fused in the tested intestinal segment. Intestinal burst-
ing strength was defined as the maximum pressure, or 
bursting pressure, recorded before a sudden decrease 
in the slope of the pressure-versus-time curve or, al-
ternatively, the pressure recorded when leakage of new 
methyelene blue solution was observed on the outer 
surface of the intestinal segment. The volume of solu-
tion infused (in milliliters) at the time of failure, burst-
ing pressure in millimeters of mercury at failure, and 
location and mode of failure (ie, leaking or bursting) 
were recorded. Bursting trials were video recorded, and 
images at failure were digitized. The video system was 
calibrated with objects of known dimensions. Length 
of the intestinal segment at failure was measured with 
computer software.j Mean radius of each intestinal seg-
ment at failure was calculated by use of the equation r 
= √v/π X l, where r is radius of the intestinal segment at 
failure, √ is square root, v is volume of fluid infused at 
failure, and l is length of the intestinal segment at fail-
ure.22,25 Bursting wall tension in dynes per centimenter 
was calculated by use of LaPlace’s law: BWT = BP X r, 
where BWT is bursting wall tension, BP is bursting 
pressure, and r is radius.22,25-27

evaluation of reduCtion in luminal diameter

Digitized images of each constructed intestinal bi-
opsy segment at the time of mechanical failure (burst-
ing pressure) were used to compare the percentage of 
luminal diameter reduction between biopsy techniques. 
Luminal diameter measurements were obtained with 
computer software.j For the ELS group, the first mea-
surement was taken at a site 90o from the junction at 
which the 2 staple lines crossed to form a V shape rela-
tive to the mesenteric border. For the hand-sewn group, 
the first measurement was taken at a site 90o from the 
center of the biopsy site to the mesenteric border. Three 
measurements were taken on each side of the biopsy 
site: 1 in the tissue adjacent to the biopsy site and 2 at 
3 and 6 cm, respectively, from the beginning of the su-
ture or staple line. The mean values of these 6 measure-
ments were used as control measurements, and luminal 
diameter reduction at the biopsy site was expressed as a 
percentage of these control values. Percentage of lumi-

Figure 1—Schematic diagram of the apparatus used to measure 
bursting strength during intestinal bursting trials in segments of 
intestine from 6 horses by increasing intraluminal pressure in 2-
mm Hg increments until the point of mechanical failure.

Unauthenticated | Downloaded 06/03/23 02:02 AM UTC



434   AJVR, Vol 69, No. 3, March 2008

nal diameter reduction was calculated by dividing the 
diameter at the biopsy site by the mean control luminal 
diameter. 

Part 2—In part 2 of the study, a laparoscopic tech-
nique in which an endoscopic stapling device was used 
for collection of full-thickness small intestinal biopsy 
specimens in standing, sedated, experimental horses 
was evaluated in vivo. 

Horses

Seven mature horses (3 geldings and 4 mares; 5 Stan-
dardbreds and 2 Thoroughbreds) were used in the in vivo 
part of the study. Horses’ ages ranged from 7 to 16 years 
(mean, 10.3 years). Horses were assessed to be healthy 
on the basis of physical and per rectal examinations and 
results of CBC, serum biochemical analyses, abdomino-
centesis, and abdominal ultrasonographic examination. 
Each horse underwent laparoscopy a minimum of 3 and 
a maximum of 4 times, with a 1-month interval between 
procedures. During each procedure, full-thickness small 
intestinal biopsy specimens were collected from the de-
scending duodenum and distal portion of the jejunum 
by means of a laparoscopic stapling technique. Prior to 
each surgery, hay was withheld for 24 hours and grain was 
withheld for 18 hours to reduce the volume of intestinal 
contents. Before surgery, water (5 L, by nasogastric intuba-
tion), trimethoprim-sulfadoxine (24 mg/kg, IV), and flu-
nixin meglumine (1 mg/kg, IV) were administered. Right 
flank laparoscopy was performed with neuroleptanalgesia 
and local anesthesia and with horses restrained standing 
in stocks. Acepromazine maleate (0.01 mg/kg, IV) was ad-
ministered 30 minutes prior to initiation of deep sedation. 
Horses were sedated with a loading dose of detomidine 
hydrochloride (15 µg/kg, IV) and butorphanol tartrate 
(0.03 mg/kg, IV). Neuroleptanalgesia was maintained by 
constant rate infusion of detomidine hydrochloride (8.5 
µg/kg per hour, IV) delivered by an electronic infusion 
pump.k

laparosCopiC surgiCal proCedure

Skin overlying the right paralumbar fossa was 
clipped, aseptically prepared, and draped in a routine 
fashion. Three portal sites were created in the right para-
lumbar fossa and used to perform laparoscopic collec-
tion of full-thickness small intestinal biopsy specimens. 
Portal site 1 was midway between the tuber coxae and 
the 18th rib, just dorsal to the crus of the internal ab-
dominal oblique muscle. Portal site 2 was placed at the 
level of the ventral border of the tuber coxae and either 
immediately caudal to the 18th rib or between the 17th 
and 18th ribs, depending on the length of the flank in 
each horse. Portal site 3 was placed immediately cra-
nial to the ventral aspect of the tuber coxae. The full 
thickness of the abdominal wall at the portal sites was 
infiltrated with 20 mL of 2% mepivacaine hydrochlo-
ride solution. The first cannulal was placed in the ab-
domen at portal site 1 through a 10-mm skin incision, 
and a 10-mm 30o laparoscope connected to a fiberoptic 
cable and video camera was introduced through the 
cannula to confirm its intra-abdominal position. The 
cannula was connected to an automatic high-flow car-
bon dioxide insufflator, and intra-abdominal pressure 
was increased by 8 to 10 mm Hg. The abdomen was 

illuminated with a 300-W light source. Insertion of the 
accessory trocar-cannula units at portal sites 2 and 3 
was laparoscopically guided to avoid visceral injury. 
The descending duodenum was identified dorsal to the 
base of the cecum. 

The midportion of the descending duodenum 
was the designated first biopsy site for the first lapa-
roscopic procedure. A sterile artificial insemination pi-
pette was introduced through portal site 2, and 20 mL 
of 2% mepivacaine hydrochloride solution was applied 
to the serosal surface of the duodenum. Laparoscopic 
Babcock forcepsm were inserted into portal site 3 and 
used to grasp and apply tension on the antimesenteric 
border of the duodenum. An endoscopic automatic 45-
mm linear staplerb was inserted in portal site 2, and a 
full-thickness V-shaped intestinal biopsy specimen was 
collected on the antimesenteric border of the descend-
ing portion of the duodenum in a 2-step fashion as de-
scribed in the ex vivo part of the study. Laparoscopic 
Babcock forceps were used to exteriorize the biopsy 
specimen from the abdominal cavity. The biopsy site 
was observed for leakage or bleeding and a swab speci-
men was obtained under laparoscopic guidance for 
bacterial culture. The site was flushed with 40 mL of 
sterile saline solution through the insemination pipette 
at portal site 2. The length of the small intestine was 
viewed and examined by means of laparoscopic Bab-
cock forceps placed in portal sites 2 and 3. The time to 
examine the small intestine from the most oral aspect 
of the ascending duodenum to the ileum was recorded. 
A second full-thickness biopsy specimen was collected 
at a site 30 cm oral to the jejuno-ileal junction on the 
antimesenteric border of the jejunum as described, and 
a swab specimen was obtained and the site was flushed. 
After completion of the procedure, the external sheath 
of the abdominal external oblique muscle was closed 
with size 0 glycomer 631 in a simple interrupted suture 
pattern, and skin was closed with simple interrupted 
sutures in size 0 polypropylene.n

During subsequent laparoscopic procedures, bi-
opsy sites and the abdominal cavity were examined 
for abnormalities, which were recorded. Full-thickness 
small intestinal biopsy specimens were collected at 
sites approximately 5 cm aboral to the previous biopsy 
sites. Bacterial culture of sites was only performed for 
the first 2 laparoscopic procedures. Surgical time was 
recorded, defined as the time from introduction of the 
first laparoscopic cannula to complete closure of surgi-
cal incisions. 

postoperative Care and monitoring

Trimethoprim-sulfadoxine and flunixin meglumine 
were administered for 3 days after each laparoscopy. 
Horses were permitted free access to water immediately 
after surgery. All experimental horses were concurrent-
ly participating in a parallel nutritional study conduct-
ed by 2 of the authors (RJG and HLW). As part of the 
experimental protocol, all horses received 5 L of wa-
ter via nasogastric intubation twice daily for 24 hours, 
and feeding was resumed on the morning after surgery. 
Horses were fed a diet consisting of grain or hay. Moni-
toring was performed every 6 hours for the first 7 days 
and twice daily for an additional 7 days. Each horse was 
monitored for attitude, appetite, signs of depression, 
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heart and respiratory rate, rectal temperature, signs of 
abdominal pain, gastrointestinal tract motility, fecal and 
urine output, and swelling or drainage associated with 
the incisions. Complete blood count, serum biochemi-
cal analyses, abdominal ultrasonographic examination, 
peritoneal fluid analysis, and abdominal ultrasonographic 
examination were performed on days 2, 4, 6, and 8 after 
surgery for the first 2 laparoscopic procedures to monitor 
for complications that may have developed. 

evaluation of biopsy speCimens

Specimens were rinsed in cold buffered saline so-
lution immediately after collection and were weighed 
and measured. A full-thickness cross section of each 
specimen was removed and placed in phosphate-buff-
ered 10% formalin solution for histologic examination. 
Portions of each biopsy specimen were sectioned and 
stained with H&E stain. Biopsy specimens were ex-
amined by a board-certified pathologist who assessed 
suitability of the tissue for histologic examination on 
the basis of size, depth (presence or absence of deep 
mucosa and submucosa), quality (biopsy preservation 
with minimal fragmentation and tissue artifacts), and 
adequacy for diagnosis, defined overall as a well-ori-
ented specimen of sufficient depth and quality to al-
low full histologic assessment and accurate diagnostic 
conclusions.

follow-up information

Five of the 7 experimental horses were used 1 year 
after completion of the study by 2 of the authors (LPB 
and SGN) for development of a new laparoscopic imag-
ing technique in standing sedated horses. Biopsy sites 
and the abdominal cavity were evaluated, and abnor-
malities were recorded. 

statistiCal analysis

Descriptive statistics were reported as mean ± SE. The 
Shapiro-Wilk test was used to test whether data were nor-
mally distributed. A log transformation was applied if data 
did not meet the assumptions of normality. For the ex vivo 
portion of the study (part 1), 3-way ANOVA was used to 
determine whether intestinal segments (ascending, mid-
dle, and distal portions of the duodenum and oral, middle, 
and aboral segments of the jejunum), intestinal sections 
(duodenum or distal portion of the jejunum), and groups 
(hand-sewn, ELS, or control) or their interactions were 
significantly different for mean bursting strength, bursting 
wall tension, or time of construction. A post hoc Tukey test 
was used for paired comparison of bursting strength and 
bursting wall tension. A paired t test was used for com-
parison of biopsy construction times. Analysis of variance 
for a mixed model, with the main effects of intestinal sec-
tions (duodenum and distal portion of jejunum), luminal 
diameter (biopsy site and control values), biopsy closure 
(hand-sewn and ELS), and their interactions, was used to 
compare the percentage of luminal diameter reduction be-
tween biopsy techniques. A logit transformation was ap-
plied to the percentage data.

For the in vivo portion of the study (part 2), vari-
ables measured (CBC, biochemical analyses, and peri-
toneal fluid analysis) were analyzed by use of a gen-
eral linear mixed model that fit appropriate correlation 

structures to account for repeated measures in the same 
horse. The fixed effects in the model were surgery (1 
or 2), day (0, 2, 4, 6, or 8), and their interaction with 
repeated measures made on a horse within a surgery. If 
ANOVA revealed an overall day effect (with P < 0.05) 
and there was no interaction between surgery and day, 
a post hoc Dunnett test for paired comparison was used 
to compare each of the days back to day 0, with mean 
values for the 2 surgeries used. If surgery and day inter-
action was significant (overall F test, P < 0.05), a post 
hoc Tukey test was used for paired comparisons. Statis-
tical analyses were performed with commercially avail-
able software.o For all comparisons, values of P < 0.05 
were considered significant. 

Results

Part 1—Mean biopsy construction time was sigifi-
cantly (P < 0.001) faster in the ELS group (2.27 ± 0.31 
minutes) than in the hand-sewn group (11.49 ± 0.32 
minutes). 

meCHaniCal properties of biopsy sites

Mean ± SD bursting strength and bursting wall ten-
sion were significantly lower in the ELS group than in 
the hand-sewn group for both duodenal segments and 
distal jejunal segments (Table 1). Intestinal segments 
in the control group were significantly stronger in 
bursting strength and bursting wall tension than those 
in the ELS group for both duodenal segments and distal 
jejunal segments and were stronger than those in the 
hand-sewn groups in distal jejunal segments. Given the 
number of horses used in the ex vivo portion of the 
study, no significant differences were found between 
mean bursting strength (P = 0.385) and bursting wall 
tension (P = 0.123) of the duodenum in the control and 
hand-sewn groups. 

mode and loCation of intestinal wall failure

Failure of the intestinal walls occurred at the mes-
enteric border in the duodenal and jejunal control 
groups, at the staple line in the ELS duodenal and jeju-
nal groups, and between the interface of normal tissue 
and suture line in the hand-sewn duodenal and jejunal 
groups. All intestinal segments in the control and hand-
sewn group failed by bursting, whereas all intestinal 

	 Bursting	 Bursting	wall
Groups	 strength	(mm	Hg)	 tension	(dynes/cm)

Duodenum C 210  65a 840,000  315,000b

Duodenum HS 170  80a 540,000  265,000b

Duodenum ELS 80  40 250,000  145,000
Jejunum C 415  65 2,000,000  415,000
Jejunum HS 200  35 780,000  140,000
Jejunum ELS 40  10 150,000  60,000

C = Control. HS = Hand sewn. 
a,bValues with the same superscript were not significantly dif-

ferent. 

Table 1—Mean ± SD values of bursting strength and bursting 
wall tension measured ex vivo in duodenal and jejunal segments 
from control, double-layer hand-sewn closure, and ELS groups 
in intestinal segments obtained from 6 horses. Values for burst-
ing strength and bursting wall tension are rounded to correct for 
instrumentation setup.
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segments in the ELS group failed by leakage along the 
staple line. In all hand-sewn group intestinal segments, 
the serosa was consistently observed to tear first, fol-
lowed by tearing in the muscular and submucosal lay-
ers. The mucosa was observed to bulge through the de-
fect until failure by bursting. Failures in the ELS group 
occurred in the duodenum at the V junction of the 2 
crossed staple lines in 3 tested segments and on the sta-
ple line but at a site distant from the V junction in the 
other 3 segments. In the distal portion of the jejunum, 2 
segments failed at the V junction of the 2 crossed staple 
lines, whereas the 4 other segments failed on the staple 
line but at a site distant from the V junction.

evaluation of luminal reduCtion

Intestinal segments in both biopsy groups had re-
duced luminal diameter at the biopsy site, compared 
with control luminal diameter. The double-layer hand-
sewn closure technique resulted in significantly (P 
= 0.001) greater luminal reduction at the biopsy site 
than the stapling technique. Mean percentage in lu-
minal diameter reduction was 21.51 ± 2.13% for the 
stapling technique and 32.23 ± 2.13% for the double-
layer hand-sewn closure technique, relative to control 
luminal size.

Part 2—Of 26 laparoscopic procedures performed 
overall, 5 horses underwent 4 procedures and 2 horses 
underwent 3 procedures. Overall, 52 full-thickness bi-
opsy specimens were collected with no substantial in-
traoperative complications. In 1 horse, the jaws of the 
ELS failed to engage correctly and activate the staples 
through the full thickness of the intestinal wall dur-
ing jejunal biopsy. An endoscopic suturing devicep was 
used to oversew the biopsy site with 2-0 lactomer 9-1q 

under laparoscopic guidance without further compli-
cations. Overall surgical time ranged from 50 to 130 
minutes (mean, 94 minutes) and decreased as surgeons 
gained experience with the procedure. Examining the 
small intestine by use of laparoscopic Babcock forceps 
was performed from the most oral aspect of the ascending 
duodenum to the point at which the ileum was identified. 
No serosal damage was detected in the small intestine of 
any horse in association with this maneuver. 

No substantial postoperative complications were 
detected in any horses. All variables assessed during the 
postoperative period remained within anticipated limits, 
and all horses passed normal feces within 24 hours after 
the laparoscopic procedure. None of the 7 horses devel-
oped incisional problems at any portal sites throughout 26 

laparoscopic procedures. No abdominal ultrasonographic 
abnormalities were detected in any horses. Peritoneal 
fluid analysis revealed a significant (P < 0.001) increase 
in WBC count in all horses on postoperative day 2, with 
a predominance of nondegenerative neutrophils. Perito-
neal fluid WBC count remained high in all horses up to 
postoperative day 8 (P < 0.001; Table 2). The peritoneal 
fluid WBC count obtained preoperatively before the sec-
ond laparoscopy (1 month after the first laparoscopy) was 
significantly higher in all horses, compared with preop-
erative peritoneal fluid WBC counts obtained before the 
first laparoscopy (P < 0.001). However, peritoneal fluid 
WBC count was within the reference range, and all horses 
were deemed to be healthy and able to undergo the second 
laparoscopy.

CHaraCteristiCs of biopsy speCimens

Biopsy specimens had a mean weight of 1.66 ± 0.07 
g, a mean length of 31.61 ± 0.95 mm, and a mean width 
of 14.12 ± 0.43 mm. All specimens contained all layers 
of the small intestinal wall and were judged to be of 
good quality and adequate for histologic examination 
on the basis of size, depth, and absence of distortion 
artifacts from the biopsy technique. All specimens met 
the criteria for diagnostic adequacy. None of the biopsy 
sites evaluated during the first 2 laparoscopic proce-
dures yielded bacterial growth. 

Healing at biopsy sites

Thirty-eight healing biopsy sites were observed 
during 19 laparoscopic procedures. The only abnor-
malities observed were 4 focal omental abdominal ad-
hesions at 4 biopsy sites in 3 horses. None of the ab-
dominal adhesions observed resulted in distortion or 
stricture of the intestinal lumen, and no clinical prob-
lems were detected. One horse developed 2 focal omen-
tal abdominal adhesions at 2 biopsy sites, 1 in the distal 
portion of the jejunum and 1 in the duodenum. These 
abdominal adhesions were diagnosed and reduced dur-
ing laparoscopic procedures 2 and 4, respectively. One 
horse developed a focal omental abdominal adhesion at 
a distal jejunum biopsy site, and 1 horse developed the 
same type of adhesion at a duodenal biopsy site. These 
abdominal adhesions were diagnosed and reduced dur-
ing laparoscopic procedures 2 and 3, respectively. Three 
of the 4 diagnosed postoperative omental abdominal 
adhesions had not reformed when observed during 
subsequent laparoscopies. Follow-up information on 
1 abdominal adhesion that was diagnosed and treated 
during laparoscopic procedure 4 was not available be-
cause the horse did not undergo a fifth laparoscopy.

follow-up information

Five of the 7 horses underwent an additional lapa-
roscopy 1 year after the last laparoscopic intestinal bi-
opsy collection. Of those 5 horses, 1 had undergone 3 
laparoscopic biopsy collections, and 4 had undergone 4 
laparoscopic biopsy collections. Three of the 5 horses 
developed omental adhesions after biopsy. One year af-
ter the last laparoscopic biopsy, no abnormalities were 
observed in any of the 5 horses, and biopsy sites were 
difficult to differentiate grossly from normal intestine 
during follow-up laparoscopic abdominal exploration.

	 Nucleated	cell	count	X	109/L	

Peritoneal	fluid	sample	 Laparoscopy	1		 Laparoscopy	2

Before surgery 0.99 (0.45–2.20) 6.34 (2.88–13.95)
Day 2  23.54 (8–69.25) 24.07 (8.09–71.60)
Day 4 13. 76 (5.98–31.67) 18.21 (6.12–54.18)
Day 6 52.73 (20.10–138.35) 25.58 (9.62–67.98)
Day 8 21.92 (9.55–50. 34) 27.82 (10.49–73.76)

Table 2—Mean and 95% confidence interval values of WBC 
counts in peritoneal fluid obtained before surgery and on days 
2, 4, 6, and 8 after surgery for the first and second laparoscopies 
in 7 healthy experiemental horses that underwent 3 or 4 laparo-
scopic small intestinal biopsy procedures in which an ELS was 
used to obtain the specimen and construct the site. 
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Discussion

Until recently, full-thickness intestinal biopsy spec-
imens could only be obtained in horses via laparotomy 
or celiotomy.5,7-9 These techniques could not be used for 
experimental studies requiring serial full-thickness bi-
opsy specimens because they are invasive and can com-
promise experimental animals. In the past, serial sam-
pling of intestinal tissue necessitated general anesthesia 
and collection of specimens during a terminal proce-
dure. This allowed for collection of intestinal tissue only 
over a period of a few hours.3,28 Laparoscopic surgery is 
a minimally invasive method for obtaining full-thick-
ness intestinal biopsy specimens in humans.12,13 To the 
authors’ knowledge, a laparoscopic technique for col-
lection of serial full-thickness small intestinal biopsy 
specimens in horses has not been reported. Our results 
indicated that laparoscopic collection of serial biopsy 
specimens with an ELS is safe in healthy experimental 
horses.

With the advent of a laparoscopic approach for 
collecting full-thickness biopsy specimens, determina-
tion of bursting strength to test the biopsy site becomes 
important. Bursting strength measures resistance of the 
intestinal wall to increasing intraluminal pressure until 
leakage or disruption occurs and can be expressed as 
bursting pressure or bursting wall tension.29 Bursting 
strength and bursting wall tension were significantly 
lower in the ELS group than in the hand-sewn group at 
the time of failure for both the duodenum and distal por-
tion of the jejunum. All tested intestinal segments from 
the ELS group failed at pressures from 40 to 80 mm Hg, 
values that are higher than the intraluminal pressure 
(21 cm H

2
O) reported30 in horses with obstructive small 

intestinal disease during exploratory celiotomy. In an 
experimental study31 in which motility patterns during 
extraluminal intestinal obstruction were investigated, 
intraluminal pressures ranged from 8 to 24 mm Hg 
in conscious ponies. However, cyclic pressure peaks 
up to 60 mm Hg were frequently measured during the 
obstruction trials, values that are higher than many of 
the bursting pressures measured in the present study. 
These alterations in intestinal motility patterns could 
be a concern if intestinal biopsy specimens were to be 
collected with an ELS in clinical horses because dis-
eased intestine may undergo forceful tonic contractions 
or spasms and reach intraluminal pressures higher than 
pressures that sites biopsied with an ELS can withstand 
and may therefore be at risk of failure at the constructed 
intestinal biopsy site. 

Although bursting pressure and bursting wall ten-
sion values from our study were low, our results are 
similar to those reported in association with 2 stapling 
anastomosis techniques that are used clinically by many 
equine surgeons at present.22 Use of stapling devices has 
become more prevalent in equine abdominal surgery 
because of the reduction in surgery time and minimized 
risk of abdominal contamination that are possible when 
the instruments are used appropriately.14-16 Further-
more, stapled anastomoses are as strong as or stronger 
than sutured anastomoses during the early fibrinolytic 
period.16,32-34 In most experimental studies,25,29,33,35 anas-
tomotic bursting strength has been lowest 3 to 7 days 
after surgery. It is during this crucial period when anas-

tomotic holding strength appears to be most dependent 
on suture strength.25,33,36 However, staple lines heal with 
an abbreviated or absent lag period, during which burst-
ing strength increases linearly from the first postopera-
tive day, and have superior bursting strength during 
the first week after surgery, compared with hand-sewn 
sutured lines.32 On the basis of these results, the lower 
bursting strength of sites at which an ELS was used may 
be clinically relevant only in the first few postoperative 
days, when mechanical strength is lowest. Thereafter, 
sites at which endoscopic stapling devices were used 
would be strong enough to withstand the intraluminal 
pressures that could develop during postoperative ileus. 
Further research is needed to determine the mechanical 
strength and healing pattern of intestinal biopsy sites 
when endoscopic stapling devices were used before 
they can be recommended for clinical use.

Intracorporeal suturing is technically challenging. 
Even when the technique is limited to use by surgeons 
with advanced laparoscopic training, an associated risk 
of complications remains. Endoscopic stapling devices 
have gained widespread clinical use. In humans, use 
of endoscopic staplers for obtaining laparoscopic full-
thickness biopsy specimens is safe and effective.12,13 
Intestinal biopsy specimens are collected by applying 
traction on the antimesenteric border of the small in-
testine with a laparoscopic forceps and firing the ELS 
across the tented antimesenteric border of the intes-
tine. This technique decreases the risk of postoperative 
stenosis.12,13 In the present study, specimens were col-
lected by applying 2 crossing staple lines to obtain a 
V-shaped biopsy specimen from the antimesenteric bor-
der. Placement of the endoscopic stapler transverse to 
the antimesenteric surface was not performed because, 
in the authors’ opinion, the shorter mesentery of the 
duodenum limits the handling of that portion of the 
intestine needed to obtain a biopsy specimen suitable 
for full histologic assessment. Moreover, we found that 
if the ELS was placed transversely, 2 overlapping longi-
tudinal cuts would be needed to obtain a suitable speci-
men. The point at which the 2 staple lines overlap may 
be at high risk for leakage. However, applying 2 cross-
ing staple lines to obtain the biopsy specimen reduces 
the chances of leakage at the junction of the 2 crossed 
staple lines. The junction of the 2 crossed staple lines 
was not a consistent site of leakage during the burst-
ing trials, and tested intestinal segments failed at differ-
ent points along the staple line. Bickers et al22 reported 
stapled functional end-to-end jejunojejunostomy seg-
ments to consistently fail at the crotch of the V where 
the 2 intestinal segments merged.22 The junction of the 
crossed staple line may warrant further investigation to 
determine whether this region is the weakest point of 
the constructed intestinal biopsy site.

Maintenance of adequate luminal diameter af-
ter collection of full-thickness small intestinal biopsy 
specimens is an important surgical goal with regard to 
minimizing stricture formation. Reduction of luminal 
diameter by > 33% at an intestinal anastomotic site is 
potentially dangerous in horses.37 Excessive luminal di-
ameter reduction at the biopsy site may cause chronic 
intestinal obstruction and necessitate additional sur-
gery. In small animals, removal of full-thickness intes-
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tinal biopsy specimens larger than 20% of the luminal 
diameter may cause stricture.38 However, intestinal bi-
opsy specimens must still be of adequate size to enable 
a pathologist to make a correct interpretation and yield 
an accurate diagnosis.38 In the present study, the degree 
of luminal diameter reduction (21.5%) that resulted 
when biopsy specimens were collected with an endo-
scopic stapling technique proved to be safe because 
intestinal obstruction was not associated with biopsy 
sites during follow-up evaluations. Open laparotomy 
techniques have been associated with greater risk of 
adhesion formation than laparoscopic procedures in 
humans and other animals.39,40 In the present study, ad-
hesion formation was detected at 4 of 38 healing biopsy 
sites. These adhesions caused no clinical problems and 
were easily reduced laparoscopically. Peritoneal lavage 
reduces the incidence of postoperative abdominal adhe-
sion formation.41 Peritoneal lavage was not performed 
in the present study because the chief objective of this 
study was to report abnormalities that developed in the 
abdominal cavity in association with the laparoscopic 
technique. It is possible that the incidence of adhesion 
formation could have been decreased by implement-
ing other strategies to minimize adhesion formation. 
For instance, instillation of carboxymethylcellulose 
in the peritoneal cavity is a commonly used method 
of preventing adhesion formation42 that could have 
been performed at the conclusion of each laparoscopic  
procedure.

The ELS cartridges used for collection of biopsy 
specimens contained 4 staggered rows of titanium sta-
ples with a 4.1-mm leg length. This results in place-
ment of 2 staggered rows of staples on each side of the 
transected tissue. The 4.1-mm staple compresses tissue 
to a maximum thickness of 2.0 mm. The usefulness of 
an ELS may be limited when the device is applied to 
excessively thickened or edematous tissue. In such in-
stances, the security of the closure may be inadequate 
and leakage at the biopsy site may occur. Reinforce-
ment of the staple line by placement of inverting suture 
patterns has been recommended in situations in which 
the linear stapler does not discharge easily or difficulty 
is encountered during application of the stapling in-
strument.16 In such instances, the staple line primar-
ily serves to reduce contamination and the inverting 
suture pattern serves as the primary closure. During 
collection of a biopsy specimen at the distal portion 
of the jejunum in 1 horse, the jaws of the endoscopic 
stapling device failed to engage correctly and activate 
the staples through the entire thickness of the intesti-
nal wall; therefore, the staple line was oversewn laparo-
scopically for reinforcement. Use of the endoscopic sta-
pling device beyond the number of times recommended 
by the manufacturer may have led to this problem. In 
clinical horses, excessively thickened and edematous 
small intestine may limit collection of a full-thickness 
biopsy specimen by use of automatic endoscopic sta-
pling devices and there is risk of leakage at the biopsy 
site. However, the described laparoscopic technique 
can be adapted to clinical situations in which collection 
of small intestinal biopsy specimens can be performed 
in 2 stages, with staples first placed with the ELS and 
primarily functioning to reduce the risk of peritoneal 

contamination, followed by oversewing with an endo-
scopic suturing device.p Staging collection of the full-
thickness biopsy specimen may make the technique 
more suitable for surgeons with basic laparoscopic 
training. In addition, the versatility of the articulating 
head of the ELS enables the surgeon to adapt the size of 
the biopsy specimen to the luminal diameter in a given 
horse and avoid excessive luminal reduction. Although 
this laparoscopic technique is likely to be adaptable for 
collection of full-thickness intestinal biopsy specimens, 
further research is required before the technique can be 
recommended for clinical use in horses. 

An inflammatory response was observed in the ab-
dominal fluid of all horses up to postoperative day 8. 
Signs of systemic inflammation or infection were not 
detected in any horses after collection of the biopsy 
specimens, and no other factors were detected in as-
sociation with the laparoscopic technique that could 
explain the inflammatory response. In earlier studies 
in horses, an increase in WBC count and total protein 
concentration in abdominal fluid was detected 24 hours 
after exploratory laparoscopy18 and 6 days prior to a 
second-look laparoscopic procedure.21 In both studies, 
it was postulated that the inflammatory response may 
have been caused by peritoneal irritation from carbon 
dioxide insufflation. To the authors’ knowledge, long-
term studies of postlaparoscopy peritoneal fluid chang-
es have not been performed in horses. In the present 
study, the WBC count in abdominocentesis fluid col-
lected preoperatively before the first laparoscopy was 
significantly higher, compared with values before the 
second laparoscopy (after a 1-month washout period). 
Although the preoperative abdominal fluid WBC count 
for the second laparoscopic procedure was within the 
reference range, our results suggest that peritoneal fluid 
changes evident after laparoscopy may take longer than 
1 month to decrease to baseline values. These perito-
neal fluid changes should be taken into consideration 
if abdominocentesis is performed in horses that have 
undergone exploratory laparoscopy. 

Results of the present study indicated that laparo-
scopic collection of serial full-thickness small intesti-
nal biopsy specimens by use of a 45-mm ELS is a safe 
technique in healthy experimental horses. However, 
the low bursting pressures and bursting wall tensions 
observed with use of endoscopic staplers are a poten-
tial source of concern because intraluminal pressures 
reached in clinical situations may be higher than pres-
sures that staples placed with an ELS will withstand. Al-
though results indicated that laparoscopic collection of 
serial full-thickness small intestinal biopsy specimens 
is safe and effective, this technique was only performed 
in healthy experimental horses. Oversewing the staple 
line laparoscopically with an auto-suturing device may 
be required in clinical horses. Further investigation is 
needed before this technique can be recommended for 
clinical use. 

a. Biosyn, Auto Suture Co, Ville St-Laurent, QC, Canada.
b. Long 45A Endocutter ETS-Flex45, ENDOPATH, Ethicon Endo-

Surgery Inc, Cincinnati, Ohio. 
c. Reloads 4.1-mm ETS45, ENDOPATH, Ethicon Endo-Surgery 

Inc, Cincinnati, Ohio.
d. Magic Wrap, Glasgow Manufacturing, London, ON, Canada.
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e. SENSOTEC BP211BN Model LM, 50 PSIG, SENSOTEC Inc, 
Columbus, Ohio.

f. A-Tech S7DC, A-Tech instruments Ltd, Scarborough, ON, Canada.
g. National Instruments PCI-6023E, National Instruments, Aus-

tin, Tex.
h. LabVIEW, version 7.1, National Instruments, Austin, Tex.
i. Model No. Sw-1K, Transducer technologies, Rio Nedo, Tem-

ecula, Calif.
j. Image J, version 1.37, Research Services Branch, National Insti-

tutes of Health, Bethesda, Md.
k. Electronic syringe infusion pump, Model AS40A, Baxter Health-

care Corp, Deerfield, Ill.
l. 512X Endopath disposable surgical trocar, Ethicon Endo-Sur-

gery Inc, Cincinnati, Ohio.
m. Endopath Disposable 10-mm Babcock Forceps, Ethicon Endo-

Surgery Inc, Cincinnati, Ohio. 
n. Prolene, Ethicon Inc, Somerville, NJ.
o. SAS, version 9.1.3, SAS Institute Inc, Cary, NC.
p. Endo Stitch suturing device, Auto Suture Co, Ville St-Laurent, 

QC, Canada.
q. Polysorb Endo Stitch disposable loading unit, Auto Suture Co, 

Ville St-Laurent, QC, Canada.
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