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OBJECTIVE

To evaluate the feasibility and reliability of early ultrasound diagnosis for postsurgical bowel dehiscence and find
the most reliable ultrasound criteria for dehiscence identification. Additionally, to determine the impact of early
ultrasound detection of leakage in terms of survival and duration of hospitalization. Finally, to assess the need for
systematized screening or checkup of the population at risk of dehiscence only.

ANIMALS
31 cats and 83 dogs.

METHODS

A retrospective, records-based study was performed on 83 dogs and 31 cats (114 total) undergoing small intestinal
surgery. Epidemiologic data, clinical signs, surgical procedures, pre- and postoperative ultrasound findings at 48 to
96 hours, hospitalization duration, complications, and general outcomes were recorded. Univariate and multivariate
analyses were used to identify ultrasound findings associated with dehiscence.

RESULTS

Dehiscence was suspected by ultrasound for 0 of 31 cats and 7 of 83 dogs (2 of 49 for enterotomy and 5 of 34 for enter-
ectomy). Every suspected dehiscence was confirmed during revision surgery except one enterectomy revision, which
was declined by the owner. Neither this case nor those without ultrasound evidence of dehiscence developed clinical
signs of intestinal leakage. Direct visibility of wall discontinuity, presence of gas bubbles, and liquid in vicinity of the in-
testinal surgical site were statistically associated with early dehiscence. Survival rate after the second surgery was 83%.
Median hospitalization time after the second surgery for dehiscence was 2 days (minimum, 2 days; maximum, 4 days).

CLINICAL RELEVANCE
Postoperative ultrasound examination between 48 and 96 hours after intestinal surgery allows early and sensitive
detection of intestinal dehiscence. Survival rate after revision surgery was significantly higher than that associated
with septic peritonitis.
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mall intestinal surgeries such as enterotomies or en-
terectomies with intestinal anastomoses are some

infrequent and can be divided into major or minor com-
plications, depending on the prognosis and whether a

of the most frequent surgical procedures performed in
veterinary medicine. Indications for small intestinal sur-
gery include obstruction by a foreign body, perforation,
neoplasia, blunt trauma, and biopsies to investigate vari-
ous disease processes.6 Complications are relatively
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second surgery is required. The most frequent major
complication encountered is suture dehiscence, which
is seen in 7% to 15.7% of cases in the veterinary litera-
ture.236-12 Risk factors for dehiscence include preopera-
tive septic peritonitis,236.910.13-15 prepperative hypoal-
buminemia,?3 absence of omentalization,# delayed en-
teral nutrition,214 and anastomosis techniques, such as
staple techniques compared to hand sutures. 201416 |f not
promptly diagnosed and treated surgically, dehiscence
can lead to septic peritonitis and, potentially, death.
Mortality rates between 15% and 85% after intestinal de-
hiscence have been reported.267.14.17
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Intestinal healing is divided into several phases.18-20
First, a platelet aggregate forms and is gradually sta-
bilized by a fibrin clot. In parallel, cell apoptosis as-
sociated with the action of collagenases and elastases
weakens the strength of the anastomosis to approxi-
mately 15% to 50% of the immediate postoperative
strength by 2 to 3 days postoperatively.1921 During
this inflammatory phase, sutures provide the main
mechanical support for the intestinal wall; therefore,
most dehiscence takes place within 72 to 96 hours
postoperatively.18 The inflammatory phase is followed
by a proliferative phase with fibroplasia, during which
the strength of the anastomosis increases logarithmi-
cally up to 14 days postoperatively.

Postoperative evaluation of intestinal healing
is usually based on clinical evaluation, and imaging
techniques are rarely used to evaluate postoperative
dehiscence. In human medicine, tomography with
administration of an oral contrast medium is the gold
standard to identify bowel dehiscence.?? In veterinary
medicine, ultrasound is often chosen to evaluate pa-
tients in a poor clinical state after surgical anastomo-
sis because of the availability, time efficiency, safety,
noninvasiveness, and low cost of this technique.
Previous studies?3-25 have used the ultrasonographic
assessment of noncomplicated enterotomies and
enterectomies to describe the normal appearance of
a surgical site during healing. They describe several
diagnostic criteria of intestinal dehiscence,?627 and
the most recent study?’ has also focused on the ear-
ly detection of intestinal dehiscence by ultrasound.
However, these studies only provide an ultrasound
description of preoperative bowel breaches and
postoperative dehiscence; ultrasound was never as-
sessed as a screening method for an early detection
of leakage in an important population of dehiscent
and nondehiscent animals. Detecting early signs of
dehiscence can lead to early surgical revision be-
fore septic peritonitis or other risk factors, such as
severe hypoalbuminemia, occur and could improve
survival rate. At the Veterinary Specialty Hospital
of Languedocia (Montpellier, France), we have used
postoperative ultrasound for several years to screen
for potential intestinal dehiscence. In our opinion, a
good correlation seems to exist between ultrasound
recheck and patient outcomes.

The purpose of this study was to assess the di-
agnostic accuracy of systematic early postoperative
ultrasound recheck after enterotomy and enterec-
tomy in dogs and cats. The aims of this study were
to describe ultrasound findings during dehiscence,
identify the best time point after surgery to perform
the ultrasound recheck, and evaluate the effect of
systematic ultrasound recheck on duration of hospi-
talization and patient survival rate.

Methods

Animals

Medical records of all cases that underwent
a full-thickness small intestinal incision between
July 2017 and December 2021 at the Veterinary
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Specialty Hospital of Languedocia were retrospec-
tively reviewed. Dogs and cats were included in this
study if they had undergone an enterotomy or en-
terectomy for an intestinal mass, foreign body, di-
agnostic biopsy, intussusception, stenosis, or blunt
trauma, with an ultrasound examination before sur-
gery and an ultrasound recheck between 48 and 96
hours after the initial surgery. Animals were excluded
for the following reasons: they presented with a gen-
eralized peritonitis before surgery (abdominal effu-
sion-to-blood glucose concentration difference of >
0.2 g/L and lactate concentration difference of > 2
mmol/L, abdominal fluid cytology compatible with
septic peritonitis, or intraoperative confirmation of
gastrointestinal leakage), they died or were eutha-
nized during surgery, there was no detailed surgical
report or no detailed postoperative ultrasound re-
port, or surgery involved the pylorus, major duode-
nal papilla, or ileocecal valve. A patient with multiple
full-thickness small intestinal incisions (eg, for intes-
tinal staging biopsies) was only counted as 1 case.
However, a patient treated multiple times with at
least 4 months between each surgical procedure (eg,
a second foreign body ingestion) was considered as
separate cases.

Nonimaging data collection

Both nonimaging and imaging data were ex-
tracted from medical records. Nonimaging data
included the following: patient characteristics; pa-
tient history; clinical signs, CBC, biochemistry, and
electrolyte results at presentation; intraoperative
data; and, at 15 days, outcomes after surgery. Pa-
tient characteristics included species (cat or dog),
breed, sex, age, body weight, and body condition
score (1 to 5). Patient history included duration of
clinical signs and presence of vomiting, diarrhea,
anorexia, weight loss, and lethargy. Clinical signs at
presentation included the degree of dehydration (5%
if dry mucosa, 8% if persistent skinfold, 10% if endo-
phthalmia, and 14% if neurologic signs), presence or
absence of hyperthermia (rectal temperature higher
than 39.2 °C [102.5 °F]), and abdominal palpation
findings (eg, pain, discomfort, mass sensation).
Blood analysis data included leukocyte, RBC, and
platelet cell count; total protein; albumin; glucose;
hepatic enzymes (ALP); renal parameters (urea and
creatinine); and measurement of electrolyte concen-
trations (sodium, potassium, and chloride) in cases
of vomiting. Intraoperative data included surgical
indication, type of surgery performed (enterotomy
or enterectomy), number and location (duodenum,
jejunum, or ileum) of full-thickness small intestinal
incisions, type of suture pattern (simple interrupted,
continuous, or staple device), and size of suture ma-
terial. We also collected data on any concurrent sur-
gical procedures, such as gastrotomy, nephrectomy,
or extraintestinal biopsies, and the results of any his-
topathologic analysis. Postoperative data included
occurrence of intestinal dehiscence, duration of hos-
pitalization, survival rate at discharge, and survival
rate 2 weeks after surgery.
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Imaging data collection

General considerations

Pre- and postoperative ultrasound examinations
were performed by a board-certified veterinary radi-
ologist or a resident in veterinary imaging under dip-
lomate supervision with an Affiniti 50 or EPIQ Elite
ultrasound machine (Koninklijke Philips NV) fitted
with a microconvex transducer and high-frequency
linear transducers with a frequency range from 4 to
18 MHz and ultrabroadband frequencies up to 22
MHz. The screening postoperative ultrasound exami-
nations were performed at a minimum of 48 hours
postoperatively and maximum of 96 hours postoper-
atively; timing was adjusted to accommodate after-
hours schedules and weekends.

The transducer frequency was adjusted to the
highest level allowed by the depth of the examined
structures to maximize the accuracy of the assess-
ment. Preoperative sonographic examinations were
performed on an emergency basis, and food was not
withheld, unlike the postoperative screening ultra-
sound examinations for which food was withheld the
night before. Postoperative images were systemati-
cally compared to the preoperative ones.

Postoperative ultrasound evaluation

The postoperative ultrasound reports of each
case were retrospectively reviewed by a European
College of Veterinary Surgeons specialist (EG), ra-
diologist (CBT), and radiology resident (CS). For
most patients, the imaging studies were lost due to
technical issues and only the imaging reports were
reviewed. The reviewers of the reports were not
blinded to the surgical findings and outcomes. The
presence or absence of each ultrasound feature was
recorded for statistical analysis.

Seven ultrasound criteria were evaluated to best
describe the surgical site and classify it as dehiscent
(Figure 1) or not dehiscent (Figure 2). Six of them
were previously described in the studies of Matthews
et al?4 and Costanzo et al.?”

Intestinal wall thickness is evaluated from a trans-
verse section of the intestine at the surgical site at its
thickest bridge. The wall thickness of the surgical site
was compared with the wall thickness oral and aboral
to the surgical site. The reduced or absent wall layer-
ing of the intestine (ie, the ability to clearly distinguish
each of the layers of the intestinal wall from serosa to
mucosa with ultrasound) was noted if present.

Steatitis is defined as hyperechogenicity of ab-
dominal fat. The entire abdominal fat was visualized,
but the fat surrounding the surgical site was scruti-
nized with particular attention and subjectively as-
sessed as hyperechogenic or not.

Intestinal peristalsis is observed from the stom-
ach to the aboral part of the ileum. The gastrointes-
tinal tract was subjectively evaluated to determine
the presence or absence of an ileus, characterized
by a distension of intestinal loop by digestive con-
tent with variable peristalsis. Corrugated segments
of small intestine at and adjacent to the surgical site
were also noted as present or absent.

The local effusion at the surgical site is visualized
as a clear area with an irregular contour, anechoic to

hypoechoic, in direct contact with the surgical site.
The effusion is measured at its widest point in order
to be able to perform a dynamic follow-up during
a subsequent ultrasound if necessary, but only the
presence or absence of local effusion was evaluated
in this work. This feature was reported to be rather
present on a dehiscent site.

Gas bubbles and suture/staples both appeared
as hyperechoic foci within the intestinal wall. Gas
bubbles were suspected when hyperechoic foci were
irregularly spaced/discontinuous and had associat-
ed reverberation artifacts. Suture/staples were sus-
pected when hyperechoic foci were regularly spaced
and/or continuous and lacked reverberation arti-
facts. If hyperechoic foci with reverberation artifacts
crossed the entire wall at the intestinal anastomosis
site, we noted that feature as “gas within the wall,”
which is a sign of dehiscence and not reported with a
normal surgical site.

The last parameter, reported in Penninck and
d’Anjou’s textbook?8 but not reported in other publi-
cations for the diagnosis of postoperative intestinal
suture dehiscence, was the direct visualization of in-
testinal wall discontinuity, which is characterized by
a spacing between the 2 sides of the surgical site,
variable in shape and size, occupied by digestive
content. In 4 cases, the presence or absence of this
feature was not specified in the reports due to the
radiologist’s uncertainty; the statistical analysis fo-
cused only on the 110 cases in which the criterion
was reported.

During the ultrasound examination, the pancre-
as was simultaneously evaluated for signs of pancre-
atitis such as lymph node abnormalities.

When the surgical site was identified and each
of the previously described parameters were evalu-
ated, a final conclusion was made by the radiologist
who performed the examination. The identification
of a normal surgical site was commonly based on the
presence of focal wall thickening with reduced or loss
of the wall layering, within which hyperechoic foci
were visible, usually corresponding to the sutures and
frequently surrounded by hyperechoic fatty tissue.

When the surgical site could not be identified,
there was an intermediary amount of fluid, gas could
not be differentiated from the sutures, or a wall dis-
continuity was suspected but not confirmed, the cas-
es were characterized as doubtful and the ultrasound
examination was repeated 24 hours later to assess
the evolution of the findings. When a second ultra-
sound examination was necessary, only the features
observed during the second examination were used in
this study because the decision to perform a revision
surgery was based on this second examination.

The definitive diagnosis of intestinal leakage was
founded on intraoperative findings. Since dehiscence of
the intestinal sutures occurs within a few days postop-
eratively, all animals considered healthy at the recheck
15 days after surgery were considered nondehiscent.

Statistical analysis
For nonimaging data, univariate analysis was
used to detect any significative difference in the
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Figure 1—Imaging features seen in patients classified as
nondehiscent. A—Transverse ultrasonographic image of an
enterotomy site without evidence of dehiscence 48 hours
postoperativelyina 3-year-old Maine Coon cat. The enterot-
omy site appears as a discrete focal hypoechoic thickening
with loss of layer definition of the small intestinal wall, with
thin hyperechoic tract (arrow) representing the incision
area and symmetrically disposed hyperechoic punctua-
tions (arrowheads) representing sutures. EPIQ (Koninklijke
Philips NV), microconvex transducer. B—Transverse (left)
and longitudinal (right) images of an enterotomy site with-
out evidence of dehiscence 48 hours postoperatively in a
2-year-old European Shorthair cat. The enterotomy site
appears in the transverse image as a moderate circumfer-
ential thickening with incomplete loss of layer definition
of the small intestinal wall and hyperechoic punctuations
(arrowheads) representing sutures. The enterotomy site
appears in the longitudinal image as a hypoechoic band
with regularly disposed hyperechoic punctuation (arrow-
| heads) representing sutures at the level of the line seen on
the left image. EPIQ, microconvex transducer. C—Longitu-
dinal ultrasonographic image of an enterotomy site with-
out evidence of dehiscence 72 hours postoperatively in a
4-year-old White Swiss Shepherd Dog. At the enterotomy
| site, there is a focal and marked thickening of the small in-
~| testinal wall with irregular borders (arrowheads). Discrete
| to moderate steatitis is visible in the surrounding fat. EPIQ,
microconvex transducer. D—Ultrasonographic image of an
enterotomy site without evidence of dehiscence 48 hours
postoperatively in a 2-year-old European Shorthair cat. An
ileus (arrowheads) is visible at the level of the enterotomy
site (arrow). Discrete steatitis is noted in the surrounding
fat. EPIQ, high-frequency linear transducer. E—Longitu-
dinal ultrasonographic image of an enterotomy site with-
out evidence of dehiscence 48 hours postoperatively in a
3-year-old Maine Coon cat. The small intestinal wall is cor-
rugated (arrowheads) on both sides of the enterotomy site
(arrow). Discrete to moderate steatitis is noted in the sur-
rounding fat. EPIQ, microconvex transducer.

study population and identify risk factors of dehis-
cence. If a second postoperative ultrasonography
was performed because of a first doubtful result,
only the data from the second one were used for
statistical analysis. All continuous variables were de-
scribed with median, mean, and SD. Fisher exact and
x?2 tests were performed on nominal qualitative data,
and all hypothesis tests were 2-sided with the sig-
nificance level set at a < .05. Missing data were left
as missing (ie, not imputed). Commercially available
software was used for all analyses (R Studio, version
4.2.2; The R Foundation for Statistical Computing).

Results

Preoperative clinical findings

A total of 114 cases (31 cats and 83 dogs) were
included in this study. The median age of the cats was
4.7 + 3.8 years (range, 0.5 to 14 years). The median
body weight of the cats was 4.4 + 1.75 kg (range, 2 to
7.5 kg). There were 20 males and 11 females (sex ra-
tio, 1.81), and the most common breeds were domes-
tic shorthair (n = 19) and Maine Coon (7). The median
age of the dogs was 5.5 + 3 years (range, 0.2 to 15.5
years). The median body weight of the dogs was 22.9
+10.6 kg (range, 2.5to 57 kg). The were 42 males and
41 females (sex ratio, 1.02), and the most common
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Figure 2—Imaging features seen in patients classified as
dehiscent. A—Ultrasonographic image of the area adjacent
to an enterotomy site with suspected dehiscence 72 hours
postoperatively in a 1-year-old female crossbreed dog.
Marked steatitis (arrowheads) is noted in the surrounding
fat with loculated hypoechoic fluid containing gas bubbles
(black arrow) at the level of the enterotomy site (white ar-
row). The latter is more conspicuous in panel B. EPIQ, high-
frequency linear transducer. B—Ultrasonographic image of
the same dog as panel A at the level of an enterotomy site
with suspected dehiscence 72 hours postoperatively. The
tract of the incision site is enlarged, and gas bubbles are vis-
ible inside (white arrows). Marked steatitis (arrowheads) in
the surrounding fat with loculated hypoechoic fluid (black
arrow) is still visible. Further controls had shown an amelio-
ration of these findings, and a conservative treatment was
decided with good outcomes. EPIQ, high frequency linear
transducer. C—Transverse ultrasonographic image of an en-
terotomy site with evidence of dehiscence 72 hours post-
operatively in a 2-year-old female Akita Inu. The tract of the
incision site is discretely enlarged, and material with fea-
tures similar to digestive content is visible inside, extend-
ing into the adjacent tissue (arrowhead), indicating a direct
observation of wall discontinuity. At this level, this material
is surrounded by a hypo- to anechoic area probably repre-
senting inflammatory tissue and fluid. Moderate steatitis is
visible in the surrounding fat. A surgical revision had con-
firmed the presence of dehiscence. EPIQ, high-frequency
linear transducer.

dog breeds were Jack Russell Terrier (n = 8), Belgian
Malinois (6), and Staffordshire Bull Terrier (4).

The most frequent clinical signs were vomiting
(950f 114 cases[83.3%]), reduced appetite (73 0f 114
cases [64.0%]), lethargy (72 of 114 cases [63.2%]),
weight loss (28 of 114 cases [24.6%]), and diarrhea
(26 of 114 cases [22.8%]). The average duration of
clinical signs was highly variable and ranged from 1
day to 4.1 years, with a median duration of 46 + 67
days. However, 70% of cases had shown clinical signs
for <1 week. The main blood test abnormalities were
neutrophilic leukocytosis (36 of 114 cases [31.6%]),
anemia (8 of 114 cases [7.0%]), and neutropenia (2
of 114 cases [1.8%]). Electrolyte disorders included
hypochloremia (23 of 114 cases [20.2%]), hypona-
tremia (21 of 114 cases [18.4%]), hypokalemia (14
of 114 cases [12.3%]), and hyperkalemia (1 of 114
cases [0.9%]). Hypoalbuminemia was observed in 8
of 114 cases (7.0%).

Initial surgical findings

Of the 114 cases, 72 underwent enterotomies
(23 cats and 49 dogs) and 42 underwent enterecto-
mies (8 cats and 34 dogs). The most common indica-
tions were foreign body removal and mass excision
(Table 1). In total, 141 full-thickness small intesti-
nal incisions were made, including 21 duodenal in-
cisions, 105 jejunal incisions, and 15 ileal incisions.
Concurrent procedures were uncommon and includ-
ed gastrotomy (n = 17), liver or pancreatic biopsies
(6), and nephrectomy (1).

Closure was achieved by use of an automated sta-
pling device in 5 cases (thoracoabdominal, gastroin-
testinal anastomosis), continuous suture pattern in 67
cases, or interrupted pattern in 69 cases. Polydioxa-
none and Glycomer 631 (Biosyn; Medtronic PLC), siz-
es 3-0 and 4-0, were used for handed sutures.

Postoperative imaging

Each patient underwent a screening ultrasound
examination performed by a board-certified veteri-
nary radiologist or a resident in veterinary imaging
between 48 and 72 hours postoperatively (87 of 114
cases) or between 72 and 96 hours postoperatively
(27 of 114 cases). During the examination, the surgi-
cal sites could be visualized and assessed in 100% (42
of 42) of the cases of intestinal anastomosis and 96%
(69 of 72) of the cases of enterotomy.

In 19 of the 114 cases, clinicians were uncertain
about dehiscence and thus repeated the ultrasound
examination 24 hours later. Of these 19 patients, 14
were examined by ultrasound 48 hours postopera-
tively and underwent a second examination 72 hours
postoperatively. The other 5 underwent a first exami-
nation 72 hours postoperatively and a second exami-
nation 96 hours postoperatively.

In 3 of 114 cases, the surgical site was not found
on postoperative ultrasound. Evaluation criteria appli-
cable to the whole small intestine (ileus, steatitis, and
corrugation of the intestinal loops) were used to clas-
sify these cases. All 3 were classified as nondehiscent.

Seven of the 83 dogs were finally suspected of
intestinal dehiscence; 4 were suspected 48 hours
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Table 1—Indications of full-thickness small intestinal incisions in cat and dog populations. Enterotomies performed
for foreign body removal represent the main procedure in both populations.

Foreign body Mass Intussusception Traumatic perforation Biopsies Stenosis
Cats (n=31)
23 enterotomy 20 - 1 1 1 -
8 anastomosis 1 5 1 — — 1
Dogs (n = 83)
49 enterotomy 42 — — 1 6 —
34 anastomosis 17 15 1 1 - -

— = Not applicable.

postoperatively and 3 between 72 and 96 hours
postoperatively. Dehiscence was not suspected in
any of the cats included in this study.

Second surgical findings

Six out of 7 patients with suspected dehiscence
underwent a revision surgery, which each time con-
firmed leakage at the surgical site. In these cases,
a new reinforcement suture was placed, a massive
peritoneal lavage was performed, and a serous or
omental patch was applied according to the sur-
geon’s assessment. One additional case suspected
of dehiscence was identified by ultrasound, but revi-
sion surgery was declined by the patient’s owner.

Confirmed intestinal leakage (dehiscence) oc-
curred only in dogs, 4 of 6 in the jejunum and 2 of 6 in
the duodenum. Of the 6 dogs that experienced dehis-
cence, 5 had undergone surgical foreign body removal
and 1 had undergone intestinal mass excision. These
cases included 4 enterectomies and 2 enterotomies.

Outcome

One of the 6 patients that had dehiscence died
3 days after the revision surgery following a sudden
clinical deterioration. The other 5 were discharged
from hospital in the days following the second oper-
ation. Survival rate after revision surgery was there-
fore 83% (5 of 6 dogs).

The additional patient with suspected dehis-
cence by ultrasound for which revision surgery was
declined by the owner survived and was in a good
general clinical condition 6 days after surgery. Fur-
thermore, all 107 patients in which dehiscence was
not suspected on ultrasound examination survived;
therefore, the overall survival rate was 99.1%. The
median hospitalization time was 2 days. For the
nondehiscent population, the median hospitaliza-
tion time was 2 days (minimum, 2 days; maximum,
3 days). For the dehiscent population, the median
hospitalization time was 3.5 days (minimum, 3 days;
maximum, 4 days).

No significant difference between the dehiscent
and nondehiscent groups was observed (P = .117).
There were also no statistically significant differences
between the dogs that experienced dehiscence and
those that did not in terms of age (P = .653), body
weight (P = .158), sex (P = .894), breed (P = .451),
electrolyte disorders (P = .093), concurrent surgical
procedures (P = 1), the size of the sutures used (P =
.784), or the closure method used (continuous suture
pattern, interrupted suture pattern, or staple device;

6

P = .847). There was also no significant difference in
the rate of dehiscence in cases of intestinal mass ex-
cision (1 of 20 cases [5%]) and cases of foreign body
removal (5 of 80 cases [6%]) (P =.67). Even if the risk
of dehiscence was higher in the enterectomy group
(4 of 42) than in the enterotomy group (2 of 72), this
did not reach statistical significance (P = .19). How-
ever, the presence of preoperative hypoalbuminemia
was significantly associated with a higher risk of in-
testinal leakage. Hypoalbuminemia was found in 3
of 6 cases (50%) of dehiscence and 5 of 108 cases
(4.6%) without dehiscence (P = .013).

Postoperative ultrasound analysis

As previously described, the combination of im-
aging features we typically saw in our patients with-
out dehiscence included the following: focal thicken-
ing of the wall with reduced or absent wall layering,
regularly spaced hyperechoic foci (consistent with
staples and sutures) without gas in the wall or local
effusion, focal hyperechoic fat (consistent with ste-
atitis/edema), and minimal or absent ileus or intes-
tinal loop corrugation. These patients presented no
sign of direct intestinal wall discontinuity.

Imaging features overlapped in patients with
dehiscence, including focal wall thickening and re-
duced or loss of wall layering. lleus and intestinal
loop corrugation were also encountered, often more
marked for the latter. In contrast, features consistent
with dehiscence included a spacing between the 2
sides of the surgical site, variable in shape and size,
occupied by digestive content, possibly gaseous
or partially gaseous, consistent with intestinal wall
discontinuity. Additionally, patients with suspected
dehiscence had severe surrounding hyperechoic fat
(consistent with steatitis or edema) and loculated
fluid with or without gas bubbles.

Table 2 shows the numbers of patients present-
ing and not presenting the assessed ultrasound cri-
teria among the dehiscent and nondehiscent groups.
Parietal thickening, ileus, and plication of the intes-
tinal loops were frequently present within both the
dehiscent and nondehiscent groups. On the contrary,
the absence of steatitis or local effusion seemed to
be a good predictor of an uncomplicated evolution.

Table 3 shows the sensitivity, specificity, posi-
tive predictive value, and negative predictive value
for each parameter individually. The criterion “direct
visibility of intestinal wall discontinuity” (Figure 2)
allowed an excellent assessment of the surgical site
with a sensitivity and specificity of 100%. In the 3
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Table 2—Ultrasonographic feature findings observed during the postoperative screening ultrasound examination

after intestinal surgery.

Loop Gas bubbles Direct visibility Local Wall

corrugation within the wall Steatitis of a discontinuity effusion lleus thickening

+ - + - + - + - + - + - + -
Dehiscent population 3 3 4 2 6 0 5 0 6 0 4 2 5 1
Nondehiscent population 19 89 7 101 89 19 0 105 19 89 29 79 86 22

A plus sign (+) indicates the presence of the feature. A minus sign (-) indicates the absence of the feature.

Table 3—Statistical analysis of seven ultrasound criteria monitored during the early postoperative ultrasound re-
check after small intestine surgery shows that “gas bubbles within the wall” and “local effusion” are the most signifi-

cant criteria reliable to detect an intestinal leakage.

Loop Gas bubbles Direct visibility Local Wall
corrugation within the wall*  Steatitis of a discontinuity* effusion* lleus* thickening
Sensitivity (%) 50 66.7 100 100 100 66.7 16.7
Specificity (%) 82.4 93.5 17.6 100 82.4 73.2 88.6
PPV 13.6 36.4 6.3 100 24 12.1 7.1
NPV 96.7 98 100 100 100 97.6 95.3
X2 3.83 23.62 1.27 110 22.6 4.38 0.15
P value >.05 <.001 >.05 <.001 <.001 <.05 >.05

NPV = Negative predictive value. PPV = Positive predictive value.

*Feature statistically associated with dehiscence.

Table 4—Statistical analysis of different criteria associations showing the decreasing of sensitivity and increasing
of specificity associated with their respective PPV and NPV to detect an intestinal leakage with 2 to 5 ultrasound
criteria monitored during the early postoperative ultrasound recheck after small intestinal surgery.

No. of ultrasound criteria considered

2 parameters

3 parameters

4 parameters 5 parameters

Sensitivity (%) 100 100
Specificity (%) 45.4 83.3
PPV 9.2 25

NPV 100 100

cases of enterotomy where the sutures were not ob-
served during ultrasound examination, this criterion
could not be assessed. The 2 other most significant
criteria associated with dehiscence were the pres-
ence of gas bubbles within the wall and the pres-
ence of a local effusion (P < .001), with a sensitivity
of 66.7 and 100, respectively, and specificity of 93.5
and 82.4, respectively.

Table 4 shows a significant decrease in sensi-
tivity and increase in specificity of the ultrasound
examination for the detection of dehiscence when
multiple criteria were identified. The best positive
predictive value (66.7%) was found with the combi-
nation of 5 parameters and associated with a high
negative predictive value (98.2%).

Discussion

The results of this study show that early ultra-
sound diagnosis of intestinal dehiscence is feasible.
The identification of the surgical sutures or staples
during ultrasound examination was possible in a
majority of the patients (111 of 114 [97%]), with a
more important proportion of intestinal anastomosis
sites visible (100%) than enterotomy sites (96%). This
difference is likely due to the circumferential distri-
bution and comparatively larger size of the surgical
site in cases of enterectomy. Enterotomy sites are
linear and performed on the antimesenteric side of

100 66.7
94.4 98.2
50 66.7
100 98.2

the bowel surface, making them more difficult to ob-
serve. These data are higher than a previous study,?*
in which 76% (19 of 25) of intestinal surgical sites were
visualized with screening ultrasound examination. In
the population of that study, 11 of 11 enterectomy
sites (100%) and 8 of 14 enterotomy sites (57%) were
finally visualized postoperatively with sequential ul-
trasound examinations (postoperative days 1, 3, 6,
10, and 20). While pneumoperitoneum is not a ma-
jor concern for visibility of intra-abdominal surgical
sites,24 it is still recommended that surgeons make
every effort to surgically remove the rinsing liquid
and remaining air when closing the abdominal wall
to facilitate the ultrasound recheck.

When the surgical site could not be found by ul-
trasound postoperatively (3 of 114 cases [2.6%]), the
direct visibility of sutures could not be assessed. How-
ever, the overall ultrasound assessment allowed us to
classify these cases as nondehiscent. It is likely that
ultrasound abnormalities suggestive of dehiscence
make the surgical site more visible. It can therefore be
reasonably assumed that surgical sites not detected
by ultrasound are at low risk of dehiscence.

Ultrasound evaluation of the normal evolution of
an enterotomy wound during the different phases of
healing has already been described,?3-25 as well as di-
agnostic criteria of intestinal dehiscence.?6-27 Unfortu-
nately, some ultrasound features are found similarly
during uncomplicated postoperative courses and in
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cases of dehiscence such as pneumoperitoneum,
corpuscular abdominal effusion, or small fluid collec-
tions.2%27 Based on previously reported ultrasound
features,26:27 we used 6 qualitative ultrasound criteria
in this study: gas bubbles within the wall, intestinal
wall thickening at the surgical site, local effusion, ste-
atitis in the tissues surrounding the surgical site, in-
testinal loop corrugation, and ileus oral and aboral to
the surgical site to conduct an objective evaluation of
the surgical site. We chose to add a seventh feature
not previously reported in a postoperative intestinal
examination: the direct visibility of a wall discontinu-
ity. In our study, we found that the ultrasound diag-
nosis of intestinal dehiscence had a sensitivity and a
specificity of 100% if the surgical site could be visual-
ized and a sensitivity and specificity of up to 66.7%
and 98.2%, respectively, if it could not. All cases of
dehiscence identified with ultrasound were confirmed
during surgical revision, except 1 for which it was
declined by the owner, and no case in which dehis-
cence was not suspected died following the proce-
dure. However, the positive predictive value remained
moderate (66.7% or less), even in the presence of 4
or 5 ultrasound criteria, due to the low prevalence
of intestinal dehiscence in our study population. In
contrast, the negative predictive value was between
98.2% and 100%, suggesting that the ultrasound pa-
rameters used in this study can predict the absence
of dehiscence. The parameters showing a high indi-
vidual sensitivity and specificity were gas bubbles
within the wall and local effusion. Imaging findings
from our current study were in accordance with the
recent study of Costanzo,?’ in which these 2 features
have been documented in 11 cases of intestinal su-
ture dehiscence. In our study, we studied a character-
istic of the surgical site not reported in clinical studies
about postoperative intestinal dehiscence. Direct vis-
ibility of intestinal wall discontinuity is 100% sensitive
and specific in the data of this study.

In the dehiscent population, 3 cases were di-
agnosed with a screening ultrasound examination
between 48 and 72 hours postoperatively and 3 be-
tween 72 and 96 hours postoperatively. Unfortunate-
ly, considering the low number of dehiscent cases,
the data didn’t allow us to decide the best timing to
perform the ultrasound control. In cases where ul-
trasound findings are equivocal, ultrasound exami-
nation should be repeated 24 hours later (19 of 114
cases in our population). It is for this reason that we
advise to perform the first ultrasound 48 to 72 hours
postoperatively. Given the excellent negative predic-
tive value in our study, if no obvious sign of dehis-
cence is identified on the first ultrasound, patients
can be discharged immediately after the ultrasound
with relative serenity. If there is any doubt, patients
should remain in hospital to repeat ultrasound after
24 hours.

The mortality rate after revision surgery in this
study was 16.6% (1 of 6), compared with the 15% to
85% mortality rate reported in cases of septic peri-
tonitis.267.14 We believe these good outcomes were
due to the fact that the peritonitis remained local
in the cases that required revision surgery. Severe

hyperthermia, hypotension, and marked lethargy
were not yet present; therefore, the animals were
more prone to undergo a second surgery with lower
anesthetic and surgical risk. These data suggest that
the time taken to identify a postoperative dehiscence
may be a critical parameter affecting animal survival.
Early identification of intestinal dehiscence is more
likely to lead to successful surgical revision, while a
delayed diagnosis could potentially lead to the de-
velopment of generalized peritonitis.?? In a previ-
ously published study? of 90 dogs with full-thickness
bowel wall incisions, 14% developed dehiscence
and, of these, 85% died despite revision surgery. The
mean time to detection of dehiscence in that study
was 5 postoperative days (range, 3 to 10 days). In
contrast, in our study, the mean time between the
first intervention and the revision surgery was 3 days
(range, 2 to 4 days). We hypothesized that this was
one of the main reasons for the low mortality rate
after surgical revision (16.6%) and, therefore, the low
overall mortality rate (0.9%) in our study. This short
delay probably resulted from the early detection of
dehiscence by ultrasound.

We identified 1 case of suspected dehiscence on
ultrasound in which revision surgery was declined
by the owner. This dog had a good clinical postop-
erative outcome. Therefore, it was not clear whether
the ultrasound findings represented a false positive
or whether this dog had a small dehiscence that re-
mained subclinical. There are a number of reports30-33
of intestinal wall disruption that were not treated
surgically but in which an omental patch sufficiently
sealed the deficit to prevent fulminant peritonitis and
allowed complete healing of the intestinal wall. How-
ever, in view of the major risk of mortality associated
with septic peritonitis, it seems more appropriate to
treat any postsurgical intestinal leakage with revi-
sion surgery. This case also raises the question of the
possibility that some dehiscence might be missed on
ultrasound examination, as all 107 cases in which de-
hiscence was not suspected survived and had neither
a surgical recheck nor a postmortem examination to
corroborate the absence of dehiscence. Anyway, if a
small breach was potentially present, it was not life-
threatening. As animal survival is the finality of the
ultrasound recheck, this finding indicated that our de-
hiscence criteria seemed to be adequate.

The best way to miss as few cases of dehis-
cence as possible is to screen all animals; but, given
the overall low rate of dehiscence of digestive su-
tures,?’ it may be possible to perform postoperative
ultrasound screening only in animals most at risk.
Therefore, it is essential to identify risk factors for
dehiscence in order to guide patient selection for
ultrasound screening. In our study, the risk of de-
hiscence was higher in the enterectomy group (4
of 42) than in the enterotomy group (2 of 72), but
this did not reach statistical significance (P = .19).
Hypoalbuminemia (< 25 g/L) is another important
risk factor for suture dehiscence, as albumin is an
important marker of the body’s ability to ensure an
effective inflammatory phase of healing.?** In human
medicine, albumin concentration is considered a
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highly sensitive indicator of preclinical disease and
disease severity and a 2.5-g/L reduction in serum al-
bumin concentration is associated with an increase
in the risk of death from 24% to 56%.35 In the future,
early biomarkers of dehiscence such as C-reactive
protein could be assessed in veterinary medicine. In
our study, hypoalbuminemia was observed in 3 of 6
cases (50%) of dehiscence and 5 of 108 cases (4%)
without dehiscence (P =.013).

Foreign body removal has also been described
as a risk factor for dehiscence.23616 However, in our
study, we saw no significant difference in the rate of
dehiscence in cases of intestinal mass excision and
cases of foreign body removal (P = .67). Further-
more, we did not observe dehiscence in any of the
cats included in our study, which supports data from
other studies showing that cats have a much lower
risk of postoperative intestinal breach than dogs.2.5:27
Therefore, postoperative ultrasound screening may
be of less interest in cats.

A previous study? developed a model for pre-
dicting dehiscence that was 84% accurate. The model
was defined as the presence of at least 2 of the 3
following risk factors: preoperative septic peritonitis,
hypoalbuminemia (< 25 g/L), and presence of for-
eign body.2 The positive predictive value of this mod-
el was low (46%), but the negative predictive value
was high (98%). We could not apply this model to our
study because we excluded patients with preopera-
tive septic peritonitis. However, considering the high
negative predictive value of the model, it may be ap-
propriate to perform postoperative screening ultra-
sound in patients presenting with at least 2 of these
3 risk factors. That study was conducted only on a
population of dogs that underwent an enterectomy
and, therefore, these data may not be applicable
to other patient populations. Furthermore, animals
with intestinal obstruction often present with dehy-
dration and hemoconcentration, which can lead to
an overestimation of serum albumin. Lastly, adopt-
ing a policy of only performing ultrasound screening
on the cases most at risk of dehiscence may lead to
missed early dehiscence diagnosis.

Our study had several limitations. It was a single-
center, retrospective study, and the rate of dehiscence
was low in our patient population, which had animpact
on the statistical power of the study. Most of the ultra-
sound criteria used were evaluated qualitatively and
not quantitatively, which facilitated the data proceed-
ing to the detriment of the accuracy. Furthermore, an
important part of images was lost due to a technical
issue and only the imaging reports were reviewed. In
rare cases, the presence or absence of direct visibil-
ity of a discontinuity was not specified in the reports.
Moreover, postoperative ultrasound reports were not
reread blindly. The reliability of the ultrasound diag-
nosis is highly dependent on the skill and learning
curve of the echographer and performance of the ma-
terial. A loculated fluid analysis wasn’t systematically
performed to discriminate between inflammatory and
septic effusion because of the very modest quantity
and difficulty to puncture it. Moreover, we did not in-
vestigate the correlation between ultrasound signs of

dehiscence and postoperative clinical signs due to the
lack of information about postoperative clinical evolu-
tion. In our clinical experience, ultrasound abnormali-
ties precede the appearance of clinical signs related to
intestinal dehiscence and that this is the major advan-
tage of performing ultrasound screening after intesti-
nal surgery, but this statement couldn’t be evaluated.

In conclusion, our data show that postoperative
ultrasound examination between 48 and 96 hours
after intestinal surgery allows early and sensitive
detection of intestinal absence of dehiscence. This
allowed us to achieve a survival rate after revision
surgery that was significantly higher than that asso-
ciated with septic peritonitis.
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