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Abstract

Objective – To describe the use of vacuum-assisted peritoneal drainage (VAPD) in dogs and cats with septic
peritonitis.
Design – Retrospective descriptive study.
Setting – University Veterinary Teaching Hospital.
Animals – Six dogs and 2 cats with septic peritonitis.
Interventions – Application of VAPD after abdominal exploration.
Measurements – Pre- and post-operative physical and clinicopathologic data, surgical findings, treatment,
VAPD fluid production, outcome, and survival are reported.
Main results – Eight nonconsecutive cases of septic peritonitis, consisting of 6 dogs and 2 cats, were treated sur-
gically and had VAPD applied post-operatively. The mean duration of clinical signs prior to surgical intervention
was 4 ± 3 days. VAPD therapy was applied for a mean of 2 ± 1.1 days and collected a median of 27 mL/kg/d of
abdominal effusate. The median time in hospital was 5 days and abdominal closure was completed in 5 of the
8 patients. All specimens collected at surgery cultured positive for bacteria, most commonly Enterococcus spp.
The peritoneum of 4 animals was cultured at the time of abdominal closure; 1 was negative and 3 were positive
for Escherichia coli, Enterococcus spp. or gram-positive cocci. Cultures before and after surgery differed in 2 pa-
tients. Hypoproteinemia was present in all patients postoperatively. Three patients were considered survivors,
all of which were dogs. Five patients died or were euthanized due to cardiopulmonary arrest (n = 3), pyothorax
(n = 1), and acute, severe, septic peritonitis (n = 1).
Conclusions – VAPD is available for maintaining abdominal drainage for the treatment of septic peritonitis after
surgical intervention; however, similar to open abdominal drainage and closed suction drainage, nosocomial
infection and hypoproteinemia remain challenges in the treatment of septic peritonitis.

(J Vet Emerg Crit Care 2012; 22(5): 601–609) doi: 10.1111/j.1476-4431.2012.00791.x
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Introduction

Septic peritonitis remains a therapeutic challenge in vet-
erinary medicine. Cornerstones of therapy include rapid
hemodynamic stabilization and infection control.1, 2 In-

From the Department of Small Animal Surgery at the University of Georgia
Veterinary Teaching Hospital, Athens, GA 30602.

The authors declare no conflicts of interest.

Current address: Krista M. Cioffi, School of Veterinary Medicine at the Uni-
versity of Pennsylvania, Philadelphia, PA, USA.

Address correspondence and reprint requests to
Dr. MaryAnn G. Radlinsky, Department of Small Animal Medicine & Surgery,
College of Veterinary Medicine, University of Georgia, Athens, GA 30605,
USA. E-mail: radlinsk@uga.edu
Submitted June 23, 2011; Accepted July 16, 2012.

Abbreviations

VAC vacuum-assisted closure
VAPD vacuum-assisted peritoneal drainage

fection control involves surgical exploration to identify
and eliminate the cause of the peritonitis coupled with
peritoneal debridement and lavage.1–7 If surgical treat-
ment and peritoneal lavage are not capable of remov-
ing the source of the septic peritonitis or sufficiently
reducing contamination, continued post-operative ab-
dominal drainage may be elected.7, 8 The decision of
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whether or not to provide drainage and the method
for drainage after surgery remains controversial and is
usually decided in the operating room at the discre-
tion of the surgeon.7, 9 Two described methods of pro-
moting peritoneal drainage after surgery in veterinary
patients are active drains and maintenance of an open
abdomen.3–6, 10, 11

Active closed suction drains are a common form of
post-operative peritoneal drainage.3, 12 Closed suction
drains maintain peritoneal drainage with a closed ab-
domen and may decrease the risk of nosocomial infec-
tion, minimize the risk of visceral herniation, reduce
labor, allow for quantification and characterization of
the effusion, and eliminate the need for a second sur-
gical procedure.3 The disadvantages of closed suction
drains are that the fenestrations can be sealed by omen-
tum, they may only drain a localized area of the peri-
toneal cavity, they may require frequent emptying of the
reservoir in patients with significant effusion, and they
do not eliminate the risk of hypoproteinemia and as-
cending infection.3, 7, 13 In one study, 44% of closed suc-
tion drains placed in normal dogs after abdominal ex-
ploration became contaminated.14 Additionally, in the
same study, postoperative fluid analysis of effusate in all
of the dogs was shown to be an unreliable indicator of
sepsis.14

Open abdominal drainage has been suggested to
benefit critically affected patients where a significant
amount of effusate is anticipated due to substan-
tial ongoing inflammation or unsatisfactory debride-
ment during celiotomy.4, 6, 10 Open abdominal drainage
is classically achieved by partial closure of the ab-
dominal wall followed by application of a sterile
dressing and abdominal bandage.4, 6, 10 Advantages of
open abdominal drainage include the ability to pro-
vide ample drainage and perform early, planned
re-exploration.4, 6–8, 10, 11 Additionally, open abdominal
drainage can be used in patients with anaerobic bacte-
rial peritonitis or patients with abdominal compartment
syndrome.8 Disadvantages of open abdominal drainage
include the potential for secondary infection, eviscera-
tion, bowel desiccation, hypoproteinemia, frequent la-
bor intensive bandage changes that may require seda-
tion or anesthesia, and the inability to quantify fluid
production.4, 6–8, 10, 11

The authors sought to adapt negative pressure wound
management to the abdomen to minimize the complica-
tions yet preserve the quality and quantity of peritoneal
drainage associated with open abdominal management.
The medical use of negative pressure for wound care,
a form of active drainage, was first reported in 1997
by Argenta et al.,15 and was termed ‘vacuum-assisted
closure’ (VAC).15 The technique was developed to in-
crease the rate of second intention healing, especially

in complicated wounds in compromised or debilitated
patients.15–17 The technique involves the application of
controlled, evenly distributed, subatmospheric pressure
(50–150 mm Hg) to a wound via reticulated polyurethane
ether foam.

VAC has been adapted to a wide array of wounds in
both human and veterinary medicine, and in the past
decade, VAC has been applied to the human abdomen
for the treatment of various conditions, including ab-
dominal sepsis.9, 18–23 Abdominal VAC was developed in
people as an ideal temporary abdominal wound strategy
that would prevent abdominal visceral injury, decrease
bowel desiccation, minimize abdominal wall damage,
reduce the risk of peritoneal contamination, and con-
trol the egress of abdominal fluid, all of which are also
complications associated with traditional open abdomen
management in veterinary patients.19 Abdominal VAC
changes in people are performed at 48–72-hour intervals,
which is much longer than the minimum 12-hour ban-
dage change interval reported in veterinary medicine
for traditional open management.6, 20 Abdominal VAC
has evolved into a reliable, easy-to-use technique with
a low complication rate that has resulted in significant
improvement in postlaparotomy survival in critically ill
humans.18–20

The objective of this report was to describe the
technique of vacuum-assisted peritoneal drainage
(VAPD) in dogs and cats with septic peritonitis
and to describe clinical presentation, treatment, and
outcome.

Material and Methods

Criteria for selection of cases
Medical records of dogs and cats from May, 2003–May,
2010 at the University of Georgia’s Veterinary Teaching
Hospital were reviewed retrospectively. Animals were
included in the study if they underwent abdominal
surgery for septic peritonitis and were managed postop-
eratively with VAPD. Animals were admitted and sched-
uled for immediate surgery based on the presence of any
of the following in the peritoneal effusate: degenerative
neutrophils, intra- or extracellular bacteria, or a blood-
to-fluid glucose difference >1.1 mmol/L [20 mg/dL].24

VAPD was performed based on the surgeon’s evaluation
of the peritoneal cavity and the inability to adequately
debride the peritoneal cavity. Septic peritonitis was con-
firmed in all cases by positive culture of samples taken
from swabs of the abdomen intra-operatively.

Information collected from the medical record in-
cluded the animal’s history, signalment, weight, phys-
ical examination findings, clinicopathologic data (total
white blood cell, segmented neutrophil, and band neu-
trophil count, as well as total plasma protein, albumin,
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and glucose concentrations) before and after VAPD ap-
plication, etiology of the peritonitis, surgical procedures
performed, culture results, supportive treatment, mon-
itoring, duration of VAPD, volume of peritoneal fluid
collected, duration of hospitalization, complications as-
sociated with VAPD, and outcome. Histopathology and
necropsy results were reviewed when available. Animals
alive at discharge or euthanized for reasons unrelated
to active peritonitis were considered survivors; animals
that died or were euthanized for reasons related to peri-
tonitis were considered nonsurvivors.

VAPD technique
After completion of abdominal exploration, the caudal
2/3 to 1/2 of the linea alba was closed in a simple
continuous or interrupted pattern using appropriately
sized monofilament suture. The most ventral, dependent
portion of the linea alba was closed with a loosely ap-
plied simple interrupted or simple continuous pattern
allowing an approximately 1–6 cm wide gap between
the edges of the linea alba. The type of suture pattern
utilized on the linea alba was based on surgeon pref-
erence. The subcutis and skin, overlying the previously
closed caudal linea alba, were apposed with a simple
continuous pattern and skin staples, respectively. Ster-
ile, open-cell, reticulated polyurethane ether foama with
an average pore size of 793 �m was cut to cover the en-
tire remaining opening in the linea alba and positioned
to maintain separation of the subcutis and skin on either
side of the incision (Figure 1). A red rubber feeding tube,
size 14 to 18 Frb, based on the size of the patient, was
tunneled into the middle of the open cell foam. Iodine-
impregnated adhesive drape materialc was cut to cover
the foam and an 8–10-cm margin of surrounding skin to
provide an airtight seal around the foam. The adhesive
drape was applied circumferentially around the red rub-
ber feeding tube along its length and up to 1 cm within
the tube’s entry into the foam to ensure a seal around
the tube and to avoid contact and pressure on the ad-
jacent skin (Figure 2). The red rubber feeding tube was
connected to suction tubingd using a dual-end five-way
adaptor.e The suction tubing was then connected to a
vacuum pump with a regulator.f Continuous negative
pressure was maintained at 75–125 mm Hg. The area
over the adhesive drape material was auscultated to en-
sure no air leakage. If leakage was detected, the bandage
was adjusted or further adhesive drape material was
applied until leakage ceased. The VAPD bandage was
covered with a modified Robert Jones bandage in some
patients and left exposed in others based on surgeon
preference.

Bandage changes were performed under sedation or
general anesthesia at least every 48 hours, depending

Figure 1: Insertion of open cell foam within the subcutis over-
lying the loosely closed portion of the linea abdomen in a dog.
Cranial is to the left of the image.

Figure 2: VAPD in place on a dog’s abdomen, cranial is to the left
in the image. The black arrow identifies the red rubber feeding
tube, the white arrow indicates the open cell foam beneath the
adhesive drape, the edges of which are indicated by arrowheads.

on clinician’s assessment of the condition of the wound,
amount of abdominal effusion, and integrity of the ban-
dage and vacuum function. If the vacuum maintained
an airtight seal and draining fluid, the bandage was left
in place for up to 48 hours. If the airtight seal was lost
or fluid removal ceased, the bandage was changed. Ban-
dages were occasionally changed more frequently to as-
sess the patency of the opening in the linea alba, to eval-
uate for abdominal fluid accumulation, and to verify the
integrity of the system.

All bandage changes involved replacement of both
the Robert Jones (when applied) and VAPD components
(open cell foam, red rubber catheter, suction tubing, and
dual-end adapters) with new sterile equivalents. The ad-
hesive drape material was not removed if it maintained
adequate contact with the surrounding skin. In this situ-
ation, the adhesive drape was aseptically incised around
the open cell foam and the foam was removed. A new
piece of sterile foam was inserted and covered with new
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sterile adhesive drape applied directly to the adhesive
drape remaining on the patient. If the original adhesive
drape no longer maintained adequate contact with the
skin, the adhesive drape was removed and the skin was
aseptically prepared for replacement of the entire VAPD
system.

During bandage changes, after the open cell foam was
removed, the site was explored digitally using aseptic
technique to ensure lack of intra-abdominal fluid accu-
mulation, and any omentum attached to the body wall
was bluntly released prior to re-application of the VAPD
system. An exploratory laparotomy with debridement
of necrotic tissue and copious lavage was performed af-
ter final removal of the VAPD and the abdomen was
closed. The timing of final abdominal closure was deter-
mined by the surgeon based on decreased volume and
improved gross character of the peritoneal drainage; cy-
tologic analysis was not used to guide closure time. All
patients received supportive care and medical manage-
ment tailored to their specific needs throughout hospi-
talization.

Statistical methods
Clinicopatholgical data and VAPD outcome data were
analyzed for normality with the Kolmogorov–Smirnov
test. Normally distributed data were reported as mean ±
standard deviation; otherwise, data were reported as me-
dian and range.g

Results

Eight nonconsecutive cases of septic peritonitis consist-
ing of 6 dogs and 2 cats met the inclusion criteria for
this report. Patient data along with the etiology of sep-
tic peritonitis and surgical procedure are reported in
Table 1. The median age of all study participants was
4.5 years (range 1–10 y). The mean body weight for
dogs was 22.8 ± 7.9 kg. The two cats weighed 4.8 and
7.2 kg. The mean duration of clinical signs prior to sur-
gical intervention was 4 ± 3 days.

Cytologic examination performed on the abdominal
fluid prior to surgery identified degenerate neutrophils
with intracellular bacteria in 2 cases and nondegener-
ate neutrophils with no intracellular bacteria in 6 cases.
Emergent patients lacking cytologic evidence of septic
peritonitis were diagnosed with septic peritonitis based
on blood-to-fluid glucose difference > 1.1 mmol/L [>20
mg/dL]. All patients had the source of septic peritonitis
identified at surgery (Table 1). Bacterial culture of the
abdominal effusate taken at the time of surgery was pos-
itive for growth in all 8 animals.

The cause of peritonitis in this study was leakage from
the gastrointestinal tract in 7 of the 8 cases (Table 1). One

case (Case 4) had a pancreatic abscess, and one (Case 5)
was diagnosed with bile peritonitis upon identification
of a transected common bile duct. All patients under-
went copious abdominal lavage with 0.9% sodium chlo-
ride, correction of the cause of peritonitis, and debride-
ment of abnormal tissue where possible. VAPD was ap-
plied under general anesthesia after surgery. All patients
were transferred to the intensive care unit immediately
after anesthesia.

Pre- and post-VAPD clinicopathologic data are sum-
marized in Tables 2 and 3. Hypoproteinemia was present
in 6 patients at presentation and in all 8 at the end of
VAPD. One cat (Case 2) and 1 dog (Case 6) became hy-
poglycemic and were treated with intravenous dextrose
but succumbed to cardiopulmonary arrest of undiag-
nosed etiology at 0.5 and 1 day after VAPD application,
respectively.

Postoperative treatment included hetastarchg and
fresh-frozen plasmah transfusion in every case. Empiri-
cal antimicrobial therapy was utilized initially and re-
vised as necessary based on culture and susceptibil-
ity data. Enrofloxacin was utilized in 7 out of 8 of the
patients. Other concurrent antibiotic therapies included
ampicillin, ticarcillin, metronidazole, amikacin, and ce-
fazolin.

VAPD removed fluid from the peritoneal cavity in
each case, collecting a median of 27 mL/kg/d (range
11–53 mL/kg/d) (Table 4). There was no gross accumu-
lation of fluid noted within the peritoneal cavity at any
bandage changes. There were no technical (equipment
related) malfunctions of VAPD in any case. All patients
received sedation or general anesthesia to change the
VAPD bandage. One patient had bandage changes every
48 hours (Case 1); all other patients had bandage changes
every 24 hours until abdominal closure or death. VAPD
therapy was applied for a mean of 2 ± 1.1 days and
the median time in hospital was 5 days (range 2–132 d)
(Table 4).

The outcome of each case is described in Table 4. A
final surgery consisting of peritoneal debridement, copi-
ous lavage with 0.9% sodium chloride, and abdominal
closure was achieved in 5 dogs, 3 of which survived. One
of the 3 survivors (Case 5) was euthanized at the owner’s
request due to stenosis of the intestinal surgery site lead-
ing to compromised gastric outflow, which resulted in
persistent regurgitation and aspiration pneumonia. The
aspiration pneumonia was presumptively diagnosed on
thoracic radiographs 10 days after abdominal closure,
and compromised gastric outflow was diagnosed with
a barium upper gastrointestinal study and exploratory
laparotomy. Two patients survived to discharge (Case 3,
7). One (Case 3) underwent resection and anastomosis
for dehiscence of a stapled typhlectomy for removal of
a cecal mass. The other surviving patient (Case 7) was a
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Table 1: Cases of septic peritonitis treated with vacuum-assisted peritoneal drainage

Age BW Duration Location, Surgery
Case Species (y) Sex Breed (kg) of signs (d) etiology performed

1 Feline 2 MC DSH 4.8 1 Large intestine, unknown
penetrating trauma,
ulcerative mycotic colitis

Colonic RA, partial
pancreatectomy

2 Feline 8 MC DLH 7.2 1 Small intestine, jejunal
penetrating trauma

Jejunal RA

3 Canine 10 FS Golden retriever 32.5 5 Cecum, typhlectomy
dehiscence after cecal
GIST excision

Ileocecocolic RA

4 Canine 2 MC West Highland
White Terrier

11.5 9 Pancreas, pancreatic abscess Pancreatic debridement and
omentalization

5 Canine 7 M Chow 23.5 3 Small intestine, dehiscence of
duodenal ulcer repair,
common bile duct
transection

Duodenal repair,
cholecystoduodenostomy

6 Canine 8 MC Beagle 22.8 6 Cecum, ruptured cecum due
to severe necrotizing
typhlitis

Ileocecocolic RA

7 Canine 1 MC Labrador retriever 30 1 Stomach, ruptured due to
gastrostomy tube
dislodgement

Gastric repair, feeding tube,
and gastropexy

8 Canine 2 FS English
Coonhound

16.7 6 Large intestine, Colonic
ischemic necrosis

Subtotal colectomy

FS, female spayed, MC, male castrated, M, male, DSH, domestic shorthair, DLH, domestic long hair, GIST, gastrointestinal stromal tumor, RA, resection
and anastomosis.

dog that had a gastric surgery performed for leakage sec-
ondary to gastrostomy tube dislodgement. The patient
underwent successful abdominal closure after 3 days of
VAPD.

Discussion

This is the first retrospective study describing VAPD for
the management of septic peritonitis in dogs and cats.
VAPD was successfully applied to all the patients. The
apparatus was easy to apply, effectively provided tempo-
rary abdominal closure, continuously removed abdomi-
nal fluid, and was changed without difficulty.

The authors adapted negative pressure wound ther-
apy to the animal abdomen using a combination of
the published literature available for abdominal VAC
in people and VAC in animals. The quantity of subatmo-
spheric pressure applied was based on animal studies
that showed improved healing due to increased local
blood flow, decreased bacterial colonization, and stimu-
lated cell proliferation and angiogenesis.25 A continuous
negative pressure setting was chosen because although
intermittent pressure has been shown to result in the
greatest increase in local blood flow for patients under-
going care of cutaneous wounds, it has been reported to
cause discomfort in people.25 In the present study, these
pressure settings maintained continuous fluid removal
with no gross accumulation of fluid within the abdomen.

Sophisticated negative pressure unitsh are available for
people that may aid in more appropriate pressure ap-
plication and duration, but were unavailable to our pa-
tients. The ideal pressure, duration, and manner of ap-
plication of VAPD are unknown.

The open cell foam was placed directly on the open
abdominal incision, which differs from VAPD applica-
tion in human medicine in which a visceral protective
layeri is placed over the viscera prior to the application
of the open-cell reticulated foam. This layer serves as a
protective barrier and is intended to prevent pressure-
induced damage from direct exposure of the viscera to
subatmospheric pressure. This layer was unavailable to
these authors, and its efficacy in veterinary patients is
unknown.

Abdominal VAC is a rapidly emerging alternative
for people with septic peritonitis,9, 18–20 and is reported
to have several advantages in the management of
temporary closure of the open abdomen, including
hermetic closure, ease of repeat laparotomy, reduced
abdominal pressure after abdominal compartment syn-
drome, visualization, and quantification of postopera-
tive amounts of ascites, preconditioning of the abdomi-
nal wound for delayed closure, reduced time to closure,
and decrease risk of evisceration compared to open
abdominal management.9, 18–20 In this study, all dogs
and cats achieved temporary abdominal closure with
the device with hermetic closure and visualization and
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Table 4: Outcomes associated with cases of septic peritonitis treated with vacuum-assisted peritoneal drainage

Bacteria at Bacteria at Daily VAPD VAPD Time in
VAPD abdominal fluid production duration hospital Abdominal Survived

Case application closure (mL/kg/d)∗ (d) (d) closure? VAPD Complications

1 Candida,
Bacteroides
spp.,
Clostridium spp.

N/A N/A 4 5 No No Concurrent pyothorax
managed with
thoracostomy tubes,
euthanasia

2 E. coli,
Enterococcus
spp.,
Streptococcus
spp.

N/A N/A 0.5 2 No No CPA < 12 h after initial
laparotomy

3 E. coli,
Staphylococcus
intermedius,
Enterococcus
spp., anaerobic
bacillus

E. Coli,
Enterococcus
spp

22 2 12 Yes Yes Surgery 2 days later for
leakage based on
abdominal fluid analysis

4 Enterococcus spp. N/A 33, 28 2 3 Yes No CPA < 12 h after
abdominal closure

5 Enterobacter spp. Negative 32, 21, 11 3 11 Yes Yes Persistent regurgitation,
stenosis of the
duodenal repair,
aspiration pneumonia,
euthanasia upon final
laparotomy due to the
revision surgery
required

6 Enterococcus
spp., E. coli,
Clostridium spp.

N/A 15 1 3 No No CPA < 12 h after initial
laparotomy

7 Enterococcus spp. E. coli,
Enterococcus
spp.

53, 28, 25 3 90 Yes Yes Severe reflux esophagitis,
multiple esophageal
strictures, euthanized
after 5 months

8 Proteus spp.,
Enterococcus
spp.,
Streptococcus
spp., E. coli

Gram-positive
coccus

30 2 5 Yes No Euthanasia at owner’s
request 3 days after
abdominal closure due
to acute, severe, septic
peritonitis

N/A, not available, CPA, cardiopulmonary arrest.
∗The daily total fluid production is separated by commas for patients in which VAPD was applied for > 1 day.

quantification of effusate; however, no conclusions can
be made with regard to preconditioning of the portion
of the abdominal incision that was left open for delayed
closure, reduced time to closure, and decreased risk of
evisceration.

An additional theoretic advantage for VAPD over
open abdominal management in veterinary medicine
is a reduced frequency for bandage changes. Bandage
changes for abdominal wounds are labor intensive
and expose the peritoneum to the environment, which
may increase the risk of nosocomial infections. In this
study, the maximum time between bandage changes was
48 hours (Case 1), which is much greater than the rec-
ommended 12-hour intervals for the open abdominal
drainage technique.6 Due to the authors’ inexperience

with VAPD technique and our desire to ensure adequate
abdominal opening and drainage and lack of omental
adhesions, all but one patient had bandage changes ev-
ery 24 hours. Given that 48–72 hours between bandage
changes is the current standard in human medicine and
that fluid accumulation was not encountered in the cases
reported here, less frequent bandage changes might
be appropriate. If VAPD effectively maintains tempo-
rary abdominal closure, requires less frequent bandage
changes, and circumvents the risk of strike though, pa-
tients may require fewer sedation or anesthetic episodes
and the risk of nosocomial infection may be reduced,
which has the potential to improve the management of
critically ill patients.19, 20 Future studies are necessary to
validate these proposed advantages.
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In this series, VAPD collected a substantial amount of
effusate with no obvious accumulation in the abdomen
of any cat or dog. Similar to closed suction drains, the
fluid was collected away from the abdomen in a can-
ister that allowed for storage, quantification, and fluid
analysis. However, unlike closed suction drains, VAPD
permitted continuous removal of fluid without the re-
quirement for emptying the reservoir, which in this au-
thor’s experience can be necessary in as little as every 2
hours for closed suction drains. Some VAPD units may
require changing of the collection system during ther-
apy, depending on the size of the canister; however, one
liter collection canisters are available that would not re-
quire draining of the canister unless the patient produced
more than a liter of fluid.j Both methods offer the ability
to examine the collected fluid for analysis. While post-
operative cytological analysis was not performed in the
present cases, the utility of cytologic examination of peri-
toneal fluid in clinical decision-making remains to be in-
vestigated. Its value may be altered by the accumulation
of fluid in the canister and the possibility of secondary
changes of the neutrophils and colonization with bac-
teria, which have been associated with closed suction
drains in the abdomen of normal dogs.14 Additionally,
a recent publication established that postceliotomy fluid
analysis may not be a dependable guide for diagnos-
ing septic peritonitis; at 4 days after celiotomy, over 70%
of normal dogs treated with abdominal exploration and
a closed suction drain had multiple markers consistent
with abdominal sepsis.14 These findings may also be true
for VAPD therapy.

Technical complications associated with VAC ther-
apy in both people and animals include loss of suc-
tion, disconnection of suction tubing, and local skin
irritation.16, 18 Complications associated specifically with
abdominal VAC in people include enterocutaneous fis-
tula formation, intra-abdominal abscess, bowel obstruc-
tion, occlusion of the vacuum by omentum and viscera,
electrolyte and fluid disturbances, clot formation, ab-
dominal compartment syndrome, and evisceration.9, 16, 17

The majority of these complications were not experi-
enced in this study, but the population size was small,
the severity of electrolyte and fluid disturbances was not
examined, and necropsy was not performed on all ani-
mals. Complications that may have resulted from VAPD
therapy in the present study included hypoproteinemia,
postoperative evidence of bacterial peritonitis, and pos-
itive cultures at the time of abdominal closure. These
problems are consistent with those reported with other
methods of drainage.2, 6, 10–13, 26

All patients presented in this study were hypopro-
teinemic after VAPD application. The specific etiology
for the hypoproteinemia was not examined and was
likely related to removal of protein rich ascites and sys-

temic alterations related to sepsis. As hypoproteinemia
is a common sequela to abdominal sepsis and all post-
operative abdominal drainage strategies in critically ill
veterinary patients, no conclusions regarding the etiol-
ogy of hypoproteinemia can be drawn based on the data
presented here. Additionally, all but one patient had a
decrease in total albumin concentration despite transfu-
sion therapy, highlighting the severity of systemic com-
promise in the study population.

In this study, 3 animals had bacterial growth from
samples taken at the time of abdominal closure, includ-
ing 2 dogs that survived. The organisms cultured prior to
VAPD therapy were not consistently the same as those
cultured at closure of the abdomen, suggesting noso-
comial infection as a potential postoperative complica-
tion. The actual prevalence of nosocomial infection in
this study is unknown, as the sources of new pathogens
cultured on final closure were not determined and may
have been due to the growth of a prior contaminant
or endogenous bacteria. Previous studies have shown
that open abdominal drainage and closed suction drains
have been associated with positive cultures that are not
identical to the bacteria present at the time of initial
surgery, and that the presence of bacteria in the fluid
upon abdominal closure has not been associated with
increased mortality.6, 10 A recent publication also estab-
lished that 44% of normal dogs treated with a closed suc-
tion drain after abdominal exploration cultured positive
upon drain removal; no surgery was performed on the
abdominal viscera in that report.14 VAPD in our study
was in place for a short period of time, which may have
been beneficial in the prevention of nosocomial infection
but also may not have provided a sufficient duration of
drainage for postoperative management of the septic ab-
domen. In future applications, efforts should be made to
determine the most appropriate duration of therapy and
minimize risk of infection in already debilitated patients.

Laboratory abnormalities including white blood cell
count, segmented neutrophil count, band neutrophil
count, and glucose concentration varied between pa-
tients without any clear relationship between pre- and
post-VAPD. These values were provided for descriptive
purposes only as it was not the aim of this study to
evaluate any relationship with regard to laboratory ab-
normalities.

In this study, 5 of 6 dogs underwent abdominal clo-
sure, and 3 were considered survivors. One of the sur-
vivors was not discharged, but survived 10 days and
was euthanized at the owner’s request due to duodenal
stricture formation; this patient was considered a sur-
vivor in relation to completion of VAPD management,
as no peritonitis was present at the final exploration. The
relationship of the stricture and VAPD is not clear, and
intestinal strictures have not been reported in the human
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literature describing large numbers of patients.18–20 Fu-
ture studies are necessary to determine morbidity and
mortality associated with VAPD.

Limitations of the present study include the retrospec-
tive nature, lack of a control group, inclusion of multiple
species, presence of multiple etiologies, and small sam-
ple size. The small sample size prohibited conclusions
regarding the efficacy of VAPD in the treatment of sep-
tic peritonitis. Additionally, animals were chosen based
on the inability to adequately debride and eliminate peri-
toneal contamination. Severity of illness and the etiology
of the peritonitis within the abdomen may have signifi-
cant prognostic consequences.

In conclusion, while the authors recognize that VAPD
is one of several methods of post-operative drainage
strategies, it was successfully applied as temporary ab-
dominal closure technique in the treatment of the septic
peritonitis in this series of dogs and cats. Advantages of
VAPD include the potential for decreased frequency of
bandage changes, continuous removal of fluid, and col-
lection and storage of effusate. Technical complications
were not experienced in this study, but based on larger
human studies, potential disadvantages may include oc-
clusion of the vacuum by omentum or viscera, forma-
tion of enterocutaneous fistula, establishment of ascend-
ing infection, or the development of clots in the system.
Similar to other current peritoneal drainage methods, hy-
poproteinemia and nosocomial infection continue to be
therapeutic challenges in the management of the septic
abdomen.

Footnotes
a Sterile, open-cell, reticulated polyurethane ether foam was open cell foam

speaker filter. The Foam Factory, Clinton Township, MI, http://www.
Thefoamfactory.com

b Red Rubber Feeding Tube. Tyco Health Care Kendall. Mansfield, MA.
c IobanTM 2 Antimicrobial Incise Drape, 3M, St. Paul, MN.
d Non-Conductive Connecting Tube with Sure-Grip Female Molded Con-

nectors, 6 mm × 3.7 m (1/4” × 12’). Tyco Healthcare Group, Mansfield,
MN. www.tycoHealthcare.com

e Christmas Tree Adapter Dual-End 4–12 mm, Mila International, Inc., Er-
langer, KY.

f Model #6036, Gomco Allied Care Products, St. Louis, MO.
g GraphPad Prism R© 2007, GraphPad Software, La Jolla, CA.
h ABTheraTM, Negative Pressure Wound Therapy, Kinetic Concepts, Inc.,

San Antonio, TX.
i Visceral Protective Layer (VPL), Kinetic Concepts, Inc., San Antonio, TX.
j V.A.C. Large canister, Kinetic Concepts, Inc., San Antonio, TX.
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