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Abstract

Objective: To compare passive open abdominal drainage (POAD) and negative-

pressure abdominal drainage (NPAD) using the ABTheraTM system in the treatment

of septic peritonitis.

Study design: Randomized prospective clinical trial.

Animals: Dogs (n5 16) with septic peritonitis.

Methods: Dogs with septic peritonitis were randomly assigned to one of two treat-

ment protocols: NPAD versus POAD. Anesthesia time, operating time, duration of

drainage, costs, survival, and complications were compared between techniques.

Hematological and biochemical parameters in blood and abdominal fluid, and histo-

pathological findings of omentum and abdominal wall tissue samples were

compared between NPAD and POAD at time of initial surgery and at time of

closure.

Results: Overall survival was 81%. Treatment costs, anesthesia and operating time,

drainage time, survival, and postoperative complications were similar between techni-

ques. Loss of total plasma protein and decreased inflammation-related factors in

abdominal fluid at time of closure were noted in all patients. Neutrophilic inflamma-

tion was greater in abdominal wall samples after NPAD. POAD patients showed

discomfort during bandage changes and had frequent leakage of abdominal fluid out-

side of the bandage.

Conclusion: NPAD is an effective alternative to POAD for treatment of septic peri-

tonitis, based on costs and survival. NPAD resulted in less abdominal fluid leakage,

and evidence of superior healing on histological evaluation of abdominal tissues.

1 | INTRODUCTION

Septic peritonitis is a life-threatening disease, requiring

immediate stabilization and surgical intervention. Reported

survival in dogs and cats varies from 27% to 80%.1-5 Second-

ary peritonitis is most commonly caused by gastro-intestinal

leakage in companion animals.6,7 Surgery aims at identifying

and controlling the source of contamination. After resolving

the cause of contamination, extensive abdominal lavage is

combined with local debridement of severely affectedPresented at the 2015 ACVS Meeting, Nashville, Tennessee.
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tissues, to reduce contamination and release of endotoxins.8,9

However, the postoperative management of septic peritonitis

remains controversial in terms of primary closure or contin-

ued abdominal drainage. Current abdominal drainage techni-

ques include active closed suction drainage (Jackson Pratt-

type drains), passive open abdominal drainage (POAD), and

negative pressure abdominal drainage (NPAD).9 Current lit-

erature consists primarily of retrospective studies/case series

with no differences in survival rates between postoperative

treatment modalities, but potential biases due to

preselection.1,2,4,5,9-11

In man, open abdominal drainage in indicated to treat

abdominal compartment syndrome, damage control for poly-

trauma, abdominal injuries, and severe intra-abdominal sep-

sis.12-14 The mortality rate of abdominal sepsis reaches 20%-

60%,15,16 prompting research to refine the decision making

related to open abdominal drainage in patients with septic

peritonitis. The rationale for this approach is based on treating

the abdominal cavity as an abscess cavity.17 Improved sur-

vival rates and shorter hospital stays have been documented

after open abdominal drainage.18,19 The decision to start post-

operative drainage therapy in septic peritonitis is often based

on the surgeons’s assessment of intraoperative findings con-

sistent with severe generalized septic peritonitis: amount of

free abdominal fluid, obvious widespread inflammatory

changes of the peritoneum, source of contamination, and

gross evidence of contamination.2,5,20-22 However, in both

human and veterinary medicine no uniform objective guide-

lines are described to support the indications for drainage.

The perioperative care and monitoring requirements for a

patient with septic peritonitis are high, regardless of the treat-

ment modality. Until recently, POAD was the standard of

care for generalized septic peritonitis in our institution. In

our experience, PAOD requires a high workload and the

need of experienced intensive care personnel for frequent

and often complicated bandage changes.2 POAD can also be

uncomfortable for the patient, bandage changes create con-

cerns for nosocomial infections.2,3 Active closed suction

drains (Jackson Pratt drains) have been proposed as an alter-

native but may be less ideal because abdominal drainage is

limited in severely contaminated cases. Indeed, drain open-

ings can be easily sealed by omental tissue and these drains

carry bacterial contamination within 24 hours after placement

in up to 90% of the cases.2,4,10

In human medicine, open abdominal drainage is associ-

ated with complications such as enteroatmospheric fistula for-

mation, fluid and protein losses, extended hospital stay,

increased costs and loss of abdominal wall domain.14 To

address those problems, POAD has been replaced by negative

pressure techniques because it was less labor intensive,

resulted in reduced hospital stay, was more cost-effective,

and improved the monitoring of fluid production.18,19 Initial

negative pressure therapies were limited by uneven distribu-

tion of negative pressure in the abdominal cavity. Subsequent

improvements led to a new NPAD system (ABTheraTM,

KCI-medical, Houten, the Netherlands), addressing several

limitations of open abdominal drainage and negative pressure

therapy systems.14 The risk of abdominal herniation in man

was successfully reduced by faster closure of the abdominal

surgical wound through stimulation of wound retraction by

the negative pressure therapy.23 Also, the drainage time was

reduced and a lower amount of enteroatmospheric fistulae

were observed.24 The uniform distribution of negative pres-

sure created by the NPAD through the abdominal cavity

improves the removal of peritoneal fluid compared to other

techniques.14 This approach has been introduced in veterinary

with promising results, documenting the feasibility of this

technique for managing septic peritonitis.11,25

The aim of this study was to compare the outcome,

advantages, and disadvantages of the POAD technique with

NPAD for postoperative drainage in dogs with septic perito-

nitis. We hypothesized that NPAD would improve abdomi-

nal drainage and patient well-being, and reduce labor,

treatment duration, and costs in patients with septic peritoni-

tis compared to POAD.

2 | MATERIALS AND METHODS

This prospective study was performed from October 2012

till October 2014 at the University clinic for companion ani-

mals of Utrecht University. The institutional ethical commit-

tee approved the study protocol; owners were required to

provide informed consent before participation to the study.

2.1 | Patient selection

Dogs diagnosed and surgically treated for generalized septic

peritonitis were included in the study. Initial diagnosis of

septic peritonitis was based on cytological criteria (ie, pres-

ence of inflammatory cells, toxic and degenerated neutro-

phils, and intracellular bacteria or plant material), a blood to

abdominal fluid glucose difference of more than 20 mg/dL

(1.1 mmol/L) and a blood to abdominal fluid lactate differ-

ence of more than 218 mg/dL (–2 mmol/L).26,27 This pre-

sumptive diagnosis had to be confirmed with a positive

bacteriological culture of abdominal fluid taken during sur-

gery. Decision to perform drainage was subjectively made

by the surgeon, taking into account several parameters of

generalized septic peritonitis: the amount of free abdominal

fluid present; the aspect of abdominal fluid (ie, serous, tur-

bid, purulent); inflammatory changes of the peritoneal cavity

including hyperemia, fibrin depositions, and adhesions; the

source of contamination (bile, stomach, small bowel, large

bowel, etc); and macroscopically visible contamination.
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Dogs with septic peritonitis were included in the study proto-

col if the underlying cause was treated during surgery and

survived the surgery.

2.2 | Randomization and blinding

Randomization was performed prior to the trial and group

assignment (POAD or NPAD) and documented in a closed

and numbered envelope (1-16). After fulfilling the initial

inclusion criteria, the envelope was opened by the anesthetist

in the final stage of the surgery (just before closure) for each

individual dog.

2.3 | Surgical procedure

All dogs underwent abdominal exploratory surgery through a

midline celiotomy and the source of bacterial contamination

was treated accordingly. Subsequent routine lavage of the

abdomen was performed intensively until abdominal fluid

was macroscopically clear before proceeding to partial clo-

sure of the abdomen.

2.4 | Passive open abdominal drainage
technique

For POAD, the abdominal wall was partially closed in 3

layers, leaving the midline incision open over a length of 15-

20 cm. A 0 (USP) monofilament polydioxanone continuous

suture line was loosely placed in the external abdominal fas-

cia allowing the wound edges to separate 3-5 cm. The open

surgical wound was covered by a sterile absorptive bandage

secured by a tie-over bandage.28 An abdominal bandage was

used to protect the surgical wound.

2.5 | Negative pressure abdominal drainage
technique (the ABTheraTM system)

For NPAD, the abdominal wall was partially closed in 3 layers

leaving an opening of 12-15 cm in length. The spider-shaped

ABTheraTM dressing consisting of polyurethane foam enclosed

in a perforated protective polyurethane sheet was placed in the

abdomen between the abdominal organs and abdominal wall

(Figure 1A-C). A piece of polyurethane foam was fitted to the

abdominal defect maintaining 3-5 cm width and was placed in

the abdominal wound, covering the center of the spider-shaped

abdominal dressing, maintaining close contact with the abdom-

inal dressing, to obtain equal distribution of the negative pres-

sure (Figure 1D). The surrounding skin was prepared using

ether and an adhesive spray. The entire NPAD construction

and the surrounding skin were covered with an occlusive adhe-

sive film creating an airtight seal with the surrounding skin

(Figure 1E). A 2.5-3 cm round hole was created in the

occlusive film layer (Figure 1F), centrally located over the pol-

yurethane foam in the abdominal wound, on which the track

pad of the suction device was applied (Figure 1G). The suction

device with collection canister applied a continuous negative

pressure of 125 mm Hg, which has been shown to be effective

and safe for abdominal drainage (Figure 1H).11,14,25,29

2.6 | Postoperative care

After surgery, patients were hospitalized at the intensive care

unit, receiving fluid therapy, antibiotic treatment, gastro-

protective medication, analgesia according to the need, and

additional treatment if indicated. Standard monitoring con-

sisted of measurement of body weight, heart rate, respiratory

rate, body temperature, and invasive arterial blood pressure,

and fluid balance over time. Clinical signs such as vomiting/

regurgitation, diarrhea, and edema formation were recorded.

With POAD, the bandage was changed at least twice

daily with new sterile absorptive bandages, generally without

additional sedation. The patient was placed in dorsal recum-

bency with 2 assistants holding the patient while a surgeon

changed the bandage. Two plastic-covered cushions were

used to support the shoulders and pelvis of the dog to facili-

tate bandage changes. Omental and body wall adhesions

blocking the abdominal opening were gently loosened by

digital manipulation using sterile gloves. Drainage produc-

tion was measured by weighing the bandages after each

bandage change. Abdominal fluid was collected daily with a

sterile polyurethane urinary catheter introduced through the

abdominal drainage opening for cytology.

With NPAD, the collection canister of the ABTheraTM

system (Figure 1H) was replaced with a new canister when

full. The canister was also changed for collection of “fresh”

abdominal fluid so abdominal fluid analysis could be per-

formed daily for the study. Care was taken to maintain nega-

tive pressure. As a rule, any loss of negative pressure due to

device malfunction or air leakage of the bandage should be

resolved within 2 hours. If not, the entire NPAD bandage

was replaced to prevent negative effect on the wound envi-

ronment, according to the manufacturer.

2.7 | Re-exploration and timing of surgical
abdominal closure

The timing of abdomen closure was based on a steady

decrease in drainage fluid production, significantly reduced

or absence of signs of septic inflammation on abdominal

fluid cytology, combined with improved clinical signs (gen-

eral health status, appetite, responsiveness, circulatory and

respiratory stability, or improving laboratory parameters, eg,

albumin). A second surgery/re-exploration of the abdomen

was considered when abdominal fluid production did not
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decrease or increased, and/or obvious intracellular bacteria

and degenerated/toxic neutrophils were found on cytology,

in combination with lack of clinical improvement or clinical

decline.

2.8 | Data collection

Collected data included breed, age, weight, cause of septic

peritonitis, anesthesia time, and operating time of the initial

surgery, any re-exploratory surgery and final abdominal clo-

sure surgery, total hours of drainage, and material costs used

for each drainage technique. Material costs for the NPAD

system consisted of an ABTheraTM drainage system,

ABTheraTM canisters, and one bandage change. The costs

for the ABTheraTM drainage system are e447 (478 $), the

costs for the ABTheraTM canisters are e8 (8.6 $). Material

costs for the POAD system consist of time and materials

needed to perform the 2-daily bandage changes.

Hematological and plasma parameters were measured at

the time of initial surgery (T0) and at the time of closure (T1),

including: hematocrit, sodium, potassium, chloride, calcium,

urea, creatinine, glucose, lactate, total protein, albumin, alka-

line phosphatase, alanine transaminase, aspartate aminotrans-

ferase, bile acids, amylase, lipase, activated partial

thromboplastin time, prothrombin time, and fibrinogen. Bio-

chemical parameters were measured in the abdominal fluid

at the time of initial surgery (T0) and at the time of closure

(T1), including: sodium, potassium, chloride, urea, creatinine,

glucose, lactate, total protein, albumin, amylase, and lipase.

Bacteriological cultures were performed of abdominal

fluid samples taken at the time of initial surgery (T0) and at

the time of closure (T1).

Incisional biopsies were collected from omentum and

abdominal wall at initial surgery (T0) and at time of abdomi-

nal closure (T1) for histological examination. Biopsies were

fixed in 10% formaldehyde for further analysis.

2.9 | Histology

Tissue samples were embedded in paraffin according to

standard procedures and cut into 4 mm tissue sections. Sec-

tions were stained with hematoxylin and eosin (Klinipath,

Duiven, the Netherlands). Immunohistochemistry for Tomato

lectin (LEA) was performed on subsequent sections to visu-

alize vascular endothelium. Mouse anti-smooth muscle actin

antibody (Biogenex, Fremont, California) was used as the

primary antibody and dog anti-mouse/biotin (Vector Labora-

tories, Peterborough, UK) as the secondary antibody accord-

ing to the manufacturers’ instructions.

Tissues were examined by one veterinary pathologist

(RT), blinded for patient data and time of collection (T0 or

T1). Abdominal wall samples were scored at 2 levels: the

superficial mesothelial surface with associated adipose tissue

and the deeper layers of the abdominal wall musculature

FIGURE 1 Negative pressure abdominal drainage in a dog. A, Spider-shaped ABTheraTM dressing. B, The dressing is cut to fit the patient. C, Place-

ment of the dressing in the abdomen, between the abdominal organs and wall. D, Placement of polyurethane foam in the abdominal defect, covering the

center of the dressing; direct contact between the dressing and the foam is important for efficient drainage. E, Coverage of the entire NPAD construction

with an occlusive adhesive film to create an airtight seal. F, The track pad connected to a suction device is installed by creating a 2.5 cm hole in the occlu-

sive film. G, The NPAD system is complete and a continuous negative pressure of 125 mm Hg is applied. H, The NPAD system connected to a suction

device and canister allows collection of abdominal fluid
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with associated connective tissue fascia. Tissues were

scanned at low magnification to identify areas of higher cell

density: 3 high-power fields per tissue were selected and sub-

jectively assessed for the degree and distribution of neutro-

philic inflammation, the presence and amount of associated

granulation tissue, edema, superficial necrosis, and hemor-

rhage. The distribution of neutrophilic infiltrate was scored

(05within normal limits, 15 scattered individual cells or

small groups, 25 nodular to confluent, 35 diffuse). The

degree of the neutrophilic inflammation was scored based on

the density of neutrophils within the inflamed regions

(05within normal limits, 15mild inflammation,

25moderate inflammation, 3 severe inflammation). Granu-

lation tissue was defined as the proliferation of fibroblasts in

a collagenous matrix and presence of small caliber vascula-

ture arranged perpendicularly to the surface of the tissue.

Immunohistochemistry with LEA was used to facilitate iden-

tification of microvasculature. The presence and amount of

granulation tissue in the identified areas of inflammation was

scored (05 absent, 15 mild, 25moderate, 35 abundant).

The extent of associated edema was scored (05 absent,

15mild, 25moderate, 35 severe), as identified by the

presence of increased spaces and wispy eosinophilic material

between cells and collagen bundles, dilated superficial lym-

phatics, and foamy macrophages. The degree of necrosis,

defined as loss of cell detail, formation of an eosinophilic or

amphophilic coagulum, and nuclear streaming, was assessed

in the superficial aspect of areas of inflammation. Necrosis

was scored (05 no necrosis, 15 focal necrosis, 25 nodular

necrosis, 35 diffuse necrosis tracking along the entire meso-

thelial surface). Severity of hemorrhage was scored

(05 absent, 15mild, 25moderate, 35 severe).

2.10 | Statistical analysis

Statistical analysis was performed with SPSS Statistics 23. A

power analysis was performed prior to the study, using esti-

mated values to determine the number of dogs needed in the

experiment (paired samples; b5 0.20; a5 0.05; standard

deviation of 20%; estimated difference of 30%).30 A mini-

mum number of 7 patients per group was required. All

parameters were tested for normality of their distribution

using a Shapiro-Wilk test. Normally distributed variables

were assessed using parametric tests (t test and paired sam-

ples t test) and results displayed as mean6 95% confidence

interval (CI). Non-normal distributed variables were assessed

using nonparametric tests (Mann-Whitney U test and

Wilcoxon signed rank test) and results displayed as median

and interquartile range (IQR). Survival and complications

were compared between techniques using a chi-square test.

A significance level of P< .05 was established for all

analyses.

3 | RESULTS

3.1 | Patients

Sixteen patients (Table 1) were enrolled: 8 patients under-

went treatment with the POAD and 8 with the NPAD

technique. The main cause for septic peritonitis was gastro-

intestinal perforation (n5 12), other causes were hepatobili-

ary (n5 2), pyometra (n5 1), and abscess formation due to

migrating corpus alienum (n5 1). All patients had a positive

culture of the abdominal fluid that was collected during the

first operation, confirming septic peritonitis, with the excep-

tion of a dog having bile peritonitis (Table 1 patient N86).

Nevertheless, this dog was kept in the study because cytol-

ogy showed degenerated neutrophils and (intracellular) bac-

teria and sufficient lactate and glucose differences.

Mean overall operating time for initial surgery was 160

minutes (CI 122-198 minutes) and mean overall operating

time for closure was 39 minutes (CI 28-49 minutes). Thirteen

patients (81%) survived until discharge. Mean drainage time

was 66 hours (CI 52-80 hours).

3.2 | Passive open abdominal versus negative
pressure abdominal drainage

Patient demographics did not differ between groups. For the

POAD group, mean age was 7.2 years (CI 3.5-10.8) and

mean body weight was 24.6 kg (CI 15.2-34.1), for the

NPAD group mean age was 7.0 years (CI 3.5-10.4) and

mean body weight was 28.3 kg (CI 19.8-36.7). Breeds repre-

sented in the POAD group included one of each: mixed

breed, Golden Retriever, Labrador Retriever, Border Collie,

West Highland White Terrier, Shetland Sheepdog, German

Shepherd, and Cane Corso. Breeds represented in the NPAD

group included 2 Labrador Retrievers and one of each:

mixed breed, Beauceron, Australian Shepherd, Dalmatian,

Rottweiler, and Labradoodle.

Treatment variables did not differ between groups

(Table 2). One dog in the NPAD group underwent abdomi-

nal re-exploration, based on an increase in the amount of

abdominal fluid production, large amount of intracellular

bacteria on cytology of abdominal fluid, and a gradual

decline in clinical condition of the patient. A dehiscence of

a jejunal end-to-end anastomosis was repaired and a sec-

ond period of abdominal drainage was initiated using the

NPAD technique, leading to clinical recovery and long-

term survival of the patient.

Postoperative complications (Table 2) included vomiting/

regurgitation (n5 7), diarrhea (n5 5), hypoproteinemia

(n5 15), and development of generalized peripheral edema

(n5 12) and were not significantly different between groups.

Problems specifically related to the POAD technique were

leakage of abdominal fluid outside the bandage and obvious
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patient discomfort during the bandage change. In the NPAD

group, no air or fluid leakage of the bandages occurred.

Workload was higher in the POAD group due to frequent

bandage changes.

Difference in plasma and abdominal fluid parameters at

any of the measurement time points are summarized in Table

3. At T0, total protein concentration in abdominal fluid was

lower in the NPAD group than the POAD group. At T1, glu-

cose concentration was lower and lactate higher in the

abdominal fluid of the NPAD group in comparison with the

POAD group.

Temporal changes in abdominal fluid and plasma param-

eters between T0 and T1 in all patients are displayed in Table

4. Concentrations of total plasma protein, total abdominal

fluid protein, and abdominal fluid lipase decreased over

time. Temporal changes in all abdominal fluid and serum

parameters between T0 and T1, including total protein, were

not different between treatment groups (Table 5). There was

TABLE 1 Source of contamination, bacteriology before treatment (T0) and at abdominal closure (T1), and surgical treatment in dogs treated

with POAD and NPAD

Dog

Contaminating

source

Bacteriology

at T0

Bacteriology

at T1

Surgical

treatment Treatment

1 GI* Escherichia coli,

Streptococcus group D

Multiresistant

Escherichia coli,

Streptococcus group D

(moderate amount)

multiresistant

Enterectomy NPAD**

2 Liver (hepatocellular

carcinoma)

Escherichia coli Liver lobectomy POAD***

3 GI Mixed culture (5 bacteria),

fecal flora

Mixed culture (3 bacteria),

fecal flora

Enterectomy POAD

4 GI Escherichia coli

Multiresistant

Escherichia coli

(moderate amount)

Multiresistant

Partial gastrectomy NPAD

5 Uro-genital (ruptured

pyometra)

Streptococcus group G No bacteria Ovariohysterectomy NPAD

6 Liver (bile duct rupture) No bacteria No bacteria Cholecystectomy POAD

7 GI Staphylococcus coagulase

negative Multiresistant

Candida glabrata

Mixed culture (3 bacteria)

Partial gastrectomy NPAD

8 GI Mixed culture, fecal flora No bacteria Colotomy POAD

9 GI Escherichia coli Pylorectomy (Billroth-1) NPAD

10 Abscess, migrating

corpus alienum

Anaerobe mixed culture No bacteria Drainage1 removal

corpus alienum

NPAD

11 GI Candida albicans Candida albicans

(through accumulation)

Enterectomy POAD

12 GI Mixed culture, fecal flora Clostridium perfringens

(through accumulation)

Enterectomy (cecum) POAD

13 GI Mixed culture, fecal flora Staphylococcus coagulase

negative (through

accumulation)

Partial colectomy POAD

14 GI Anaerobe mixed culture Partial pylorectomy NPAD

15 GI Escherichia coli Multiresistant Escherichia coli Multiresistant Enterectomy NPAD

16 GI Escherichia coli, Streptococcus Streptococcus group D

Multiresistant

Enterectomy (cecum) POAD

*GI5 gastrointestinal; **NPAD5 negative pressure abdominal drainage; ***POAD5 passive open abdominal drainage.
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no significant difference in survival between the treatment

modalities (Table 2). One patient in the POAD group was

diagnosed with hepatocellular carcinoma and died 19 hours

postoperatively during hospitalization. Two patients in the

NPAD group were diagnosed with pyloric ulcerations and

underwent reconstructions (one Billroth-1 and one Heineke-

Mikulicz pyloroplasty). The patient with the Billroth-1

reconstruction died within 24 hours postoperative and the

patient with the partial pyloric resection was euthanatized 24

hours after surgery because the owners refrained from further

treatment. None of the dogs underwent necropsy because

owners declined permission.

Twelve of the bacteriological cultures of abdominal fluid

taken during final abdominal closure were positive. Four sam-

ples had a negative culture (2 NPAD and 2 POAD). The micro-

organisms cultured at T1 were comparable to those cultured at

T0 for 3 NPAD and 1 POAD case, in which bacteria showed

multiresistant at both T0 and T1. All other positive cultures at T1

TABLE 2 Treatment variables in dogs treated with POAD and NPAD

NPAD PAOD P-value

Operating time for initial surgery 135 min

(CI 54-215)

182 min

(CI 137-226)

.29

Anesthesia time for initial surgery 206 min

(CI 88-324)

264 min

(CI 229-300)

.18

Postoperative drainage time 70 h

(CI 34-105 h)

64 h

(CI 48-79)

.17

Operating time for surgical closure 29 min

(CI 17-40)

47 min

(CI 32-62)

.33

Anesthesia time for surgical closure 73 min

(CI 47-99)

92 min

(CI 70-115)

.91

Overall bandage costs e493

(IQR 0)

e405

(IQR 163)

.07

Survival 6 (75%) 7 (87.5%) .52

Diarhea 1/8 4/8 .11

Edema 7/8 5/8 .25

Vomiting/regurgitation 3/8 4/8 .61

TABLE 3 Results of biochemical analyses of abdominal fluid and plasma in dogs before POAD or NPAD (T0), and at abdominal closure (T1)

NPAD POAD P-value

T0

Total protein (g/L) plasma 46 (CI 38-54) 47 (CI 37-56) .73

Total protein (g/L) abdominal fluid 28 (CI 21-35) 37 (CI 31-42) .02

T1

Total protein (g/L) plasma 35 (CI 29-41) 43 (CI 35-51) .06

Total protein (g/L) abdominal fluid 19 (CI 13-25) 21 (CI 0-42) .25

Glucose (mmol/L) abdominal fluid 1.6 (CI 1.2-4.4) 4.6 (CI 0.2-9.4) .05

Lactate (mmol/L) abdominal fluid 8.9 (CI 1.5-16.3) 2.7 (CI 0.1-5.5) .03

T0 !T1

Total protein difference plasma (g/L) 11 (CI 3-19) 4 (CI 29-16) .23

Total protein difference abdominal fluid (g/L) 9 (CI 3-14) 11 (CI 1-22) .38
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revealed different bacteria compared to T0 or mixed popula-

tions. Because of the 3 day delay to receive results of bacteriol-

ogy, closure of the abdomen and postoperative treatment plan

were based on abdominal fluid cytology and clinical parame-

ters, as described above. None of the patients received antibiotic

therapy longer than 7 days after discharge.

3.3 | Histology

Tissue samples were collected from 12 patients, 6 in each

treatment group. Patients who died were excluded from the

histopathology due to lack of T1 samples and for 1 patient in

the POAD group the sample was lost.

At T0, no differences were found between techniques. At

T1, the distribution of inflammation in the superficial layer of

the peritoneum and edema in the peritoneum was greater in

the NPAD group compared to POAD (Table 5). Neutrophilic

infiltration, necrosis, and edema increased across time (T0 vs

T1) in the NPAD group (Table 6). Such differences were not

noted in the POAD group.

4 | DISCUSSION

The results of this study support the application of NPAD

using the ABTheraTM system for the treatment of septic

TABLE 4 Biochemical analyses of plasma and abdominal fluid across time in the entire population

Reference T0 T1 P-value

Plasma

Total protein (g/L) 54-70 g/L 46 (CI 41-51) 39 (CI 34-44) .03

Amylase (IU/L) <1200 IU/L 618 (IQR 1269) 919 (IQR 383) .20

Lipase (IU/L) <850 IU/L 66 (IQR 451) 22 (IQR 22) .54

Abdominal fluid

Total protein (g/L) 32 (CI 28-37) 23 (CI 17-28) .01

Amylase (IU/L) 894 (IQR 2920) 632 (IQR 138) .72

Lipase (IU/L) 455 (IQR 3760) 42 (IQR 80) .02

TABLE 5 Histopathological findings in dogs treated with POAD and NPAD at abdominal closure (T1)

POAD NPAD P-value

Distribution of inflammation in the omentum 2.1 (CI 1.4-2.8) 2.2 (CI 1.5-2.8) .89

Degree of inflammation in the omentum 1.6 (CI 1.1-2.0) 1.6 (CI 1.1-2.1) .89

Distribution of inflammation in the superficial peritoneum 1.6 (CI 1.1-2.1) 2.6 (CI 2.3-3.0) .002

Degree of inflammation in the superficial peritoneum 1.3 (CI 0.9-1.7) 1.8 (CI 1.3-2.3) .07

Distribution of inflammation in the deep peritoneum 0.9 (CI 0.2-1.7) 1.1 (CI 0.5-1.8) .68

Degree of inflammation in the deep peritoneum 0.6 (CI 0.0-1.4) 0.8 (0.4-1.2) .68

Omental edema 1 (CI 0.5-1.5) 1.4 (0.7-2.1) .28

Peritoneal edema 1.4 (CI 1.0-1.8) 2.2 (CI 1.9-2.5) .003

Omental granulation tissue 1.8 (CI 0.9-2.7) 1.8 (CI 1.1-2.6) .90

Peritoneal granulation tissue 1.8 (CI 0.6-3.0) 1.3 (CI 0.7-2.0) .36

Omental hemorrhage 0.0 (IQR 0.1) 0.0 (IQR 0.1) 1.00

Peritoneal hemorrhage 0.0 (IQR 0.4) 0.0 (IQR 0.1) .9

Omental necrosis 0.2 (IQR 1.0) 0.0 (IQR 1.2) .79

Peritoneal necrosis 0.7 (IQR 1.7) 2.7 (IQR1.4) .06
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peritonitis as an effective alternative to POAD, with similar

survival, costs, and subjectively reduced workload.

Whereas NPAD improved the survival rate of human

patients,31 the present study did not show a positive effect of

NPAD on patient recovery, treatment duration, or survival of

one technique over POAD. However, the overall survival

rate (81%) in the present study compared favorably to other

studies in dogs (27%-80%),1-5 and may have masked any

additional positive effect of NPAD. The 2 patients that did

not survive in the NPAD group were both initially diagnosed

with perforated pyloric ulcers and treated by Billroth-1 and

Heineke-Mikulicz pyloroplasty, respectively One was

euthanatized and the other died during the drainage period

due to severe clinical deterioration, which could in theory be

due to a dehiscence of the gastro-duodenal anastomosis. This

complication was most likely related to the anatomic site

rather than the abdominal drainage technique. The limited

accessibility to the pylorus and reconstruction options likely

resulted in a more conservative (marginal) surgical approach,

requiring healing of tissues where viability may have been

less than in other intestinal sites allowing wide excision of

diseased tissues. Some authors describe the prognosis after

pyloric surgery as poor, while others describe it as dependent

on the underlying disease like neoplasia, and preoperative

weight loss.32,33 However, specific data on prognosis in

cases of septic peritonitis are lacking. Furthermore, NPAD

using the ABTheraTM system has been found to have no

acute adverse effects on the healing of intestinal anastomoses

in pigs.34 Both dogs died within 24 hours after surgery, most

probably because of severe sepsis-related circulatory com-

promise. The possibility of dehiscence of the surgical repair

as a cause for death or clinical deterioration in these patients

was considered very unlikely because of the short time span.

The dog that died with to a hepatocellular carcinoma was

found during surgery to have a lesion resembling a liver

abscess rather than a tumor. Histopathological examination

of the lesion was consistent with a hepatocellular carcinoma.

We believe that the E. coli cultured in this case may have

resulted from intestinal translocation and caused an abscess,

due to lowered local immunity combined with tissue necrosis

secondary to the hepatocellular carcinoma. E. coli can be

found in the liver due to constant delivery of intestinal bacte-

ria through the portal system, but are normally removed by

the liver’s mononuclear phagocytic system.

The intensive treatment necessary for patients with septic

peritonitis using POAD demands a sufficient number of

trained staff and a well-equipped intensive care unit, limiting

the application of this technique in veterinary practice.

NPAD provides constant active drainage without the need

for bandage/system changes, reducing workload once the

system is properly installed.29 Furthermore, eliminating the

need for twice-daily bandage changes associated with

POAD, NPAD may reduce patient discomfort. Except for

the bandage changes in the POAD group, analgesia seemed

effective at maintaining all patients relatively comfortable

during the study. In man, costs related to the ABTheraTM

TABLE 6 Histopathological findings over time in dogs treated with NPAD

NPAD T0 T1 P-value

Distribution of inflammation in the omentum 1.7 (CI 0.9-2.5) 2.2 (CI 1.5-2.8) .25

Degree of inflammation in the omentum 1.5 (CI 0.7-2.3) 1.6 (CI 1.1-2.1) .64

Distribution of inflammation in the superficial peritoneum 1.4 (CI 1.1-2.7) 2.6 (CI 2.3-3.0) .05

Degree of in the superficial peritoneum 0.8 (CI 0.1-1.5) 1.8 (CI 1.3-2.3) .03

Distribution of inflammation in the deep peritoneum 0.4 (CI 0.0-1.1) 1.1 (CI 0.5-1.8) .03

Degree of inflammation in the deep peritoneum 0.2 (CI 0.0-0.7) 0.8 (0.4-1.2) .03

Omental edema 1.0 (CI 0.4-1.6) 1.4 (0.7-2.1) .31

Peritoneal edema 1.3 (CI 0.5-2.1) 2.2 (CI 1.9-2.5) .03

Omental granulation tissue 1.3 (CI 0.4-2.2) 1.8 (CI 1.1-2.6) .39

Peritoneal granulation tissue 1.4 (CI 0.2-2.6) 1.3 (CI 0.7-2.0) .93

Omental hemorrhage 0.7 (IQR 2.2) 0.0 (IQR 0.1) .14

Peritoneal hemorrhage 0.0 (IQR 0.1) 0.0 (IQR 0.1) 1.00

Omental necrosis 0.0 (IQR 0.3) 0.0 (IQR 1.2) .29

Peritoneal necrosis 0.5 (IQR 0.6) 2.7 (IQR1.4) .03
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device are offset by improved patient outcome, shorter hospi-

tal stay and lower morbidity.24,35 Costs in the present study

did not differ between the 2 treatment modalities, making

NPAD a good alternative for POAD.

NPAD prevents leakage of abdominal fluid outside the

bandage and contamination of the abdominal cavity through

the wound by creating an air-tight seal under continuous neg-

ative pressure drainage. NPAD therefore probably improved

hygiene for the patient, staff, and the environment. In addi-

tion, NPAD has been found to provide a more accurate and

continuous measurement of abdominal fluid production in

human medicine, facilitating the decision making regarding

abdominal closure.35 By contrast, abdominal drainage may

be leaking out of the bandage during POAD, and fluid pro-

duction can only be estimated intermittently by weighing

bandages during bandage changes. In the present study, ban-

dages were often not weighed correctly or not documented,

leading to data loss. No nosocomial infection was diagnosed

in our study. Although the use of the ABTheraTM would be

expected to decrease the risk of nosocomial infections, we

believe that these are also rare with POAD in dogs. On the

other hand, bacterial contamination of the abdomen was fre-

quently present at time of closure in both groups, according

to the bacteriology results (Table 1). It is important to

emphasize that bacterial culture results lag behind treatment

selection since results become available 3-5 days after sub-

mission of the sample to the laboratory. Therefore, all

patients received standard antibiotherapy based on the source

of the contamination at T0 (ie, small bowel, large bowel,

liver, etc). Closure of the abdomen (T1) was based on clinical

improvement and cytology of abdominal fluid that were con-

sistent with eradication of abdominal sepsis and inflamma-

tion. Fluid samples for bacterial culture were taken at T1 for

study purposes only and culture results were not interpreted

as ongoing infection, but rather as bacterial contamination.

Such interpretation is further supported by the lack of com-

plications after abdominal closure, despite short-term antibio-

therapy (less than 7 days after discharge). Furthermore,

several of the bacteria isolated from abdominal fluid samples

were not sensitive to the administered antibiotic. Also, most

of the bacteria cultured at T1 included low numbers of colony

forming units or were cultured after accumulation.

The preoperative (T0) protein level in the abdominal fluid

was lower in the NPAD group than in the POAD group, but

the clinical implications of this finding remain unclear.

Plasma protein levels and changes over time did not differ

between groups, providing evidence that protein loss did not

differ between treatments. Overall, all patients lost proteins

over time, a well-established complication due to the leakage

secondary to damaged or inflamed endothelial and peritoneal

membranes in patients with peritonitis.36,37 The reduction in

total protein levels in abdominal fluid at T1 in both groups

probably result from decreased exudation of proteins as sep-

tic peritonitis cleared over time. The same process could

explain the lower lipase levels in abdominal fluid at T1 com-

pared to T0. However, other indicators of inflammatory

response did not significantly change over time. High plasma

lipase and amylase levels are known to accompany systemic

inflammatory responses to tissue damage caused by, for

example, gastro-enteritis, liver disease, renal failure, acute

pancreatitis, or septic peritonitis.38 A decrease in alkaline

phosphatase across time may have been masked by a rela-

tively short drainage period in the current study, based on a

plasma half-life approximating 72 hours in dogs.39,40 How-

ever, other measured parameters with short plasma half-lives

should therefore be reliable for the time span in the present

study. Lipase and amylase have a plasma half-life in dogs of

1-3 hours41 and 5 hours,42 respectively. Alanine transami-

nase and aspartate aminotransferase have a half-life of 2-4

hours and around 5 hours, respectively.39 In humans, septic

peritoneal fluid contains a high amount of proinflammatory

mediators resulting in severe liver, kidney, intestinal, and

even lung injury as a result of increased leukocyte infiltration

into these organs.43 Improved and faster removal of mediator

rich peritoneal fluid may decrease the systemic inflammatory

response. This reduction in systemic inflammatory response

is supported by porcine studies in which the ABTheraTM sys-

tem significantly removed more abdominal fluid as com-

pared to other negative pressures therapies or passive open

abdominal drainage.23,43 Systemic inflammation (eg, abdom-

inal fluid levels of TNF-a, IL-1b, IL-6) was reduced in the

ABTheraTM group and was associated with significant

improvement in intestine, lung, kidney, and liver histopathol-

ogy.43 Furthermore, the NPAD technique may also be asso-

ciated with local augmentation of healing of abdominal

tissue, as is described for the healing of soft tissue wounds

with negative pressure wound therapy (NPWT).44 As the

healing of a septic abdomen is often compared to the healing

of a septic wound, the increased inflammatory changes seen

in peritoneum on histology in the NPAD group may be com-

pared to the increased neutrophil infiltration that is found in

infected wounds treated with NPWT compared to conven-

tional wound treatment.45 Thus, an increased local inflamma-

tory response of the peritoneum on histology of the NPAD

group may be expected as a sign of an improved healing

compared to POAD.

High lactate and low glucose levels in the abdominal

fluid of the NPAD group at T1 may suggest ongoing bacte-

rial contamination, although these parameters have been

found unreliable indicators for postoperative sepsis.46 Fur-

thermore, the high lactate levels and low glucose levels

measured in the abdominal fluid of the NPAD group at T1
could have been the result of ongoing in vitro bacterial

growth and metabolism in the NPAD fluid collection canister
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from which fluid samples for analysis were taken. It was not

possible to collect the fluid directly from the abdomen in the

NPAD group because the constant negative pressure drain-

age limited the accumulation of fluid for abdominocentesis.

By contrast, abdominal fluid from the POAD group was col-

lected directly from the abdominal cavity during bandage

change, allowing accurate measurements. Bacterial cultures

were negative in one patient, but positive cytology justified

inclusion of this case in the study. In addition, our laboratory

does not routinely grow anaerobic cultures, and an anaerobic

agent may therefore have been missed. Hepatobiliary causes

for septic peritonitis are known to be associated with anaero-

bic bacteria.47

In conclusion, negative pressure therapy with the

ABTheraTM system is an effective alternative to PAOD to

provide abdominal drainage in dogs with septic peritonitis.

Clinical outcomes, including survival, time needed for drain-

age, and treatment costs were comparable between techni-

ques. However, the authors recommend NPAD over POAD

based on improved local healing response, decreased mor-

bidity, and elimination of frequent bandage changes.

ACKNOWLEDGMENT

The authors want to express their gratitude to Prof Dr Erik

Teske for the help with statistical analysis.

CONFLICT OF INTEREST

The authors declare no conflict of interest related to this

report.

ORCID

Anneleen L. Spillebeen M.Vet.Med http://orcid.org/0000-

0002-8028-4773

REFERENCES

[1] Ludwig LL, McLoughlin MA, Graves TK, et al. Surgical treat-

ment of bile peritonitis in 24 dogs and 2 cats: a retrospective

study (1987-1994). Vet Surg. 1997;26:90-98.

[2] Woolfson J. Open abdominal drainage in the treatment of gener-

alized peritonitis in 25 dogs and cats. Vet Surg. 1986;15:27-32.

[3] Staatz AJ, Monnet E, Seim HB III. Open peritoneal drainage

versus primary closure for the treatment of septic peritonitis in

dogs and cats: 42 cases (1993-1999). Vet Surg. 2002;31:174-

180.

[4] Lanz OI, Ellison GW, Bellah JR, et al. Surgical treatment of

septic peritonitis without abdominal drainage in 28 dogs. J Am

Anim Hosp Assoc. 2001;37:87-92.

[5] Greenfield CL, Walshaw R. Open peritoneal drainage for treat-

ment of contaminated peritoneal cavity and septic peritonitis in

dogs and cats: 24 cases (1980-1986). J Am Vet Med Assoc.

1987;191:100-105.

[6] Winkler KP, Greenfield CL. Potential prognostic indicators in

diffuse peritonitis treated with open peritoneal drainage in the

canine patient. J Vet Emerg Crit Care. 2000;10:259-265.

[7] Hosgood G, Salisbury SK. Generalized peritonitis in dogs: 50

cases (1975-1986). J Am Vet Med Assoc. 1988;193:1448-1450.

[8] Rosman C, Westerveld GJ, Kooi K, et al. Local treatment of

generalised peritonitis in rats; effects on bacteria, endotoxin and

mortality. Eur J Surg. 1999;165:1072-1079.

[9] Adams RJ, Doyle RS, Bray JP, et al. Closed suction drainage

for treatment of septic peritonitis of confirmed gastrointestinal

origin in 20 dogs. Vet Surg. 2014;43:843-851.

[10] Mueller MG, Ludwig LL, Barton LJ. Use of closed-suction

drains to treat generalized peritonitis in dogs and cats: 40 cases

(1997-1999). J Am Vet Med Assoc. 2001;219:789-794.

[11] Cioffi KM, Schmiedt CW, Cornell KK, et al. Retrospective eval-

uation of vacuum-assisted peritoneal drainage for the treatment

of septic peritonitis in dogs and cats: 8 cases (2003-2010). J Vet

Emerg Crit Care (San Antonio). 2012;22:601-609.

[12] Boele van Hensbroek P, Wind J, Dijkgraaf MGW, et al. Tempo-

rary closure of the open abdomen: a systematic review on

delayed primary fascial closure in patients with an open abdo-

men. World J Surg. 2009;33:199-207.

[13] Kreis B, de Mol van Otterloo JCA, Kreis R. Open abdomen

management: a review of its history and a proposed management

algorithm. Med Sci Monit. 2013;19:524-533.

[14] Demetriades D. Total management of the open abdomen. Int

Wound J. 2012;9(suppl 1):17-24.

[15] Christou NV, Barie PS, Dellinger EP, et al. Surgical Infection

Society intra-abdominal infection study. Prospective evaluation

of management techniques and outcome. Arch Surg. 1993;128:

193-198.

[16] Lamme B, Boermeester MA, Belt EJT, et al. Mortality and mor-

bidity of planned relaparotomy versus relaparotomy on demand

for secondary peritonitis. Br J Surg. 2004;91:1046-1054.

[17] Atema JJ, Gans SL, Boermeester MA. Systematic review and

meta-analysis of the open abdomen and temporary abdominal

closure techniques in non-trauma patients. World J Surg. 2015;

39:912-925.

[18] Stawicki SP, Grossman M. “Stretching” negative pressure

wound therapy: can dressing change interval be extended in

patients with open abdomens? Ostomy Wound Manage. 2007;53:

26-29.

[19] Demetriades D, Salim A. Management of the open abdomen.

Surg Clin North Am. 2014;94:131-153.

[20] Iliev. A new method of “open” surgical treatment of severe diffuse

peritonitis (experimental study). Biotechnology. 1999;13:69-72.

[21] Orscher R, Rosin E. Open peritoneal drainage in experimental

peritonitis in dogs. Vet Surg. 1984;13:222-226.

[22] Maarschalkerweerd RJ, Kirpensteijn J. Abdominal drainage in ten

dogs with septic peritonitis. Vet Q. 1995;17(suppl 1):S10-S10.

[23] Lindstedt S, Malmsj€o M, Hlebowicz J, et al. Comparative study

of the microvascular blood flow in the intestinal wall, wound

contraction and fluid evacuation during negative pressure wound

therapy in laparostomy using the V.A.C. abdominal dressing and

the ABThera open abdomen negative pressure therapy system.

Int Wound J. 2015;12:83-88.

1096 | SPILLEBEEN ET AL.

http://orcid.org/0000-0002-8028-4773
http://orcid.org/0000-0002-8028-4773


[24] Olona C, Caro A, Duque E, et al. Comparative study of open

abdomen treatment: ABTheraTM vs. abdominal dressingTM. Her-

nia. 2015;19:323-328.

[25] Buote NJ, Havig ME. The use of vacuum-assisted closure in the

management of septic peritonitis in six dogs. J Am Anim Hosp

Assoc. 2012;48:164-171.

[26] Levin GM, Bonczynski JJ, Ludwig LL, et al. Lactate as a diag-

nostic test for septic peritoneal effusions in dogs and cats. J Am

Anim Hosp Assoc. 2004;40:364-371.

[27] Bonczynski JJ, Ludwig LL, Barton LJ, et al. Comparison of

peritoneal fluid and peripheral blood pH, bicarbonate, glucose,

and lactate concentration as a diagnostic tool for septic peritoni-

tis in dogs and cats. Vet Surg. 2003;32:161-166.

[28] Bentley AM, Holt DE. Drainage techniques for the septic abdo-

men. In: Bonagura JD, Twedt DC, eds. Kirk’s Current Veteri-

nary Therapy XIV. St. Louis, MO: Saunders, Elsevier; 2009:72-

76.

[29] Bjarnason T, Montgomery A, Hlebowicz J, et al. Pressure at the

bowel surface during topical negative pressure therapy of the

open abdomen: an experimental study in a porcine model. World

J Surg. 2011;35:917-923.

[30] http://powerandsamplesize.com/Calculators/ [Internet]. Accessed

August 19, 2017.

[31] Kirkpatrick AW, Roberts DJ, Faris PD, et al. Active negative

pressure peritoneal therapy after abbreviated laparotomy: the

intraperitoneal vacuum randomized controlled trial. Ann Surg.

2015;262:38-46.

[32] Cornell K. Stomach. In: Tobias KM, Johnston SA, eds. Veteri-

nary Surgery Small Animal. 1st ed. Canada: Elsevier, Saunders;

2012:1484-512.

[33] Eisele J, McClaran J, Runge J, et al. Evaluation of risk factors

for morbidity and mortality after pylorectomy and gastroduode-

nostomy in dogs. Vet Surg. 2010;39:261-267.

[34] Norbury KC, Kilpadi DV, Collins BA, et al. Burst strength test-

ing of porcine intestinal anastomoses following negative pressure

therapy. Surg Innov. 2012;19:181-186.

[35] Frazee RC, Abernathy SW, Jupiter DC, et al. Are commercial

negative pressure systems worth the cost in open abdomen man-

agement? J Am Coll Surg. 2013;216:730-733.

[36] Ruot B, Papet I, Bechereau F, et al. Increased albumin plasma

efflux contributes to hypoalbuminemia only during early phase

of sepsis in rats. Am J Physiol Regul Integr Comp Physiol.

2003;284:R707-R713.

[37] Craft EM, Powell LL. The use of canine-specific albumin in

dogs with septic peritonitis. J Vet Emerg Crit Care (San Anto-

nio). 2012;22:631-639.

[38] Xenoulis PG. Diagnosis of pancreatitis in dogs and cats. J Small

Anim Pract. 2015;56:13-26.

[39] Whitbread TJ. Clinical Biochemistry. In: Merck Veterinary Man-

ual. https://www.merckvetmanual.com/clinical-pathology-and-

procedures/diagnostic-procedures-for-the-private-practice-labora-

tory/clinical-biochemistry. Accessed February 2, 2017.

[40] Giannini E, Testa R, Savarino V. Liver enzyme alteration: a

guide for clinicians. CMAJ. 2005;172:367-379.

[41] Yuki M, Hirano T, Nagata N, et al. Clinical utility of diagnostic

laboratory tests in dogs with acute pancreatitis: a retrospective

investigation in a primary care hospital. J Vet Intern Med. 2016;

30:116-122.

[42] Hudson EB, Strombeck DR. Effects of functional nephrectomy

on the disappearance rates of canine serum amylase and lipase.

Am J Vet Res. 1978;39:1316-1321.

[43] Kubiak B, Albert S, Gatto L, et al. Peritoneal negative pressure

therapy prevents multiple organ injury in a chronic porcine sep-

sis and ischemia/reperfusion model. Shock. 2010;34:525-534.

[44] Ben-Amotz R, Lanz OI, Miller JM, et al. The use of vacuum-

assisted closure therapy for the treatment of distal extremity

wounds in 15 dogs. Vet Surg. 2007;36:684-690.

[45] Liu D, Zhang L, Li T, et al. Negative-pressure wound therapy

enhances local inflammatory responses in acute infected soft-

tissue wound. Cell Biochem Biophys. 2014;70:539-547.

[46] Szabo SD, Jermyn K, Neel J, et al. Evaluation of postceliotomy

peritoneal drain fluid volume, cytology, and blood-to-peritoneal

fluid lactate and glucose differences in normal dogs. Vet Surg.

2011;40:444-449.

[47] Wagner K, Hartmann F, Trepanier L. Bacterial culture results from

liver, gallbladder, or bile in 248 dogs and cats evaluated for hepa-

tobiliary disease: 1998-2003. J Vet Intern Med. 2007;21:417-424.

How to cite this article: Spillebeen AL, Robben JH,

Thomas R, Kirpensteijn J, van Nimwegen SA. Negative

pressure therapy versus passive open abdominal drain-

age for the treatment of septic peritonitis in dogs: A

randomized, prospective study. Veterinary Surgery.

2017;46:1086-1097. https://doi.org/10.1111/vsu.12703

SPILLEBEEN ET AL. | 1097

http://powerandsamplesize.com/Calculators
https://www.merckvetmanual.com/clinical-pathology-and-procedures/diagnostic-procedures-for-the-private-practice-laboratory/clinical-biochemistry
https://www.merckvetmanual.com/clinical-pathology-and-procedures/diagnostic-procedures-for-the-private-practice-laboratory/clinical-biochemistry
https://www.merckvetmanual.com/clinical-pathology-and-procedures/diagnostic-procedures-for-the-private-practice-laboratory/clinical-biochemistry
https://doi.org/10.1111/vsu.12703

