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Alterations in the hemostatic profiles of dogs
with naturally occurring septic peritonitis
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VMD, DACVS and Cynthia M. Otto, DVM, PhD, DACVECC

Abstract

Objective – To characterize derangements in the hemostatic profiles of dogs with naturally occurring septic
peritonitis and determine if such derangements were predictive of survival.
Design – Prospective, observational single cohort study.
Setting – University veterinary teaching hospital.
Animals – A total of 27 client-owned dogs with naturally occurring septic peritonitis.
Interventions – Standard treatment included fluid resuscitation, antimicrobial therapy, supportive care, and
surgery provided at the discretion of the primary clinician. Blood was collected preoperatively and on days 1
and 3 postoperatively for platelet count, prothrombin time, activated partial thromboplastin time, D-dimer and
fibrinogen concentrations, total protein C (PC) and antithrombin (AT) activities, and thromboelastography.
Measurements and Main Results – Sixteen of 27 (59%) dogs survived. Preoperative PC deficiency was identified
in 10 of 11 (91%) nonsurvivors and 2 of 15 (13%) survivors. Preoperative AT deficiency was identified in 10 of
11 (91%) nonsurvivors and 14 of 15 (93%) survivors. Compared to survivors, nonsurvivors had lower mean
preoperative PC (98 ± 24% versus 49 ± 26%; P < 0.001) and AT (53 ± 9% versus 32 ± 16%; P < 0.001) activities.
Anticoagulant activities decreased on day 1 postoperatively. As a predictor of survival, preoperative PC activity
of more than 60% achieved a sensitivity of 93% and specificity of 82%. Preoperative AT activity of more than
41.5% achieved a sensitivity of 100% and specificity of 82%. The maximum amplitude, � angle, and coagulation
index from preoperative thromboelastograms of survivors were significantly greater (more hypercoagulable)
than nonsurvivors (P < 0.01), with the maximum amplitude being the most specific predictor of survival (100%).
Conclusions – Deficiencies of PC and AT and hypercoagulability appear to be consistent features of naturally
occurring canine sepsis and may be useful prognostic indicators in canine septic peritonitis.

(J Vet Emerg Crit Care 2013; 23(1): 14–22) doi: 10.1111/vec.12013
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Introduction

Bacterial peritonitis is a common cause of sepsis in dogs
and is associated with high mortality.1–3 Reported sur-
vival rates for dogs with septic peritonitis vary from
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Abbreviations

aPTT activated partial thromboplastin time
AT antithrombin
CBC complete blood count
CI coagulation index
MA maximum amplitude
PC protein C
POC point-of-care
PT prothrombin time
ROC receiver operator curve
SIRS systemic inflammatory response syndrome
TEG thromboelastography

27% to 71%, with most studies reporting approximately
50% survival.4–10 One retrospective study reported
60% survival among dogs treated surgically for septic
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peritonitis with no detectable improvement in survival
rate over a 16-year period.11 Death in dogs treated for
septic peritonitis typically results from complications
such as refractory hypotension, disseminated intravas-
cular coagulation, and multiple organ failure, often in
the immediate postoperative period.5, 7, 9

Identification of prognostic indicators in clinical cases
of canine septic peritonitis remains challenging. Few of
the many physical and laboratory findings examined ret-
rospectively have been associated with survival. In 2
separate studies, survivors had higher blood pressure,
including blood pressure measured on admission, intra-
and postoperatively.7, 11 Higher preoperative serum al-
bumin has also been associated with survival in clinical
cases of canine septic peritonitis.11 Prospective clinical
studies evaluating biomarkers specific for canine septic
peritonitis are lacking.

In people with sepsis, multiple studies have shown
an association between deficiencies in protein C (PC)
and antithrombin (AT) and mortality.12–15 Among surgi-
cal and nonsurgical patients with sepsis, both baseline
and sustained PC deficiency have been associated with
mortality.13, 16 In people with septic peritonitis, AT was
lower among nonsurvivors from postoperative day 3. In
the same population of patients, PC activity was lower
among nonsurvivors at every point of sample collection,
including preoperatively.13

Similar to the heterogeneity of clinical signs and
sources of sepsis in people, naturally occurring canine
sepsis represents a highly heterogeneous population. In a
population of 20 septic dogs with heterogeneous sources
of sepsis, PC and AT activities at the time of hospital ad-
mission were lower than in normal dogs, but neither PC
nor AT was associated with survival.2 Serial evaluation
of PC and AT in 12 septic dogs showed changes in ac-
tivities of both anticoagulants over time and higher PC
activity in survivors on day 2.3 One of the most com-
mon sources of sepsis in dogs is septic peritonitis.1–3

Dogs with septic peritonitis may constitute a more ho-
mogeneous population of septic dogs since they typ-
ically share a similar endogenous bacterial source of
infection (most commonly enteric bacteria), a similar
diagnostic approach (imaging and abdominal fluid eval-
uation), and a similar therapeutic intervention (source
control).

The primary goal of this study is to characterize al-
terations of hemostasis in a relatively homogeneous
population of septic dogs, those undergoing surgical
treatment of naturally occurring septic peritonitis. The
secondary goal of this study is to determine the prog-
nostic significance of various coagulation parameters in
this population of dogs using both routine and more
specialized laboratory tests.

Materials and Methods

Patient selection
The study protocol was approved by the Institutional
Animal Care and Use Committee and the Privately
Owned Animal Protocol Committee. Client-owned dogs
that were admitted to the Matthew J. Ryan Veterinary
Hospital of the University of Pennsylvania and diag-
nosed with septic peritonitis based on the presence of
intracellular bacteria on cytology of abdominal effusion
or suspicion of peritonitis confirmed by gross evidence
of gastrointestinal perforation at surgery or positive bac-
terial culture of abdominal effusion were eligible for in-
clusion. Additional inclusion criteria included owner’s
informed signed consent for study enrollment and sur-
gical treatment and a minimum body weight of 5 kg.
Treatment of enrolled dogs was determined by the pri-
mary clinician and was not standardized. Dogs receiv-
ing anticoagulant therapy or a transfusion of any blood
product prior to collection of the initial blood sample
were excluded. Administration of an anticoagulant to
an enrolled patient according to the primary clinician
necessitated exclusion of that patient from the remain-
der of the study protocol.

Sampling procedures and assays
The first blood sample (day 0) was collected prior to
surgery and subsequent samples were collected on post-
operative days 1 and 3, either by direct venipuncture
or through an existing vascular catheter after a presam-
ple volume was collected. Laboratory tests performed at
each of the 3 sampling points included a routine coagu-
lation panel (platelet count, prothrombin time [PT], and
activated partial thromboplastin time [aPTT]), D-dimer
and fibrinogen concentrations, total PC and AT activi-
ties, and thromboelastography (TEG). A CBC and serum
biochemistry profile were also performed as a part of the
study protocol prior to surgery.

All samples were analyzed at the time of collection ex-
cept for the AT and PC activities and fibrinogen concen-
tration. All serum biochemistry analytes were measured
on a chemistry analyzer,a and CBCs were performed us-
ing optical light scatter analysis.b Coagulation data were
either measured via clotting and immunoturbidomet-
ric assaysc using reagents from the same manufacturerd

or via an automated point-of-care (POC) coagulation
analyzer.e The percent prolongation in PT or aPTT was
calculated by the difference between the patient value
and the upper range of normal divided by the upper
range of normal for the machine used. TEGf was per-
formed on recalcified nonactivated citrated blood ac-
cording to the laboratory standard methods, which have
been previously reported.17–19 The reported coagulation
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index (CI) was calculated from the measured values of R,
K, maximum amplitude (MA), and � angle by a propri-
etary algorithm integrated in the manufacturer-supplied
software.f In people, this parameter has been validated
as an overall assessment of coagulation status.20, 21 While
this parameter has been reported previously in dogs,18

it has never been formally validated in dogs.
Citrated plasma was stored at −70◦C and submitted

in batches to the Cornell University Diagnostic Labora-
tory for determination of the anticoagulant activities and
fibrinogen concentration. Plasma AT and PC activities
were measured using synthetic chromogenic substrate
kits.g The assays’ standard curves were derived based
on dilutions of pooled normal canine plasma. The AT
and PC of test plasmas are reported as the percentage
of the canine standard, which has an assigned value of
100% activity. The fibrinogen concentration was deter-
mined by the Clauss method using a 100 NIH Units/mL
human thrombin reagent.h

Other data recorded
Patient breed, age, weight, and neuter status were
recorded. Dogs met criteria for systemic inflammatory
response syndrome (SIRS) if they met at least 2 of the
following 4 criteria: heart rate >140/min, respiratory
rate >20/min, temperature >39.4◦C (102.9◦F) or <37.8◦C
(100.0◦F), or WBC count >16 × 109/L or <6 × 109/L (>16
× 103/�L or <6 × 103/�L).22 Surgical findings includ-
ing the source of sepsis, type of closure and drain, and
results of bacterial cultures of abdominal effusion were
recorded. Survival to discharge and cause of death or
reason for euthanasia were recorded as outcome param-
eters. Owners were contacted by phone to determine the
patient’s status 30 days after surgery if the status was
not evident from the medical record.

Statistical analysis
To compare data between survivors (survival to dis-
charge) and nonsurvivors (died or euthanized during
hospitalization) or to compare proportional data be-
tween different days among the survivors, the Fisher’s
exact test or the Chi-square test was used for categorical
variables. Continuous variables were assessed for nor-
mality using the Shapiro–Wilk W test. The t-test and the
Mann–Whitney rank sum test were used to compare con-
tinuous variables between survivors and nonsurvivors
with normal and non-normal distributions, respectively.
Receiver operator curves (ROCs) and associated sensi-
tivity and specificity data for cut-off values were gen-
erated to analyze data for days 0 and 1. Normally dis-
tributed serial data for survivors was analyzed using a
one-way repeated measures analysis of variance with
pairwise multiple comparisons using the Holm–Sidak

method. Serial data for survivors that failed normality
was tested by the Friedman repeated measures analysis
of variance on ranks with post hoc Tukey testing; only
patients with complete data sets were able to be ana-
lyzed by this method. Categorical data are presented as
frequencies and percentages, and continuous data are
presented as means ± standard deviation (SD) or medi-
ans with interquartile range for normal and non-normal
distributions, respectively. All analyses were performed
using statistical software.i Statistical significance was set
at P < 0.05. A correction to the P values for multiple
comparisons was not applied.23, 24

Results

Survival
Fifty-one dogs presented to the teaching hospital with
a diagnosis of septic peritonitis between February 2006
and May 2008. Of those cases, 10 were ineligible because
surgical treatment was declined (due to financial con-
straints or poor prognosis), and 14 were not enrolled
due to failure to notify the investigators of the eligible
case. Twenty-seven dogs met the inclusion criteria and
were enrolled in the study.

Of the 27 cases enrolled, anticoagulant therapy was
initiated in 2 dogs postoperatively after collection of day
1 samples, necessitating exclusion from day 3 sampling,
and 2 survivors were discharged before collection of the
day 3 postoperative samples. Day 0 D-dimer data were
not available for cases enrolled after regular laboratory
hours since a POC analyzer for this parameter was not
available. In some instances, a quantitative platelet count
was not available due to platelet clumping, and labora-
tory or machine error accounted for loss of certain coagu-
lation data in other cases. Finally, in some cases enrolled
after regular laboratory hours, there was not an investi-
gator available to process a sample for day 0 TEG data.

Sixteen of 27 (59%) dogs survived to discharge, and 11
dogs died or were humanely euthanized at the request
of their owners. Of the survivors, 15 of 16 dogs that sur-
vived to discharge were still alive 30 days after discharge;
one dog was euthanized for thoracolumbar myelopathy
due to intervertebral disc protrusion within 30 days of
discharge from the hospital for septic peritonitis. Of the
nonsurvivors, 3 dogs died from cardiopulmonary arrest
within 9 h of surgery. Four dogs were euthanized during
surgery, 2 for nonresectable or metastatic neoplasia and
2 for extensive intestinal necrosis. Profound hypotension
despite treatment with multiple vasopressors and the
presence of moderate-to-severe peritonitis grossly were
also recorded as factors contributing to intraoperative
euthanasia in 2 dogs with neoplasia. Four dogs were eu-
thanized during the postoperative period, 2 for multiple
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Table 1: Population characteristics of dogs with naturally occur-
ring septic peritonitis

Survivors Nonsurvivors
(n = 16) (n = 11) P-value

Age (years) 6.5 ± 4.1 9.3 ± 2.8 0.06
Weight (kg) 24.8 ± 13.4 30.2 ± 17.4 0.4
Male 8 (50%) 5 (45%) 1.0
Female 8 (50%) 6 (55%)
Neutered 12 (75%) 11 (100%) 0.1
Intact 4 males (25%) 0 (0%)

Continuous variables are expressed as mean ± SD. Categorical variables
are expressed as the number of dogs (%) within each category.

organ failure, and 2 for persistent peritonitis requiring
multiple laparotomies.

Population characteristics
Fifteen breeds of dogs were represented; mixed-breed
dogs were the most common (n = 8). There were no sta-
tistically significant differences between survivors and
nonsurvivors with respect to age, weight, proportion of
males and females, or proportion of neutered and intact
dogs (Table 1). All 27 dogs met criteria for SIRS; 26 dogs
met criteria prior to surgery and 1 dog developed signs
of SIRS postoperatively.

Surgical findings
The gastrointestinal tract was the most common source
of septic peritonitis (n = 18), followed by the urogenital
(n = 5) and hepatobiliary (n = 2) systems; 2 dogs had sep-
tic peritonitis due to another source (1 each of abscessed
mesenteric lymph nodes and abscess of retained surgical
sponge). Numerous etiologies were represented, but the
most common were perforated gastrointestinal ulcer (n
= 5), dehiscence of an enterotomy or intestinal anasto-
mosis (n = 5), and perforating gastrointestinal foreign
body (n = 4). Except for cases of intraoperative euthana-

sia, all dogs underwent primary closure of the peritoneal
cavity, either with (20/23 [87%]) or without (3/23 [13%])
a closed-suction drain.

Samples of abdominal effusion were submitted for
bacterial culture in 20 cases. Of the samples submitted
for both aerobic and anaerobic culture (n = 19), 14 were
positive only for aerobic bacteria, 2 were positive only
for anaerobic bacteria, 2 were positive for both, and 1 cul-
ture was negative. The most commonly isolated organ-
isms included Escherichia coli (n = 10) and Enterococcus
spp. (n = 7).

Preoperative coagulation parameters and anticoagu-
lant activities
The results of preoperative coagulation parameter test-
ing and preoperative anticoagulant activity measure-
ment are presented in Table 2. Mean AT activity was
below the reference interval for both survivors and non-
survivors; 14 of 15 (93%) survivors and 10 of 11 (91%)
nonsurvivors had preoperative AT activity below the
reference interval. Mean PC activity was below the ref-
erence interval for nonsurvivors; 10 of 11 (91%) nonsur-
vivors and only 2 of 15 (13%) survivors had preoperative
PC activity below the reference interval.

Preoperative TEG
There was no difference in the R-value between sur-
vivors and nonsurvivors, although the median value for
both groups was below the reference interval (Table 3).
The K value was significantly lower (more hypercoagu-
lable) among survivors, although the median value for
both groups was below the reference interval. The re-
maining TEG values (� angle, MA, CI) were significantly
greater (more hypercoagulable) among survivors com-
pared to nonsurvivors, whose values were within the
reference intervals.

Table 2: Preoperative (day 0) coagulation parameters and anticoagulant activities compared between survivors and nonsurvivors
among dogs with naturally occurring septic peritonitis

Units Reference range Survivors n Nonsurvivors n P value

Platelets ×109/L or ×103 /�L 177–398 219 (182–251) 15 126 (68–227) 8 0.2
PT % prolonged 0 (0–0) 14 0 (0–9) 11 0.05
aPTT % prolonged 0 (0–0) 15 4 (0–31) 11 0.02
D-dimer nmol/L <1.1 3.40 ± 3.18 11 3.72 ± 2.96 8 0.8

�g/mL <0.2 0.62 ± 0.58 0.68 ± 0.54
Fibrinogen �mol/L 4.32–14.1 27.0 (23.9–31.1) 15 16.7 (8.85–18.7) 11 <0.001

mg/dL 147–479 917 (813–1056) 567 (301–636)
AT % 65–145 53 ± 9 15 32 ± 16 11 <0.001
PC % 75–135 98 ± 24 15 49 ± 26 11 <0.001

Continuous variables are expressed as mean ± SD or median (interquartile range).
PT, prothrombin time; aPTT, activated partial thromboplastin time; AT, antithrombin; PC, protein C.
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Table 3: Preoperative (day 0) thromboelastography parameters
compared between survivors and nonsurvivors among dogs with
naturally occurring septic peritonitis

Reference Survivors Nonsurvivors
range (n = 13) (n = 6) P value

R (min) 5–7 3.8 (2.9–5.3) 4.3 (2.5–5.0) 0.9
K (min) 3–4 1.4 (1.3–1.8) 2.6 (2.0–3.2) 0.03
� angle (◦) 44–56 68 ± 7 56 ± 10 <0.01
MA (mm) 54–61 71 ± 6 55 ± 10 <0.001
CI −3 to 3 4.9 ± 1.1 2.9 ± 1.3 <0.01

Continuous variables are expressed as mean ± SD or median (interquar-
tile range).
MA, maximum amplitude; CI, coagulation index.

Table 4: Receiver operator curve data predicting survival gener-
ated from preoperative (day 0) coagulation parameters, antico-
agulant activities, and thromboelastography parameters among
dogs with naturally occurring septic peritonitis

Cut-off point Sensitivity Specificity AUC P value

PC >60% 0.93 0.82 0.90 0.0006
AT >41.5% 1.0 0.82 0.90 0.0006
Fibrinogen >19.8 �mol/L 0.93 0.82 0.90 0.0006

>672 mg/dL
K <1.85 min 0.77 0.83 0.82 0.03
� angle >65.8◦ 0.77 0.83 0.87 0.01
MA >64.5 mm 0.85 1.0 0.95 0.002
CI >2.05 0.85 0.67 0.80 0.04

AUC, area under curve; AT, antithrombin; PC, protein C; MA, maximum
amplitude; CI, coagulation index.

Preoperative CBC and chemistry profile
There were no clinically relevant or statistically signif-
icant differences between survivors and nonsurvivors
with respect to any of the preoperative CBC and bio-
chemistry profile parameters.

ROC data
Preoperative routine coagulation parameters, including
platelet count, percent prolongation of PT and aPTT, and
D-dimer concentration did not provide predictive value
based on ROCs. In contrast, PC and AT activities, fib-
rinogen concentration, and several TEG parameters (K,
� angle, MA, and CI) were predictive of survival based
on significant area under the curve on ROCs and cut-off
values with high sensitivity and specificity (Table 4). The
R value was the only preoperative TEG value that lacked
predictive value based on ROC analysis.

ROC analysis of the data from day 1 is found in Table 5.
The best predictors of survival were PC activity and the
TEG parameters K, � angle, and MA. The CI was the only
postoperative (day 1) TEG value that lacked predictive
value based on ROC analysis. Postoperative (day 1) rou-
tine coagulation parameters, including platelet count,

Table 5: Receiver operator curve data predicting survival gener-
ated from postoperative (day 1) coagulation parameters, antico-
agulant activities, and thromboelastography parameters among
dogs with naturally occurring septic peritonitis

Cut-off point Sensitivity Specificity AUC P value

PC >49% 0.93 1.0 0.97 0.005
AT >22.5% 1.0 0.75 0.82 0.05
Fibrinogen >18.3 �mol/L 0.67 1.0 0.83 0.05

>622 mg/dL
R <5.15 min 0.8 1.0 0.88 0.02
K < 3.05 min 1.0 1.0 1.0 0.003
� angle >52.4◦ 1.0 1.0 1.0 0.003
MA >57 mm 1.0 1.0 1.0 0.003

AUC, area under curve; AT, antithrombin; PC, protein C; MA, maximum
amplitude.

percent prolongation of PT and aPTT, and D-dimer con-
centration did not provide predictive value based on
ROC analysis.

Serial data
Figures 1 and 2 display serial data for PC and AT activity,
respectively, among both survivors and nonsurvivors.
By day 3, only 2 of the 11 nonsurvivors were still alive,
limiting the ability to analyze serial hemostatic changes.
The proportion of survivors that showed an increase in
PC activity between days 1 and 3 (8/11) was significantly
greater than the proportion that showed an increase be-
tween days 0 and 1 (1/15) (P < 0.001). The day 3 PC
values for survivors were not significantly different than
the day 0 or 1 values; however, day 1 values were signif-
icantly lower than day 0 values (n = 10, P < 0.05). The
proportion of survivors that showed an increase in AT
activity between days 1 and 3 (11/11) was significantly
greater than the proportion that showed an increase be-
tween days 0 and 1 (2/15) (P < 0.001). Day 1 AT activity
among survivors was significantly lower than values for
both days 0 and 3; by day 3 AT activity was significantly
higher than day 0 (P < 0.05). None of the TEG values
(R, K, � angle, MA, or CI), however, were significantly
different over time among the survivors (n = 13 on day
0, n = 16 on day 1, and n = 10 on day 3).

Discussion

Results of this study of dogs with naturally occurring
septic peritonitis highlight the complexity of the hemo-
static imbalance in canine sepsis by documenting ele-
ments of both hypercoagulability and hypocoagulabil-
ity. Several results suggest that the overall hemostatic
profile of nonsurvivors may have been most consistent
with a consumptive, decompensated state. Similar to the
findings by deLaforcade et al,2, 3 PC and AT deficiency
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Figure 1: Serial data for protein C activity among dogs with nat-
urally occurring septic peritonitis. Dot plot of protein C activity
in plasma of survivors (open circles) and nonsurvivors (closed
circles) prior to surgery for septic peritonitis (day 0; n = 15 sur-
vivors, n = 11 nonsurvivors), the day after surgery (day 1; n = 16
survivors, n = 4 nonsurvivors), and 3 days after surgery (day 3;
n = 11 survivors, n = 2 nonsurvivors).

Figure 2: Serial data for antithrombin activity among dogs with
naturally occurring septic peritonitis. Dot plot of antithrombin
activity in plasma of survivors (open circles) and nonsurvivors
(closed circles) prior to surgery for septic peritonitis (day 0; n =
15 survivors, n = 11 nonsurvivors), the day after surgery (day 1;
n = 16 survivors, n = 4 nonsurvivors), and 3 days after surgery
(day 3; n = 11 survivors, n = 2 nonsurvivors).

characterized the hemostatic imbalance of the dogs in
this study, although the anticoagulant deficiencies were
more severe among the nonsurvivors. The hemostatic
profile of the nonsurvivors was also characterized by
loss of procoagulant factors as demonstrated by prolon-
gation of aPTT, although the PT and platelet count were
similar to survivors. The less hypercoagulable throm-

boelastograms among nonsurvivors may reflect a status
of relative hypocoagulability compared to survivors as
has been documented in other patient populations.25–27

In contrast, survivors had hypercoagulable thromboe-
lastograph parameters, were able to maintain activity of
PC, and had less severe depletion of AT activity, suggest-
ing a compensated, procoagulant state. Nonsurvivors ei-
ther failed to generate a compensated, hypercoagulable
state or had progressed to a generalized consumption
of both pro- and anticoagulant factors. The increased
D-dimer concentration among both survivors and non-
survivors may support the latter interpretation that ex-
cessive thrombosis was a component of the hemostatic
imbalance among nonsurvivors at some point in time.

The results of this study confirmed the prognostic sig-
nificance of PC and AT deficiency in naturally occurring
canine sepsis. Unlike previous studies of naturally oc-
curring sepsis in a more heterogeneous population of
dogs,2, 3 results of this study documented a significant
difference among survivors and nonsurvivors in both
PC and AT activities at the first sampling point. These
results and the results of the ROC analysis demonstrate
that PC and AT deficiencies early in septic peritonitis,
as well as postoperatively, were predictive of mortality.
The inconsistency in identifying anticoagulant activities
as an early indicator of outcome in dogs in previous stud-
ies may arise from differences in sample size and patient
heterogeneity.

PC and AT activities showed a similar pattern over
time among survivors, decreasing from days 0 to 1.
The physiologic challenges that anesthesia and surgery
present for these critically ill patients may be partly
responsible for the decline. In a previous study, deLafor-
cade et al3 documented a similar trend in anticoagu-
lant activities among a group of surgical and nonsur-
gical septic dogs. In people, absolute PC activity, rather
than change in PC activity, was correlated with mortality,
whereas both the absolute value and change in activity
of AT were associated with mortality.28 Although there
were insufficient data to analyze a trend for nonsurvivors
over time, day 3 data for survivors show recovery of an-
ticoagulant activities. A similar trend with recovery of
anticoagulant activities among survivors and either lack
of recovery or progressive decline of anticoagulant activ-
ities among nonsurvivors has been documented in septic
people.12, 13

Although the mechanisms for the protective effects of
PC and AT were not investigated in this study, several
possible mechanisms exist. Severe PC and AT deficiency
is associated with the loss of both anticoagulant and anti-
inflammatory activity.29 PC also has cytoprotective ef-
fects, including maintaining the viability of lymphocytes
and endothelial cells, and profibrinolytic effects.30 While
the anticoagulant and profibrinolytic effects of PC are
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mediated by direct enzyme-substrate interactions with
factors Va and VIIa and plasminogen activator inhibitor-
1, respectively, the anti-inflammatory and cytoprotective
effects of PC are mediated by 2 receptors (endothelial
cell PC receptor and protease-activated receptor 1).30

Kerschen et al31 examined the relative importance of the
activities of PC in an experimental model of murine sep-
sis by treating mice with either wild-type activated PC
or a recombinant variant of activated PC with normal re-
ceptor signaling but reduced anticoagulant activity. The
recombinant variant of activated PC increased survival
among mice with peritonitis, suggesting that the anti-
inflammatory and cytoprotective activities of PC are im-
portant mechanisms for its protective effects in sepsis.
The results of other experimental studies of murine peri-
tonitis suggest that loss of the fibrinolytic activity of PC
promotes bacterial growth by allowing bacteria to re-
main sequestered within intra-abdominal fibrin.32, 33

Preoperative fibrinogen concentration had strong pre-
dictive value for outcome among dogs in this study.
Evaluation of fibrinogen concentration in septic peo-
ple has yielded variable results, limiting its prognostic
value.12, 34, 35 The variability of fibrinogen concentration
may be due to the combined roles of fibrinogen in both
hemostatic balance and as an acute phase inflammatory
protein. Fibrinogen concentration was correlated with C
reactive protein in one population of septic people, sug-
gesting that the increase in fibrinogen concentration was
secondary to an acute phase inflammatory reaction.34

The fibrinogen concentration among both survivors and
nonsurvivors in the present study may have been in-
creased at least in part due to an acute inflammatory
response. The increased fibrinogen concentration may
have contributed to the hypercoagulability seen partic-
ularly among the survivors in this study, as has been
documented in septic people.36

TEG has been used to characterize hemostatic dys-
function in dogs with a variety of diseases, but TEG
results have not been previously reported in dogs with
septic peritonitis.18, 19, 25–27, 37–39 Overall, the dogs in this
study had thromboelastograms that were either normal
or hypercoagulable. Unlike PC and AT, however, TEG
values did not trend back toward normal by day 3 among
survivors, suggesting the complexity of the hyperco-
agulable state. Hypercoagulability has also been doc-
umented in septic people.36 In one population of septic
people, TEG documented a delay in clot initiation but
an enhanced rate of clot formation and increased clot
strength once clot initiation had begun. Patients in that
study, such as the dogs in this study, had variable lev-
els of procoagulant and anticoagulant proteins, which
highlights the potential usefulness of TEG in providing
a global interpretation of multiple and often mixed alter-
ations of the individual components of coagulation.34

TEG was sensitive and specific in distinguishing sur-
vivors and nonsurvivors in the population of dogs in
this study. The K, � angle, and MA parameters had
strong predictive value, particularly on day 1 postop-
eratively, each achieving a sensitivity and specificity of
100%. In addition to its potential use as a prognostic in-
dicator, TEG may allow earlier diagnosis and treatment
of hemostatic imbalance, particularly hypercoagulabil-
ity, than routine coagulation tests.18 In conjunction with
assays of specific markers of inflammation, TEG may be
useful in future studies to determine the relative signifi-
cance of the anticoagulant and anti-inflammatory effects
of PC and AT and the fibrinolytic effects of PC.

In addition, the interpretation of the hypercoagu-
lable state may have been influenced by the TEG
methodology, which did not provide a source of contact
activation.40 This study was performed using recalcified
citrated blood with no activating reagent. These condi-
tions require the generation of active factor XII through
the contact pathway to support assembly of coagulation
complexes that ultimately generate thrombin.40 The lack
of a trigger reagent increases the assay sensitivity to ex
vivo variability in contact pathway activation, which has
most pronounced effects on the time-lag until initial fib-
rin formation.40

Routine coagulation tests, including platelet count, PT,
aPTT, and D-dimer concentration, were not useful in dis-
tinguishing survivors and nonsurvivors. Although there
was a difference in aPTT between the two groups, the dif-
ference may not be substantial enough to render aPTT
useful as a prognostic indicator clinically. Evaluation of
the prognostic value of routine coagulation tests in septic
people has yielded inconsistent results. Both PT and D-
dimer concentration were predictive of organ failure and
mortality in one population of septic people, although
a composite coagulopathy score including several vari-
ables was of greater predictive value.28 Other studies
have failed to support the predictive value of D-dimer
concentration, aPTT, and platelet count.13, 14, 28

In this study, the tests of coagulation that had the great-
est predictive value are not as widely available on a clin-
ical basis as the routine coagulation tests. Among these
specialized tests, fibrinogen concentration is the most
readily available since it is offered by large private and
university diagnostic laboratories and is accessible as a
POC analyzer.41 TEG is only available at hospitals with
a TEG analyzer on site because the blood sample must
be processed within 30 min of venipuncture, and assays
for anticoagulant activities in dogs are not yet widely
available on a clinical basis.19 However, studies such as
this one that demonstrate the clinical value of TEG, PC,
and AT may promote the availability of these tests, at
least at tertiary care centers, or the development of POC
tests.
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An assay for the activated form of PC is not available
for dogs. Although diminished activation contributes
to PC deficiency in sepsis, PC deficiency can also re-
sult from consumption, degradation, and inadequate
production.42 Thus, we expect that documenting PC de-
ficiency with the assay used in this study represents a
clinically relevant imbalance in hemostasis.

Methods for evaluating disease severity are not stan-
dardized in veterinary medicine. SIRS criteria are of low
specificity and are of limited clinical value.22, 43 How-
ever, the overall survival rate of 59% in this study is
consistent with reported survival rates, suggesting that
our population is representative of dogs with septic
peritonitis.4–11

There are several limitations to this study. The rela-
tively small sample size of the study limits its statistical
power, particularly for serial data. The particular diffi-
culty in obtaining serial data from nonsurvivors is not
surprising given that death due to septic peritonitis often
occurs in the early postoperative period in dogs.5, 7, 9 In
addition, data were unavailable in some cases for both
survivors and nonsurvivors due to limitations in the
availability of clinical trial staff and laboratory equip-
ment. Applying a statistical correction for multiple com-
parisons reduces type I error but increases type II error
and may not be recommended in all studies in which
multiple comparisons are performed.23, 24 Even if such a
correction had been applied to the data in this study, the
strongest results would remain statistically significant.
As is the case for many veterinary studies, the interpre-
tation of survival as an outcome may be complicated
by the fact that both euthanasia and natural death were
outcomes among the nonsurvivors. Although all dogs in
this study underwent surgical treatment of septic peri-
tonitis, heterogeneity still exists within the population
itself, and there was variability in patient management,
which was at the discretion of the primary clinician. Fi-
nally, it is likely that there were additional factors af-
fecting the prognosis of the study population that were
neither identified nor controlled.

Despite these limitations, the results of this study pro-
vide clear evidence of hemostatic imbalance in dogs
with septic peritonitis. These findings are consistent with
hemostatic imbalance in human septic patients.12–16, 28, 34

As a result, additional clinical studies in dogs with
naturally occurring septic peritonitis may provide a
spontaneous model for investigating novel treatments
in human sepsis, which will also benefit the treat-
ment of dogs. Additional studies of naturally occur-
ring sepsis in dogs are also needed to evaluate the in-
clusion of the coagulation parameters examined in this
study into composite scores to measure disease severity
and determine prognosis, as has been done for septic
people.28, 44
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Footnotes
a Vitros 250 chemistry analyzer, Ortho-Clinical Diagnostics, Johnson &

Johnson, New Brunswick, NJ.
b Cell-Dyn 3200, Abbott Diagnostics, Abbott Park, IL.
c STA-Compact, Diagnostica Stago, Parsippany, NJ.
d STA neoplastine rabbit brain thromboplastin with heparin inhibitor (PT);

STA CK PREST 5 cephalin reagent with kaolin activator (aPTT); STA LI-
ATEST D-DI (D-dimer), Diagnostica Stago.

e SCA-2000 (PT and aPTT), Synbiotics, San Diego, CA.
f TEG Hemostasis Analyzer, Haemoscope Corporation, Niles, IL.
g Stachrom AT III and Stachrom Protein C, Diagnostica Stago.
h Fibrinogen, Diagnostica Stago.
i SigmaPlot 11, Systat Software, Evanston, IL.
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