
Immune-mediated hemolytic anemia (IMHA) in
dogs is a frustrating clinical problem because of high

complication and mortality rates, expense, and the
paucity of standardized immunosuppressive and anti-
coagulant treatment protocols. In some reports,1-4 it is

suggested that severe anemia, absence of erythrocyte
regeneration, autoagglutination, thrombocytopenia,
high serum activity of alkaline phosphatase [ALP],
high serum concentration of total bilirubin (TB), and
low serum concentration of albumin are associated
with poor prognosis for survival. Certain treatments,
such as administration of bovine hemoglobin-based
oxygen carriers (HBOCs) and cyclophosphamide, may
adversely affect survival.5 Although data are available
regarding short-term complication and mortality
rates,1-8 published information3,9 pertaining to long-
term survival in dogs with IMHA is limited.

A variety of immunosuppressive drugs have been
used to treat IMHA in dogs. Although treatment with
glucocorticoid drugs remains the mainstay of manage-
ment of this disease, augmentation of glucocorticoid
monotherapy with other immunosuppressive agents has
been reported to improve acute and long-term control of
the disease.3,9-14 Pharmaceutical agents used in combina-
tion with glucocorticoids include azathioprine,
cyclophosphamide, cyclosporine, mycophenolate
mofetil, leflunomide, danazol, and high-dose human
immunoglobulin. Although results of other retrospective
studies3,9 have suggested that addition of azathioprine to
a treatment protocol is associated with improved patient
response and survival, the long-term outcome has been
determined in only a small number of dogs.

Development of thromboembolism is an impor-
tant complication in dogs with IMHA.4,15,16 Alterations
in coagulability, endothelial integrity, and blood flow
are likely contributing factors. Anticoagulation treat-
ments specifically devised for dogs with IMHA have
not been developed.17 Although long-term administra-
tion of variable doses of aspirin has been used in vet-
erinary patients to reduce the risk of embolic compli-
cations in cardiac and pulmonary disease,18,19 the ther-
apeutic value of aspirin in dogs with IMHA has not
been considered. Results of many clinical studies20-24 in
humans suggest that treatment with aspirin, alone or in
combination with other anticoagulants, reduces the
risk of acute thromboembolism in several disease con-
ditions. 

We hypothesized that ultralow-dose aspirin (0.5
mg/kg/d [0.23 mg/lb/d]) provides effective thrombo-
prophylaxis in dogs with IMHA on the basis of results
of a pilot studya of whole blood platelet impedance
aggregometry in clinically normal dogs that was con-
ducted in our laboratory 15 years ago. In 10 adult dogs
with platelet counts within reference range, aspirin was
administered at a dosage of 0.5 mg/kg orally once daily
for 2 days. A significant reduction in platelet aggrega-
tion was confirmed 24 hours after the last aspirin dose.

JAVMA, Vol 226, No. 11, June 1, 2005 Scientific Reports: Retrospective Study 1869

S
M

A
L

L
A

N
IM

A
L

S

Evaluation of prognostic factors, survival rates,
and treatment protocols for immune-mediated

hemolytic anemia in dogs: 151 cases (1993–2002)

Tristan K. Weinkle, DVM; Sharon A. Center, DVM, DACVIM; John F. Randolph, DVM, DACVIM; 
Karen L. Warner, LVT; Stephen C. Barr, BVSc, PhD, DACVIM; Hollis N. Erb, DVM, PhD

Objective—To evaluate prognostic factors, survival,
and treatment protocols for immune-mediated
hemolytic anemia (IMHA) in dogs.
Design—Retrospective study. 
Animals—151 dogs with IMHA not associated with
underlying infectious or neoplastic disease. 
Procedure—Information recorded from review of med-
ical records included signalment at the time of initial
evaluation; vaccination history; 30-, 60-, and 365-day fol-
low-up outcomes; laboratory data; results of imaging
studies; and necropsy findings. Dogs were grouped
according to the presence of spherocytes, autoaggluti-
nation, a regenerative erythrocyte response, and treat-
ments received (azathioprine, azathioprine plus ultralow-
dose aspirin, azathioprine plus mixed–molecular-weight
heparin [mHEP], or azathioprine plus ultralow-dose
aspirin plus mHEP) for comparisons. All dogs received
glucocorticoids. 
Results—Cocker Spaniels, Miniature Schnauzers,
neutered dogs, and female dogs were overrepresented.
Alterations in certain clinicopathologic variables were
associated with increased mortality rate. Rates of sur-
vival following treatment with azathioprine, azathioprine
plus ultralow-dose aspirin, azathioprine plus mHEP, and
azathioprine plus ultralow-dose aspirin plus mHEP were
74%, 88%, 23%, and 70%, respectively, at hospital dis-
charge; 57%, 82%, 17%, and 67%, respectively, at 30
days; and 45%, 69%, 17%, and 64%, respectively, at 1
year. In comparison, mean survival rates at discharge
and at 30 days and 1 year after evaluation collated from
7 published reviews of canine IMHA were 57%, 58%,
and 34%, respectively. 
Conclusions and Clinical Relevance—Treatment
with a combination of glucocorticoids, azathioprine,
and ultralow-dose aspirin significantly improved short-
and long-term survival in dogs with IMHA. (J Am Vet
Med Assoc 2005;226:1869–1880)
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The study protocol was repeated at the conclusion of
the retrospective study reported here in 11 healthy
adult dogs with whole blood platelet counts within ref-
erence range. Once again, a significant reduction in
platelet aggregation was confirmed 24 hours after the
last aspirin dose. 

The objectives of the study reported here were to
determine historical, physical, and clinicopathologic
features in dogs with this disease and evaluate differ-
ences in outcome among treatment groups. 

Criteria for Selection of Cases
Medical records of the Cornell University Hospital

for Animals from 1993 to 2002 were searched to iden-
tify dogs for which a diagnosis of IMHA had been
made. The search yielded 186 cases. Study inclusion
criteria included PCV ≤ 35% associated with either
positive results of a slide agglutination test, positive
results of a direct Coombs’ test or anti-erythrocyte anti-
body test, or evidence of hemolysis (ie, hyperbiliru-
binemia, hemoglobinemia, or hemoglobinuria) or
spherocytosis. Records were excluded (n = 35) if an
underlying disease process was identified or if results
were positive for serologic tests for ehrlichiosis, borre-
liosis, leptospirosis, or dirofilariasis. 

Procedures
Data collected from medical records at the time of

initial evaluation included body weight; age; sex;
breed; rectal temperature; heart rate; respiratory rate;
date of examination; vaccination history and date rela-
tive to onset of IMHA; treatments; 30-, 60-, and 365-
day follow-up outcomes; necropsy findings; and labo-
ratory data (ie, hematology, coagulation tests, serum
biochemical analyses, urinalysis, and immunologic
tests). Imaging reports (radiographic and ultrasono-
graphic examinations of the thorax and abdomen)
were reviewed for abnormalities consistent with
thromboembolism. 

A control hospital population was derived by review-
ing medical records from 3 representative years (1993,
1997, and 2001) to determine whether the IMHA-affect-
ed dog population was unique in age, sex, or breed asso-
ciation. The season of disease occurrence was defined as
winter (January to March), spring (April to June), sum-
mer (July to September), or fall (October to December).
Treatment information included number and type of
transfusions (ie, whole blood, packed RBCs, fresh frozen
plasma, or HBOCsb), number of IV catheters placed,
immunosuppressive drugs used (ie, glucocorticoids, aza-
thioprine, cyclosporine, cyclophosphamide, vincristine,
leflunomide, IV human immunoglobulin, or danazol),
and anticoagulant treatments (aspirin or mixed–molecu-
lar-weight heparin [mHEP]). Follow-up information was
recorded by review of medical records or contact with the
referring veterinarian or pet owner and included length of
time of survival from initial examination, length of time to
disease relapse, and cause of death. Euthanasia or death
was considered related to IMHA if it occurred during the
initial period of hospitalization (failure to respond to
treatment), if it was associated with complications of
IMHA (development of thromboembolism before or after
discharge from the hospital), or if it occurred as a compli-

cation of treatment (medication adverse effects).
Necropsy reports were reviewed for evidence of a prima-
ry disease process and thromboembolism. 

Hematologic variables evaluated included PCV;
mean corpuscular volume; spherocytosis; autoagglu-
tination; erythrocyte regeneration (ie, a corrected
reticulocyte percentage > 1); counts of mature neu-
trophils, band neutrophils, and platelets; and plasma
color. All blood counts had been determined by use of
automated techniques,c and blood smears had been
manually examined to detect spherocytes. An in-
saline autoagglutination test was performed by dilut-
ing blood with saline (0.9% NaCl) solution to a con-
centration meeting or exceeding a 1:4 dilution; cells
were not repeatedly washed before this assessment.
Reticulocyte percentage was determined from new
methylene blue-stained blood smears examined by
use of oil-immersion light microscopy with the aid of
a Miller disk ocular.d Bone marrow aspirates were per-
formed in dogs with nonregenerative anemia and in
some dogs to exclude lymphoma as an underlying
diagnosis, and these results were recorded.
Coagulation variables recorded included activated
partial thromboplastin time (APTT); prothrombin
time (PT); and plasma concentrations of fibrinogen,
fibrinogen degradation products, and D-dimers. The
coagulation tests were performed by use of commer-
cial kitse-g and end point determination with a fibrom-
eter.h Pertinent serum biochemical analyses included
concentrations of total protein, albumin, potassium,
TB, bicarbonate, and creatinine and activities of ala-
nine aminotransferase (ALT), ALP, and creatine
kinase (CK). Serum biochemical analyses were per-
formed via automated systems.i Urinalysis included
determination of specific gravity and routine dipstick
and sediment evaluations. Recorded immunologic
information included the results of direct Coombs’,
anti-erythrocyte antibody, and antinuclear antibody
(ANA) tests. Direct Coombs’ testing was performed
by use of polyvalent antisera (IgG, IgM, and C3)j with
a rabbit-origin, anti-dog labeling antibody in
microtiter plates at 37oC. Direct immunofluorescent
flow cytometry for detection of RBC surface
immunoglobulins was performed in 3 dogs by use of
goat anti-canine fluorescein isothiocyanate-conjugat-
ed antibodies against IgG (heavy- and light-chain spe-
cific), IgM (µ-chain specific), and IgA (α-chain spe-
cific), as previously described.25 Antinuclear antibody
tests were completed with sections of rat liver that
reacted with serial dilutions of the patient’s sera; after
incubation and duplicate washing with phosphate-
buffered saline solution, fluorescein-labeled rabbit-
origin anti-dog IgGk was applied and incubated. A
positive control, phosphate-buffered saline solution
negative control, and negative serum control were
simultaneously evaluated. Results of an ANA test
were considered positive if the serum titer was ≥ 1:80. 

Statistical analyses—Histograms and box-and-
whisker plots were used to evaluate data distribution.
For most physical and clinicopathologic variables,
nongaussian distributions required application of non-
parametric statistical analyses; these values were

1870 Scientific Reports: Retrospective Study JAVMA, Vol 226, No. 11, June 1, 2005

S
M

A
L

L
A

N
IM

A
L

S

04-06-0300.qxp  5/12/2005  1:31 PM  Page 1870



expressed as median value and range. χ2 Goodness-of-
fit tests or 2 X 2 tables were used to determine differ-
ences between dogs with IMHA and control dogs for
age, sex, and breed distributions; seasonal occurrence
of IMHA; seasonal association with autoagglutination;
and the relationship between autoagglutination and
survival. Descriptive statistics for these relationships
were expressed as mean ± SD. 

Dogs were grouped for evaluation of diagnostic
and treatment variables (spherocytes, agglutination,
regenerative erythroid response, and treatments) ver-
sus disease outcome (survival vs nonsurvival).
Treatments were recorded as the following: azathio-
prine, azathioprine plus ultralow-dose aspirin, azathio-
prine plus mHEP, and azathioprine plus ultralow-dose
aspirin plus mHEP. Survival intervals were expressed as
days after arrival at the hospital. Dogs lost to follow-up
within the discrete intervals of 30 days (n = 11), 60
days (13), and during the full course of the study (17)
were excluded from that and subsequent survival
analyses. Because only 8 dogs had not received aza-
thioprine and only 4 of these survived beyond hospital
discharge, response of these dogs was not considered
beyond their contribution to the overall survival of all
study dogs with IMHA.

Significant differences between groups (survival vs
nonsurvival, spherocytes vs no spherocytes, autoagglu-
tination vs no autoagglutination, regenerative anemia
vs nonregenerative anemia, azathioprine plus ultralow-
dose aspirin vs azathioprine, azathioprine plus mHEP
vs azathioprine, azathioprine plus ultralow-dose
aspirin plus mHEP vs azathioprine, azathioprine plus
ultralow-dose aspirin vs azathioprine plus mHEP, aza-
thioprine plus ultralow-dose aspirin vs azathioprine
plus ultralow-dose aspirin plus mHEP, and azathio-
prine plus ultralow-dose aspirin plus mHEP vs aza-
thioprine plus mHEP) in clinicopathologic features or
survival at each interval were tested by use of the
Wilcoxon signed rank test. An association between
death and the number of IV catheter placements was
evaluated by use of the Wilcoxon rank sum test.
Kaplan-Meier survival curves were used to depict dif-
ferences in survival of dogs grouped according to cer-
tain clinicopathologic variables and treatments. Cutoff
values for the hematologic and biochemical variables
examined (band neutrophil count ≥ 3,000 cells/µL;
platelet count < 150,000 platelets/µL; serum concen-
trations of TB > 1.5 mg/dL; albumin < 3.0 g/dL; potas-
sium < 3.5 mEq/L; and serum activities of CK > 250
U/L, and ALT twice the upper limit of the reference
range) were determined after review of descriptive sta-
tistics for survival category at the time of hospital dis-
charge. Significant differences were determined by use
of the Gehan-Wilcoxon test (weighting early survival
more heavily than later survival) and the log-rank test
(weighting all deaths equally irrespective of time of
death). Comparison of survival rates with survival data
reported in other retrospective studies1-3,5-7,9 of IMHA in
dogs was accomplished by use of goodness-of-fit tests
(2 X 2 tables). Retrospective studies selected for com-
parison met the following criteria: the report was pub-
lished in a peer-reviewed journal, the study dogs were
derived from a single clinical facility, case number

exceeded 10, and there were clearly defined survival
outcome analyses (eg, days of follow-up, death loss, or
loss to follow-up unambiguously defined) and selec-
tion criteria for inclusion in the study. Survival out-
comes from those studies were divided into 3 cate-
gories (survival to time of hospital discharge [n = 177
dogs],3,5,6 survival at 30 days [201],1-3,7,9 and survival at
365 days [83]3,9) for comparison with outcomes in the
present study. For calculation of survival rates in the
present study, dogs lost to follow-up at each time inter-
val were excluded from that and subsequent survival
analyses; similar adjustments could not consistently be
determined for the other studies. A 2-tailed P test was
used for nonparametric analyses; a value of P < 0.05
was considered significant for all comparisons. All sta-
tistical analyses were performed by use of data-analysis
software.l 

Results
Although the age of dogs with IMHA (mean ± SD,

6.6 ± 2.9 years) was similar to that (6.4 ± 3.9 years) of
the control dogs, the distribution of age within the
IMHA population was significantly (P = 0.008) differ-
ent. Compared with control dogs, significantly fewer
dogs with IMHA were younger than 2 years of age and
more dogs were 6 years of age. A significantly greater
proportion of neutered male and female dogs (129/151
[85%]; P = 0.006), neutered and sexually intact female
dogs (96/151 [64%]; P = 0.02), and neutered female
dogs (86/151 [57%]; P = 0.001) had IMHA, compared
with corresponding control dogs (10,038/13,266
[76%], 6,814/13,266 [51%], and 5,492/13,266 [41%],
respectively). A significantly lower proportion of sexu-
ally intact male dogs (12/151 dogs [8%]; P = 0.03) was
in the affected group, compared with the control group
(1,907/13,266 [14%]). The Cocker Spaniel breed was
overrepresented among affected dogs, compared with
control dogs (32/151 [21%] vs 534/13,266 [4%]; P <
0.001). Although the Cocker Spaniel breed had a
predilection for IMHA in this study, the Kaplan-Meier
survival curves for those dogs versus all affected dogs
were identical up to 1,200 days. Among other breeds
with ≥ 4 dogs represented (Labrador Retriever [n = 7],
Rottweiler [6], Miniature Schnauzer [6], and Shih Tzu
[4]), only the Miniature Schnauzer breed was signifi-
cantly overrepresented, compared with the control
group (6/151 [4%] vs 127/13,266 dogs [1%], respec-
tively; P < 0.001). Significantly (P = 0.04) fewer cases
were detected during the fall (29/151), compared with
the spring (44/151), and significantly (P = 0.02) more
cases were detected during the warm months (April
through September; 86/151 [57%]), compared with the
cold months (October through March; 65/151 [43%]).
The frequency of a positive autoagglutination test was
not significantly (P = 0.1) different between dogs
detected with IMHA during warm versus cold months.
A vaccination history was available for 76 of 151 (50%)
dogs with IMHA. Twenty-two percent (17/76) of those
dogs had been vaccinated in the 30 days preceding
evaluation, whereas 30% (23/76) had been vaccinated
in the preceding 60 days. The vaccination history
could not be determined for all of the control dogs, and
type of immunization given to some dogs with IMHA
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could not be obtained from the medical record, via
querying the client, or via communication with the
referring veterinarian. Most dogs with IMHA received
treatment with doxycycline during the initial period of
hospitalization, while results of serologic examinations
for agents of tick-borne diseases were pending.

Transfusions (ie, whole blood, packed RBCs,
fresh frozen plasma, or HBOCs) were provided to 106
of 151 (70%) dogs, 80% of which received 1 or 2
transfusions (range, 1 to 8). Twenty-one percent of
transfused dogs received HBOCs. Glucocorticoids
were given to all dogs within hours of evaluation;
orally administered prednisone was the most com-
monly prescribed treatment (> 98% of dogs). Ninety-
five percent (143/151) of study dogs also received
orally administered azathioprine within 24 hours of
the diagnosis of IMHA; a loading dose of 1.4 to 2.2
mg/kg/d (0.6 to 1.0 mg/lb/d) was given for 4 to 7
days, followed by long-term administration every
other day. Other immunosuppressive agents adminis-
tered to dogs included cyclosporine A (7/151 dogs),
cyclophosphamide (7/151), vincristine (3/151), dana-
zol (2/151), leflunomide (1/151), and IV human
immunoglobulin (1/151). Ultralow-dose aspirin (0.5
mg/kg/d) was given orally to 106 of 151 (70%) dogs
within the first 24 hours of diagnosis of IMHA. All
dogs that received aspirin were administered this
ultralow-dose. Mixed–molecular-weight heparin (75
to 125 U/kg [34 to 57 U/lb], SC, q 6 to 8 h) was given
to 41 of 151 (27%) dogs during the initial week of
hospitalization and only while hospitalized; treat-
ment was tapered and discontinued before discharge
from the hospital. Treatment groups included dogs
that received azathioprine (n = 27), azathioprine plus
ultralow-dose aspirin (76), azathioprine plus mHEP
(13), and azathioprine plus ultralow-dose aspirin
plus mHEP (27). 

Median length of hospitalization for all dogs with
IMHA was 6 days (range, 1 to 19). Dogs that survived
to discharge had a significantly (P < 0.001) longer peri-
od of hospitalization (median, 6 days), compared with
dogs that were euthanatized or died (median, 4 days).
The number of IV catheter placements per hospital
stay was not significantly associated with death (P =
0.67). There were no significant differences in median

pulse rate, rectal temperature, or body weight between
dogs with IMHA that survived to the time of hospital
discharge and those that died or were euthanatized.
However, dogs with IMHA that survived to be dis-
charged from the hospital were significantly (P = 0.05)
younger (median age, 6 years) and less tachypneic
(median respiratory rate, 40 breaths/min) than dogs
that died or were euthanatized (median age, 8 years;
median respiratory rate, 60 breaths/min). 

Median PCV of dogs with IMHA at the time of ini-
tial examination was 15% (range, 4% to 35%). There
was no association between degree of anemia and mor-
tality rate. However, dogs that survived to hospital dis-
charge had significantly lower mature and band neu-
trophil counts; higher platelet count; shorter APTT and
PT; higher serum concentrations of total protein, albu-
min, potassium, and bicarbonate; lower serum concen-
trations of TB; and lower serum activities of ALT and
CK, compared with dogs that died or were euthanatized
(Tables 1 and 2). 

Spherocytosis was detected in 134 of 151 (89%),
autoagglutination in 118 of 151 (78%), and a regen-
erative erythroid response in 107 of 151 (71%) dogs.
The result of a direct Coombs’ test was positive in 58
of 75 (77%) dogs tested (dogs with overt autoaggluti-
nation were not tested); a small number of dogs (n =
10) had nonspherocytic, nonagglutinating, Coombs’-
positive IMHA. The ANA titer was ≥ 1:80 in 39 of 101
(39%) tested dogs. Cytologic analysis of a bone mar-
row aspirate revealed nonregenerative marrow or
ineffective erythropoiesis in 23 of 45 dogs that under-
went the procedure. There were significant differ-
ences in median values of physical features and cer-
tain laboratory test results between dogs with sphero-
cytes, autoagglutination, or a regenerative erythroid
response and dogs that lacked those hematologic
changes at the time of initial examination (Table 3).
Dogs with spherocytes and autoagglutination had sig-
nificantly lower PCV, higher band neutrophil count,
longer APTT, lower serum potassium concentration,
higher serum TB concentration, and higher serum
activity of CK, compared with dogs without these
changes (P ≤ 0.05). 

Differences among treatment groups in median
values of physical features and clinicopathologic vari-
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Neut Band Platelet Fibrinogen D-dimer
Survived or died PCV (%) MCV (fL) (XX 103/µµL) (XX 103/µµL) (XX 103/µµL) APTT (s) PT (s) (mg/dL) (ng/mL)

Survived (n =114)
No. tested 114 114 114 114 114 85 85 75 23
Median 16 74 19.8 1.1 200 15 7 577 500–1,000

(range) (7–35) (31–126) (3.4–83.9) (0–23.5) (4–1,200) (10–25) (5–21) (160–1,938) (� 250 – � 1,000)

Died (37)
No. tested 37 37 37 37 37 30 30 25 11
Median 15 78 24.6 3.5 110 19 12 612 500–1,000

(range) (4–32) (63–105) (4.5–71.7) (0.1–13) (4–338) (10–41) (6–26) (52–1,399) (� 250–1,000)
P values 0.46 0.08 0.02 � 0.001 � 0.001 � 0.001 0.02 0.81 0.54
Reference interval* 42–57 63–74 3.4–9.7 0–0.3 179–483 12–21 5–8 105–510 � 250

*Reference interval established at the College of Veterinary Medicine, Cornell University, Ithaca, NY. 
MCV = Mean corpuscular volume. Neut = Neutrophil concentration. Band = Band neutrophil concentration.  APTT = Activated partial throm-

boplastin time. PT = Prothrombin time. 

Table 1—Laboratory variables in dogs with immune-mediated hemolytic anemia (IMHA) that died (or were euthanatized) or survived
to the time of discharge from the hospital.
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ables (Tables 1 and 2) at the time of initial hospital-
ization that might indicate a selection bias favoring
survival were determined (Table 4). Significant dif-
ferences in serum concentrations of potassium, TB,
and bicarbonate between dogs that received azathio-
prine and those that received azathioprine plus
ultralow-dose aspirin should have predicted reduced
survival in the latter group. However, the only feature
associated with improved survival in dogs that
received azathioprine plus ultralow-dose aspirin ver-
sus dogs that received azathioprine was younger age.
Thus, 1 variable was associated with survival
(younger age), and 3 variables were associated with
nonsurvival (serum concentrations of potassium, TB,
and bicarbonate), a finding that suggests there was no
selection bias favoring survival for dogs that received
ultralow-dose aspirin. However, dogs that received
azathioprine plus mHEP had significantly different
laboratory results (higher band neutrophil count,
lower platelet count, longer APTT and PT, and high-
er serum TB concentration), compared with dogs that
received azathioprine plus ultralow-dose aspirin.
Those laboratory results were consistent with failure
to survive (Tables 1 and 2). Similarly, dogs that
received azathioprine plus ultralow-dose aspirin plus
mHEP also had laboratory results (higher band neu-
trophil count, longer APTT, and higher TB concen-

tration) consistent with nonsurvival, compared with
dogs that received azathioprine plus ultralow-dose
aspirin. Collectively, these observations suggest that
dogs that received mHEP had a consumptive coagu-
lopathy that could have confounded their survival
and that also may have contributed to an mHEP treat-
ment selection bias favoring nonsurvival. 

Overall, 114 of 151 (76%) dogs with IMHA were
discharged, 23 of 151 (15%) were euthanatized, and 14
of 151 (9%) died during the initial period of hospital-
ization. Within 60 days of initial hospitalization and
diagnosis of IMHA, an additional 15 dogs died (12
from IMHA-related causes and 3 from unrelated caus-
es) and 13 dogs were lost to follow-up. If the best-case
scenario was assumed (ie, that all dogs lost to follow-
up or that died from unrelated causes would have lived
to 60 days), the 60-day survival rate would have been
68% (102/151). However, a more reasonable 60-day
survival rate (86/138 [62%]) was determined by elimi-
nating the 13 dogs lost to follow-up from the study
population and considering that dogs dying (regardless
of cause) succumbed to IMHA. Necropsy evaluations
performed on 9 of the 37 dogs that died or were eutha-
natized during initial hospitalization revealed evidence
of thromboembolism in each; lesions were detected in
the spleen (6/9 dogs), lungs (5/9), kidneys (4/9), heart
(2/9) and lymph nodes (2/9).

JAVMA, Vol 226, No. 11, June 1, 2005 Scientific Reports: Retrospective Study 1873

S
M

A
L

L
A

N
IM

A
L

S

TP Albumin K TB ALT ALP CK HCO3
– Creatinine

Survived or died (g/dL) (g/dL) (mEq/L) (mg/dL) (U/L) (U/L) (U/L) (mEq/L) (mg/dL)

Survived (n = 114)
No. tested 113 113 113 113 113 113 101 108 113
Median 6.3 3.3 3.8 0.9 42 212 183 18 0.5

(range) (4.5–8.2) (1.6–5.3) (2.4–5.9) (0–50.2) (6–1,863) (34–7,910) (36–4,574) (8–26) (0.1–2.5)

Died (37)
No. tested 37 37 37 37 37 37 37 35 37
Median 5.8 2.9 3.2 3.6 104 234 352 15 0.5

(range) (3.5–7.8) (1.5–5.3) (2.2–6.3) (0.2–79.2) (8–2,625) (28–1,242) (77–13,728) (7–29) (0.1–2.1)
P values � 0.001 0.02 � 0.001 � 0.001 0.002 0.97 0.008 0.05 0.52
Reference interval* 5.6–7.1 3.1–4.1 3.9–5.3 0.1–0.2 25–106 12–122 58–241 15–25 0.5–1.3

TP = Total protein. K = Potassium. TB = Total bilirubin. ALT= Alanine aminotransferase.  ALP= Alkaline phosphatase. CK = Creatine kinase.
HCO3

– = Bicarbonate.
See Table 1 for remainder of key.

Table 2—Laboratory variables in dogs with IMHA that died or survived to the time of discharge from the hospital.

RR PCV MCV Neut Band Platelet APTT Fibrinogen K TB CK HCO3
–

Variable group (/min) n (%) n (fL) n (XX 103/µµL) n (X 103/µµL) n (XX 103/µµL) n (s) n (mg/dL) n (mEq/L) n (mg/dL) n (U/L) n (mEq/L) n

Spherocytes — 15† 134 76† 134 — 1.85† 134 — 16* 104 617* 90 3.5* 133 1.1† 133 216* 122 —
(n = 134)

No sphero — 24 17 70 17 — 0.2 17 — 14 11 298 10 4 17 0.4 17 128 17 —
cytes (17)

Autoagglutin- 44* 118 15* 118 — 23.4† 118 1.95† 118 200* 118 16* 89 — 3.5* 117 1.3* 117 221* 107 16* 111
ation (118)

No autoagglu- 36 33 19 33 — 15.8 33 0.3 33 240 33 15 26 — 4.1 33 0.4 33 144 31 18 32
tination (33)

Regenerative — — 78† 107 23.5* 107 1.9* 107 — — — — — — —
anemia (107)

Nonregenerative  — — 70 44 17.3 44 0.7 44 — — — — — — — 
anemia (44)

— = No significant (P � 0.05) difference. *P � 0.05. †P � 0.001. 
n = Number of dogs tested. RR = Respiratory rate. 
See Tables 1 and 2 for remainder of key.

Table 3—Differences in median values of physical features and laboratory test results at the time of initial diagnosis in dogs with IMHA
grouped according to certain hematologic findings.
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Significant differences were detected in median
values of physical features and laboratory test results in
dogs with IMHA grouped by certain hematologic fea-
tures or treatments between survivors and nonsur-
vivors at 60 days after initial hospitalization and diag-
nosis of IMHA (Table 5). Factors significantly associ-
ated with survival included younger age; slower respi-
ratory rate; lower mature and band neutrophil counts;
higher platelet count; shorter APTT; higher serum con-
centrations of total protein, albumin, and potassium;
lower serum concentration of TB; and lower serum
activities of ALT and CK. These significant differences
were also identified in dogs that survived to initial dis-
charge from the hospital (Tables 1 and 2). Thus, fea-
tures distinguishing acute and 60-day survival were
similar. However, the prognostic importance of finding
significant differences in APTT, total protein, and ALT
between groups was questionable because median val-
ues for those variables remained within reference
ranges. 

Autoagglutination was significantly (P = 0.001)
more common in dogs that died or were euthanatized
during initial hospitalization, compared with dogs that
survived to discharge (36/37 [97%] vs 82/114 [72%]).
However, in dogs that survived to 60 days, autoagglu-
tination was not significantly associated with mortality
rate; 45 of 52 (87%) dogs that died had positive results
of an autoagglutination test, compared with 63 of 86
(73%) dogs that survived (P = 0.07). Dogs with serum
TB concentration > 1.5 mg/dL had reduced survival
(Kaplan-Meier survival analysis), compared with those
with lower concentrations (P < 0.001). Other clinico-
pathologic variables significantly associated with
reduced survival included band neutrophil count 
≥ 3,000 cells/µL (P ≤ 0.001), platelet count < 150,000
platelets/µL (P < 0.001), serum albumin concentration
< 3.0 g/dL (P = 0.02), serum potassium concentration
< 3.5 mEq/L (P = 0.003), and serum activity of CK 

> 250 U/L (P = 0.03). A relationship between reduced
short-term survival and transfusion was detected by
use of the Gehan-Wilcoxon test (P = 0.05; early events
weighted more heavily), but the log-rank assessment
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Figure 1—Kaplan-Meier survival curve for 151 dogs with
immune-mediated hemolytic anemia (IMHA). 

Figure 2—Kaplan-Meier survival curves for dogs with IMHA that
were treated with glucocorticoids (all dogs) and azathioprine
(AZA), aspirin (ASP), or mixed–molecular-weight heparin (mHEP)
in various combinations. 

Age PCV MCV Band Platelet APTT PT Fibrinogen K TB HCO3
-–

Treatment group (y) n (%) n (fL) n (X 103/µµL) n (X 103/µµL) n (s) n (s) n (mg/dL) n (mEq/L) n (mg/dL) n (mEq/L) n

AZA + aspirin (76) 6* 76 15* 76 — — — — — 579* 43 3.5* 75 0.9* 76 17* 73
AZA (27) 7 27 7 27 — — — — — 358 18 4.1 27 0.5 27 19 25

AZA + mHEP (13) — 13* 13 79* 13 — — 17* 13 15.5† 13 — 3.2* 13 4.3* 13 —
AZA (27) — 20 27 71 27 — — 15 21 7 21 — 4.1 27 0.5 27 —

AZA + aspirin — — — — 200† 27 — — — — — —
+ mHEP (27)

AZA (27) — — — — 108 27 — — — — — —

AZA + aspirin (76) — — — 1.2* 76 200† 76 15* 76 7† 76 — — 0.9* 75 —
AZA + mHEP (13) — — — 3.5 13 66 13 17 13 15.5 13 — — 4.3 13 —

AZA + aspirin (76) — — — 1.2* 76 — 15* 76 — — — 0.9† 75 —
AZA + aspirin + — — — 2.3 27 — 16 27 — — — 2.9 27 —

mHEP (27)

AZA + aspirin + — — — — 200† 27 — — — — —
mHEP (27)

AZA + mHEP (13) — — — — 66 13 — — — — — —

AZA = Azathioprine.  mHEP = Mixed–molecular-weight heparin. 
See Tables 1–3 for remainder of key. 

Table 4—Differences in median values of physical features and laboratory test results at the time of initial diagnosis in dogs with IMHA
grouped according to treatments. 
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(P = 0.08) did not detect a difference. Transfusion with
HBOCs was not negatively associated with survival (P
= 0.08). Survival rates in dogs with and without a
regenerative erythroid response at the time of initial
examination were not significantly different at the time
of initial discharge from the hospital or at 30 and 60
days after discharge (76% vs 75%, 70% vs 62%, and
64% vs 60%, respectively; P > 0.2). There was no dif-
ference in overall survival rate between dogs with and

without autoagglutination (P = 0.09); between dogs
with nonspherocytic nonagglutinating IMHA and dogs
with spherocytic agglutinating IMHA (P = 0.65);
between dogs with relapsing IMHA during treatment
titration and dogs with acute IMHA (P = 0.28);
between dogs with regenerative anemia and those
without regeneration (P = 0.31); between dogs with
serum ALT activity twice the upper limit of the refer-
ence range and dogs with ALT activity within the ref-
erence range (P = 0.06); or between Cocker Spaniels
and other breeds (P = 0.52). 

Median survival time was 455 days (range, 2 to
2,980 days) for 134 dogs that remained after exclusion
of 17 dogs for which long-term (> 60 days) follow-up
information was unavailable. The Kaplan-Meier sur-
vival plot indicated a death event because of IMHA or
any cause (Figure 1). Dogs that survived > 60 days
(long-term survivors; n = 82) had a median survival
time of 984 days (range, 63 to 2,980 days), whereas
dogs that died within 60 days had a median survival of
26 days (range, 2 to 52 days). Among long-term sur-
vivors, medications were tapered and then discontin-
ued for 46 of 82 (56%) dogs; drug dosages were
reduced but not discontinued for 36 of 82 (44%).
Relapse of IMHA developed in 12 of 82 (15%) dogs
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Figure 3—Kaplan-Meier survival curves for dogs with IMHA dur-
ing the initial 30 days after diagnosis. See Figure 2 for key. 

Table 5—Differences in median values of physical features and laboratory test results in dogs with IMHA grouped according to cer-
tain hematologic findings or treatments that survived or did not survive to 60 days after initial diagnosis.

Variable or Age Temp RR Neut Band Platelet APTT TP Alb K TB ALT CK
treatment group (y) (°F) (/min) (XX 103/µµL) (XX 103/µµL) (XX 103/µµL) (s) n (g/dL) (g/dL) (mEq/L) n (mg/dL) n (U/L) (U/L) n

Overall
Survival (n = 86) 6* — 40* 19.8* 1.1* 200* 15† 63 6.3† 3.3* 3.7† 0.8† 37† 164* 74
Nonsurvival (52) 7 — 49 23.8 3.2 130 17 42 6.0 3.1 3.4 2.7 103 270 52

Spherocytes
Survival  (74) 6* — 40* 20.2* 1.3* 200* 15* 55 6.3† 3.3* 3.6† 0.9† 36* 183* 63
Nonsurvival (49) 8 — 48 24.0 3.3 128 17 39 6.0 3.0 3.3 3.2 97 280 49

No spherocytes
Survival  (12) — — — — — — — — — — — 54* —
Nonsurvival  (3) — — — — — — — — — — — 396 —

Autoagglutination
Survival  (63) 6* — 40* 20.2* 1.6* 200* 15* 45 6.3† 3.3* 3.6* 0.9† 35† 193* 53
Nonsurvival  (45) 7 — 55 24.6 3.3 127 18 36 6.0 3.0 3.3 3.2 101 352 45

No autoagglutination
Survival (23) — — — — — — — — — — — — —
Nonsurvival (7) — — — — — — — — — — — — —

Regenerative anemia
Survival (61) 6* — — 20.5* 1.5* — 15* 47 6.5* — 3.6* 0.8† 38* 183* 52
Nonsurvival  (35) 8 — — 28.5 3.5 — 17 27 6.0 — 3.4 2.3 90 259 35

Nonregenerative anemia
Survival (25) — 101.8* — — 0.5* 215* 16* 16 6.0* — 3.8* 0.6* — 118* 22
Nonsurvival (17) — 103 — — 2.0 100 19 15 5.9 — 3.3 4.3 — 339 17

AZA
Survival (11) — — — — 0.2* 237* — — 3.7* — — — —
Nonsurvival (11) — — — — 2 17 — — 2.9 — — — —

AZA + aspirin 
Survival  (50) 6* — — — — — — — — 3.6† 49 0.7† 49 — 160* 41
Nonsurvival (18) 7.5 — — — — — — — — 3.1 2.6 — 317 

AZA + mHEP 
Survival (2) — — — — — — — — — 4.6* 0.4* — —
Nonsurvival (10) — — — — — — — — — 3.7 9.8 — —

AZA + aspirin + mHEP
Survival (17) — — — — — — — — — — — — —
Nonsurvival (10) — — — — — — — — — — — — —

Unless otherwise specified, dogs tested = group n.
See Tables 1-4 for key.
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subsequent to reducing or discontinuing immunosup-
pressive treatment. 

Compared with dogs treated with azathioprine,
dogs treated with azathioprine plus ultralow-dose
aspirin had significantly (P < 0.001) greater survival
rates despite having clinicopathologic features that
suggested nonsurvival, whereas dogs treated with aza-
thioprine plus mHEP had a significantly (P = 0.001)
lower survival rate (Figures 2 and 3; Table 5). A
reduced survival rate in dogs treated with azathioprine
plus mHEP could be explained by the severity of dis-
ease. However, dogs treated with azathioprine plus
ultralow-dose aspirin plus mHEP (a group not distin-
guishable from the azathioprine plus mHEP treatment
group by physical features or results of laboratory tests,
except for lower median platelet count in the latter
group) had significantly (P = 0.001) better survival
rates than dogs that received azathioprine plus mHEP.
Thus, our observations support that a survival advan-
tage was bestowed by aspirin.

In this study, survival rates for all dogs and treat-
ments combined (Figure 4) equaled or exceeded those
reported in previous reviews of IMHA in which treat-
ment protocols that did not include aspirin were
administered. The only treatment group with a survival
rate at time of discharge from the hospital that signifi-
cantly (P = 0.007) exceeded rates reported in past stud-
ies3,5,6 was the group of dogs that received azathioprine
plus ultralow-dose aspirin. Dogs treated with azathio-
prine plus ultralow-dose aspirin also had a significant-
ly (P = 0.007) greater 30-day survival rate than was
reported in previous studies.1-3,7,9 Dogs treated with aza-
thioprine and mHEP had significantly (each P = 0.02)
lower survival rates at both the time of hospital dis-
charge and at 30 days, compared with survival rates in
other studies. Survival at 365 days was significantly (P
< 0.007) better in all dogs treated with azathioprine

plus ultralow-dose aspirin (including dogs that also
received mHEP), compared with previous reports.3,9

Treatment with azathioprine without ultralow-dose
aspirin had no apparent survival advantage at the time
of hospital discharge, 30 days, or 365 days, compared
with collated results for similar time intervals from
prior reports (P > 0.05). The finding that azathioprine
combined with ultralow-dose aspirin, with or without
mHEP, significantly improves chronic survival further
suggests that aspirin imparts a beneficial therapeutic
effect in dogs with IMHA.

Discussion
The ages of dogs with IMHA in this study were

similar to those reported in previous studies,2,8,9 indi-
cating a predisposition for the disease in adults.
Sexually intact female dogs and all neutered dogs were
overrepresented in the affected group, compared with
the control hospital population. Although previous
studies3,7 have also revealed a predisposition for IMHA
in female dogs, the association between sex and risk for
the disease remains unclear. The overrepresentation of
female dogs and neutered dogs of either sex may indi-
cate that androgens are protective. Similar to findings
in previous reports,1,3,4,7,9 the Cocker Spaniel breed was
overrepresented in the present study. Although
Miniature Schnauzer dogs were also overrepresented in
the present study, other breed predilections for IMHA
were not substantiated. Our study did not reveal a sig-
nificant difference in mortality rate or survival time
between Cocker Spaniels and other breeds with IMHA,
corroborating the findings in a previous study.9 

Prior to data analysis, we had a clinical impression
that IMHA in dogs was more common during cold
months, possibly because of changes in microvascular
autoagglutination and appendicular hypothermia.
However, we found a higher frequency of IMHA during
warm months (April through September) in this north-
eastern region of the United States, an observation that
may reflect an increase in the number of owners sched-
uling visits for routine health care, including vaccina-
tions, during warmer months. However, this speculat-
ed relationship could not be adequately investigated
because of incomplete vaccination records in affected
dogs. Although results of a previous study2 suggest a
causal relationship between vaccination and develop-
ment of IMHA, other investigations have not detected
this association.4,9 In our study, 30% of dogs with IMHA
had been vaccinated within 60 days of initial diagnosis.
The incomplete vaccination data for the control group
prevented a thorough investigation of an association
between vaccination and IMHA. 

Results of previous studies1-4 indicate that certain
clinicopathologic variables (ie, high serum TB concen-
tration, high serum ALP activity, low platelet count, low
PCV, autoagglutination, and lack of a regenerative ery-
throid response) were associated with a poor prognosis
in dogs with IMHA. The present study revealed that
dogs that died had more severe thrombocytopenia and
hyperbilirubinemia than dogs that survived, but did not
detect an association between severity of anemia, serum
ALP activity, or absence of a regenerative erythroid
response and mortality rate. Thrombocytopenia can

1876 Scientific Reports: Retrospective Study JAVMA, Vol 226, No. 11, June 1, 2005

S
M

A
L

L
A

N
IM

A
L

S

Figure 4—Percentage survival in dogs of this report with IMHA,
compared with percentage survival in prior reports.1-3,5-7,,9 Dogs
were grouped according to survival at time of hospital discharge
(solid bars), at 30 days after admission (shaded bars), or at 1 year
after admission (open bars); dogs were also grouped according
to treatment with all combinations of drugs (all treatments),
AZA, AZA plus mHep, AZA plus mHep plus ASP, or AZA plus
ASP. *Significant (P = 0.007) difference from dogs in prior
reports. †Significant (P = 0.02) difference from dogs in the AZA
group, the AZA plus ASP group, and prior reports. ‡Significant (P
< 0.02) difference from dogs in the AZA plus ASP group.
§Significant (P = 0.02) difference from dogs in the AZA plus ASP
plus mHEP group. See Figure 2 for key.
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develop in dogs with IMHA because of consumptive
coagulopathy resulting from disseminated intravascular
coagulation, concurrent immune-mediated platelet
destruction, splenic sequestration of thrombocytes, or
failure of platelet production (immune-mediated or
chemotherapeutic toxicosis). Although severe hyper-
bilirubinemia (serum concentration > 5 mg/dL) was
associated with a poor prognosis in previous studies,1,4

results of the present study indicated an association
between hyperbilirubinemia and mortality rate at lower
serum TB concentrations (ie, TB > 1.5 mg/dL; reference
range, < 0.3 mg/dL). Most dogs that died had jaundice,
whereas 50% of surviving dogs did not. This serum
concentration is the concentration above which hyper-
bilirubinemia is manifested clinically as jaundice.
Hyperbilirubinemia associated with IMHA may result
from hemolytic or hepatobiliary causes (eg, impairment
of bilirubin uptake by hepatocytes, cytosolic transport,
storage, conjugation, or canalicular egress). Alterations
in hepatobiliary mechanisms causing hyperbilirubine-
mia in dogs that succumb to IMHA include hepatocel-
lular necrosis secondary to hypoxia, thromboembolism,
ischemia, or hepatic hemoglobinemic endothelial dam-
age.16 An inconsistent association between histologic
liver lesions at necropsy and magnitude of hyperbiliru-
binemia has been reported.16 Increased concentrations
of serum TB and free hemoglobin may complicate sys-
temic responses in IMHA via proinflammatory effects.26

There was a wide overlap of clinicopathologic val-
ues between survivors and nonsurvivors. Dogs that
died had a higher median neutrophil count, lower
median concentrations of albumin and potassium, and
a higher median serum CK activity. However, none of
these tests provided a cutoff value for predicting out-
come. An association between hypoalbuminemia and
thromboembolism has been reported previously.4

Because a wide variety of circumstances can lead to
hypoalbuminemia (eg, a negative acute-phase response
with downregulation of albumin synthesis in coordina-
tion with upregulation of inflammatory cytokines, fail-
ure of liver synthesis, proteinuria, enteric protein loss,
vascular leakage, or hemorrhagic loss), multiple factors
have the potential to reduce serum albumin concentra-
tions in dogs with IMHA.27-30 Although an association
between hypokalemia (serum potassium concentration
< 3.5 mEq/L) and an increased rate of mortality has not
been reported, the association between critical illness
and hypokalemia is not novel.31 Hypokalemia promotes
vascular constriction and may increase the risk for vas-
cular and thromboembolic complications.32,33 The high-
er median serum CK activity in dogs with IMHA that
died may reflect the combined influences of hypoxia,
recumbency, altered cell membrane permeability, and
muscle injury secondary to impaired perfusion; throm-
boembolic complications (including embolic myopa-
thy); repeated IV catheter placement (thrombosed
catheters); and SC or IM administered medications.34

Although IMHA is typically characterized by a regen-
erative marrow response that is accompanied by
mature and band neutrophilia, an association between
mortality and the severity of leukocytosis and left shift
has recently been reported.16 This finding may reflect
ischemic or hypoxic tissue necrosis accompanying

severe anemia. The results of the study reported here
also indicated an association between mortality rate
and band neutrophilia (≥ 3,000 cells/µL) in dogs with
IMHA. 

Erythroid regenerative response is an unreliable
predictor of survival in canine IMHA. One retrospec-
tive study1 that evaluated IMHA with peripheral ery-
throcyte destruction reported a lower survival rate in
dogs that lacked a vigorous regenerative response dur-
ing initial hospitalization, but this association was not
substantiated in a study of dogs with marrow-mediated
IMHA.35  In the present study, although 29% of dogs
had nonregenerative anemia at the time of evaluation,
neither short- nor long-term survival rates differed
from the survival rate in dogs with a regenerative ery-
throid response. Therefore, grouping patients on the
basis of erythroid regeneration at the time of initial
evaluation is inappropriate because the lack of ery-
throid regeneration could be attributable to insufficient
time to mount a reticulocyte response, bone marrow-
targeted erythroid destruction, or an undetected infec-
tious disorder (eg, Ehrlichia canis infection). Whether
dogs with IMHA were referred to our hospital earlier in
the course of disease than were dogs in other studies
cannot be determined. We believe it is unlikely that an
underlying infectious disorder caused impaired ery-
throid regeneration in dogs in our study because med-
ical records were reviewed for evidence of concurrent
disease. However, because most dogs were treated with
doxycycline while results of serodiagnostic tests were
pending, an underlying doxycycline-responsive infec-
tious disorder cannot be ruled out in some dogs. Dogs
in the present study lived in the northeastern section of
the United States, where anemia-causing infectious dis-
orders are uncommon. 

Autoagglutination has been variably associated
with reduced survival rate in dogs with IMHA.2,5 In the
study reported here, a significant association between
autoagglutination and acute, but not long-term, mor-
tality rate was detected. This may have resulted from
resolution of autoagglutination over time as immuno-
targeting of erythrocytes abated in response to treat-
ment with azathioprine. 

Spherocytosis was detected on a blood smear in
89% of the affected dogs in this study. Compared with
dogs that lacked this finding, dogs with spherocytosis
had clinicopathologic results consistent with severe
disease, but these dogs did not have significantly
reduced survival rates. Our data also suggest that non-
spherocytic, nonagglutinating IMHA is rare in dogs as
it is in humans.36  Dogs (n = 10) with this form of dis-
ease had positive results of direct Coombs’ tests and
did not differ in survival, compared with dogs that had
autoagglutination or spherocytosis.

Seventy percent (106/151) of dogs were treated via
transfusion; 21% of these received HBOCs. A positive
association between transfusion with blood, plasma, or
HBOCs and a higher acute mortality rate (from the time
of initial treatment to hospital discharge) may reflect
the severity of disease in dogs that received these treat-
ments, compared with dogs that did not receive trans-
fusion therapy. However, transfusion with blood or
HBOCs did not have a negative long-term survival
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effect. The positive long-term outcome in dogs that
received HBOCs contradicts findings reported in a pre-
vious study5 in which HBOC administration was associ-
ated with a poor prognosis. Our findings indicate that
successful clinical management of dogs with IMHA
commonly involves transfusion of blood components
or HBOCs. Although most clinicians preferentially used
blood (fresh whole blood or packed RBCs) to provide
oxygen-carrying capacity for dogs with clinical signs of
anemia, HBOCs were used regularly and repeatedly in
patients for which compatible blood products were
unavailable or that had severe hemolysis.

A variety of immunosuppressive protocols are
used in the management of IMHA in veterinary medi-
cine. Unfortunately, small data sets, lack of uniform
treatment strategies, and limited long-term follow-up
information have restricted the ability of veterinarians
to make conclusions regarding treatment efficacy.
Considering all treatments and all dogs in the present
study, survival rates matched or exceeded those report-
ed in previous studies.1-3,5-7,9 Although some dogs
(18/151 [12%]) received additional immunomodulato-
ry drugs, treatment with glucocorticoids, azathioprine,
and ultralow-dose aspirin was the most common man-
agement protocol (76/151 [50%]). In our study, admin-
istration of azathioprine alone did not increase sur-
vival, compared with results of previous studies that
reported management of the disease with immunosup-
pressive agents (but not aspirin). However, the combi-
nation of ultralow-dose aspirin with azathioprine sig-
nificantly increased survival, whether mHEP was
included in the treatment protocol (27/151 [18%]) or
not (76/151 [50%]). 

Azathioprine, a purine-analogue antimetabolite,
preferentially affects T cells and has minimal short-
term effects on immunoglobulin production.37,38

Although the drug’s purported onset of action is con-
troversial, evidence suggests that it influences lympho-
cyte blastogenesis in as early as 7 days.39,40 Azathioprine
is commonly combined with glucocorticoids to take
advantage of the rapid steroid-mediated immunomod-
ulation during the acute stages of an immune-mediat-
ed disorder. Administering the drugs in combination is
thought to achieve a rapid clinical response and allow
for lower drug dosages and longer administration
intervals with fewer adverse effects. Reported adverse
effects of azathioprine, including pancreatitis,
cholestatic hepatopathy, myelosuppression, vomiting,
anorexia, and diarrhea, are encountered infrequently
and were not reported in the dogs of this study.11,41 

In the present study, there was a relapse in clinical
disease in 15% of dogs that survived beyond 60 days.
During this time interval, treatments had either been
discontinued or were on a tapering course. Relapse was
as likely to occur while on a tapering course of med-
ication as after treatment was discontinued. Our results
indicate that most dogs treated with glucocorticoids,
azathioprine, and ultralow-dose aspirin that survived 
> 60 days did not have disease relapse. 

All necropsy examinations in dogs that died or were
euthanatized while hospitalized revealed thromboem-
bolic lesions, similar to observations in previous stud-
ies.15,16,42 Because the spleen was the most common site of

embolization, ultrasonographic assessment of splenic
vasculature may prove useful in assessing patients for
this complication. Predisposing factors for thromboem-
bolism include venous stasis, endothelial injury, and
hypercoagulability, all of which may be exacerbated by
cage confinement, recumbency, and the process of plac-
ing and securing (by bandaging) IV catheters. Vascular
injury in dogs with IMHA occurs secondary to the
release of inflammatory mediators as a result of RBC
destruction, hyperbilirubinemia, and hypoxia and can
potentiate the tendency for clot formation initiated by
autoagglutinating erythrocytes and the release of RBC
stromal elements upon hemolysis. These factors man-
date thromboprophylaxis in dogs with IMHA. 

Consistent with our findings, a poor response to
prophylactic administration of heparin as an
antithrombotic strategy in the treatment of canine
IMHA was recently reported.9 Optimal titration to
effect of mHEP administration necessitates serial mon-
itoring with coagulation tests (APTT or anti-Xa activi-
ty) to verify patient response and optimize treatment
safety. The dose of mHEP used in this study (75 to 125
U/kg, SC, q 6 h) was conservative and may not have
achieved an optimal anticoagulant response.
Conservative dosing was used because adverse effects
of mHEP impose unacceptable complications, includ-
ing hemorrhage, thrombocytopenia, and thrombotic
purpura, in humans.43,44 Because the dogs that received
mHEP had more markers of severe clinical disease, it is
possible that treatment bias influenced their survival
outcome. However, the finding that survival rate
improved when aspirin was combined with mHEP in a
group of dogs that were not significantly different in
physical features or laboratory test results (except for
higher platelet count) from those given azathioprine
plus mHEP suggests that aspirin imparted a survival
benefit even in the most severely affected patients.

Because an ideal prophylactic anticoagulant for
dogs with IMHA has yet to be identified, we initiated a
long-term treatment protocol that included ultralow-
dose aspirin on the basis of our pilot study investiga-
tions. Furthermore, in humans, there is clear indication
that low-dose aspirin administration reduces morbidity
and mortality rates associated with thromboembolic
disease.20, 23,24 Depending on dose, aspirin can substan-
tially influence multiple organs by inhibiting cyclooxy-
genase-dependent systems, which reduces eicosanoid
production. High aspirin doses should be avoided
because these can lead to detrimental enteric, renal, and
hepatic effects, along with impaired platelet aggregation
and hemorrhagic diathesis. Titrated low-dose aspirin
administration can minimize iatrogenic complications
while retaining a modulatory influence on platelet
aggregation that inhibits clot formation. Because aspirin
has a dose-dependent inhibitory effect on prostacyclin
activity in various cells, careful dose titration is neces-
sary to preserve beneficial vasodilatory and thrombo-
protective effects.22,45 Applying these dosing principles,
ultralow-dose aspirin offers greater potential for reduc-
ing risk for thrombosis, compared with higher dose
aspirin administration.45,46

Although the data reported here circumstantially
suggest that ultralow-dose aspirin has an antithrom-
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botic effect in dogs with IMHA, we did not specifically
test platelets in these patients. Aspirin is a useful
antithrombotic agent because a single dose can impair
platelet response for approximately 1 week (the life
span of the platelet). Even very low doses of aspirin
cause irreversible acetylation of the platelet cyclooxy-
genase active site.45 In humans, the influence of
ultralow-dose aspirin on platelet aggregation varies
among individuals.45 Nevertheless, it has been report-
ed47 that even dosages at the low end of the ultralow-
dose regimen for aspirin in humans inhibit arachido-
nate-induced coronary vasoconstriction in canine
myocardium (an effect unmeasurable by use of con-
ventional techniques). 

Adverse effects of ultralow-dose aspirin adminis-
tration were not evident in our study despite concur-
rent treatment with immunosuppressive doses of glu-
cocorticosteroids. The absence of adverse effects sug-
gested similarity to the dose-dependent enteric toxici-
ty of aspirin in humans. Avoidance of adverse effects is
easily accomplished in humans with doses as low as
0.5 mg/kg/d used for antithrombotic effects.22,45

a. Pilot study of platelet impedance aggregometry; data available
from authors on request.

b. Oxyglobin, Biopure Corp, Cambridge, Mass.
c. Coulter S+ IV electronic counter, Coulter Electronics, Hialeah,

Fla.
d. Spectra Services, Rochester, NY. 
e. Simplastin Excel, Organon Teknika Corp, Durham, NC.
f. General Diagnostic Automated apt, Organon Teknika Corp,

Durham, NC. 
g. Dade fibrinogen determination reagents for mechanical instru-

ments, Dade International Inc, Miami, Fla. 
h. Fibrometer, Becton, Dickinson & Co, Franklin Lakes, NJ. 
i. Hitachi 911, Boehringer, Mannheim, Germany (Indianapolis,

Ind). 
j. Canine anti-globulin (Coombs’) reagent, ICN Biomedicals Inc,

Aurora, Ohio. 
k. Rabbit anti-dog IgG (H & L) FITC conjugated, ICN Biomedicals

Inc, Aurora, Ohio. 
l. Statistix 7, version 7.0, Analytical Software, Tallahassee, Fla.
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Objectives—To determine associations among infectious pathogens and diarrheal disease in dogs in
an animal shelter and demonstrate the use of geographic information systems (GISs) for tracking spa-
tial distributions of diarrheal disease within shelters.
Sample Population—Feces from 120 dogs.
Procedure—Fresh fecal specimens were screened for bacteria and bacterial toxins via bacteriologic
culture and ELISA, parvovirus via ELISA, canine coronavirus via nested polymerase chain reaction assay,
protozoal cysts and oocysts via a direct fluorescent antibody technique, and parasite ova and larvae via
microscopic examination of direct wet mounts and zinc sulfate centrifugation flotation.
Results—Salmonella enterica and Brachyspira spp were not common, whereas other pathogens such
as canine coronavirus and Helicobacter spp were common among the dogs that were surveyed. Only
intestinal parasites and Campylobacter jejuni infection were significant risk factors for diarrhea by uni-
variate odds ratio analysis. Giardia lamblia was significantly underestimated by fecal flotation, com-
pared with a direct fluorescent antibody technique. Spatial analysis of case specimens by use of GIS
indicated that diarrhea was widespread throughout the entire shelter, and spatial statistical analysis
revealed no evidence of spatial clustering of case specimens.
Conclusions and Clinical Relevance—This study provided an epidemiologic overview of diarrhea
and interacting diarrhea-associated pathogens in a densely housed, highly predisposed shelter popula-
tion of dogs. Several of the approaches used in this study, such as use of a spatial representation of case
specimens and considering multiple etiologies simultaneously, were novel and illustrate an integrated
approach to epidemiologic investigations in shelter populations. (Am J Vet Res 2005;66:1018–1024)
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