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Prognostic Factors for Mortality and Thromboembolism in Canine
Immune-Mediated Hemolytic Anemia: A Retrospective
Study of 72 Dogs

Anthony P. Carr, David L. Panciera, and Linda Kidd

Medical records of 72 dogs diagnosed with immune-mediated hemolytic anemia (IMHA) were reviewed to find risk factors for
the disease, for mortality, and for thromboembolism. Coagulation data of 32 patients were evaluated for mortality or thrombo-
embolism risk factors. Cocker Spaniels were at increased risk for IMPIA(.012). Timing of vaccination was not associated
with development of IMHA. PCV ranged from 5 to 33%, with a mean of16%. Autoagglutination was present in 42% of the
dogs. Platelet counts (& 60) varied from 3,000 to 793,000L (mean, 160,117 133,571; median, 144,000). Thrombocytopenia
(platelet count<<200,000/.L) was present in 70% of the dogs, with severe thrombocytopenia (platelet cob®)00{L) being
present in 22%. One-step prothrombin time (OSPT) was prolonged in 28% of the dogs tested, and activated partial thromboplastin
time (APTT) was prolonged in 47% of the dogs tested. Fibrin(ogen) degradation products (FDPs) were detected in 16 of 28 dogs
tested (57%). Disseminated intravascular coagulation (DIC) was diagnosed in 10 of 31 (32%) dogs and was suspected in 8 dogs.
Thromboemboli were found in 20 of 25 dogs given postmortem examinations. Mortality rate was 58%. Thrombocy®penia (
.008) and serum bilirubin concentration 86 mg/dL (P = .015) were risk factors for mortality, and hypoalbuminemia approached
significance P = .053). Severe thrombocytopeni® & .046), serum bilirubin concentration ¢f5 mg/dL P = .038), and
hypoalbuminemiaR = .016) were risk factors for thromboembolism. On evaluation of continuous data, decreased platelet count
(P = .057), increased bilirubinR = .062), and decreased albumip & .054) approached significance for decreased survival. A
higher risk for thrombosis was found with increased alkaline phosphatase (AIEKR).042), increased bilirubinR = .047), and
decreased albumirP(= .012).
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iagnosis of immune-mediated hemolytic anemiacommonly in dogs with IMHA, and thrombi also can be
(IMHA) is based on identifying the combination of found in other organ3.The etiology of thromboembolism
immune-mediated red blood cell (RBC) targeting (sphero-in IMHA remains unclear. The primary factors involved in
cytes, autoagglutination, and positive direct Coombs’ testthe pathogenesis of thrombosis, as defined by Virchow’s
with anemia and signs of hemolysis (hyperbilirubinemia, triad, are as follows: changes in blood flow, in the balance
bilirubinuria, hemoglobinemia, or hemoglobinuria). IMHA of procoagulatory and anticoagulatory substances in the
can occur secondary to a variety of conditions, includingblood, and in vessel walls. Multiple hemostatic abnormal-
systemic lupus erythematosus, neoplasia, and blood pargies have been reported in dogs with IMHA. The meaning
sites, as well as administration of certain drugs. The mapf these abnormalities with regard to outcome or throm-
jority of patients are considered idiopathic. boembolism was not determinéd.
IMHA continues to be a therapeutic challenge in small  The purpose of this study was to provide additional in-
animal practice. Immunoglobulin or complement coating offormation about prognostic and risk factors for IMHA and
RBCs leads to lysis or phagocytosis. Mortality up to 70% i .ompoembolism in dogs. Vaccination data also were as-

has been reported and often is associated with thrombQseggeq to determine whether a temporal relationship existed
embolllsml. A number of retrospective studies ha"‘? attempt-poiyeen the development of IMHA and recent vaccination.
ed to identify prognostic and risk factors associated with

IMHA.-¢ Gender- and breed-related increased risk for
IMHA has been documented in these studies. Icterus also
seems to be an important risk factor for mortality in most
studies.

Pulmonary thromboembolism (PTE) has been identified

Materials and Methods
Selection of Patients

Medical records of the University of Wisconsin Veterinary Medicine
Teaching Hospital from 1987 to 1995 were searched for cases of
IMHA. A total of 112 cases diagnosed as IMHA were reviewed. In-
clusionary criteria for IMHA included anemia (PC¥,34%) and one
of the following: persistent autoagglutination, positive direct antiglob-
ulin test (Coombs’ test with immunoglobulin G or M [IgG or IgM] or
complement [C3]), or regenerative anemia (reticulocyte60,000/

L) with moderate to marked spherocyto%is addition, evidence of
hemolysis (hyperbilirubinemia, bilirubinuria, hemoglobinemia, hemo-
globinuria, or spherocytosis) had to be present. Cases were excluded
if an underlying disease process was recognized or if the inclusionary
criteria were not met. Specific reasons for elimination from further
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evaluation included the presence of neoplasia=(r), incomplete
records (n= 5), dirofilariasis (n= 1), and failure to fulfill study
criteria with the data available (& 27). To provide a control popu-

lation for vaccine data, the numeric medical records before and after

the case number of the IMHA patients were evaluated.
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Data Analysis

The gender and breed of affected dogs were compared to all dogs
without IMHA in the hospital population during the same period. In-
formation on the University of Wisconsin-Madison canine hospital
population was obtained from the Veterinary Medical Data Base atNumber of 10
Purdue University. The data gathered on dogs with IMHA, using val- Patients g
ues obtained at initial presentation, included age, vaccination status, 6
PCV, presence of autoagglutination, direct Coombs’ test result, platelet
count, white blood cell (WBC) count, segmented neutrophil count,
band neutrophil count, alanine aminotransferase (ALT) activity, alka-
line phosphatase (ALKP) activity, 'albl.Jmm concentratlgn, b|||rub|n 0 12 3 " 6 7 8 5 1 112
concentration, one-step prothrombin time (OSPT), activated partial i L
thromboplastin time (APTT), and fibrin(ogen) degradation products Time from vaccination
(FDPs). The number of transfusions (whole blood or packed red cellskig 1. Time from vaccination (months) to onset of immune-mediated
given also was evaluated to determine whether a relationship to suthemolytic anemia (IMHA) and time from vaccination to presentation
vival or development of thrombosis was present. If the patient hadin the control group. The last group includes dogs that were vaccinated
been treated with corticosteroids for 48 hours before presentation, val=12 months agoR = .79).
ues for ALT and ALKP activity were excluded from evaluation. If a
transfusion had been given before presentation, hemostasis values
were excluded from evaluation. The diagnosis of disseminated intra-
vascular coagulation (DIC) was suspected if 2 of the following were Results

present: thrombocytopenia<@00,0004L), FDPs >10 pg/mL, and S : :
. 4 eventy-two dogs were included in the study, and 28
I t f th lation test PT APTT) ..
prolongation of one or both coagulation tests (OSPT and )dlfferent breeds were represented. The affected dogs rep-

>25% of the control value. If all 3 criteria for DIC were met, it was d % of the h ital . . lati
considered a definite diagnosis. Death or euthanasia was considerégseme 0.35% of the hospital's canine patient population.

related to IMHA if it occurred during the initial hospitalization or after Only Cocker Spaniels were overrepresented when com-
discharge if it was associated with IMHA or a complication thereof Pared to the general hospital population=r9; P = .012).
(eg, failure to control disease and death resulting after sudden onsésender distribution was 15% (& 11) female, 54% (=
of dyspnea). Postmortem examination results were reviewed in 25 an39) female neutered, 11% male ¢ 8), and 19% male
imals. neutered (n= 14). In relation to the hospital population,
females were markedly overrepresented«.011) in com-
Laboratory Methods parison to males, spayed females were markedly overrep-
Values for WBC count, RBC count, and RBC indices were deter-"€Sented in comparison to intact femal& < .01), neu-
mined by an electronic cell countePlatelet counts were determined tered animals were markedly overrepresented in compari-
by standard manual methotlseukocyte differential counts and RBC ~Son to intact animalsR( < .001), and castrated males were
morphology were determined by standard techniques. Autoagglutinaeverrepresented in comparison to intact males but not sig-
tion was considered present when microscopic agglutination persistedificantly (P = _057), Age ranged from 1 to 13 years with
after dilution with saline solution. The direct Coombs’ test was per- 3 mean of 6.8+ 3.1 years.
formed with a polyvalent canine antiglobulin (IgG, IgM, or CHerial Vaccination data were available for 52 of the dogs with
2-fold dilutions were made with a 30-minute incubation period 4€37 MHA. In the vaccine control group, 33 dogs could be eval-

and at room temperature. FDPs were assayed with a latex agglutination
kit¢ and were reported as:10, 10—40, or>40 pg/mL. OSPT and uated, but the rest of the records were excluded because

APTT were assayed with either a fibrometer an automated centrit- €Y Pelonged to other species or vaccine data were not
ugal analyzet.Serum chemistries were determined by standard tech-2Vailable. Four dogs in the control group had not been vac-
niquess cinated. Comparison of time from vaccination to onset of
IMHA and time from vaccination to presentation in the
Statistical Analysis control group failed to show a significant difference in the

Pearson’sy? test or the Fisher exact test was used to determine thediStribUtions when the 4 unvaccinated dogs were included
— 1o L
association of mortality and confirmed thromboembolism with the fol- In the =12-month postvaccination group ¢ .79) or when

lowing factors: autoagglutination, Coombs’ test status, severe throm-they were left out of the statistical analys® ¢ .74) (Fig

bocytopenia £50,000{1L), thrombocytopenia €200,000/.L), pro- . . . .
longed OSPT, prolonged APTT, prolongation of both OSPT and APTT, Anemia was present in all dogs, with PCV ranging from
presence of FDPs, presence of confirmed or suspected DIC, admini$ to 33% (mean, 16 5%). Spherocytes were seen in 94%
tration of transfusions, bilirubin>5 mg/dL, and hypoalbuminemia of the patients (n= 68; 14 mild, 24 moderate, and 30
(<2.7 g/dL). The Studentstest was used when continuous data were marked). Autoagglutination was present in 42% of the dogs
analy;ed_(eg, relationship between mortality and thrpmboembolic(n = 30). Table 1 gives the data on selected CBC param-
complications to PCV, WBC count, segmented neutrophil count, bandgters for the patient population. Thrombocytopenia (platelet
neutrophil count, platelet count, ALT activity, ALKP activity, bilirubin count, <200,0004L) was present in 70% of the dogs (42
concentration, and albumin concentration). Time from vaccination toof 60’) Witl’,l severe thrombocytopenia (platelet count
onset of IMHA was compared to time from vaccination to presentation ! . ’
<50,000{.L) present in 22% of the dogs (13 of 60). The

in the vaccine control group by the Kolmogorov-Smirnov test. A rank , . .
correlation coefficient was used to determine if there was an associadlrect Coombs’ test was positive in 33 of 43 patients tested

tion between ALKP activity and bilirubin concentration. Statistical sig- (77%0). Serum chemistry results (Table 2) were evaluated

nificance was considered presentat .05, and a trend toward sig- for the majority of the patients.
nificance was considered presentPat= .10 to .05. Hemostatic values were determined in 32 dogs. OSPT
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Table 1. Selected CBC parameters in patient population.

No. Mean = Standard

Parameter Patients Reference Range Deviation Median Range
White blood

cell count 70 5,000-17,000L 30,560+ 15,969{1L 27,400/.L 7,700-67,80Q4L
Segmented

neutrophils 70 3,000-12,0Q0L 23,594 = 12,804{.L 21,5204.L 4,774-53,5623(L
Band

neutrophils 70 0-30QL 2,107 = 2,590f1L 1,3514uL 0-14,525LL
Platelet count 60 200,000-500,0p0/ 160,117+ 133,571/LL 144,000{.L 3,000-793,00Q/L

was prolonged in 28% of the dogs (9 of 32). APTT was concentration® = .012) were markedly associated with a
prolonged in 47% of the dogs (15 of 32). All dogs with higher risk for thrombosis. A correlation between bilirubin
prolonged OSPT also had prolonged APTT. FDPs were deeoncentration and ALKP activity also was found to be sig-
tected in 16 of 28 dogs tested (57%), with 6 dogs havingnificant (P = .002).
concentrations of 10—-4Q.g/dL and 10 having concentra-
tions of >40 pg/dL. On the basis of the diagnostic criteria Discussion
listed above, DIC was suspected in 18 of 31 (58%) dogs
with sufficient data collected to allow a diagnosis to be Breed and gender predisposition may exist for IMHA.
made. In 10 of these dogs, all 3 criteria were consistenPoodles} Cocker Spaniel$#8° Irish Setters, English
with a definitive diagnosis of DIC. Transfusions were given Springer Spaniels? and Collies have been identified to be
to 40 dogs (55%); only 1 dog received a transfusion beforeat higher risk for IMHA. In our study, only Cocker Spaniels
presentation. Twenty-four dogs received only 1 transfusionyere overrepresented. Generally, females are considered to
12 received 2 transfusions, and 4 received 3 transfusionsbe at higher risk for IMHA than mal€g:* Neutering has
Mortality rate for the 72 dogs was 58% (42 of 72). Nine- been considered a potentially predisposing factor. Although
teen dogs died, and 23 were euthanized. Postmortem expayed females were reported to have a statistically higher
aminations were performed on 25 dogs. Thromboembolchance of developing IMHA than intact females, this pre-
were found in 20 (80%) of the dogs given postmortem ex-disposition was no longer evident when the population
aminations. Thromboemboli were located in the lungs (9),characteristics were corrected for d§@®ur data were not
heart (6), liver (4), spleen (8), kidney (8), and pituitary corrected for age differences in neutering status.
gland (2). In 10 dogs, emboli were found in multiple or- A close association between vaccination and onset of
gans. IMHA was found in one report with 25% of the dogs with
Statistically significant factors associated with mortality IMHA having been vaccinated within 1 month of onset of
were thrombocytopeniaP( = .008) and serum bilirubin the diseaseéThat report also showed that animals with vac-
concentration of>5 mg/dL (P = .015), and hypoalbumin- cine-associated IMHA tended to respond more poorly to
emia approached significance & .053). Statistically sig- treatment than dogs not having been recently vaccinated.
nificant factors associated with increased risk for throm-An association between vaccination and IMHA was not
boembolism included severe thrombocytopefia=(.046), identified in our study. Approximately 10% of affected
serum bilirubin concentration 05 mg/dL (P = .038), and  dogs in our study had been vaccinated within 1 month of
hypoalbuminemia ¥ = .016). Evaluation of continuous presentation for IMHA. In other reports, between 2 and 4%
data revealed that decreased platelet coBnt(.057), in-  of the patients had been vaccinated within 2 weeks of de-
creased bilirubin concentratio® (= .062), and decreased veloping IMHA >4 Given our data and that of previous stud-
albumin concentrationR = .054) approached significance ies, the association between vaccination and IMHA remains
with regard to decreased survival. With regard to throm-unproven.
bosis, increased ALKP activityP(= .042), increased bili- In the present study, low serum albumin concentrations
rubin concentration { = .047), and decreased albumin were associated with a markedly greater risk of thrombo-

Table 2. Chemistry values in patient population.

No. Mean + Standard
Assay Patients Reference Range Deviation Median Range
Alanine 55 0-79 U/L 200+ 556 44 U/L 3-3,335 U/L
transferase u/L
Alkaline 56 0-166 U/L 361+ 579 168 IU/L 14-3,875 IU/L
phosphatase IU/L
Albumin 62 2.5-4.0 28+ 05 2.8 mg/dL 1.6-4.4
mg/dL mg/dL mg/dL
Bilirubin 62 0.0-0.6 8.2+ 17.6 1.4 mg/dL 0.1-54.6
mg/dL mg/dL mg/dL
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embolism, and they approached statistical significance witlstudy, unlike the patients in our study. Bilirubin concentra-
regard to mortality. Hypoalbuminemia may be a result oftion and ALKP activity were significantly correlated, and
the acute phase reaction, and lower albumin concentrationacreased ALKP activity could have occurred as a conse-
may signify greater severity of disea$dmpaired hepatic quence of the same factors that caused icterus.
function may lead to decreased production of albumin. The majority of dogs in our study were transfused during
Many of the patients in our study had severe thrombocy+treatment for IMHA. A high number of transfusions has
topenia, and albumin loss could have occurred througtbeen associated with greater risk of pulmonary thrombo-
hemorrhage. All of these factors would be consistent withembolism in dogs with IMHA. This relationship was not
hypoalbuminemia being an indicator of more serious dis-evident in our study, and other studies also have failed to
ease. Although hypoalbuminemia is predictive of poor out-show a correlation between transfusions and decreased sur-
come in ill humans, independent of the underlying causeyival.*® The use of transfusions in immunohemolytic dis-
it is unknown whether it has a specific pathophysiologicease has been a source of controversy. Generally, patients
role? Instead, it may be a reflection of general health. Theexhibiting signs of acute fulminant hemolysis or progres-
nature of the association between thromboembolism andive severe anemia should be considered for transfdsion.
hypoalbuminemia is uncertain. Increased platelet reactivityThe frequency of adverse hemolytic reactions after trans-
to adenosine diphosphate in vitro has been identified in hyfusion in humans with IMHA is low?
poalbuminemic nephrotic dogdThese abnormalities were  Thrombocytopenia was seen in the majority of the pa-
corrected by the addition of albumin to the platelets. Othettients in our study, and it was often severe. In IMHA, the
studies suggest that hyperaggregability in nephrotic syndecrease in platelet count could result from increased con-
drome is multifactorial and not just a result of decreasedsumption because of DIC, increased loss through hemor-
albumin concentratioff.* rhage, or increased destruction by immune-mediated mech-
Icterus occurs commonly in dogs with IMHA. Icterus anisms. The presence of concurrent IMHA and immune-
occurs because hepatic bilirubin clearance is reduced in henediated thrombocytopenia (ITP), termed “Evans’ syn-
molytic disease, and bilirubin turnover is increasedh drome,” was suspected in 12% of the dogs in a previous
some animals with fulminant hemolysis, the rate of biliru- study? The combination of IMHA and ITP has been shown
bin production is increased in comparison to animals withto be associated with a poorer outcome than either ITP or
liver disease, but in the majority of animals, its production IMHA alone* Unfortunately, in the patient population of
is similar to that observed in patients with liver dise&se. our study, the majority of dogs with severe thrombocyto-
In severe anemia, hypoxia can induce severe centrizonglenia did not have hemostatic testing performed, and it is
hepatic necrosis, which results in impaired liver function. difficult to determine if consumptive coagulopathy contrib-
Hyperbilirubinemia (serum bilirubin concentratiors; 10 uted to the decline in platelet count. Thrombocytopenia was
mg/dL) previously has been identified as a risk factor forassociated with increased mortality, and severe thrombo-
mortality and thromboembolism in IMHA3# Results of  cytopenia was associated with increased risk of thrombosis
our study are in agreement with these findings. A bilirubinin the patient population of our study. The explanation for
concentration of>5 mg/dL at admission was associated these findings is speculative. Antiphospholipid antibodies
with markedly increased mortality and risk of thrombo- (APA) are found in a large number of humans with idio-
embolism. The continuous data evaluation also indicategbathic IMHA.*® In a study of women with systemic lupus
significance with regard to hyperbilirubinemia and throm- erythematosus, concentrations of APA were compared be-
boembolism and approached significance with regard to hytween patients with and without hemolytic anerfi&ligh
perbilirubinemia and mortality. The increased mortality APA concentrations were more common in patients with
with hyperbilirubinemia has been attributed to an increasedMHA, and thrombocytopenia also was more common in
rate of hemolysis and therefore the presence of severthis group. Whereas 63.7% of the patients with IMHA and
IMHA. 34 In addition, hyperbilirubinemia could be associ- thrombocytopenia had high APA titers, none of the patients
ated with concurrent hepatic disedskcreased bilirubin ~ with thrombocytopenia but without hemolysis had high
concentrations might be associated with more severe IgMAPA titers. The association between APA and thrombosis
and complement-associated disease, leading to more fuin humans is well documenté&®l.Concurrent hemolysis,
minant intravascular hemolysis and increased intravasculaghrombosis, and lupus anticoagulant (an APA) have been
liberation of procoagulant RBC membrarfesn additional  reported in a dog: Unfortunately, testing for APA in vet-
pathologic mechanism may be the generation of thrombi irerinary medicine is not routine, and it is unknown whether
the liver. In our study, 16% of the dogs given postmortemAPA played a role in the patients in our study.
examinations had evidence of intrahepatic thrombosis, and Abnormal hemostasis was present in the majority of dogs
all of the affected dogs were icteric. tested. DIC was suspected in 58% and confirmed in 32%
The association between thromboembolism and highof the patients in our study that had adequate hemostasis
ALKP activity found in this study has not been documentedtesting performed to allow evaluation for DIC. In previous
previously. Dogs that had been pretreated with corticostestudies, 15%to 19% of affected dogs were suspected to
roids for >48 hours were excluded from evaluation of liver have DIC. The presence of DIC (suspected or confirmed)
enzyme activities in the present study because of the conwvas, however, not a risk factor for thrombosis or mortality
founding effects of these medications. High ALKP activity in the patients of our study. The pathogenesis of DIC in
has been identified as a risk factor for increased mortalityMHA may be multifactorial. Liberation of RBC stroma
in dogs with IMHA? Patients pre-treated with corticoste- may be one trigger for DIC during hemoly$fsAdminis-
roids apparently were not excluded from this previoustration of autologous hemolyzed erythrocytes to dogs led
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to a hypercoagulable state and intravascular coagul&ion.death3® Thromboembolism was a common finding in the
Tissue factor production and release by leukocytes are inpatients of our study and in those of other studies asivell.
duced in vitro when erythrocytes are sensitized with allo-Treatments to prevent thrombosis should be prospectively
antibodies* Tissue factor is considered to have a centralexamined, and efforts should be made to identify the reason
role in procoagulatory states such as BiCree hemoglo- or reasons for the hypercoagulable state seen in IMHA,
bin itself is not procoagulatory, but in combination with which otherwise is rare in dogs. DIC seems to be common
other substances, it may be a trigger for DIC. Purified freein IMHA, and treatment modalities for DIC should be eval-
hemoglobin does not induce increased production of tissueated with regard to mortality and thrombosis. Euthanasia
factor by cultured endothelial cells unless endotoxin is add4is a confounding factor in mortality studies in dogs, and it
ed to the hemoglobiff. Production of tumor necrosis factor would be useful to determine what factors lead clients to
increased markedly more when mice were infused with freghe decision of euthanasia.
hemoglobin before endotoxin challenge than when they
were given lipopolysaccharide alofieéwith this model, it
was also shown that hemoglobin inf_usion lipopolysaccha- Footnotes
ride challenge leads to markedly higher mortaiityHe-
moglobin has also been show to enhance the binding ofCoulter S770 electronic cell counter, Beckman Coulter, Fullerton, CA
endotoxin to human endothelial cells with a resultant in-"Unopette methods, Becton-Dickinson, Rutherford, NJ _
crease in tissue factor expressi®iGiven the ischemia in- ¢ Canine antiglobulin (Coombs’ test), ICN Immunobiologicals, Lisle,
duced by the. SEvere anemia In some a”'“."a's Wl.th IMHA, Thrombo-Wellcotest latex agglutination kit, Wellcome Diagnostics,
qnd th_e admlnlstratlon of cort|c_oster_0|ds with the_|r poten- Dartford, UK
tially disruptive effect on gastrointestinal mucosal integrity, « Fiprometer, Becton-Dickinson, Rutherford, NJ
endotoxin may play a procoagulatory role, especially when aocp 300+ centrifugal analyzer, Beckman Coulter, Hialeah, FL
free hemoglobin is present. Administration of stroma-frees Kodak Ektachem 500, Kodak, Rochester, NY
hemoglobin solutions to primates resulted in DIC and mul-
tiple organ failure when minute amounts of endotoxin or
stromal phospholipids were preséhtdowever, a similar Acknowledgment
effect did not occur when the hemoglobin solution was
highly purified. The presence of free hemoglobin also may,
predispose to a hypercoagulable state by binding nitric ox-
ide (NO). NO is vital for vasodilatation and is a potent
inhibitor of platelet aggregation. Even minute amounts of
free hemoglobin will inactivate N@&. As a result, in dogs 1. Reimer ME, Troy GC, Warnick LD. Immune-mediated hemolytic
with IMHA, free hemoglobin may inactivate NO and result anemia: 70 cases (1988-1996). J Am Anim Hosp Assoc 1999;35:384—
in increased platelet aggregation. 9L _ _ , o
Mortality associated with IMHA has been high in most 2. Switzer JV\_/, Jain NC. Aut0|mmu_ne hemolytic anemia in dogs
reportst-5° Reported mortality rates have varied partially as and cats. Vet Clin North Am Small Anim Pract 1981;11:405-420.

It of the foll durati | tudv that fol 3. Klein MK, Dow SW, Rosychuk RAW. Pulmonary thromboem-
a resuit ot the tollow-up duration. In one study that Tol- 1, associated with immune-mediated hemolytic anemia in dogs:

lowed dogs up to 1 year, a 70% mortality rate was foundre, cases (1982-1987). J Am Vet Med Assoc 1989;195:246-250.
in association with IMHA In the patient population of our 4. klag AR, Giger U, Shofer FS. Idiopathic immune-mediated he-
study, more dogs were euthanized than died. It is difficultmolytic anemia in dogs: 42 cases (1986-1990). J Am Vet Med Assoc
in a retrospective study to determine if animals were eu-1993;202:783-788.

thanized because of the generally poor prognosis associated5. Duval D, Giger U. Vaccine-associated immune-mediated hemo-
with the disease, monetary constraints, or severe illnesdytic anemia in the dog. J Vet Intern Med 1996;10:290-295.

Even excluding the animals euthanized, mortality was 6. Pruefer A. Die autoimmunhaemlytische Anaemie des Hundes:

>26%. Thromboembolic complications have been recog_Retrospektlve Studie an 41 Faellen. Kleintierpraxis ‘199‘5;40:649—6_62.
7. Mischke R. Haemostasestoerungen als Komplikation der autoim-

m.zed as a clinically important fa.Ctor. n mortqhty associated munhaemolytischen Anaemie beim Hund. Dtsch Tieraerztl Wschr
with IMHA. Postmortem examination—confirmed pulmo- ;g9g.105.13 16

nary thromboempm'sm was present 'r‘ 32% of the dogs 8. Dodds WJ. Autoimmune hemolytic disease and other causes of
treated for IMHA in one studyIn the patients of our study, immune-mediated anemia: An overview. J Am Anim Hosp Assoc

thromboembolism was confirmed in 28% of the dogs andi977:13:437-441.
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