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Abstract

Background: Breed predispositions, survival, and prognostic factors have not been

evaluated in dogs with nonregenerative immune-mediated anemia (nrIMA).

Hypothesis/Objectives: To describe clinicopathologic variables, evaluate their associ-

ations with survival, and determine breed predispositions for dogs with nrIMA.

Animals: Fifty-nine client-owned dogs with nrIMA.

Methods: Referral hospital records were reviewed retrospectively for dogs with pri-

mary nrIMA (PCV ≤30%, corrected reticulocyte percentage (CR%) ≤1.0, bone marrow

sampling with evidence of immune-mediated destruction, and underlying causes

excluded). Breed predispositions were evaluated by calculation of odds ratios in a

case control study; prognostic factors by logistic regression in a cohort study.

Results: Fifty-nine dogs with nrIMA had a median PCV of 12% (interquartile range

[IQR]: 10%-17%) and CR% 0.1 (0%-0.2%). At least ≥1 ACVIM IMHA diagnostic

criteria were met by 35 dogs (59%). Whippets, Lurchers, and miniature Dachshunds

were predisposed to nrIMA. Median survival time was 277 days (IQR: 37-1925), with

3- and 12-month survival rates 61% and 43%, respectively. Erythroid regeneration

and remission were achieved by 88% and 62% of dogs, respectively. Corrected retic-

ulocyte percentage >0.2 was associated with improved survival.

Conclusion and Clinical Importance: Although there is overlap of clinical features

between dogs with IMHA and nrIMA, the prognosis for those with nrIMA depends

predominantly on the severity of reticulocytopenia.
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1 | INTRODUCTION

The diagnosis of immune-mediated hemolytic anemia (IMHA) can be

made confidently in dogs that fulfill the criteria outlined recently in
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the American College of Veterinary Internal Medicine (ACVIM) con-

sensus statement.1 Within 5 days of becoming anemic, dogs with IMHA

typically develop erythroid regeneration2; however, 30% to 55% remain

nonregenerative with a corrected reticulocyte percentage (CR%) ≤1.0,

which has been ascribed to destruction of erythroid progenitors by

phagocytes in the bone marrow (BM) (rubriphagocytosis).1,3-7 Similar

rubriphagocytosis occurs also in dogs with nonregenerative anemia that

lack evidence of peripheral immune-mediated erythroid destruction or

hemolysis, recently described as precursor-targeted immune-mediated

anemia (PIMA).3,8 However, in our experience, dogs meeting the criteria

for PIMA frequently have features of peripheral erythrocyte destruction

and hemolysis, and dogs with PIMA and IMHA both respond to immu-

nosuppressive treatment. These findings suggested to us that PIMA

and nonregenerative IMHA are not separate syndromes but repre-

sent different parts of a clinical spectrum attributable to immune-

mediated destruction of some combination of erythroid progenitors,

immature stages, and mature red blood cells (RBCs) sufficient to

cause nonregenerative anemia. To investigate this, we searched for

cases in our medical database that fulfilled similar clinical and diag-

nostic criteria as described for PIMA. However, commensurate with

our hypothesis, we refer to these dogs as having nonregenerative

immune-mediated anemia (nrIMA) because it remains unclear

whether precursor destruction is the only or most important cause

of anemia.3,7,8

In dogs with IMHA, several clinicopathologic variables measured

at diagnosis have been associated with mortality, singly or when com-

bined into the composite canine hemolytic anemia objective score

(CHAOS),9-13 which encompasses serum albumin and bilirubin con-

centrations, age, body temperature, and presence of RBC agglutina-

tion. Conversely, in dogs with nrIMA/PIMA,3,6-8,14 only development

of a thromboembolic event3 or presence of BM erythroid hyperplasia

with concurrent neutropenia and thrombocytopenia have been asso-

ciated with shorter survival times.7 We considered that confirmation

of previously identified prognostic factors, or identification of addi-

tional abnormalities that could predict survival in dogs with nrIMA

would be useful clinically for 2 reasons. First, because they might be

helpful for clinicians and owners making decisions about treatment of

dogs with nrIMA, which frequently require long periods of immuno-

suppressive treatment and repeated blood transfusion.3 Second,

because overlap between the prognostic factors identified in dogs

with IMHA and nrIMA might indicate whether these diseases belong

to different parts of the same spectrum.

The aims of this study were (a) to describe the clinical presenta-

tion, clinicopathologic abnormalities, BM findings, treatment, and sur-

vival of dogs with primary nrIMA, and to compare these findings with

previous descriptions of PIMA and nonregenerative IMHA; (b) to iden-

tify breeds significantly predisposed to development of nrIMA among

dogs presenting to a referral hospital; and (c) to evaluate associations

between clinicopathologic variables and survival. We hypothesized

that dogs with nrIMA would have clinicopathological features over-

lapping with (nonregenerative) IMHA, and that nrIMA prognostic fac-

tors would be similar to those for dogs with IMHA.

2 | MATERIALS AND METHODS

2.1 | Study design

The study consisted of 2 parts: a retrospective case control study

comparing the frequency of different breeds among dogs with nrIMA

with frequencies among a population of control dogs and a retrospec-

tive cohort study to assess prognostic factors for death at 3 and

12 months after diagnosis in dogs with nrIMA.

2.2 | Data collection

The electronic medical record system of a tertiary referral institution

was searched from January 2007 to July 2019 to identify dogs diag-

nosed with primary nrIMA that had undergone BM sampling. Dogs

were included if they fulfilled all of the following criteria:

• Anemic on presentation with a PCV of ≤30% (or ≤35% in

sighthound breeds).

• Maintained a CR% of ≤1.0 or absolute reticulocyte concentration

of ≤60 000/μL for ≥5 days after diagnosis of anemia.

• BM cytology or histopathology of adequate diagnostic quality

showed evidence of immune-mediated erythroid precursor

destruction, either by:

1. the presence of rubriphagocytosis, or

2. erythroid hypoplasia with unappreciable rubriphagocytosis,

with or without marked fibrosis, which responded to immuno-

suppressive medication resulting in resolution of anemia.

• Complete blood count, serum biochemical profile, and thoracic and

abdominal imaging were performed, revealing no underlying cause

for nrIMA.

Additional investigations were performed at the discretion of

the attending clinician to exclude underlying causes of immune-

mediated diseases. Because infectious diseases causing non-

regenerative anemia are not prevalent in the location of the study,

tests for infectious agents were performed only if there was a his-

tory of travel to another area.

The following data were recorded for each dog: signalment; clini-

cal signs and duration of signs; treatment before referral; results of

tests including CR%, in-saline agglutination, direct antiglobulin test

(DAT) titer, CBC, serum biochemistry profile, urinalysis, and BM cytol-

ogy and histopathology; and treatment administered. All BM reports

were reviewed by 3 of the authors (Vanessa L. Woolhead, Barbara

Glanemann, and Balazs Szladovits), including a board-certified clinical

pathologist (Balazs Szladovits). In BM samples, the stage of erythroid

precursor subject to rubriphagocytosis (early, mid, or late stage) and

the extent of fibrosis (mild, moderate, or severe) were graded subjec-

tively as described previously.3 Additionally, the number of poly-

chromatophils observed in monolayer-type areas of aspirate samples

were subjectively graded as absent, low, moderate, or high. The
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CHAOS score10,13 was calculated for each dog using their age

(≥7 years, score 2), rectal temperature (≥102.0 F or 38.9�C, score 1),

presence of agglutination (score 1), serum albumin (≤3.0 g/dL, score

1), and total bilirubin concentration (≥5.0 mg/dL, score 2).

Referring veterinarians were contacted by telephone to obtain

follow-up data for each dog, including repeat CBC results, duration

of immunosuppressive treatment, date of any relapse, and date of

euthanasia or death. Dogs were considered to have developed evi-

dence of regeneration if the absolute reticulocyte concentration

increased to ≥60 000/μL, CR% ≥1.0, or their PCV spontaneously

increased by ≥5% compared to previous evaluation. Dogs were con-

sidered to be in remission if their PCV was maintained at ≥30% once

all immunosuppressive medication was stopped, with no clinical

deterioration reported on follow-up assessments. A relapse was

defined as a drop in PCV necessitating increase or reintroduction of

immunosuppressive treatment. The study was approved by the Royal

Veterinary College ethical review committee (URN SR2019-0262 and

2015/T25).

2.3 | Statistical analysis

All analyses were performed using statistical software (IBM SPSS Sta-

tistics for Windows, Version 26.0, IBM Corp, Armonk, New York; Gra-

phPad Prism version 7.0 for Mac, GraphPad Software, La Jolla,

California). Odds ratios were calculated to assess breeds predisposed

to nrIMA, by comparing the proportion of dogs with nrIMA to the pro-

portion of control dogs for the same breed (MedCalc 2020, https://

www.medcalc.org/calc/odds_ratio.php, May 29, 2020). Bonferroni

correction was applied to the P value to account for the effect of mul-

tiple comparisons. A Sankey diagram demonstrating outcome was

produced using online software (Sankey Diagram Generator, Acquire

Procurement Services, Brisbane, http://sankey-diagram-generator.

acquireprocure.com/, October 4, 2020). Variables were assessed for

normality using Shapiro-Wilks tests, and presented as either mean

(±SD) or median (interquartile range [IQR]) according to their dis-

tribution. Eight variables were selected as potential prognostic fac-

tors based on prior importance4,5,7-11,15,16 and to decrease

redundancy and correlation among variables. Any variable where

data were highly skewed was dichotomized around the median.

Logistic regression analysis was used to assess possible prognostic

factors for death at 3 and 12 months after diagnosis. Variables

were evaluated by univariable analysis and all those with a P < .1

were carried into the multivariable model. Model discrimination

was determined by calculating the area under the receiver-

operating characteristic (ROC) curve. Model accuracy was deter-

mined using 2 × 2 classification tables.10 Model calibration was

assessed by Hosmer-Lemeshow test (rejected if P < .05), and

model utility was assessed using Nagelkerke's R2. Survival and time

to demonstrate erythroid regeneration was assessed by Kaplan-

Meier product limit estimates, and the log rank test was used to

assess differences between groups.

3 | RESULTS

3.1 | Population characteristics

Fifty-nine dogs were eligible for inclusion in this study. The mean age

was 7 years 7 months (SD 3 years 3 months), and the sample included

37 females (63%, 7 intact and 30 neutered) and 22 males (37%,

7 entire and 15 neutered). Dogs weighed a median of 19.2 kg (IQR:

9.7-26.8), with a median body condition score of 4.5/9 (n = 46, IQR:

4-5). There were 26 different breeds represented, with the most fre-

quent being mixed breed (n = 10, 17%), Boxer (5, 8%), Jack Russell

Terrier (4, 7%), Labrador (4, 7%), Lurcher (4, 7%), miniature Dachshund

(3, 5%), Border Collie (3, 5%), English Springer Spaniel (3, 5%), and

Whippet (3, 5%).

During the same time period over which the dogs with nrIMA

were treated, 61 176 individual dogs were presented to the institu-

tion for other reasons. Comparison of the frequencies of breeds

among nrIMA and control groups revealed that several were overrep-

resented among the dogs with nrIMA (Table 1), including Whippets

(odds ratio [OR], 8.69; 95% confidence interval [CI], 2.71-27.87),

Lurchers (OR, 8.08; 95% CI, 2.92-22.36), miniature Dachshunds (OR,

3.76; 95% CI, 1.71-17.59), and Boxers (OR, 3.76; 95% CI, 1.50-9.41).

However, breeds with known predispositions to IMHA, including

Cocker and Springer spaniels,16 were not predisposed to nrIMA.

Dogs with nrIMA were referred after showing clinical signs for a

median of 21 days (IQR: 9-28). The most common presenting com-

plaints were lethargy (n = 50, 85%), weakness or syncope (n = 31,

53%), inappetence (n = 30, 51%), weight loss (n = 17, 29%), polydipsia

and polyuria (n = 13, 22%), and pica (n = 7, 12%). At the time of admis-

sion, 16 dogs (27%) had received prednisolone for a median of 7 days

(IQR: 4-10 days) at a median dosage of 2 mg/kg/day (n = 15, IQR: 1.2-

2.1); the dosage was unknown in 1 dog. Three dogs in this group (5%)

were also receiving azathioprine, cyclosporine, or cyclophosphamide

(n = 1 of each).

3.2 | Clinicopathological data

Data from CBC and serum biochemical tests are summarized in

Table 2. Dogs with nrIMA were presented with severe non-

regenerative anemia: the median PCV was 12% (IQR: 10-17) and CR%

0.1 (IQR: 0-0.2). There was persistent agglutination of erythrocytes

after dilution in saline in 29/54 dogs (54%) including 6 that were

already receiving prednisolone. A DAT (n = 12) was positive at a titer

of >1 : 16 in 1 dog (8%). Blood smear evaluation revealed

spherocytosis in 11 dogs (19%) and ghost cells in 3 dogs (5%). Com-

plete blood count revealed a concurrent cytopenia in 13 dogs. Pancy-

topenia was evident in 1 dog (2%) with mild neutropenia and

thrombocytopenia. Thrombocytopenia was evident in an additional

2 dogs (3%), neutropenia in a further 7 (12%) with no evidence of tox-

icity or left shift (6 mild, 1 moderate according to published criteria17),

and 3 with lymphopenia (5%).
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Serum biochemistry results revealed 10 dogs (17%) had mild

hypoalbuminemia (mean for all dogs 3.1 g/dL, ±0.4 g/dL), whereas

hyperbilirubinemia (median for all dogs, 0.2 mg/dL, IQR:

0.1-3.0 mg/dL) was found in 14 dogs (24%) and was particularly

severe (>5.0 mg/dL) in only 1 dog (2%).

In accordance with the ACVIM consensus statement,1 clinico-

pathological results were “diagnostic” for IMHA in 9 dogs (15%), “sup-
portive” in 21 dogs (36%), and “suggestive” for IMHA in 5 dogs (8%).

Twenty-four dogs (41%) had no evidence to support a diagnosis of

IMHA at any level. The median CHAOS was 3 (n = 54, IQR: 2-4).

3.3 | Bone marrow evaluation

Paired BM aspirates and core biopsies were available for 55 dogs

(93%); 2 dogs had only an aspirate and 2 only a core biopsy available.

The quality of either the aspirate or core biopsy sample was inade-

quate in 11 dogs (19%); however, the alternative sample was of

appropriate quality in all such dogs.

Rubriphagocytosis was detected in BM samples in 53 dogs (90%)

affecting the late-stage precursors in 35 (66%), mid in 3 (6%), and

early in 15 dogs (28%). Thirty-three dogs (56%) had erythroid

hyperplasia, 21 (36%) hypoplasia, 4 (7%) normoplasia, and 1 dog (2%)

had myelofibrosis that was too severe to assess erythroid status. Bone

marrow polychromatophils were present in 69% of samples (in low

and moderate numbers for 24 and 17 dogs, respectively) despite the

dogs having persistent nonregenerative anemia, suggesting ongoing

destruction of the erythroid lineage at this stage. Evaluation of core

biopsies of adequate quality (n = 52) revealed fibrosis affecting

19 dogs (37%), which was graded as mild, moderate or severe in

11, 4 and 4 dogs, respectively. Myelofibrosis was present in 12/33

dogs with erythroid hyperplasia (36%), 5/21 hypoplasia (24%), and

1/4 normoplasia (25%); the myelofibrosis was too severe in 1 dog to

determine erythroid cellularity.

3.4 | Treatment

Forty-nine dogs (83%) required a median of 1 unit of packed RBCs

(IQR: 1.0-1.5) during their initial hospitalization. Twenty-eight dogs

(47%) required at least 1 further unit a median of 19 days after dis-

charge (IQR: 10-43).

Fifty-six dogs (95%) survived their initial hospitalization period

and were discharged a median of 5 days (IQR: 4-6) after admission. All

TABLE 1 Breed predispositions for dogs with nonregenerative immune-mediated anemia (nrIMA) compared to control dogs. Bold results
indicate values with P value ≤.006, which indicates significance at 0.05 level after Bonferroni correction

Breed Number of dogs with nrIMA (%) Number of control dogs (%) Odds ratio 95% confidence interval P value

Mixed breed 10 (17) 5571 (9.1) 2.04 1.03-4.02 .04

Boxer 5 (8) 1471 (2.4) 3.76 1.50-9.41 .005

Jack Russell Terrier 4 (7) 2103 (3.4) 2.04 0.74-5.64 .17

Labrador 4 (7) 5718 (9.3) 0.71 0.26-1.95 .50

Lurcher 4 (7) 546 (0.9) 8.08 2.92-22.36 .0001

Miniature Dachshund 3 (5) 591 (1.0) 5.49 1.71-17.59 .004

Border Collie 3 (5) 1335 (2.2) 2.40 0.75-7.68 .14

English Springer Spaniel 3 (5) 1203 (2.0) 2.67 0.83-8.54 .09

Whippet 3 (5) 375 (0.6) 8.69 2.71-27.87 .0003

N 59 61 176

TABLE 2 Selected results from CBC and serum biochemical tests from dogs with nrIMA at the time of hospital admission

Variable (units)
Reference
interval (RI) Median (IQR)

Number of dogs with
values below RI (%)

Number of dogs with
values above RI (%)

PCV (%) 37-55 12 (10-17) 59 (100) 0 (0)

CR% (%) ≤1.0 0.7 (0-0.22) 59 (100) 0 (0)

Platelets (×103/μL) 150-900 310 (200-560) 4 (7) 4 (7)

Neutrophils (×103/μL) 3.0-11.5 6.9 (4.4-12.4) 7 (12) 16 (27)

Lymphocytes (×103/μL) 1.0-4.8 1.4 (0.9-1.9) 3 (5) 3 (5)

Albumin (g/dL; mean, ±SD) 2.6-3.8 3.1 (±0.4) 10 (17) 1 (20)

Bilirubin (mg/dL) ≤0.26 0.2 (0.1-3.0) 0 (0) 14 (24)

Abbreviations: CR%, corrected reticulocyte percentage; nrIMA, nonregenerative immune-mediated anemia; RI, reference interval.
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dogs were discharged with prednisolone (median 3 mg/kg/day,

n = 54, IQR: 2.4-4.0), except 1 dog with concurrent diabetes mellitus

that received cyclosporine (8 mg/kg/d) instead; the prednisolone dos-

age was unknown in 1 dog. Prednisolone was the sole immunosup-

pressive agent used in 11 dogs (20%), but 5 were later prescribed a

second drug. At the time of discharge, 32 dogs (57%) were also receiv-

ing azathioprine (median 1 mg/kg/d, IQR: 0.9-1.2) and 13 (23%) cyclo-

sporine (median 10 mg/kg/d, IQR: 8-10). All 3 of these

immunosuppressive medications were prescribed at the time of dis-

charge in 2 dogs (4%).

Antiplatelet medications were prescribed to 32 dogs (57%),

including aspirin (n = 20, 36%), clopidogrel (n = 11, 20%) or both drugs

(n = 1, 2%). Low molecular weight heparin was also prescribed in addi-

tion to aspirin and clopidogrel in 2 dogs. These 2 dogs experienced

either a pulmonary or neurological thromboembolic event before

introduction of treatment; no additional dogs had thromboembolic

events reported. Doxycycline was prescribed for 3 dogs (5%) pending

infectious disease test results, but no dogs were ultimately found to

have an infectious agent. Additional medications commonly pre-

scribed included omeprazole (n = 20, 36%), amoxicillin-clavulanate

(n = 8, 14%), sucralfate (n = 4, 7%), cyanocobalamin (n = 4, 7%), fer-

rous sulfate (n = 1, 2%), and lithium carbonate (n = 1, 2%).

3.5 | Outcome

The median survival time for all 59 dogs was 277 days (IQR: 37-1925)

(Figure 1). Three dogs (5%) did not survive to discharge and were

euthanized owing to development of pancytopenia (n = 1), pancreati-

tis (1), or aspiration pneumonia occurring after neurologic deteriora-

tion that was thought to be attributable to thromboembolism (1).

The median follow-up time for the 56 dogs discharged from the

hospital was 1016 days (IQR: 551-2714), with 2 dogs (4%) lost to

follow-up immediately after discharge, and 11 (20%) still alive on

November 1, 2019. Of the dogs with complete follow-up available for

at least 3 and 12 months, 33/54 (61%; 95% CI, 48-73) and 22/51

(43%; 95% CI, 31-57) dogs survived, respectively (Figure 2).

Of the 33 dogs alive 3 months after discharge, 29 (88%) had evi-

dence of erythroid regeneration a median of 31 days after diagnosis

(IQR: 16-38), with time to regeneration for all cases shown in

Figure 3. Immunosuppressive medications were stopped in 18/29

dogs (62%) a median of 7 months after diagnosis (n = 17, IQR: 5.5-

11.0); the duration of immunosuppression was unknown in 1 dog.

Nine of the 29 dogs (31%) experienced a relapse of their nrIMA,

F IGURE 1 Kaplan-Meier curve showing survival times in dogs
with nonregenerative immune-mediated anemia (nrIMA). Tick marks
indicate censored cases. Dotted line indicates median value

F IGURE 2 Bar chart demonstrating the percentage (with 95%
confidence intervals) of dogs surviving at 3 (A) and 12 months
(B) after diagnosis

F IGURE 3 Kaplan-Meier curve showing the time taken to
demonstrate erythroid regeneration in dogs with nonregenerative
immune-mediated anemia (nrIMA) over the first 6 months after
diagnosis. Tick marks indicate cases that were euthanized without
displaying a regenerative response. Dotted line indicates median
values
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necessitating re-introduction of immunosuppressive treatment (n = 4)

or an increased dosage (n = 5) a median of 19.5 months after diagno-

sis (IQR: 14-23). Fourteen of 29 dogs (48%) remained in remission. Of

the 51 dogs followed for up to 12 months after diagnosis, 21 (41%)

had no evidence of erythroid regeneration on serial CBCs and were

euthanized a median of 34 days after diagnosis (IQR: 22-65). The dif-

ferent outcomes for the 59 dogs with nrIMA are shown in Figure 4.

3.6 | Prognostic factors

Eight variables were evaluated as possible prognostic factors for sur-

vival in dogs with nrIMA based on previous data suggesting they were

important in IMHA and/or nrIMA,4,5,7-11,15,16 including PCV, CR%,

serum albumin, bilirubin, and BUN concentrations, CHAOS, severity

of BM fibrosis, degree of BM polychromasia, and stage of erythroid

precursor affected by rubriphagocytosis. In the univariable analysis,

only a CR% >0.2 was associated with decreased mortality at

3 months (OR, 0.16; 95% CI, 0.05-0.57; P = .005) and 12 months

(OR, 0.27; 95% CI, 0.09-0.82; P = .02). Kaplan-Meier survival curves

for dogs with a CR% ≤0.2 and >0.2 are shown in Figure 5, with a sig-

nificant difference in survival time between the 2 groups (log rank

test, P = .04). To compare the performance of a validated prognostic

score for IMHA (CHAOS) or of variables previously associated with

survival in dogs with IMHA (total bilirubin and BUN) with CR% in

this population of dogs, both were entered into separate

F IGURE 4 Sankey diagrams illustrating the outcome of 59 dogs diagnosed with nonregenerative immune-mediated anemia (nrIMA), in terms
of survival (A) and treatment and relapse (B). Outcomes are written horizontally in each node with the height representing the number of dogs
affected. Numbers of dogs for each outcome are written vertically in each node
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multivariable logistic regression models, with survival at 3 months

as the outcome. This showed that CR% was a significant predictor

of survival to 3 months, but this was not true for either the CHAOS

score (Figure 6A; Supplementary Table 1) or the combination of bili-

rubin and BUN (Figure 6B; Supplementary Table 1) when consid-

ered alongside CR%. Both models had good predictive capability,

with an area under the ROC curves of 0.772 (CHAOS with CR%)

and 0.736 (bilirubin and BUN with CR%) for survival to 3 months

(Supplementary Figure 1A,B).

4 | DISCUSSION

In this retrospective study, we describe a large cohort of dogs diag-

nosed with primary nrIMA and evaluate the prognostic potential of

their clinicopathologic and BM findings. Almost 60% of dogs with

nrIMA had features that were at least “suggestive” of IMHA according

to the recent ACVIM consensus statement. Erythroid hyperplasia and

rubriphagocytosis targeting late-stage erythroid precursors were most

commonly identified on BM evaluation. Immunosuppressive treat-

ment resulted in almost two thirds of dogs surviving at least 3 months

after diagnosis, with most survivors developing a regenerative

response within 1 month of diagnosis. Using logistic regression, we

identified that a CR% >0.2 at presentation was associated with longer

survival times, but the CHAOS score and other variables predictive of

outcome in IMHA were not associated with outcome for dogs with

nrIMA.

Hyperbilirubinemia and signs of immune-mediated peripheral

erythrocyte destruction were observed commonly in dogs with

nrIMA: 59% fulfilled at least part of the published ACVIM diagnostic

criteria for IMHA1 and almost a quarter had an increased serum biliru-

bin concentration. This contrasts with previous studies that have iden-

tified these features rarely,3,6,8,14 leading to the use of the term

“PIMA” in preference to “nonregenerative IMHA.”8,14 The greater

number of dogs fulfilling IMHA diagnostic criteria in our study could

represent a genuine difference in case presentation at different insti-

tutions or could be a result of variations in clinical approach to BM

sampling in dogs with features of IMHA but persistent non-

regenerative anemia. Specifically, if BM sampling were not performed

in dogs with nonregenerative anemia and signs of peripheral erythro-

cyte destruction in previous studies, it could give the false impression

that IMHA and “PIMA” were distinct disease processes. Because

study enrollment required a CR% <1.0 for >5 days, it is likely that few,

F IGURE 5 Kaplan-Meier curve to compare survival times in dogs
with nonregenerative immune-mediated anemia (nrIMA) with a
corrected reticulocyte percentage (CR%) ≤0.2 (red line) and >0.2 (blue
line). Tick marks indicate censored cases. Dotted line indicates median
values. Groups compared by log rank test

F IGURE 6 Forest plots showing results of multivariable logistic regression models for death at 3 months after diagnosis, including corrected
reticulocyte percentage (CR%) with either canine hemolytic anemia objective score (CHAOS) score (A) or bilirubin and BUN concentrations at
presentation (B). Graphs show odds ratio with 95% confidence intervals and P values for multivariable models. Model assessment parameters are
shown below
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if any, dogs in our study were presented during the “preregenerative”
phase of IMHA.1,4,5 These findings support the hypothesis that nrIMA

and IMHA overlap on a spectrum of disorders caused by immune-

mediated destruction of the erythroid lineage. Consequently, we prefer

the term “nrIMA” over “PIMA” to describe the clinical presentation out-

lined in this and other studies because our findings suggest destruction of

precursors is unlikely to be the only cause of anemia in a substantial pro-

portion of cases. Confirmation of this hypothesis will require testing for

antibodies directed against different stages in the erythroid lineage to see

which are being targeted and identification of the surface antigens of ery-

throid cells that are being targeted in the immune response. This approach

has been undertaken in dogs with IMHA, indicating that immunodominant

antigens vary among individual cases.18,19 Accordingly, we reiterate our

earlier thesis20 that the regeneration status of patients with IMHA/nrIMA

will be determined by the pattern of expression of the targeted antigen on

different maturation stages in the erythroid lineage, with some immune

responses directed at antigens only expressed in the BM and others

directed at antigens shared by mature and immature stages.

Although peripheral destruction of RBCs was observed frequently

in dogs with nrIMA, other features suggest this syndrome has a distinct

natural history compared to IMHA, which might be attributable to dif-

ferences in the underlying immune response or differences in its man-

agement by clinicians. First, the breeds that were predisposed to nrIMA

in our hospital differed from those reported to be at greatest risk of

developing IMHA,5,16 suggesting underlying genetic risk factors might

differ. Second, the major predictor of outcome was the extent of the

regenerative response and not the serum bilirubin concentration, which

is normally taken as an indicator of the rate of ongoing hemolysis and

has been identified consistently as a prognostic factor for dogs with

IMHA in several independent samples of dogs.10,16,21,22 However, this

finding should be interpreted with caution because we suspect many

owners and clinicians would use the regeneration status as an important

piece of information to guide their decision to pursue further treatment

or opt for euthanasia, potentially creating a self-fulfilling prophecy that

would confound the association between CR% and survival. Indeed,

many dogs were euthanized within 2 weeks of diagnosis in our study,

suggesting willingness to pursue treatment could have been an impor-

tant factor. Unlike other studies, we did not detect associations

between survival and BM findings.7,8 In particular, the presence of mye-

lofibrosis, observed in 37% of dogs, did not affect survival, supporting

previous recommendations to monitor the response of affected dogs to

immunosuppressive treatment23 rather than assume a poor outcome.

The absence of a standardized approach to classifying BM pathology

affects clinical interpretation and limits the ability to make meaningful

comparisons between different populations of dogs. Although BM biop-

sies permit exclusion of alternative diagnoses, the lack of prognostic

information derived from them in our study should encourage clinicians

to question the rationale for performing the procedure on a case-by-

case basis if dogs already have evidence of peripheral RBC destruction.

Rubriphagocytosis was observed in >90% of dogs with nrIMA, pre-

dominantly targeting late-stage precursors (66%) and commonly occur-

ring in conjunction with BM erythroid hyperplasia (56%). Interestingly,

BM polychromasia was also detected in two thirds of dogs with nrIMA

and was evident in a third of dogs where rubriphagocytosis could not be

identified. Because identification of rubriphagocytosis is challenging in

some dogs, particularly when trying to classify erythroid precursor

stages being phagocytosed by macrophages,3 the presence of BM poly-

chromasia in the face of peripheral nonregenerative anemia might assist

in making a diagnosis of nrIMA, though it does not directly demonstrate

immune-mediated destruction of erythroid cells.

Sixty percent of dogs survived at least 3 months, with most of those

cases demonstrating erythroid regeneration within 1 month. Previous

studies report that 50% to 85% of dogs respond to immunosuppressive

treatment within 1 month; however, some dogs only developed ery-

throid regeneration after being treated for 15 weeks.3,6,8,14 Because 41%

of dogs in our study were euthanized after a median of 34 days of treat-

ment, it is possible some might have gone on to develop a regenerative

response later. Among those dogs surviving 3 months, erythroid regener-

ation was documented in 88%, which closely parallels previously publi-

shed data, and almost two-thirds of these dogs ultimately achieved

remission after �7.5 months of immunosuppressive treatment. On the

basis of this information, we suggest that owners and veterinarians

should be prepared for an initial period of immunosuppressive treatment

of 2 to 3 months, even if no regenerative response is apparent within

the first few weeks. However, prospective studies would be required to

determine whether this recommendation would actually improve out-

come compared to the results we report.

This study had several limitations, including retrospective collection of

data over a long period of time, during which approaches to treatment

and supportive care could have changed. The retrospective study design

also means that some associations detected in our study are likely to have

been confounded by the impact of client and clinician decisions. Dogs

were required to have BM evaluation to be enrolled, meaning those that

could not be anesthetized safely or that were owned by clients who

declined the procedure would have been excluded. Using similar inclusion

criteria to other studies, 4 dogs without evidence of BM rubriphagocytosis

or polychromasia were still included in this study because they had a

favorable response to immunosuppressive treatment. However, we

believe nrIMA remained the most plausible diagnosis for these dogs.

Although dogs were euthanized owing to their presumed poor response

to immunosuppressive treatment, postmortem examinations were not

performed; therefore, secondary nrIMA could not be definitively excluded

in cases that did not respond to treatment, even though all dogs had a

consistent minimum database to exclude the most likely underlying cau-

ses. Sixteen dogs received immunosuppressive treatment before hospital

admission, which might have affected the time reported to demonstrate

erythroid regeneration, remission, and overall survival. Although this out-

come data were generated based on the date of diagnosis at our institu-

tion, the overall impact of this limitation is probably small because these

dogs had only received a maximum of 7 days of treatment before referral.

In addition, the effect of treatment regimen and tapering protocol was not

taken into account in investigation of prognostic factors owing to the vari-

ation in these regimens among individual dogs. Finally, complete follow-up

data were not always available, meaning that some cases had to be cen-

sored in our survival analysis. Nevertheless, this study includes the largest

number of dogs with nrIMA that has yet been analyzed.
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5 | CONCLUSIONS

Dogs with nrIMA most commonly exhibit BM erythroid hyperplasia

with late-stage precursor rubriphagocytosis, and the identification of

BM polychromasia might facilitate diagnosis. A favorable response to

immunosuppressive treatment occurred in the majority of dogs, with

�60% surviving to 3 months after diagnosis. More than half of dogs

diagnosed with nrIMA demonstrated some evidence of peripheral

RBC destruction, supporting the theory that nrIMA and IMHA form

part of a single clinical spectrum. Despite this, established IMHA prog-

nostic factors could not be extrapolated to dogs with nrIMA. Whilst

findings from BM samples did not provide prognostic information, a

CR% >0.2 on presentation was predictive of survival to 3 months.
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