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Abstract 

Introduction: Although peripheral blood analysis has become increasingly automated, microscopy is the only available 

method for the diagnosis of anisocytosis and poikilocytosis. The aims of the study were to compare RBC volume data obtained 

with two different analysers and by manual assessment of smears and to compare this data between dogs in various stages of heart 

failure secondary to degenerative mitral valvular (DMV) disease. The impact of diuretic administration on RBC morphology was 

also assessed. Material and Methods: Sixty-eight dogs, 56 in different stages of DMV disease and 12 as healthy controls, were 

studied. Impedance and flow cytometry haematological analyses were performed for each animal. Additionally, two smears were 

prepared for manual analysis. RBC structure, staining, and size differences were recorded. Results: There were no significant 

differences between the blood morphological parameters assessed using haematological analysers nor between dogs receiving 

diuretic treatment and those not treated. Based on the manual smear, significantly higher erythrocyte anisocytosis was observed in 

the dogs with symptomatic DMV disease than in the control group. Conclusion: Haematological analysers based on impedance 

and flow cytometry provide reliable and comparable morphological results in dogs with heart failure. However, microscopic 

assessment of blood smears is a more reliable tool to detect erythrocyte anisocytosis. 
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Introduction 

Although peripheral blood analysis has become 

increasingly automatised, microscopic blood analysis 

remains an important tool in haematological diagnostics 

and is the only available method for the diagnosis of 

anisocytosis and poikilocytosis. Many morphological 

abnormalities can only be detected by the human eye. 

Hence, morphological blood analysis is offered by most 

laboratories, as it is a fast, cheap, and widely available 

technique. The assessment of red blood cell morphology 

provides valuable information on the functioning of 

many organs (such as the liver, spleen, and kidneys) and 

the causes of anaemia. Changes in erythrocyte 

morphology may be caused by dietary deficiencies or 

protein dysfunctions as well as disorders in the lipid 

composition of cell membranes (1, 5, 14, 20).  

Mechanical factors may damage the cell 

membrane, leading to erythrocyte fragmentation (20). 

Red blood cell indicators, such as the mean corpuscular 

volume (MCV), mean corpuscular haemoglobin, mean 

cell haemoglobin (MCH), mean corpuscular 

haemoglobin concentration (MCHC), and red blood cell 

distribution width (RDW) provide information 

concerning the size and shape of erythrocytes. MCV is 

particularly useful in differentiation of anaemia. In dogs, 

the MCV ranges from 60 to 75 fL (17). An increased 

MCV value may suggest the presence of large 

erythrocytes (macrocytes), while a decreased MCV 

value suggests the presence of small red blood cells 

(microcytes). The presence of microcytes as well as 

macrocytes may occur with a normal MCV as this 

parameter describes the mean erythrocyte volume. MCH 

and MCHC determine the erythrocyte mass and 
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haemoglobin concentration, respectively. Decreased 

values indicate hypochromasia, which is visible in  

a manual blood smear as central pallor within  

an erythrocyte. Increased MCH and MCHC values are 

observed in the presence of intra-erythrocyte Heinz 

bodies as well as in lipaemia and haemolysis. The RDW 

is a parameter that is routinely assessed by  

a haematological analyser and is a marker of 

anisocytosis, i.e. the concomitant occurrence of 

normocytes, macrocytes, and microcytes in a sample. 

The RDW is usually increased if there are iron, vitamin 

B12, or other nutritional deficiencies. It may also be 

greater following blood transfusions in inflammatory or 

renal disease or when excessive erythrocyte lysis occurs 

(11). In humans, RDW is an important diagnostic marker 

of heart disease (3, 4, 7) and correlates with patient 

morbidity and mortality (7). It is also considered a useful 

prognostic marker for predicting mortality in patients 

undergoing high-risk gastrointestinal surgery (15). 

Increased RDW has been observed in dogs with 

pulmonary hypertension (13). In dogs, there are breed 

differences in the erythrocyte volume. Greyhounds have 

a physiologically higher MCV compared to other breeds 

(16). Macrocytosis is often observed in miniature dog 

breeds and standard poodles (19), while microcytosis is 

seen in Asian dog breeds, such as the Akita or Shiba Inu 

(22). An increase in anisocytosis is observed in 

regenerative and non-regenerative anaemia caused by 

dyserithropoiesis (9). 

Normal erythrocytes are the shape of a double-

concave disc, the so-called discocyte, and are 

characterised by little variation in shape and size. 

Because of their size, the surface-to-volume ratio is 

greater than in spheroidal cells. This causes more 

effective gas exchange between cells and their 

surroundings and ensures high erythrocyte 

deformability. In effect, this allows erythrocytes to pass 

through narrow blood vessels and return to their correct 

shape. Erythrocytes adopt various shapes depending on 

the disease, these shapes being known as poikilocytes. 

They may be divided according to shape into 

echinocytes, acanthocytes, schistocytes, dacrocytes, 

codocytes, keratocytes, ovalocytes, stomatocytes, and 

spherocytes. Echinocytes contain numerous irregular 

protrusions on their cell surface. They are present in 

glomerulonephritis, uraemia, lymphomas, alkalosis, and 

following the administration of furosemide and 

doxorubicin. They may appear as artefacts if the 

collected blood volume is too low in relation to the 

EDTA content in the vial (5). Acanthocytes contain from 

two to ten characteristic projections, do not contain 

central pallor and are a non-specific sign of disorders in 

lipid metabolism. Their presence is usually associated 

with liver disorders, as well as DIC, angiosarcoma, and 

nephritis in dogs (5, 10). Schistocytes, which are 

fragments of erythrocytes, are characteristic of 

disseminated intravascular coagulation syndrome (DIC) 

and are observed in iron deficiency, chronic kidney 

failure, vasculitis, and heart valvular disease (5, 23). 

Dacrocytes, which are drop-shaped erythrocytes, occur 

in myeloproliferation and splenomegaly. They are also 

present in ruminants with iron deficiency (6). 

Codocytes, also known as target cells, have an excessive 

cell membrane compared to the cell haemoglobin 

content. They occur in association with liver damage, 

kidney disease, and bile duct and spleen disorders. They 

may be present in iron deficiency anaemia (5, 23). 

Keratocytes are characterised by the presence of 

pseudovacuoles in the periphery of the cell, which may 

form a cavity within the erythrocyte. They form as  

a result of cell membrane damage following doxorubicin 

administration and are also observed in iron deficiency 

anaemia and liver disease (6, 9). Ovalocytes are oval 

erythrocytes that may appear in the blood in the presence 

of kidney and liver diseases (6). The same shape usually 

describes the central pallor in stomatocytes, which may 

appear in increased erythropoiesis and a hereditary 

disease known as stomatocytosis (occurring in Alaskan 

dwarf Malamutes and miniature schnauzers) (6). 

Spherocytes, which are small cells without a central 

pallor, are characteristic of hereditary spherocytosis and 

autoimmune haemolytic anaemia (9).  

Although manual smears and their analysis are 

frequently performed in dogs, the changes in the shape 

of erythrocytes in various stages of heart failure and 

caused by drugs such as diuretics have not been 

previously assessed. The primary aim of the study was 

to compare the morphological data on erythrocyte 

volume obtained with two different analysers and 

manual assessment of smears. The secondary aim of the 

study was to compare the erythrocyte volume between 

dogs in various stages of heart failure in the course of 

chronic mitral valve disease. In addition, the impact of 

diuretic administration on the erythrocyte morphology 

was assessed. 

Material and Methods 

The study was performed on 68 dogs (43 males and 

25 females) with a mean age of 10.8 ± 2.5 years. 

Following the cardiac examination that consisted of 

learning the patient history and carrying out a physical 

examination, chest radiography, and transthoracic 

echocardiography, the dogs were assigned to study 

groups. Group A included healthy controls and 

comprised 12 dogs with a mean age of 8.2 ± 3.0 years. 

Two mixed-breed dogs, five Beagles, two Border 

collies, one Nova Scotia duck tolling retriever, one 

miniature schnauzer, and one Cavalier King Charles 

spaniel were the group’s members. Dogs with different 

stages of degenerative mitral valvular (DMV) disease 

were assigned according to the American College of 

Veterinary Internal Medicine (ACVIM) consensus 

guidelines classification for DMV disease into 

respective groups. Group B1 included asymptomatic 

dogs with no echocardiographic evidence of cardiac 

enlargement secondary to DMV disease as well as those 

with minimal cardiac remodelling not severe enough to 

qualify them for group B2. This group was made up of 
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eight dogs and one bitch. Group B2 consisted of 

asymptomatic dogs with echocardiographic findings of 

heart enlargement: left atrium-to-aorta ratio of  ≥1.6 and 

left ventricular internal diameter in diastole ≥1.7 

normalised for body weight. The sex distribution was six 

dogs and four bitches. Overall for group B, the mean age 

was 10.9 ± 2.6 years and the breeds represented were 

mixed (six animals), dachshund (four), miniature 

schnauzer (three), shih-tzu (two), fox terrier, cocker 

spaniel, Yorkshire terrier, and Cavalier King Charles 

spaniel (one of each breed). Group C included dogs with 

past clinical signs of heart failure secondary to DMV 

disease and its size was 27 animals, these being 18 dogs 

and 9 bitches aged 11.4 ± 1.9 years. The group combined 

12 mixed breed dogs, four miniature schnauzers, three 

Cavalier King Charles spaniels, three shih-tzu, two 

dachshunds, one medium poodle, one Pekingese, and 

one bull terrier. Group D included 10 canine patients 

with end-stage DMV disease with clinical signs of heart 

failure refractory to standard pharmacological treatment. 

Aged 11.8 ± 1.9 years as the mean, the animals had breed 

allegiances of mixed (four), Cavalier King Charles 

spaniel, bull terrier, Yorkshire terrier, miniature poodle, 

dachshund, and Pekingese (one of each). Dogs with 

acute heart failure were not included in this study (2, 12). 

Venous blood was collected from all the patients for  

a haematological examination. It was collected into two 

sample tubes with dipotassium ethylenediaminetetraacetic 

acid (K2EDTA) maintaining the correct anticoagulant-

to-blood ratio. Next, the blood was gently mixed using  

a haematological mixer. Two haematological analyses 

on two different apparatuses were performed within  

30 min of blood collection. The first analyser (Scil Vet 

Animal Blood Counter (ABC), Horiba ABX, 

Montpellier, France) exploits blood impedance and the 

second (LaserCyte Dx, IDEXX Laboratories, 

Westbrook, MN, USA) is based on flow cytometry. Two 

manual smears were prepared on glass slides 

immediately after the haematological analysis. They 

were dried for 12 h at room temperature in a dust-free 

room, and then stained using the Pappenheim method 

and the May–Grunwald and Giemsa stains. First, the 

samples were immersed in 1mL of an undiluted May–

Grunwald solution for 5 min. Then, they were left in 

1mL of pH 7.2 buffer for 3 min. Next, they were 

immersed in 1:9 diluted Giemsa solution and stained for 

20 min. The dye was then rinsed off with water and the 

samples were left to dry at room temperature. The 

samples were initially examined under low 

magnification (10×) to determine the quality of the 

smear, the distribution of erythrocytes and leukocytes, 

the presence of cell aggregations, and free spaces 

between cells. The size, shape, and staining of the 

erythrocytes were assessed under high magnification 

(40×). Then, a single erythrocyte layer was examined 

under very high magnification (100×), where half of the 

cells were in contact with one another. The leukocytes 

were counted according to the Schilling differential cell 

count. The erythrocyte structure and staining and size 

differences were recorded. Anisocytosis and 

poikilocytosis were examined using a 4-grade scale 

proposed by John W. Harvey (10, 24) (Table 1). This 

scale provides a means of grading anisocytosis and 

poikilocytosis severity into four levels. A score of  

1+ denotes finding the smallest number of cells with 

changed morphology and a score of 4+ signifies finding 

the largest number of these cells according to the stepped 

ranges presented in Table 1. If echinocytes were present, 

the smear was repeated and dried using two techniques. 

The first technique was immediate smear drying 

following its preparation. When the second technique 

was used, the smear was left to dry freely, which 

eliminated the possibility of incorrect smear preparation 

as a cause for echinocyte formation.  

The data underwent statistical analysis using the 

GraphPad Prism 5.0 package (GraphPad, San Diego, 

CA, USA). The Shapiro–Wilk normality test was 

performed to assess data normality. Two groups of 

related variables were assessed using the paired t-test, 

and any correlations between groups of variables were 

determined using the Pearson correlation coefficient.  

P ≤ 0.05 was considered statistically significant. 

 
Table 1. Results of semi-quantitative erythrocyte morphological analysis based on the number of abnormal cells  

in a single cell layer at 1,000 × magnification. Adapted from (24) 

 1+ 2+ 3+ 4+ 

Anisocytosic cells     

Dog 7–15 16–20 21–29 > 30 

Polychromatic cells     

Dog 2–7 8–14 15–29 > 30 

Hypochromic cells 1–10 11–50 51–200 > 200 

Poikilocytosic cells 3–10 11–50 51–200 > 200 

Codocytes 3–5 6–15 16–30 > 30 

Spherocytes 5–10 11–50 51–150 > 150 

Echinocytes 5–10 11–100 101–250 > 250 

Other shapes* 1–2 3–8 9–20 > 20 

*acanthocytes, schistocytes, keratocytes, ovalocytes, dacrocytes, drepanocytes, stomatocytes 
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Results  

Full blood and blood serum from the dogs were 

analysed. The results of complete blood counts in 

individual groups are presented in Table 2, and those of 

the semi-quantitative microscopic erythrocyte analysis 

are presented in Table 3.  

There were no statistically significant differences in 

the morphological parameters between the studied 

groups (Table 2). In addition, there were no significant 

differences between the values of the blood 

morphological parameters assessed using the Laser Cyte 

IDEXX and the Vet ABC analyser. The MCV in dogs is 

much smaller than in humans, which may render 

changes in the RDW less evident (10). For this reason, it 

can be assumed that this marker has less diagnostic value 

in dogs. A positive correlation of the erythrocyte results 

obtained with both types of analysers for all the patients 

(r = 0.865, P < 0.0001), only healthy patients (r = 0.904, 

P < 0.0001), and only patients with heart failure  

(r = 0.841, P < 0.0001) was observed. There were no 

differences in the number of erythrocytes (P = 0.86) or 

RDW (P = 0.95) between dogs receiving furosemide and 

those with no diuretic treatment (P = 0.12).  

Based on the manual smear, significantly higher 

erythrocyte anisocytosis was observed in dogs with 

symptomatic DMV disease (groups C and D) compared 

to the control group (P < 0.0001) (Table 3). In the control 

group, a 1+ degree of anisocytosis was observed in two 

out of eight specimens. In group C, 15/26 of the 

specimens were found to have a 1+ degree of 

anisocytosis, while 5/26 had a 2+ degree (Fig. 1). In 

group D, three out of eight dogs had 1+ anisocytosis and 

one dog had 2+. Macrocytosis was observed in smears 

from groups B2, C, and D. In group C, the presence of 

macrocytes was seen in 7/26 smears and was rated as 1+ 

in 6/26 cases and as 2+ in 1 case.  No macrocytes were 

found in groups A (control) or B1. Echinocytes were 

present in all groups, their highest percentage occurring 

in group C, where 7/26 specimens where classified as 2+ 

(Fig. 2). 

Codocytes were present in one out of eight dogs 

from the control group, and their presence was assessed 

as 3+. In the remaining groups B1, B2, C, and D, 

codocytes were observed in more than one smear  

(Fig. 3). Codocytes were found in 9/26 smears from 

group C to an extent scored as 1+. Various amounts of 

dacrocytes were found in groups B1, C, and D (Fig. 4). 

A 2+ intensity of dacrocytes was observed in 5/26 

smears in group C. No dacrocytes were found in the 

control group or in group B1. Keratocytes were found in 

all groups of dogs with DMV disease (B, C, D) but not 

in the control group. The largest percentage content of 

karyocytes was observed in groups C (4/26 specimens) 

and D (2/8 specimens). Schistocytes, ovalocytes, and 

stomatocytes (Fig. 5) were only detected in groups C and D. 

Acanthocytes were present in one smear from group C.  

A larger number of erythrocytes with crystallised 

haemoglobin was found in animals with a high degree of 

heart failure than in the dogs without heart failure. 

Crystallised haemoglobin was present in 17% of the specimens 

from group C, 22% and 20% of the specimens in groups 

B1 and B2, respectively, 33% of the specimens in group 

C, and 37% of the specimens in group D (Fig. 6). 

Table 2. Comparison of chosen haematological parameter results obtained using two different analysers 

 
Analyser 

Group 

A B1 B2 Cc Dc 

WBC 
(K/µL) 

Laser Cyte 7.40 ± 2.61 7.31 ± 2.63 8.94 ± 2.59 8.62 ± 2.74 10.22 ± 2.58 

Vet ABC 7.68 ± 2.41 7.39 ± 2.23 8.76 ± 2.84 9.12 ± 2.90 10.32 ± 2.87 

RBC 

(M/µL) 

Laser Cyte 6.86 ± 0.63 7.30 ± 0.89 7.10 ± 0.90 6.99 ± 0.69 6.95 ± 1.23 

Vet ABC 6.98 ± 0.59 7.51 ± 0.91 7.05 ± 0.55 7.14 ± 0.68 7.14 ± 1.27 

HCT (%) 
Laser Cyte 49.04 ± 5.65 51.33 ± 5.11 50.19 ± 0.10 48.56 ± 4.29 47.9 ± 7.42 

Vet ABC 49.75 ± 4.59 52.5 ± 623 48.9 ± 4.00 49.1 ± 4.66 48.6 ± 7.76 

HGB 

(mmol/L) 

Laser Cyte 10.13 ± 0.87 10.77 ± 1.08 10.34 ± 0.72 10.21 ± 0.92 10.05 ± 1.30 

VetABC 10.01 ± 1.07 11.39 ± 2.58 9.94 ± 0.77 10.09 ± 1.31 11.35 ± 3.66 

MCH 

(fmol) 

Laser Cyte 1.47 ± 0.08 1.47 ± 0.11 1.46 ± 0.12 1.46 ± 0.10 1.46 ± 0.11 

Vet ABC 1.43 ± 0.07 1.41 ± 0.06 1.41 ± 0.06 1.38 ± 0.06 1.38 ± 0.05 

MCHC 
(mmol/L) 

Laser Cyte 20.73 ± 1.21 20.99 ± 1.48 20.71 ± 1.39 20.94 ± 1.20 21.23 ± 1.32 

Vet ABC 19.91 ± 0.82 20.14 ± 0.32 20.19 ± 0.37 20.12 ± 0.41 20.17 ± 0.24 

MCV 
(fL) 

Laser Cyte 71.36 ± 2.79 70.52 ± 3.72 70.74 ± 3.30 69.54 ± 4.82 68.62 ± 3.70 

Vet ABC 71.4 ± 2.91 70 ± 2.62 69.8 ± 2.82 68.8 ± 2.35 68.2 ± 2.55 

RDW 

(%) 

Laser Cyte 15.83 ± 0.93 15.59 ± 0.58 15.27 ± 0.29 15.59 ± 0.63 15.53 ± 0.41 

Vet ABC 14.06 ± 0.72 13.75 ± 1.25 14.13 ± 0.49 14.54 ± 0.77 13.86 ± 1.20 

PLT 

(K/µL) 

Laser Cyte 295.1 ± 73.96 326 ± 75.10 424.9 ± 95.08 420.64 ± 116.1 364.3 ± 142.24 

Vet ABC 278.2 ± 68.82 289.7 ± 64.3 417.5 ± 150.2 387.96 ± 127.5 309.25 ± 86.30 

Presented as mean values ± standard deviation (SD) 
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Table 3. Semi-quantitative analysis of erythrocyte morphology in five groups of dogs: A, B1, B2, C, and D 
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n = 8 

1+ 
2/8*, ** 

(25%) 
         

2/8  

(25%) 

2+   
2/8  

(25%) 
        

3+    
1/8 

(12.5%) 
       

4+            

B1 
 

n = 8 

1+   
2/8  
(25%) 

1/8 
(12.5%) 

 
1/8 
(12.5%) 

    
2/8  
(25%) 

2+ 
2/8  
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1/8  
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1/8 
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1/8 
(12.5%) 
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B2 
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1+ 
3/10 
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(30%) 
 

1/10 

 (10%) 
    

2/10 

 (20%) 
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1/10 
 (10%) 
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C 

 

n = 26 
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15/26 *, 

(57.7%) 

6/26 
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(3.8%) 
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2/26 

 (7.7%) 
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4+            
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n = 8 

1+ 
3/8 **, 
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Discussion  

DMV disease predominantly affects miniature and 

small breed dogs over eight years of age and is found to 

occur more frequently in males than females, which is 

why males were in the majority in the present study. All 

the dogs were treated according to the 2019 ACVIM 

guidelines (12).  

In the present study, two analysers using different 

measurement methods were used to assess blood 

morphology. The Scil Vet ABC uses the impedance 

method for analysis, which means that it counts  

most erythrocyte components and platelets based  

on their volumes and a change in current conductivity. 

The second analyser, the Laser Cyte flow cytometer, 

uses a combination of optic detection and flow 

fluorescence to perform measurements. This technique 

assesses not only cell size, but also the intracellular 

structure, i.e., the size and shape of the nucleus and its 

segmentation and granulation, which enables more 

accurate cell identification and improves result 

reliability. The results of the morphological analyses 

performed by the two analysers did not differ 

significantly.  

The RDW results are interesting. RDW is  

a parameter that is routinely assessed by 

haematological analysers and is a marker of 

anisocytosis, i.e., the simultaneous occurrence of 

normocytes, macrocytes, and microcytes. In humans, 

the mean erythrocyte volume ranges from 80 to 96 fL 

and is much larger than in dogs (60–75 fL). The 

presence of anisocytosis in humans may be associated 

with larger differences in erythrocyte size than in 

dogs. Hence, it may be assumed that commercial 

analysers accurately calculate RDW and differences 

in cell sizes in humans. 
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Figs 1–6. Sample blood smears representing: 1 – anisocytosis; 2 – echinocytes; 3 – codocytes; 4 – dacryocytes; 5 – stomatocytes; and 6 – 

crystallised haemoglobin 
 

 

This may explain why RDW in humans is of 

material importance in heart disease, while it remains  

a controversial parameter in dogs (3, 4, 7, 8, 13, 21). 

Some authors observed changes in the RDW in dogs 

with DMV disease without pulmonary hypertension, 

DMV disease with postcapillary pulmonary hypertension 

and DMV disease with precapillary pulmonary 

hypertension. They found that the RDW was increased 

in dogs with pre- and post-capillary pulmonary 

hypertension as well as severe pulmonary hypertension 

compared to the control groups of healthy dogs (13, 21). 

Due to the discrepancies concerning the diagnostic value 

of an automatically determined RDW, the authors chose 

to manually assess the blood smears, which provided 

additional information. While the RDW results obtained 

from both analysers were within the reference range for 

dogs, the manual microscopic analysis of the blood 

smears revealed the presence of erythrocyte 

anisocytosis. In the dogs with advanced heart failure, the 

degree of poikilocytosis was significantly greater. 

Codocytes and dacrocytes were observed in the dogs 

with heart failure. Moreover, schistocytes, ovalocytes, 

and stomatocytes were found in the manual blood 

smears. In addition, crystallised haemoglobin was 
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discovered in the dogs with advanced heart failure. 

Echinocytes may appear following furosemide 

administration. However, in the present study, no 

association was found between poikilocytosis and the 

use of diuretics. The presence of echinocytes in all 

studied groups is most likely associated with the 

presence of the EDTA anticoagulant, which may cause 

cell contraction in vivo (10).  

In healthy animals, mainly mature and well-formed 

erythrocytes called normocytes enter the bloodstream. 

However, in certain pathological conditions, bone 

marrow may release cells with abnormal morphology. 

The presence of poikilocytosis and anisocytosis in dogs 

with heart failure may therefore become a helpful 

diagnostic marker. The assessment of the manual smear 

can be performed quickly and cost-effectively, which 

should also prompt the routine performance of this 

examination when heart failure is suspected. It is 

important to note that a complete blood count with the 

use of haematological analysers and microscopic 

evaluation has its limitations. For proper evaluation of 

blood smears it is necessary to prepare them within  

an hour of collection. The result of smear evaluation is 

influenced by four components: the quality of the smear, 

staining, the quality of the microscope, and the 

experience of the examiner. In the case of 

haematological analysers, the result is affected by 

haemolysis and lipaemia, which distorts the results for 

haemoglobin, MCH, and MCHC. Platelet aggregates 

affect proper analysis of the platelet count, falsely 

increasing the mean corpuscular volume of erythrocytes. 

An accurate MCV determination is crucial for RDW 

measurement, as it is calculated from MCV. For this 

reason, regardless of the method used for automatic 

measurement of complete blood count, verification of 

the result should be based on manual evaluation of the 

blood smear. 

In conclusion, haematological blood analysers 

based on impedance and flow cytometry provide reliable 

and comparable results of blood morphology in dogs 

with heart failure. The red blood cell distribution width 

measured automatically did not differ between the dogs 

with mitral valve regurgitation and healthy controls, 

while erythrocyte poikilocytosis increased with the 

severity of heart failure. Hence, the microscopic 

assessment of blood smears is a more reliable tool to 

detect erythrocyte anisocytosis.  
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