
Domanjko Petrič et al. Acta Vet Scand  (2018) 60:20 
https://doi.org/10.1186/s13028-018-0372-x

RESEARCH

Systemic inflammation in dogs 
with advanced‑stage heart failure
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Abstract 

Background:  Although human studies have shown that inflammation plays a role in the development of congestive 
heart failure, scarce information exists on white blood cell count (WBC) and differential cell counts in various stages 
of heart failure in man and dogs. A few studies demonstrated increased concentrations of C-reactive protein (CRP), 
a major acute-phase protein, in cardiac diseases in dogs. Our research aimed to investigate whether CRP concentra-
tion, WBC and neutrophil count (NEUT), as markers of systemic inflammation, are elevated in canine cardiovascular 
patients. We also aimed to find out whether there is an association between CRP concentration and WBC and NEUT, 
as well as associations between these inflammatory markers and selected echocardiographic parameters. Sixty-two 
client-owned canine cardiac patients and 12 healthy dogs were included in the study. The patients were classified 
into International Small Animal Cardiac Health Council classes (ISACHC I–III). The serum CRP concentration was deter-
mined using a canine CRP test kit. WBC and NEUT were determined using an automated hematology analyzer.

Results:  Significantly higher serum CRP concentration, WBC and NEUT were found in the decompensated stage of 
heart failure (ISACHC III) compared with healthy dogs and with patients in ISACHC group II and ISACHC group I. Serum 
CRP concentration significantly positively correlated with WBC (r = 0.65, P < 0.001) and NEUT (r = 0.58, P = 0.002) in 
the ISACHC III group, while no significant correlations were found in the ISACHC I and II groups. A significant nega-
tive correlation between serum CRP concentration and the left ventricular ejection fraction (r = − 0.49, P = 0.046) and 
a significant positive correlation between CRP and the E wave velocity of the mitral valve inflow (r = 0.52, P = 0.046) 
were found in the ISACHC III group.

Conclusions:  The CRP concentration, WBC and NEUT were significantly increased in advanced-stage heart failure 
patients in comparison with compensated patients and healthy dogs, which indicate the presence of systemic inflam-
mation. However, normal CRP concentration and normal WBC and NEUT can also be present in heart failure.
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Background
Inflammation plays a role in the pathogenesis and pro-
gression of many forms of heart failure, and biomarkers 
of inflammation have become the subject of intensive 
investigations in human and veterinary medicine [1, 2]. 
In humans, C-reactive protein (CRP), measured using 
a high sensitivity CRP assay (hsCRP assay), as marker 
of inflammation has received the most attention [3–5]. 
Concentrations of CRP previously considered to be nor-
mal have been shown to predict future cardiovascular 

events independently in initially healthy individuals, as 
well as in human cardiovascular patients [4–8]. CRP is a 
major acute-phase protein in dogs that is characterized 
by a marked change in serum concentration consistent 
with systemic inflammatory activity [9–12]. It is pro-
duced primarily by the liver in response to proinflamma-
tory cytokines, such as interleukin-1, interleukin-6 and 
tumor necrosis factor alpha [9, 12].

Several clinical studies have demonstrated signifi-
cant alterations in some of the inflammatory markers in 
canine cardiovascular patients [13–18]. Increased con-
centrations of CRP have been demonstrated in acquired 
[14, 16–18] and congenital [19] cardiac diseases in dogs. 
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In these studies, the CRP Enzyme-Linked ImmunoSorb-
ent Assay [14, 18], automated canine-specific hsCRP 
assay [17] or human turbidimetric CRP assay, validated 
for use in dogs [16], were used for determination of CRP 
concentrations in serum or plasma. Moreover, in dogs 
with myxomatous mitral valve disease (MMVD) and 
dilated cardiomyopathy, plasma CRP concentration was 
associated with disease severity [17, 18]. However, no 
associations were found between serum CRP concen-
tration, measured using a hsCRP assay, and severity of 
asymptomatic MMVD [17].

White blood cell count (WBC) is a marker of systemic 
inflammation, but data on its association with heart fail-
ure risk are limited in humans [20–22] and dogs [13, 23]. 
Moreover, WBC and the percentages of neutrophils, lym-
phocytes and eosinophils upon admission were found 
to be significant predictors of the development of con-
gestive heart failure (CHF) in patients with acute myo-
cardial infarction [24]. During years of clinical work, we 
observed that dogs in CHF had elevated WBC and neu-
trophil count (NEUT), which leads many practitioners 
to unjustified use of antibiotics (personal observations). 
Higher WBC and NEUT and markedly lower total lym-
phocyte count, as well as percentages of lymphocyte sub-
populations in dogs in severe CHF in comparison to the 
control group were observed also by Farabaugh et al. [13] 
and Deepti and Yathiraj [23] recently found leukocytosis 
in CHF dogs.

We hypothesize that canine heart failure patients have 
elevated markers of systemic inflammation (CRP, WBC 
and NEUT). Components of the inflammatory process 
contribute to the worsening and progression of heart fail-
ure and imbalance of regulatory mechanisms that main-
tain cardiac homeostasis [25, 26]. Our research aimed 
1) to investigate whether CRP concentration, WBC and 
NEUT, as markers of systemic inflammation, are elevated 
in canine cardiovascular patients; 2) to find out whether 
there is an association between CRP concentration and 
WBC and NEUT, as well as associations between these 
inflammatory markers and selected echocardiographic 
parameters.

Methods
Animals
Eighty-one client-owned dogs of various breeds, sex, age 
and weight were recruited. Sixty-nine dogs were cardio-
vascular patients prospectively recruited, and 12 healthy 
dogs served as controls. The 12 control dogs were from 
the active rescue dog team and were judged to be healthy 
based upon normal history, normal clinical examina-
tion and the results of hematological and biochemical 
analyses. All dogs included in the study were regularly 

dewormed and vaccinated and none of the dogs showed 
eosinophilia indicative of a parasitic or allergic condition.

Cardiovascular disease was confirmed on the basis of 
history, clinical examination, radiographic examination 
of the thorax, standard electrocardiogram and echocar-
diography using two-dimensional, M-mode, and color 
and spectral Doppler modes (Vingmed System Five, Gen-
eral Electric Healthcare, Milwaukee, Wisconsin, USA). 
Nine-lead electrocardiogram was performed in the right 
lateral recumbence or in standing position, depending of 
the dog’s status. Echocardiography was done according 
to the recommendations [27]. Left ventricular internal 
dimensions in diastole and systole were indexed to body 
weight in kg raised by the exponent according to Cor-
nell et al. [28]. Left ventricular ejection fraction was cal-
culated by the Teichholz method derived from M-mode 
measurements. Echocardiographic parameters, includ-
ing left atrium dimension and diameter of the aorta ratio 
(LAD/Ao), percentage fractional shortening (pctFS), left 
ventricular dimension at end diastole index (LVDdI), 
left ventricular ejection fraction (LVEF), left ventricular 
dimension at end systole index (LVDsI) and E wave veloc-
ity of the mitral valve inflow (MVE) were used for corre-
lation analysis to find out whether there is an association 
between these parameters and inflammatory markers. 
Dogs with concomitant non-cardiac diseases, including 
other diseases such as neoplasia, infections or metabolic 
disorders, were excluded based on the results of hemato-
logic and biochemical analyses, ancillary laboratory tests 
(urinalysis, Anaplasma phagocytophilum (serologic and 
polymerase chain reaction assay), Borrelia burgdorferi 
serological testing) and abdominal ultrasound. Patients 
were classified into the International Small Animal Car-
diac Health Council (ISACHC) classes [29]. Asymp-
tomatic dogs with documented cardiac disease were 
included in ISACHC I; however, this class was not further 
divided. In the ISACHC II group we included dogs with 
documented cardiac disease and compensated, i.e. well 
controlled heart failure with cardiac therapy and no overt 
clinical signs of decompensation. In compensated heart 
failure, symptoms are stable and many overt features of 
fluid retention and pulmonary edema are absent. In the 
ISACHC III group, we included dogs that were in uncon-
trolled/decompensating heart failure at the time of inclu-
sion. Decompensated heart failure refers to deterioration, 
which may present either as an acute episode of pulmo-
nary edema or as lethargy and reduction in exercise tol-
erance and increasing tachypnea/dyspnea on exertion. 
These later dogs were either first time patients without 
CHF therapy or worsening of already diagnosed CHF. 
Criteria for the diagnosis of CHF were based on clini-
cal signs and subjectively assessed thoracic radiography. 
An interstitial or alveolar pulmonary pattern compatible 
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with pulmonary edema with left atrial enlargement and 
clinical signs of CHF were used to confirm CHF.

Written consent of the owners was obtained. All pro-
cedures were approved by the Ethical Committee of the 
Ministry of Agriculture, Forestry and Food, Veterinary 
Administration of the Republic of Slovenia (Animal Pro-
tection Act UL RS 43/2007).

Blood sampling and analysis
Blood was taken from the jugular or cephalic vein from 
fasted dogs. Blood samples for determining complete 
blood count (CBC) and white cell differential count 
(WCDC) were collected into tubes containing the antico-
agulant ethylenediaminetetraacetic acid (BD Microtainer; 
Becton–Dickinson, Franklin Lakes, New Jersey, USA). 
Blood samples for determining the biochemical profile 
(urea, creatinine, electrolytes (sodium, potassium and 
chloride), alkaline phosphatase, and alanine aminotrans-
ferase; data not shown) and CRP concentrations were 
collected in serum separator tubes (Vacuette; Greiner 
Bio-One, Kremsmünster, Austria). Blood samples were 
centrifuged for 10 min at 1300×g. CBC and WCDC were 
determined within 1 h after collection of the blood sam-
ples using an automated laser-based hematology analyzer 
(ADVIA 120, Siemens, Munich, Germany) and multispe-
cies software, developed by the manufacturer. All settings 
in the software were used as provided, without adjust-
ment or modification.

The biochemical profiles, with the exception of elec-
trolytes, were determined with an automated biochemi-
cal analyzer (RX Daytona, Randox, Crumlin, United 
Kingdom) on the day of blood sample collection. The 
concentrations of electrolytes were determined with an 
electrolyte analyzer (ILyte, Instrumentation Laboratory, 
Lexington, MA, USA) on the day of sample collection. 
Serum samples for CRP measurements were frozen at 
− 80 °C and analyzed within 2 months. Serum CRP con-
centrations were determined with the canine CRP test 
kit (LifeAssays® Canine CRP test kit, LifeAssays®, Lund, 
Sweden), which is a one-step 11-min magnetic perme-
ability based canine-specific two-site immunoassay [30, 
31]. The linear range of the test kit is 10–210 mg/L. All 
samples were analyzed in duplicate and the mean CRP 
concentration was used for statistical analyses. The 
canine CRP control, included in the canine CRP test 
kit, was used to confirm the efficacy of the reagents and 
correct performance of the test. The control samples 
were analyzed according to the same procedure as for a 
canine sample. The detection limit (DL) of the assay was 
10 mg/L. Therefore, the samples with CRP concentration 
of less than the DL of the assay were assigned a concen-
tration of 10 mg/L and for statistical analysis used as such 
or treated with special methods.

Statistical analysis
The data were analyzed with commercial software (SPSS 
version 22.0, SPSS Inc, Chicago, Illinois, USA and R sta-
tistical program [32]. A value of P < 0.05 was considered 
significant. Descriptive statistics was used to describe the 
basic features of the data. The Shapiro–Wilk test was per-
formed to test whether the data were normally distrib-
uted. A one-way ANOVA with Tukey Honest Significant 
Difference post hoc test was used to test for statistically 
significant differences in age between healthy dogs and 
individual groups of cardiac patients (ISACHC I–III). 
Kruskal–Wallis analysis followed by multiple compari-
sons was performed to compare the measured param-
eters (WBC, NEUT), as well as weight, between healthy 
dogs and individual groups of cardiac patients (ISACHC 
I–III). For the comparison of CRP (ISACHC I–III) a two-
part model combining χ2 and Kruskal–Wallis test [33] 
was used to account for the values below DL (see sup-
plement). To control for the confounding variables (age, 
sex and disease etiology) two multiple linear regression 
models for (log10)WBC and (log10)NEUT each were per-
formed (disease etiology could be controlled for only in 
the subset of diseased patients). A two-part model com-
bining logistic and linear regression on diseased patients 
was used to account for the values below DL in CRP.

Spearman’s rank correlation coefficient analysis was 
performed to determine the correlation between the CRP 
concentration and WBC and NEUT, as well as selected 
echocardiographic parameters (LAD/Ao, pctFS, LVDdI, 
LVEF, LVDsI, and MVE). The same method was used to 
determine correlations between CRP concentrations and 
the intensity of cardiac murmur grades 1–6.

Results
Seven cardiovascular patients were excluded from the 
group of 69 patients, due to various reasons: antibiotic 
therapy and dental disease (2 dogs), allergy, hypothy-
roidism, antibiotic therapy with suspected endocrine 
disorder, cachexia and lost blood sample. Sixty-two dogs 
of 25 different breeds with confirmed cardiovascular 
diseases were divided in three groups according to the 
ISACHC classification, based on a complete cardiovas-
cular examination. Medication regimens included diu-
retics (furosemide and spironolactone), beta-blockers 
(atenolol), calcium-channel blockers (diltiazem), ACE 
(angiotensin-converting enzyme) inhibitors, an inodila-
tor (pimobendan), and digoxin (Table  1). Cardiovascu-
lar patients were of the following breeds: Mixed breed 
dogs (n = 16), Doberman Pinschers (n = 5), Cavalier 
King Charles (n = 5), 4 Chihuahuas (n = 4), Great Danes 
(n = 3), German Boxers (n = 3), Italian Greyhounds 
(n = 3), Airedale Terriers (n = 2), Rottweilers (n = 2), 
Saint Bernard dogs (n = 2), German Shepherds (n = 2), 
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Labrador Retrievers (n = 2) and one dog of each breed: 
Pekingese, Japanese Chin, Shih-Tzu, Newfoundland Dog, 
Boston Terrier, Miniature Poodle, Tibetan Terrier, Rho-
desian Ridgeback, Beagle, Dogue de Bordeaux, Dachs-
hund, American Staffordshire Terrier and Schipperke. 
Twelve healthy dogs were enrolled as controls in the 
study. The following breeds were included in the con-
trol group: Labrador Retrievers (n = 6), Golden Retriev-
ers (n = 3), Mixed breed dogs (n = 2), and Border Collie 
(n = 1). Dog characteristics other than breed are summa-
rized in Table 2.

Cardiovascular patients had the following diseases: 
myxomatous mitral valve disease (MMVD; ISACHC I, 
n = 6; ISACHC II, n = 19; ISACHC III, n = 14), dilated 
cardiomyopathy (ISACHC I, n = 2; ISACHC II, n = 5; 
ISACHC III, n = 9), subaortic stenosis (ISACHC I, n = 2) 
and patent ductus arteriosus (ISACHC II, n = 2; ISACHC 
III, n = 3).

A significantly higher serum CRP concentration (Fig. 1) 
was found in the decompensated stage of heart failure 
(ISACHC III; median 15.5  mg/L, interquartile range 
10.0–34.8 mg/L) compared with healthy dogs (P = 0.001; 
median 10.0  mg/L, interquartile range 10.0–10.0  mg/L) 

and with patients in ISACHC group II (P < 0.001; median 
10.0  mg/L, interquartile range 10.0–10.0  mg/L) and 
ISACHC group I (P = 0.011; median 10.0  mg/L, inter-
quartile range 10.0–10.0  mg/L). We found a signifi-
cantly higher WBC (Fig. 2) in ISACHC III dogs (median 
14.0 × 109/L, interquartile range 10.4–18.0 × 109/L) com-
pared with healthy dogs (P = 0.005; median 9.0 × 109/L, 
interquartile range 7.8–10.2 × 109/L), ISACHC I dogs 
(P = 0.004; median 8.4 × 109/L, interquartile range 6.3–
11.2 × 109/L) and ISACHC II dogs (P < 0.001; median 
9.1 × 109/L, interquartile range 7.6–10.8 × 109/L). In 
addition, a significantly higher NEUT (Fig.  3) was 
observed in ISACHC III dogs (median 10.4 × 109/L, 
interquartile range 7.2–12.2 × 109/L) compared with 

Table 1  Treatment used in groups of canine cardiac patients (ISACHC I–III)

ISACHC International Small Animal Cardiac Health Council; N number of dogs included in ISACHC group; n number of dogs per ISACHC group receiving specific cardiac 
drug; ACE angiotensin-converting enzyme

Therapeutics ISACHC I (N = 10) (n) ISACHC II (N = 26) (n) ISACHC III (N = 26) (n)

Salbutemol 1

Furosemide 26 21

ACE inhibitor 26 13

Pimobendan 1 15 14

Atenolol (beta-blocker) 2 4

Digoxin 5 9

Diltiazem (calcium-channel blocker) 4 4

Spironolactone 4 1

Potassium chloride 5

Total number of dogs with therapy 2 26 21

Table 2  Baseline characteristics in  healthy dogs 
and groups of canine cardiac patients (ISACHC I–III)

ISACHC International Small Animal Cardiac Health Council; SD standard deviation
*   P < 0.05 in comparison with healthy dogs

Group Healthy ISACHC I ISACHC II ISACHC III

Number 12 10 26 26

Sex (female/male) 9/3 3/7 8/18 7/19

Age (years) mean ± SD 6.7 ± 3.4 7.3 ± 3.7 10.8 ± 3.9* 10.3 ± 4.1*

Weight (kg)

 Median 28.7 14.0 9.9 26.4

 Interquartile range 22.5–33.0 6.2–45.7 6.9–36.0 10.5–32.8

Fig. 1  Serum CRP concentrations in healthy dogs and groups of 
canine cardiac patients (ISACHC I–III). *significantly higher in compari-
son with ISACHC II (P < 0.001) and ISACHC I (P = 0.011) and healthy 
dogs (P = 0.001)
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healthy dogs (P < 0.001; median 4.8 × 109/L, interquar-
tile range 4.4–5.9 × 109/L), ISACHC I dogs (P = 0.003; 
median 5.5 × 109/L, interquartile range 3.3–7.6 × 109/L) 
and ISACHC II dogs (P < 0.001; median 6.0 × 109/L, 
interquartile range 4.5–7.0 × 109/L).

In the multivariate analyses, where we controlled for 
age, sex (and disease), ISACHC group III still had sig-
nificantly larger expected values of all the three inflam-
matory parameters (log10WBC, log10NEUT or CRP) 
compared to ISACHC group II (P < 0.001). Expected val-
ues of inflammatory parameters for ISACHC group I in 

the multivariate model were never significantly different 
from the expected values for inflammatory parameters in 
group II (see Additional file 1).

Serum CRP concentration significantly positively 
correlated with WBC (r = 0.65, P < 0.001) and NEUT 
(r = 0.58, P = 0.002) in the ISACHC III group, while no 
significant correlations were found in ISACHC I and II 
groups. There were no statistically significant correla-
tions between the serum CRP concentration and heart 
murmur intensity (grades 1 to 6) in any of the ISACHC 
groups. A significant negative correlation between serum 
CRP concentration and LVEF (r = − 0.49, P = 0.046) and 
a significant positive correlation with MVE (r = 0.52, 
P = 0.046) were found in the ISACHC III group. There 
were no significant correlations between the CRP con-
centration and other selected echocardiographic param-
eters in any of the ISACHC groups.

Discussion
The present study is the first to report on serum CRP 
concentration in association with WBC and neutrophil 
count in patients with severe heart failure. Our results 
demonstrate that systemic inflammation may be present 
in patients with severe heart failure, irrespective of the 
etiology. The role of inflammation in the development 
and progression of heart failure has been described [15, 
34–37]. Inflammation can contribute not only to myo-
cardial dysfunction but also to detrimental consequences 
such as endothelial dysfunction and cardiac cachexia. 
Inflammatory mediators may be released from the failing 
myocardium itself, and also from circulating leukocytes, 
blood platelets, endothelial cells, and from the liver and 
lungs [36]. Acute phase proteins as markers of inflamma-
tion, including CRP, have been found to be increased in 
acute and chronic inflammatory diseases and heart fail-
ure [10, 17, 38–42].

Our study showed a significantly higher serum CRP 
concentration in ISACHC III heart failure patients in 
comparison with ISACHC II, ISACHC I and healthy 
dogs, although the median value of CRP concentration 
in ISACHC III group did not exceed the upper value of 
reference range [31] and more than a half of the patients 
in this group had CRP concentrations within the refer-
ence range. Regardless the method for measurement of 
circulating CRP concentration used, recent studies have 
reported significantly higher serum CRP concentra-
tion in dogs with CHF due to MMVD or dilated cardi-
omyopathy compared to clinically healthy dogs [17, 18] 
or in comparison to asymptomatic dogs [16, 17], which 
is in accordance with our results. Similarly, in the study 
of Reimann et  al. [17], CRP was not increased in dogs 
with different stages of MMVD without CHF in com-
parison with control dogs; however, the presence of CHF 

Fig. 2  White blood cell count in healthy dogs and groups of canine 
cardiac patients (ISACHC I-III). *significantly higher in comparison 
with ISACHC II (P < 0.001) and ISACHC I (P = 0.004) and healthy dogs 
(P = 0.005)

Fig. 3  Neutrophil count in healthy dogs and groups of canine 
cardiac patients (ISACHC I-III). *significantly higher in comparison 
with ISACHC II (P < 0.001) and ISACHC I (P = 0.003) and healthy dogs 
(P < 0.001)
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significantly increased serum CRP concentration. Con-
trary to our results, Rush et al. [14] found no significant 
difference in CRP concentration between MMVD dogs 
with CHF and without CHF; however, CRP concentra-
tion was significantly higher in dogs with MMVD (with 
and without CHF) in comparison with healthy dogs. The 
differences between the results of our study and that of 
Rush et al. [14] might be attributed to differences in dogs 
included in studies and different CRP assays used. Ljun-
gvall et  al. [43] found no significant differences in CRP 
concentration between healthy dogs and dogs at different 
stages of MMVD that were not in CHF. It has been sug-
gested that renin–angiotensin–aldosterone system with 
sympathetic system contribute to constant inflammation 
in CHF. Studies have shown that angiotensin II activates 
leukocytes in circulation and plays a role in their adhe-
sion to the endothelium. Additionally, lymphocytes and 
monocytes express beta-adrenergic receptors and beta-
adrenergic stimulation may modulate cytokine produc-
tion in these cells [37]. Our results may indicate that the 
progression of CHF is the major cause of increased levels 
of systemic markers of inflammation. Studies with human 
CHF patients have revealed that WBC and CRP may be 
implicated in the development of heart failure by the 
immune system acting as a modulator of myocyte injury 
and inflammatory reactions contributing to the structural 
and functional deterioration observed in failing human 
hearts [44]. Additionally, CRP may be an independent 
marker of improvement and readmission in heart failure 
[45]. Higher levels of plasma CRP concentration, meas-
ured using a hsCRP assay, have been associated with 
more severe heart failure and independently associated 
with morbidity and mortality [6, 39]. Our study revealed 
a significant positive correlation between CRP and MVE 
in ISACHC III, which indicates that higher serum CRP 
concentrations are associated with higher left atrial pres-
sure and thus more severe CHF. Moreover, CRP con-
centration significantly negatively correlated with LVEF, 
which additionally supports our results that higher CRP 
concentrations are associated with more severe CHF 
and myocardial dysfunction. On the other hand, we did 
not find a significant correlation between murmur grade 
and CRP concentration in any of the ISACHC groups. 
Similarly, Rush et al. [14] found no significant correlation 
between murmur grade and CRP concentrations in dogs 
with chronic valvular disease.

In our study, CRP concentration significantly posi-
tively correlated with WBC and NEUT in the ISACHC 
III group. In this group of patients, WBC and NEUT 
were significantly higher compared with that in ISACHC 
II and ISACHC I and healthy dogs. In the ISACHC 
III group, the median values of WBC and NEUT 
exceeded the upper value of reference ranges in dogs 

[46], indicating leukocytosis and neutrophilia in CHF 
dogs, which suggests that systemic inflammation may 
be present in advanced stage of heart failure. In addi-
tion, authors believe that WBC needs to be judged on 
an individual basis and not blindly compared to the ref-
erence values. Farabaugh et  al. [13] found significantly 
higher WBC and NEUT in CHF dogs (ISACHC III) com-
pared with ISACHC II and the control group, which is 
in accordance with our results. Deepti and Yahtiraj [23] 
also found higher mean WBC in CHF dogs compared to 
the reference values from the literature; however, they 
did not have their own control group. Few human stud-
ies have demonstrated a correlation between WBC and 
CHF. In human patients with acute myocardial infarc-
tion, increased levels of WBC and NEUT and decreased 
levels of lymphocytes and eosinophils were found to be 
associated with early development of CHF [24]. Higher 
incidence of in-hospital deaths of human patients due to 
decompensated heart failure were found to be associated 
with higher CRP concentration, higher leukocyte and 
neutrophil counts and lower lymphocyte count, which 
supports our findings [47]. A high number of leukocytes 
may affect the electrical stability of the heart. It has been 
shown that high WBC is a significant predictor of ven-
tricular fibrillation in patients with acute myocardial 
infarction [20]. Additionally, high WBC have been asso-
ciated with the development of new CHF or shock [20]. 
Mechanisms by which leukocytes may affect the progres-
sion of CHF include proteolytic damage, leukocyte aggre-
gation, microvascular obstruction, electrical instability 
and impaired revascularization [20, 24, 48]. Neutrophils 
may not directly contribute to contractile dysfunction 
but may be an indicator of other inflammatory mediators 
that may be directly involved in the pathogenesis of car-
diac dysfunction. Moreover, neutrophils as phagocytes 
undergo a cellular respiratory burst and release free oxy-
gen radicals, which are toxic to cells. Interaction between 
neutrophils and inflammatory cells within the myocar-
dium can occur, which results in the release of lysosomal 
enzymes and arachidonic acid metabolites, thus causing 
myocardial dysfunction [49–51].

Our study has some limitations. These include quite 
high DL (10  mg/L) of the canine CRP test used, which 
disables more sensitive determination of CRP concentra-
tion. However, hsCRP assays with much lower detection 
limits were unable to discriminate between degrees of 
MMVD without CHF but were able to detect the signifi-
cant difference in CRP concentration between patients 
with and without CHF [17], as well as between CHF 
patients and healthy dogs [17, 18]. The same results were 
obtained by the CRP test used in our study. In a clinical 
setting, it is important to recognize that systemic inflam-
mation may be present in acute decompensated heart 
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failure of already treated or new heart failure patients in 
order not to interpret the results as infection. We would 
like to point out that practitioners should consider CHF 
as a differential diagnosis in case of elevated CRP, WBC 
and NEUT. In this case irrational use of antibiotics can be 
avoided. The CRP assay used in our study is widely availa-
ble and may be used by a practitioner because it is easy to 
use, rapid (it takes only 11 min to get the result) and does 
not require trained laboratory personnel. In cases of CRP 
concentrations below the detection limit, CHF needs to 
be considered in patients with typical clinical signs that 
may include tachypnea/dyspnea, cough, tachycardia, a 
heart murmur, a weak femoral pulse and/or arrhythmias. 
For confirmation of CHF, additional, more specific meth-
ods should be used (N-terminal pro-B-type natriuretic 
peptide, thoracic radiography and echocardiography). 
Another limitation could be relatively low number of 
dogs included in the study and the inclusion of more than 
one heart disease into CHF classes; however, the multiple 
regression analysis showed that etiology had no effect on 
the results presented. Another limitation might be that 
the control dogs had no echocardiographic examination 
done; however, these were all active rescue dogs with-
out any clinical signs and blood-work abnormalities. In 
addition, the control group was not breed matched with 
patient groups; majority of control dogs consisted mostly 
of large breeds. Control dogs were also significantly 
younger compared to ISACHC II and III groups; how-
ever, no significant age-related differences in CRP con-
centrations were observed in healthy beagle dogs [52]. 
Moreover, no associations between CRP and age, body 
weight or breed were found in canine cardiac patients 
[18]. In humans, CRP concentration increased with age; 
however, it remained within the normal range [53]. We 
cannot totally exclude possible effect of age and breed on 
hematological variables [54]. Another limitation might be 
the fact that elderly dogs may have a higher prevalence 
of comorbidities (periodontal disease, osteoarthritis) that 
may result in increased values of inflammatory markers 
[55, 56]; however, dogs with advanced periodontal dis-
ease and symptomatic osteoarthritis were not included 
in this study. The majority of our patients had therapy, 
which may influence the inflammatory markers [57–59]. 
In humans, neutrophilia and lymphopenia were more 
pronounced in CHF patients that were not taking beta-
blockers versus those taking this treatment [57]. Another 
human study showed that administration of specific 
beta-blockers could be associated with attenuation of 
inflammation [58]. Short-term inotropic support reduced 
indices of inflammation in patients with decompensated 
CHF [59].

This study demonstrated that irrespective of etiology, 
CHF may be associated with inflammatory process, as 

evident from significantly increased levels of inflamma-
tory markers (CRP concentration, WBC and NEUT) in 
decompensating or severe heart failure in comparison 
with compensated patients and healthy dogs; however, 
normal CRP concentration and normal WBC/NEUT can 
also be present in heart failure. It is worth noting that 
all three measured parameters show an increasing trend 
with the stage of cardiac disease. Our results give an 
additional evidence of the inflammatory nature of severe 
heart failure in dogs as it was already documented with 
the use of CRP and cytokines in humans [34–36, 42] and 
dogs [15, 17, 18]. Practitioners should be aware of the 
presence of inflammation when interpreting complete 
blood count, white cell differential count or CRP concen-
tration in canine cardiovascular patients.

Conclusions
The study reported here demonstrated significantly 
increased levels of CRP and WBC and NEUT in dogs 
with severe, i.e. decompensated CHF in comparison with 
compensated patients and healthy dogs. However, nor-
mal CRP concentration and normal WBC and NEUT 
can also be present in heart failure. Furthermore, in the 
group of patients with severe CHF, a significant associa-
tion between CRP concentration and WBC and NEUT 
was found. Our results support the hypothesis that sys-
temic inflammation may be present in patients with 
severe heart failure. This information may help also the 
practitioners to be aware that systemic inflammation may 
be present in heart failure in order not to interpret the 
results of WBC, NEUT and CRP as infection; however, it 
should be kept in mind that these markers are unspecific 
and should be interpreted with the history and clinical 
signs as well as other more specific diagnostic modalities.
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