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RESUMO.- [Aumento de lactato sanguíneo com progressão 
de valvopatia mitral em cães.] Em cães com insuficiência 
cardíaca congestiva, o tônus simpático hiperregulado causa 
vasoconstrição e interfere com o suprimento sanguíneo 
periférico, resultando no acúmulo de lactato. Neste estudo 
prospectivo transversal com um componente longitudinal, 
o lactato sanguíneo foi quantificado em 10 cães saudáveis 
e 34 cães com doença mixomatosa da valva mitral (DMVM) 

para investigar seu potencial como biomarcador diagnóstico e 
prognóstico. Embora não tenham sido identificadas diferenças na 
concentração de lactato entre animais controle e cães com DMVM 
nos estágios B1 (3,31±0,62mmol/L) e B2 (3,32±0,46mmol/L), 
diferenças significativas foram constatadas entre os cães 
saudáveis (2,50±0,69mmol/L) e cães com DMVM estágio C 
(3,99±0,47mmol/L) ou D (6,97±1,23mmol/L). Quando 
utilizado o valor de corte de 3,35mmol/L, o lactato foi capaz de 
diferenciar cães com corações normais daqueles com corações 
remodelados com sensibilidade de 78,2% e especificidade de 
63,6%. Além disso, correlações significativas foram encontradas 
entre o lactato e os indicadores de remodelamento cardíaco. 
Por fim, os animais com lactato sanguíneo <3,5mmol/L 
tiveram prognóstico melhor comparativamente aos cães 
com concentrações >5,0mmol/L. Nossos resultados sugerem 
que a progressão da DMVM resulta no acúmulo de lactato 
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na corrente sanguínea, fato que é provavelmente atribuído 
à perfusão periférica prejudicada. Em cães com DMVM, o 
lactato sanguíneo pode ser utilizado como indicador de 
remodelamento cardíaco, cuja concentração elevada está 
associada com pior prognóstico relativo ao tempo para evoluir 
para insuficiência cardíaca congestiva.

TERMOS DE INDEXAÇÃO: Lactato sanguíneo, valvopatia mitral, cães, 
hiperlactatemia, hipoperfusão, insuficiência cardíaca congestiva, 
doença valvar mitral, endocardiose.

INTRODUCTION
Lactate is an organic product resulting from the anaerobic 
metabolism of carbohydrates. Under physiologic conditions, 
it is produced by red blood cells, skeletal muscle, brain, and 
intestines, while its metabolism occurs at the kidneys and 
the liver, so that it is used as an additional source of energy 
for the body (Nel et al. 2004).

Since the biochemical energy system of mammals 
is based on an aerobic pathway, situations that cause a 
reduction in oxygen availability to the tissues are likely 
to require anaerobic pathways to take place, therefore 
increasing the production of lactate. When the intracellular 
concentration of lactate increases, the gradient across the cell 
membranes overwhelms the tissues that are responsible for 
its degradation, leading to a circulatory overload, eventually 
resulting in hyperlactatemia and acidosis (Sharkey & Wellman 
2013) Therefore, lactate may be considered an indicator 
of peripheral tissue hypoperfusion, which might play an 
important prognostic role in people and animals undergoing 
several critical conditions. For instance, the augmentation of 
human blood lactate levels was demonstrated to correlate 
with a higher incidence of multiple organ dysfunctions 
(Friedman et al. 1995, Helliksson et al. 2016)

In heart failure patients, the inability to maintain cardiac 
output along with a strong activation of the cardiovascular 
compensatory mechanisms causes an inappropriate blood 
distribution throughout the body. However, little information 
is available regarding the accumulation of blood lactate in 
dogs with congestive heart failure. We hypothesized that a 
prolonged peripheral tissue hypoperfusion related to the 
activation of compensatory mechanisms would increase the 
production of lactate, resulting in hyperlactatemia in dogs with 
mitral insufficiency and congestive heart failure. Therefore, the 
specific objectives of this study were four-fold: to investigate 
the concentration of lactate in dogs with myxomatous mitral 
valve disease (MMVD) and varying degrees of congestive 
heart failure; to determine its sensitivity and specificity to 
distinguish dogs with remodeled hearts from those without 
congestion; to determine whether the blood concentration 
of lactate would correlate with the results of routine cardiac 
ancillary tests; and finally, to investigate its prospective use 
as a prognostic biomarker in these animals.

MATERIALS AND METHODS
Animals. 137 dogs with myxomatous mitral valve disease (MMVD) 

were examined. However, only 34 dogs (6-14y; 13.3±1.2 kg) were 
enrolled into this prospective cross-sectional observational study 
with a longitudinal component due to MMVD-only exclusion criteria, 
as well as the exclusion of animals with a history of ongoing medical 

therapy prior to the study. Also, 10 age-matched (6-12y; 9.6±5.4 kg) 
healthy dogs were included to serve as controls. The MMVD dogs 
were subdivided in stages in accordance with the American College 
of Veterinary Internal Medicine (ACVIM) consensus statement 
classification (Atkins et al. 2009). Stages B1 (n=11; 6-12y; 14.3±5.3 
kg), B2 (n=10; 8-13y; 6.4±2.1 kg), C (n=9; 8-14y; 9.4±5.0 kg), and D 
(n=4; 9-14y; 4.9±0.9 kg) were represented. Owner written consent 
was obtained for every animal recruited for the study, which was 
entirely conducted in accordance with guidelines outlined in the 
National Institutes of Health Guide for the Care and Use of Laboratory 
Animals.

Blood lactate and cardiac evaluation. Jugular vein blood 
was drawn to determine the concentration of lactate, which was 
performed immediately using a point-of-care lactate analyzer 
(Accutrend Lactato, Roche Diagnostica Brasil). Only for stage D 
dogs two other blood samples were obtained from the cephalic 
vein at admittance and 24 hours later. Also, every dog underwent 
a complete physical examination and cardiac ancillary tests, which 
included an echocardiogram (assessment of cardiac morphology, 
transvalvular blood flow velocities, systolic and diastolic function 
surrogates), electrocardiogram (heart rate and wave morphology), 
chest radiograph (VHS), and non-invasive blood pressure assessment 
(Doppler) as described elsewhere. (Tilley 1992, Buchanan & Bucheler 
1995, Wolf et al. 2000, Boon 2011).

Body temperature gradient. Rectal and peripheral temperatures 
were acquired using a digital rectal thermometer and an infrared 
thermometer respectively. The peripheral temperature was obtained 
with the infrared beam directed towards one of the right forelimb’s 
interdigital areas, which was thoroughly cleaned and dried with 
a soft tissue immediately prior to acquisition. Temperature was 
acquired in triplicate, and the average value was considered as 
the final result. Once peripheral and rectal temperatures had been 
acquired, a gradient was calculated (ΔT) representing the difference 
between them (Vincent et al. 1988, Lima et al. 2009).

Statistical analyses. All data underwent a Shapiro-Wilk 
normality test, followed by an unpaired T test to check for 
differences between healthy and MMVD dogs. Also, an analysis of 
variance was used to document differences between controls and 
the several MMVD stages. Sensitivity and specificity of blood lactate 
concentration to differentiate between dogs with remodeled hearts 
(stages B2, C and D) and those with no cardiac remodeling (B1), 
were determined using a receiver operating characteristic curve. 
Pearson’s correlation was used to investigate correlations between 
lactate concentration and several parameters derived from the 
routine cardiology ancillary methods. A Kaplan-Meier curve was 
used to evaluate the prognostic value of lactate regarding either the 
development of clinical signs attributable to CHF or the all-cause 
mortality. To do so, owners were called at 12 and 18 months after 
initial evaluation, unless animals were readmitted to hospital due 
to any other clinical conditions.

RESULTS
Significant differences (P=0.0021) were documented between 
the blood lactate of control dogs (2.50±0.69mmol/L) and 
dogs with MMVD (3.92±1.32mmol/L) regardless of its stage 
classification. When a multiple comparisons test was used 
to further analyze MMVD dogs according to the disease 
severity stage (Fig.1), significant differences were identified 
between healthy and both stages C (3.99±0.47mmol/L) and D 
(6.97±1.23mmol/L) dogs. On the contrary, no differences existed 
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between control animals and stages B1 (3.31±0.62mmol/L) 
and B2 (3.32±0.46mmol/L) dogs.

The most expressive difference between MMVD dogs 
with normal and remodeled hearts (AUC: 0.7292) was 
documented with a cut-off of 3.35mmol/L (sensitivity: 
78.2%; specificity: 63.6%) (Fig.2). Significant positive 
correlations were found to exist between blood lactate 
concentration and several parameters documented on ancillary 
tests, including the indexed left ventricular end-diastolic 
diameter (R=0.3348; P=0.0263), left-atrium-to-aorta ratio 
(R=0.5840; P<0.0001), fractional shortening (R=0.3009; 
P=0.0471), average heart rate (R=0.3890; P=0.0108), the 
vertebral heart scale (R=0.5674; P<0.0001), and the P wave 
amplitude (R=0.3485; P=0.0220). Also, a negative significant 
correlation was demonstrated between lactate and systolic 

blood pressure (R=-0.3146; P=0.0374). Interestingly, a 
significant positive correlation was documented between 
lactate and the body temperature gradient (R=0.4439; 
P=0.0025). Figure 3 shows the scatter plots picturing 
the two most significant correlations found in our study. 
Specifically, for the stage D dogs, cephalic vein blood lactate 
concentration before treatment (7.55±1.17mmol/L) was 
significantly higher (P=0.0044) than its concentration 
measured one day later (4.00±0.81mmol/L) (Fig.4).

Regarding prognosis, only two dogs were censored over 
the study and the Kaplan-Meier curve showed the median time 
to decompensation (MTD) ascribed to heart failure to differ 
significantly according to blood lactate concentration at time 
of diagnosis (Fig.5). Animals with blood lactate <3.5mmol/L, 
between 3.5 and 5.0mmol/L, and >5.0mmol/L had a MTD 
of 460, 183, and 57 days, respectively. Although statistical 
differences were not documented for the all-cause mortality, 
no dogs with lactate <3.5mmol/L at presentation died during 
the study, while dogs with lactate in the 3.5-5.0 range had 
a median time of 316 days until death, and those animals 
with the highest concentration of lactate lived a median of 
only 177 days.

Fig.1. Medians of blood lactate concentration in healthy dogs and 
with myxomatous mitral valve disease (MMVD). While stages 
B1 and B2 animals are completely asymptomatic, dogs in either 
stage C or stage D present overt clinical signs attributable to 
congestive heart failure. Significant differences were identified 
only between healthy and MMVD stages C and D.

Fig.2. ROC curve used for calculation of the sensitivity and specificity 
of lactate to differentiate dogs with myxomatous mitral valve 
disease (MMVD) from either normal or remodeled hearts. 
The area under the curve indicated that the differentiation of 
such conditions was higher than expected by chance.

Fig.3. Scatter plots showing moderate positive correlation coefficients 
between blood lactate concentration and either (A) LA/Aorta 
ratio or (B) VHS in dogs. Dashed lines represent the 95% 
confidence intervals.
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DISCUSSION
In recent years, biomarkers have gained popularity in 
veterinary medicine. The ideal biomarker has high sensitivity 
and specificity to diagnose any given condition and can be 
easily quantified in organic samples (Ladenson 2007, Allen & 
Holm 2008, Baisan et al. 2016). In veterinary cardiology, some 
specific biomarkers have been advocated in distinguishing 
between cardiac and respiratory conditions. Also, some have 
proven to correlate with the progression of mitral valve disease, 
besides being surrogate markers for prognosis in dogs with 
cardiac maladies (Schober 2005, Sharkey & Wellman 2013).

Lactate is not considered a cardiac-specific biomarker. 
Nevertheless, some of its advantages include not being 
cost-prohibitive, and the ease of determination. Also, the 
accumulation of lactate in the bloodstream might indicate 
an inappropriate tissue perfusion, which has been associated 
with the worsening of clinical conditions in patients with 
several diseases, especially those in intensive care units 
(Radcliffe et al. 2015). In this investigation, we sought to 
investigate the blood concentration of lactate in dogs with 
MMVD based on the premise that reduced cardiac output and 
the excessive activation of the sympathetic nervous system 
and the renin-angiotensin-aldosterone system are well known 
to cause an inappropriate distribution of blood throughout 
the body, therefore resulting in hypoxia and hyperlactatemia 
(Allen & Holm 2008, Lisbeth et al. 2009).

In this study, blood lactate was shown to increase with the 
intensification of congestion, which is likely responsible for 
an increased hypoperfusion in those subjects. A mild systemic 
hypoperfusion is associated with a plasma lactate concentration 
ranging from 2.5 to 4.9mmol/L, while moderate and severe 
hypoperfusion results in lactate concentrations between 5 and 
7mmol/L and >7mmol/L, respectively (Friedman et al. 1995). 
Our data clearly points to an increasing impairment in tissue 
oxygen delivery as congestive heart failure worsens, since 
healthy control dogs had a significantly lower blood lactate 
concentration as compared to MMVD dogs in stages C and D. 
Also, significant differences existed between the asymptomatic 
MMVD dogs (B1 and B2) and those with a history of pulmonary 
edema (D). A study that included 30 healthy and 48 dogs 
with varying diseases found a median lactate concentration 
of 1.9mmol/L and 4.1mmol/L, respectively, which attested 
the diagnostic capacity of a point-of-care analyzer similar 
to the one used in this investigation (Thorneloe et al. 2007) 
When the jugular blood lactate was assessed in healthy and 
critically-ill dogs, another investigation found that 95% of 
the diseased dogs had a concentration higher than the mean 
concentration recorded for the control dogs (Lagutchik et al. 
1998). This finding is quite like our results, which documented 
higher lactate values in animals with cardiac disease as 
compared to the canine reference range and the results found 
in our own normal dogs.

The echocardiographic data indicated changes attributable 
to the progression of valvular disease (Boon 2011). 
Similarly, lactate increased in accordance with the severity 
of volume-related cardiac remodeling, which was ascribed 
to the activation of compensatory mechanisms, including 
the renin-angiotensin-aldosterone system. The increased 
end-diastolic left-ventricular chamber and left atrium correlated 
positively with the augmentation of blood lactate concentration, 
pointing to the intensification of tissue hypoperfusion and 
the development of hyperlactatemia with the progression of 
cardiac disease. The hyperkinetic left ventricular wall and 
interventricular septum caused the fractional shortening to 
increase accordingly (Boon 2011), and that increase was also 
correlated with the changes in blood lactate concentration 
over time.

The positive significant correlation between heart rate and 
blood lactate may be explained by the increasing sympathetic 
stimuli that follows the progression of valvular disease and the 
development of signs ascribed to heart failure (Lisbeth et al. 
2009) The upregulated sympathetic nervous system and the 

Fig.4. Graphic representation of the change in cephalic vein blood 
lactate concentration one day after diuretic treatment intended 
for cardiogenic pulmonary edema in stage D dogs.

Fig.5. Kaplan-Meier curve using blood lactate concentration as the 
prognostic marker. Dogs with myxomatous mitral valve disease 
(MMVD) which lactate <3.5mmol/L at initial presentation 
required a median of 460 days to develop any clinical sign 
ascribed to heart failure, which was significantly longer than 
the median time necessary for the animals with higher lactate 
concentrations to become overtly symptomatic. Two dogs were 
censored during the study.
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overactivation of the renin-angiotensin-aldosterone system are 
aimed at normalizing cardiac output and arterial pressure in 
subjects with cardiac disease, but eventually result in volume 
overload and ventricular remodeling.

Even though the electrocardiogram lacks sensitivity and 
specificity to accurately document chamber enlargement, 
ventricular remodeling might be responsible for the increased 
duration of QRS complexes found in MMVD dogs (Soares et al. 
2005), which also correlated with the increasing lactate 
concentration observed with the progression of heart disease. 
Also, electrocardiographic changes suggestive of right heart 
enlargement were identified in this study. An increase in P wave 
amplitude might be observed in dogs with either pulmonary 
or airway diseases, as well as right atrial enlargement. Mitral 
insufficiency may lead to pulmonary hypertension, which in 
turn can result in right heart remodeling (Kellihan & Stepien 
2010). The correlation documented between blood lactate and 
the amplitude of P wave becomes clear when we consider that 
lactate levels were shown to increase in accordance with the 
progression of CHF and the severity of MMVD increases the 
likelihood of the animal developing pulmonary hypertension. 
Similarly, VHS increased in accordance with the progression of 
MMVD (Soares et al. 2005), resulting in a significant positive 
correlation with the blood concentration of lactate.

The difference between central and peripheral temperatures 
was previously shown to increase with the progression of tissue 
hypoperfusion (Sharkey & Wellman 2013). This temperature 
gradient has been used to diagnose and monitor the treatment 
of people with abnormalities of systemic blood flow. While a 
central-peripheral temperature gradient >7oC may indicate 
tissue hypoperfusion, the improvement in the patient’s 
hemodynamic status is usually associated with the gradient 
ranging between 3-7oC (Vincent et al. 1988). Interestingly, 
this study found a significant positive correlation between the 
body temperature gradient and the blood lactate, which points 
to the intensification of tissue hypoperfusion in association 
with the progression of MMVD.

Even though systolic arterial pressure remained within 
the reference range in all dogs of this study, a reduction 
was documented with the progression of cardiac disease, 
attaining a negative correlation with the increasing lactate. 
Several conditions might be responsible for the inability of 
the compensatory mechanisms involved with both volume 
and pressure overload in keeping blood pressure stable 
when cardiac diseases progress to advanced congestive 
heart failure. That potentially includes excessive sympathetic 
stimulation and downregulation of adrenergic receptors, as 
well as the escalation of left-atrial regurgitation resulting in a 
reduced cardiac output (Kittleson & Hamlin 1981, De Morais 
& Schwartz 2005).

Most studies that measured blood lactate aimed at assessing 
hypoperfusion caused by any pathologic condition, as well 
as the response to its treatment (Nel et al. 2004, Allen & 
Holm 2008) Specifically for the stage D dogs recruited into 
this investigation, blood lactate was measured before and 
after medical therapy intended for cardiogenic pulmonary 
edema. Indeed, the results showed a significant reduction 
of lactate concentration after diuretic therapy, pointing to 
an improvement in tissue perfusion.

Besides its applicability for monitoring critically-ill patients, 
including anesthetized subjects and those in shock in which 

tissue perfusion surrogates are warranted, lactate was shown 
to aid in prognostication (Zavariz et al. 2006). In our study, 
dogs with blood lactate concentration <3.5mmol/L needed a 
longer period of time to exhibit any clinical sign ascribed to 
heart failure, in spite of mitral valve being already degenerated. 
On the contrary, those with a concentration >5.0mmol/L 
at initial assessment became overtly symptomatic more 
prematurely. Although not significant, dogs with higher lactate 
concentrations tended to die sooner as compared with those 
that had lower concentrations. A study that investigated lactate 
in dogs with babesiosis found lactate to be a surrogate for 
survival since surviving animals had either the lowest lactate 
concentration before treatment or a lactate concentration 
that reduced over time when therapy was initiated (Nel et al. 
2004). Another investigation that enrolled only dogs admitted 
for fluid therapy showed a significant association between 
mortality and a serial reduction in lactate concentration 
lower than 50% of its initial concentration (Stevenson et al. 
2007). Also, lactate was shown to be a prognostic surrogate 
for children maintained in ICU owing to sepsis and septic 
shock (Allen & Holm 2008). Finally, when the serum lactate 
levels were assessed in 394 patients surviving after a cardiac 
arrest, those subjects in which lactate was lower at time of 
admission showed a longer survival time when compared 
with those individuals that exhibited a still increased lactate 
after 48 hours (Kliegel et al. 2004).

Some of the limitations of this investigation include the 
small number of dogs enrolled, especially those belonging to 
stage D. Also, the addition of a more detailed assessment of 
tissue perfusion would allow determining whether the level 
of hyperlactatemia truly correlates with the magnitude of 
impairment in tissue perfusion ascribed to the deteriorating 
heart disease. Finally, we acknowledge that the prognostic 
study was limited because of the reduced duration of the study.

CONCLUSIONS
The results of this study suggest that dogs with myxomatous 

mitral valve disease (MMVD) have an impaired peripheral 
tissue perfusion that worsens with disease progression. This 
condition leads to the accumulation of lactate in bloodstream, 
and the increased concentration of blood lactate may be used 
as a surrogate for cardiac remodeling.

Dogs with an increased blood lactate concentration carried 
a worse prognosis regarding the time needed to develop overt 
clinical signs attributable to congestive heart failure.
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