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Lactate is produced in anaerobic conditions when 
hypoxia prevents pyruvate from entering the 

Krebs cycle, resulting in the conversion of pyruvate 
to lactate and release of hydrogen as a byproduct. 
In healthy individuals, lactate is produced primarily 
by erythrocytes, skeletal muscle, the renal medulla, 
skin, and brain tissue and is metabolized by the liver, 
kidneys, and heart.1–3 The liver plays the most im-
portant role in lactate clearance and homeostasis.1–3 
However, in conditions of severe hypoxia, the liver 
and kidneys also switch to anaerobic metabolism and 
produce lactate, contributing to hyperlactatemia.2,3
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OBJECTIVE
To examine the association between blood lactate concentration and sur-
vival to hospital discharge in critically ill hypotensive cats.

DESIGN
Retrospective case series.

ANIMALS
39 cats admitted to an intensive care unit of a university veterinary hos-
pital between January 2005 and December 2011 for which blood lactate 
concentration was recorded ≤ 1 hour before or after a Doppler-derived 
arterial blood pressure measurement ≤ 90 mm Hg (ie, hypotension) was 
obtained.

PROCEDURES
Medical records of each cat were reviewed to assess survival to hospital 
discharge, illness severity, duration of hospitalization, age, body weight, and 
PCV. Results were compared between hypotensive cats with and without 
hyperlactatemia (blood lactate concentration ≥ 2.5 mmol/L).

RESULTS
6 of 39 (15%) hypotensive cats survived to hospital discharge. Twelve (31%) 
cats were normolactatemic (blood lactate concentration < 2.5 mmol/L), 
and 27 (69%) were hyperlactatemic. Hypotensive cats with normolacta-
temia had a higher blood pressure and higher survival rate than hypoten-
sive cats with hyperlactatemia. Five-day Kaplan-Meier survival rates were 
57% for normolactatemic cats and 17% for hyperlactatemic cats. Age, body 
weight, duration of hospitalization, PCV, and illness severity did not differ 
significantly between hypotensive cats with and without hyperlactatemia.

CONCLUSIONS AND CLINICAL RELEVANCE
Hypotensive, normolactatemic cats in an intensive care unit had a signifi-
cantly greater chance of survival to hospital discharge than their hyperlacta-
temic counterparts. Blood lactate concentration may be a useful prognostic 
indicator for this patient population when used in conjunction with other 
clinical and laboratory findings. ( J Am Vet Med Assoc 2017;250:887–893)

Hyperlactatemia develops when the mechanisms 
for lactate clearance fail or are saturated and can-
not compensate for overproduction of lactate. When 
marked increases in lactate production occur, the in-
creased number of hydrogen ions released into the 
blood can overwhelm body buffering systems, result-
ing in lactic acidosis.1,3 Hyperlactatemia may also ex-
ist without systemic acidosis if the buffering capacity 
of the blood is adequate.

Tissue hypoxia resulting in anaerobic metabo-
lism is the most common cause of lactate accumu-
lation and is classified as type A lactic acidosis.1–5 
Causes of tissue hypoxia include systemic or local 
hypoperfusion, severe hypoxemia, severe anemia, 
impaired hemoglobin oxygen-carrying capacity, and 
substantial increases in oxygen demand (eg, during 
seizures).1–5 Type B lactic acidosis is characterized by 
normal blood and tissue oxygenation, and causes in-
clude diseases (eg, liver disease, renal failure, or neo-
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plasia) that cause a decrease in lactate clearance or 
increase in lactate production; drugs or toxicants that 
interfere with oxidative phosphorylation thereby pre-
venting metabolism of pyruvate via the Kreb cycle; 
mitochondrial disease, which also prevents oxidative 
phosphorylation and leads to an increase in lactate 
production via anaerobic metabolism; or d-lactic aci-
dosis due to bacterial lactate production in the gastro-
intestinal tract.1–5

Sepsis involves a complex and incompletely  
understood combination of mechanisms that can lead 
to hyperlactatemia and lactic acidosis. In humans 
with sepsis, mitochondrial dysfunction (cytopathic 
hypoxia) or an increase in pyruvate production may 
be more important contributors to hyperlactatemia 
than tissue hypoxia.6,7 However, normolactatemic hu-
mans with septic shock reportedly have a lower mor-
tality rate (7.7%) than hyperlactatemic humans with 
septic shock (42%).8 Together with the finding that 
normolactatemic humans with septic shock have sig-
nificantly higher platelet counts and more preserved 
blood flow than their hyperlactatemic counterparts, 
these data suggest that blood lactate concentration 
is in fact related to microcirculatory function and 
remains an important prognostic indicator in septic 
patients.8,9

When clinical history and diagnostic testing rule 
out sepsis and type B lactic acidosis, plasma lactate 
concentration is a good clinical indicator of the de-
gree of tissue perfusion. The usefulness of lactate 
clearance rate and serial lactate measurements as 
markers of perfusion and predictors of mortality rate 
has been well reviewed in the human literature.10–17 
In the 2012 international guidelines for management 
of severe sepsis and septic shock in humans,16 res-
toration of blood lactate concentration to below the 
upper reference interval or clearance of lactate from 
the bloodstream over time is recommended as an 
endpoint target for resuscitation in septic patients. 
Several clinical studies18–27 have also shown the value 
of blood lactate concentration as a prognostic indi-
cator in dogs and horses. In a study18 involving dogs 
admitted to the ICU of a veterinary teaching hospi-
tal, normolactatemic hypotensive dogs had a signifi-
cantly lower mortality rate and better prognosis than 
hyperlactatemic hypotensive dogs.

Few studies have been conducted to investigate 
blood lactate concentrations in cats and their use-
fulness as a prognostic indicator in this species. Al-
though hypotension when considered alone has been 
correlated with a higher mortality rate in critically ill 
cats, no prognostic indicators have been established 
for hypotensive cats in the ICU.28 Establishment of a 
prognostic indicator for this particular patient popu-
lation would allow earlier institution of aggressive 
treatment and enable clinicians to better inform 
owners about the severity of disease and prognosis 
for their cats.

The primary goal of the study reported here was 
to examine the relationship between blood lactate 

concentration and survival to hospital discharge in hy-
potensive cats admitted to an ICU. We hypothesized 
that hyperlactatemia (blood lactate concentration ≥ 
2.5 mmol/L) would be associated with hypotension, 
more severe illness, and a higher mortality rate, and 
therefore that hyperlactatemia would indicate a poor 
prognosis in hypotensive cats.29,30

Materials and Methods
Case selection criteria

The medical record database of the University of 
Pennsylvania veterinary teaching hospital was searched 
to identify cats that had been admitted to the ICU and 
whose owners had been charged for a blood lactate 
measurement from 2005 through 2011. To be included 
in the study, cats were required to have had an arterial 
blood pressure ≤ 90 mm Hg measured via Doppler ultra-
sonic flow detector ≤ 1 hour before or after lactate mea-
surement. Cats with a definitive or strongly suspected 
diagnosis of neoplasia were excluded.

Medical records review
Medical records for cats that met these criteria 

were further reviewed, and data were extracted re-
garding cat signalment, service of entry (medicine or 
surgery), body weight, primary diagnosis, comorbidi-
ties, duration of hospitalization, and outcome (sur-
vival to hospital discharge or death or euthanasia be-
fore hospital discharge). Disease processes known to 
cause lactic acidosis, including liver dysfunction, re-
nal failure, thromboembolism, carbon monoxide tox-
icosis, asthma, seizure activity, diabetes mellitus, and 
thiamine deficiency were also recorded when noted 
at any time during hospitalization.2,4 Administration 
or ingestion during or within 1 week before or after 
hospitalization of medications or substances known 
to cause type B lactic acidosis including corticosteroid 
drugs, ethylene glycol, xylitol, cyanide, strychnine, 
ethanol, salicylates, high-dose epinephrine (> 0.1 mg/
kg [0.045 mg/lb]), high-dose norepinephrine (> 0.3 µg/
kg/min [0.14 µg/lb/min]), nitroprusside, bicarbonate, 
halothane, acetaminophen, terbutaline, total parenteral 
nutrition, and activated charcoal was also recorded.2,4 
Other variables including PCV, Spo2, Pao2, and respira-
tory effort were recorded if they had been measured 
≤ 2 hours before or after blood lactate measurement. 
In addition, DBP, respiratory rate, serum creatinine and 
albumin concentrations, and PCV were recorded if mea-
sured within the first 24 hours after hospital admission, 
and these variables were used to retrospectively calcu-
late a survival prediction index (SPI2).31 The SPI2 was 
subsequently used to assess illness severity.

Skilled veterinary nurses measured blood pressure 
indirectly by use of a Doppler ultrasonic flow detectora 
with a 9.5-MHz probe and an appropriate cuff size (40% 
of limb width). Three measurements were obtained per 
cat, and the mean of the 3 measurements was recorded. 
Location of blood pressure measurement was not stan-
dardized across cats. Hypotension was defined as DBP 
≤ 90 mm Hg. In cats with multiple low DBP measure-
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ments, the lowest value with a concurrent blood lactate 
measurement was used for analysis.

A lactate analyzerb was used to measure lactate 
concentrations in venous blood samples within 30 
seconds after collection into heparinized syringes. 
Hyperlactatemia was defined as a blood lactate con-
centration ≥ 2.5 mmol/L and normolactatemia as a 
blood lactate concentration < 2.5 mmol/L.28–30 Ane-
mia was defined as PCV < 25%, severe anemia was 
defined as PCV < 15%, and hypoxemia was defined as 
a Pao2 < 80 mm Hg or Spo2 < 95%.32,33

Statistical analysis
The main outcome of interest was whether (yes 

or no) a cat survived to hospital discharge. Data distri-
butions for all variables were assessed for normality 
via the Shapiro-Wilk test and by assessment of skew-
ness and kurtosis. Relationships between blood lac-
tate concentration (< 2.5 or ≥ 2.5 mmol/L) and nor-
mally distributed variables (age, body weight, DBP, 
SPI2, and PCV) were assessed by use of the Student t 
test. Relationships between blood lactate concentra-
tion and nonnormally distributed variables (survival 
to hospital discharge and duration of hospitalization) 
were assessed by use of the Mann-Whitney U test. 

Kaplan-Meier survival analysis was performed to 
further explore the relationship between blood lactate 
concentration and the probability of survival. All analy-
ses were conducted with standard statistical software,c 
and values of P < 0.05 were considered significant.

Results
Cats

Thirty-nine hypotensive cats were included in 
the study. Mean ± SD age was 8.8 ± 5.1 years, and 
mean ± SD body weight was 4.2 ± 1.4 kg (9.2 ± 3.1 
lb). Cats included 19 females (18 spayed and 1 sexu-
ally intact) and 20 males (19 castrated and 1 sexual-
ly intact). Twelve (31%) cats were normolactatemic 
(blood lactate concentration < 2.5 mmol/L), and 27 
(69%) were hyperlactatemic.

The primary critical illnesses were renal or uri-
nary disease (n = 8 [21%]), gastrointestinal disease (5 
[13%]), respiratory disease (4 [10%]), cardiac disease 
(3 [8%]), sepsis (2 [5%]), and other conditions not oth-
erwise listed (17 [44%]). Seven (18%) cats had renal 
failure, 4 (10%) had diabetes mellitus, 2 (5%) had asth-
ma, and 2 (5%) had a history of seizures. Four (10%) 
cats had masses that were not definitively diagnosed, 
but noncancerous disease processes were considered 
most likely; these 4 cats were therefore retained in the 
study. Seventeen (44%) cats had high liver enzyme ac-
tivities or liver abnormalities detected via ultrasonogra-
phy or necropsy, but none had liver failure or cirrhosis. 
Six (15%) cats had a history of corticosteroid treatment 
prior to hospitalization, and 1 (3%) cat was treated 
with corticosteroid drugs during hospitalization. Four-
teen (36%) cats received total parenteral nutrition, 13 
(33%) cats received a vasopressor (norepinephrine) 
at traditionally recommended doses (0.05 to 0.2 µg/

kg/min [0.023 to 0.09 μg/kg/lb]), and 1 (3%) cat was 
treated with activated charcoal during hospitalization.

Fifteen (38%) cats were anemic (PCV < 25%), and 
2 (5%) cats were severely anemic (PCV < 15%). Data 
regarding Spo2 were available for only 15 (38%) cats, 
yielding a mean Spo2 of 96.7%; 4 of these cats had an 
Spo2 < 95%, and none had an Spo2 < 90%. Data regard-
ing Pao2 were recorded for only 1 cat (101.9 mm Hg 
without oxygen supplementation).

Isotonic crystalloid fluidd was administered IV to cats 
with clinical evidence of hypovolemia as judged via phys-
ical examination (pale mucous membranes, prolonged 
capillary refill time, poor pulse quality, and cold extremi-
ties). Measurements of DBP and blood lactate concentra-
tion were obtained during or after IV fluid resuscitation 
in 2 (5%) and 27 (69%) cats, respectively. Blood sample 
collection for measurement of lactate concentration and 
measurement of DBP were performed concurrently in 31 
(79%) cats, within 1 hour of each other in 5 (13%) cats, 
and within 2 hours of each other in 3 (8%) cats.

Comparisons between hypotensive cats 
with and without hyperlactatemia

The distribution of data for blood lactate concen-
tration was positively skewed. Median (interquartile 
range) blood lactate concentration for hypotensive 
cats with hyperlactatemia was 4.8 mmol/L (3.3 to 6.3 
mmol/L), whereas that for hypotensive cats without 
hyperlactatemia was 1.8 mmol/L (1.1 to 2.1 mmol/L). 

No significant difference was identified between 
cats with and without hyperlactatemia in mean age, 
body weight, SPI2, PCV, or median duration of hospital-
ization (Table 1). Administration of vasopressors, total 
parenteral nutrition, or activated charcoal was not sig-
nificantly (P = 0.49) related to hyperlactatemia. Mean 
DBP was significantly (P = 0.04) lower in cats with hy-
perlactatemia than in cats with normolactatemia, and 
the effect size (Cohen d = 0.69) for this analysis sug-
gested a medium-to-large strength of association.

 With Without 
Variable hyperlactatemia hyperlactatemia P value

Age (y) 8.3 ± 5.0 9.6 ± 5.6 0.52
Body weight (kg) 4.1 ± 1.8 4.4 ± 1.7 0.47
DBP (mm Hg) 70.0 ± 14.2 79.5 ± 9.4 0.04
SPI2* 0.83 ± 0.82 0.85 ± 0.91 0.93
Duration of 1 (0–2) 2 (1–4) 0.06
  hospitalization (d)
PCV (%) 26.7 ± 8.9 28.3 ± 8.7 0.88

Values reported are median (interquartile range) for duration of 
hospitalization (nonnormally distributed data) and mean ± SD for all 
other variables (normally distributed data).

*The SPI2 could be calculated for only 38 cats (26 with hyperlacta-
temia and 12 without hyperlactatemia).

To convert kilograms to pounds, multiply by 2.2.

Table 1—Descriptive statistics for critically ill hypotensive 
(DBP ≤ 90 mm Hg) cats with (n = 27) or without (12) 
hyperlactatemia (blood lactate concentration ≥ 2.5 mmol/L) 
admitted to an ICU between 2005 and 2011.
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Of the 39 hypotensive cats included in the study, 
6 (15%) survived to hospital discharge. Of the 33 non-
survivors, 29 (88%) were euthanized and 4 (12%) 
died naturally. Median (interquartile range) blood 
lactate concentration for cats that survived to hos-
pital discharge was 2.3 mmol/L (1.1 to 2.6 mmol/L), 
and that for cats that did not survive was 4.5 mmol/L 
(2.4 to 6.1 mmol/L). Cats with a high blood lactate 
concentration were significantly (P = 0.01) less likely 
to survive to hospital discharge than were cats with 
a lower blood lactate concentration. The effect size 
(0.41) suggested a medium-to-large strength of asso-
ciation between blood lactate concentration and sur-
vival to hospital discharge.

Kaplan-Meier survival curve analysis revealed a 
significantly (P = 0.03) different predicted survival 
time for critically ill hypotensive cats with (n = 27) 
and without (12) hyperlactatemia (Figure 1). These 
results suggested that hypotensive cats with hyperlac-
tatemia were more likely to die or be euthanized the 
longer they were hospitalized, compared with hypo-
tensive cats without hyperlactatemia. Median survival 
times during hospitalization were 2 days for hypoten-
sive hyperlactatemic cats and 7 days for hypotensive 
normolactatemic cats; Kaplan-Meier estimated 5-day 
survival rates were 17% and 57%, respectively.

Discussion
Results of the study reported here indicated that 

hypotensive (DBP ≤ 90 mm Hg) cats in an ICU with a 
blood lactate concentration < 2.5 mmol/L (ie, normo-

lactatemia) had a significantly greater 
chance of survival to hospital dis-
charge than similar cats with a blood 
lactate concentration ≥ 2.5 mmol/L 
(ie, hyperlactatemia). These findings 
are consistent with those of a study18 
involving dogs, which showed that 
hypotensive dogs with a blood lac-
tate concentration < 2.0 mmol/L had 
a better outcome than hypotensive 
dogs with hyperlactatemia. In anoth-
er study,28 hypotensive cats admitted 
to an ICU had a significantly higher 
mortality rate than normotensive cats, 
suggesting that all cats with hypoten-
sion should receive close monitoring. 
The present study further showed that 
among the hypotensive cats, concur-
rent hyperlactatemia suggested a more 
guarded prognosis and the need for ag-
gressive, timely intensive care.

Normolactatemia in hypotensive 
patients may represent an early stage 
in disease progression during which 
peripheral blood pressure is low but 
organ perfusion is maintained. Early 
intervention with fluid therapy dur-
ing this stage may be a reason for the 

higher survival rates in this group of patients. Type B 
causes of high lactate production or low lactate clear-
ance may have also contributed to lower survival rate 
of hyperlactatemic cats in the present study, indepen-
dently of perfusion status.

In a study34 involving cats brought to the emer-
gency service of a referral hospital (n = 111), cats with 
white mucous membranes, abnormal pulses, and hypo-
thermia had a significantly higher initial blood lactate 
concentration than cats with unremarkable clinical 
perfusion findings, suggesting a negative correlation 
between degree of perfusion and blood lactate con-
centration. However, no significant association was 
identified in that study34 between initial blood lactate 
concentration or change in blood lactate concentra-
tion and outcome (survival to discharge vs euthana-
sia). One potential explanation for this discrepancy 
in results between that study and the present study 
is the difference in patient populations. Cats brought 
to an emergency service represent a highly hetero-
geneous group in terms of disease severity, whereas 
most cats in the present study had already undergone 
triage and admission to the ICU at the time blood 
lactate concentration had been measured and were 
therefore more likely to be severely ill and refractory 
to stabilization efforts. Another notable difference 
between the 2 studies is that 65% of cats in the previ-
ous study34 were euthanized ≤ 12 hours after initial 
evaluation and none of the cats died naturally. Conse-
quently, those cats may not have had time to develop 
a detectable increase in blood lactate concentration 
prior to euthanasia. The fairly small sample size in 

Figure 1—Kaplan-Meier survival curves for critically ill hypotensive (DBP ≤ 90 
mm Hg) cats with (n = 27; dashed line) and without (12; solid line) hyperlactate-
mia (blood lactate concentration ≥ 2.5 mmol/L). Steps on each curve denote cat 
nonsurvival (death or euthanasia), whereas circles represent censorship (survival 
to hospital discharge).

http://avmajournals.avma.org/action/showImage?doi=10.2460/javma.250.8.887&iName=master.img-000.jpg&w=300&h=234
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both studies may have also contributed to the dispa-
rate results, and larger prospective studies focused 
on specific patient populations are needed.

In the present study, hyperlactatemic cats had a 
significantly lower mean DBP than normolactatemic 
cats (70.0 mm Hg vs 79.5 mm Hg, respectively). This 
finding was consistent with the negative correlation 
identified between blood lactate concentration and 
DBP in both dogs and cats18,34 and supports the hy-
pothesis that low blood pressure and resultant organ 
hypoperfusion are important causes of anaerobic me-
tabolism and increased lactate production.20,35 It may 
also suggest that the cutoff for anaerobic metabolism is 
closer to a Doppler blood pressure value of 80 mm Hg, 
although the mortality rate increases in critically ill cats 
with a DBP < 90 mm Hg.28 However, because cats in 
the present study had other potential causes of hyper-
lactatemia, it remains unknown whether this value is 
the cutoff for anaerobic metabolism.

In addition to hypotension, 38% of cats in the 
study reported here had anemia (PCV < 25%) and 5% 
of cats had severe anemia (PCV < 15%). Oxygenation 
status was unknown for most cats, but among the 15 
cats with a recorded Spo2, 4 were mildly hypoxemic 
(Spo2 < 95% but > 90%). Unless hypoxemia or anemia 
is very severe or a patient has concurrent cardiovas-
cular dysfunction, increases in cardiac output can 
compensate for mild decreases in blood oxygen con-
tent so that normal tissue oxygenation is maintained.5 
In the hypotensive, cardiovascularly compromised 
cats of the present study, anemia or blood oxygen-
ation status may have contributed to hyperlactatemia, 
although no significant relationship was detected be-
tween hyperlactatemia and PCV.

Although the probability of survival to hospital 
discharge was associated with whether a cat was 
hyperlactatemic or normolactatemic, mean disease 
severity, as measured by SPI2, did not differ signifi-
cantly between the hyperlactatemic and normolacta-
temic groups in the present study. This lack of signifi-
cance may have been attributable to the severity of 
illness of all included cats, as suggested by the over-
all survival rate of only 15%. Alternatively, SPI2 may 
not be an accurate indicator of disease severity in the 
population from which the study cats originated. The 
feline acute patient physiologic and laboratory evalu-
ation (APPLE) scoring system may be a more accu-
rate measure of disease severity in that population.36 
However, because that scoring system includes blood 
lactate concentration in score calculation, compari-
son of disease severity scores between 2 groups with 
different blood lactate concentrations would not 
have been possible had that system been used in the 
present study.

Two studies have involved examination of the 
effects of stress on blood lactate concentration in 
healthy cats. In the first,35 a 5-minute spray bath led 
to a significant increase in blood lactate and glucose 
concentrations in 20 healthy cats, and this increase 
was correlated with the extent of struggling behav-

ior observed. However, in the second study,30 which 
more closely replicated the situation of cats admit-
ted to a veterinary ICU, no correlation was identified 
between blood lactate concentration and struggling 
scores.30 In the authors’ experience, because of the 
severity of their illness, most cats admitted to veteri-
nary ICUs do not struggle much when handled. In ad-
dition, an IV sample collection line had been placed 
in all cats in the present study to enable retrieval of 
blood samples without restraint or occlusion of blood 
vessels, so it was unlikely that a high blood lactate 
concentration was attributable to distress, struggling, 
or vessel occlusion during blood sample collection.

The present study had several limitations. Its ret-
rospective nature had many consequences, including 
the inability to use serial lactate measurements or 
lactate clearance data and the lack of standardization 
of treatment protocols. Additionally, DBP and lactate 
measurements were recorded concurrently for only 
79% of included cats.

Another important limitation was that 30 (77%) 
cats had a disease or were given a drug with the poten-
tial to cause type B hyperlactatemia. In addition, nec-
ropsy results were only available for a limited number 
of cats, so undiagnosed neoplasia could not be ruled 
out as a cause of hyperlactatemia in most affected cats. 
The extent to which these diseases and drugs may 
have contributed to high blood lactate concentrations 
was impossible to determine. However, no relationship 
was found between the administration of vasopres-
sors, total parenteral nutrition, or activated charcoal 
and hyperlactatemia. Furthermore, norepinephrine 
was by far the most commonly used vasopressor, and 
because this drug has little β2-adrenoceptor activity, it 
causes little change in blood lactate concentration.37–39 
Given that 14 cats received total parenteral nutrition 
and 13 required vasopressor treatment, it would have 
been impossible to exclude these cats without drasti-
cally decreasing the sample size, which was already 
small. Moreover, because vasopressor administration 
is the treatment of choice for animals with persistent 
hypotension refractory to fluid therapy, it can be chal-
lenging to attribute hyperlactatemia when it exists to 
persistent hypotension, vasopressor therapy, or a com-
bination of both. A prospective study involving serial 
lactate measurements is needed to determine the ex-
act cause of the hyperlactatemia.

Finally, as is the situation in many retrospective 
veterinary studies, nonsurvival included cats that 
were euthanized (n = 29) and those that died natu-
rally (4). For most owners, the decision to euthanize 
an animal involves not only the clinical severity of 
illness, but also the financial and personal burdens 
of continuing treatment. Some cats with a high lac-
tate concentration that were euthanized may have 
survived if treatment had been continued. Similarly, 
some cats with a poor prognosis may have been eu-
thanized before additional complications developed.

The results of the present study supported the 
hypothesis that hypotensive, normolactatemic cats 
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have a better prognosis than hypotensive, hyperlacta-
temic cats. Blood lactate concentration and, probably 
more importantly, temporal changes in this variable, 
should be used together with other clinical findings 
to direct treatment of critically ill hypotensive cats 
and advise owners of their prognosis. Results of sev-
eral studies4,5,12,23 in human medicine suggest that se-
rial lactate measurements are a more accurate means 
of assessing perfusion status and disease progression 
in critically ill patients than more commonly used 
variables, such as physical examination findings, arte-
rial blood pressure, and central venous oxygen satu-
ration. Prospective studies involving consistent pro-
tocols are necessary to determine the value of serial 
blood lactate measurements in critically ill cats and 
other veterinary patients.
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Description and comparison of excretory urography performed  
during radiography and computed tomography for evaluation  
of the urinary system in healthy New Zealand White rabbits  
(Oryctolagus cuniculus)
Laura Vilalta et al

OBJECTIVE
To evaluate the usefulness of excretory urography performed during radiography (REU) and CT 
(CTEU) in healthy rabbits, determine timings of urogram phases, and compare sensitivities of REU 
and CTEU for detection of these phases.

ANIMALS
13 New Zealand White rabbits (Oryctolagus cuniculus).

PROCEDURES
Rabbits were screened for signs of systemic and urinary tract disease. An REU examination of 
each was performed, followed ≥ 5 days later by a CTEU examination. Contrast images from each 
modality were evaluated for quality of opacification and intervals between initiation of contrast 
medium administration and detection of various urogram phases.

RESULTS
Excretory urograms of excellent diagnostic quality were achieved with both imaging modalities. For 
all rabbits, the nephrographic phase of the urogram appeared in the first postcontrast REU image 
(obtained between 34 and 40 seconds after initiation of contrast medium administration) and at a 
median interval of 20 seconds in CTEU images. The pyelographic phase began at a median interval of 
1.63 minutes with both imaging modalities. Contrast medium was visible within the urinary bladder 
at a median interval of 2.20 minutes. Median interval to the point at which the nephrogram and py-
elogram were no longer visible in REU images was 8 hours and 2.67 hours, respectively. The CTEU 
technique was better than the REU technique for evaluating renal parenchyma.

CONCLUSIONS AND CLINICAL RELEVANCE
Findings suggested that REU and, particularly, CTEU may be valuable tools for the diagnosis of 
renal and urinary tract disease in rabbits; however, additional evaluation in diseased rabbits is 
required. (Am J Vet Res 2017;78:472–481)
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