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Abstract

Obijective: To determine whether admission venous plasma lactate concentration, calculated lac-
tate variables, or shock index (Sl) could discriminate hospital survivors from nonsurvivors in dogs
admitted with shock.

Design: Prospective investigation performed over a 19-month period.
Setting: Large urban private teaching hospital.

Animals: Twenty-three dogs consecutively admitted to the ICU from January 2008 to July 2009
with initial peripheral venous plasma lactate concentration >2 mmol/L (18.0 mg/dL) and clinical
and hemodynamic parameters consistent with shock.

Interventions: None.

Measurements and Main Results: Heart rate, systolic blood pressure, and venous plasma lac-
tate concentrations were serially recorded at predefined time points and used to calculate Sl (S|
= heart rate/systolic blood pressure) and lactate variables, including lactime (time lactate > 2.0
mmol/L), lactate clearance ([lactateti, — lactategejayeql/lactate;yitis X 100), and LACagea (area
under the lactate concentration versus time curve). Primary outcome was survival to discharge.
Overall survival rate was 61%. Admission venous plasma lactate concentration did not differ
between groups (P = 0.2). Lactime was shorter in survivors versus nonsurvivors (P = 0.02). Lac-
tate clearance at 1, 10, 16, 24, and 36 hours, and final lactate clearance were greater in survivors
versus nonsurvivors (P < 0.05). LACpgga at time intervals 0-1, 1-4, 4-10, 10-16, 16-24, 24-30,
and 30-36 hours was larger in nonsurvivors versus survivors (P < 0.05). Total LAC pgga did not dif-
fer between groups (P = 0.09). Admission Sl and time to normalize Sl (Sl < 0.9) were not different

between survivors and nonsurvivors (P > 0.05).

Conclusions: While admission venous plasma lactate concentration could not discriminate
between hospital survivors and nonsurvivors, lactate variables showed clinical utility to predict
outcome in dogs with shock. Further studies are needed to determine Sl reference ranges and
optimal S| cut-off values to improve its prognostic ability in sick dogs.
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1 | INTRODUCTION

Shock characterized by inadequate cellular energy production occurs
when oxygen delivery is insufficient to meet tissue metabolic needs.-2
Prolonged tissue hypoxia in hospitalized shock patients is an important
contributor to patient morbidity and mortality.3-7 Therefore, early
recognition and correction of tissue hypoperfusion are paramount to
improving outcomes in shock patients.

Various noninvasive and invasive methods intended to identify tis-
sue hypoxia and guide resuscitation efforts have been reported.>282
Traditional endpoints of resuscitation, including heart rate (HR) and
systolic blood pressure (SBP), are easily obtained at the bedside. How-
ever, these parameters may normalize despite ongoing shock and tis-
sue hypoxia (ie, compensated shock) as evidenced by a persistently
increased plasma lactate concentration or shock index (S1).10-12 This
suggests the need for assessment of more sensitive parameters that
may improve the ability to diagnose occult shock.

Lactate, an intermediate metabolite formed from pyruvate dur-
ing glycolysis, is produced in low concentrations during normal aer-
obic metabolism in health.813-18 Tissue hypoperfusion and subse-
quent conversion to anaerobic metabolism is associated with a rise
in plasma lactate concentration, as its production by hypoxic tis-
sue overwhelms its hepatorenal elimination.8:13-18 Therefore, increas-
ing plasma lactate concentration serves as an indirect, downstream
marker of global hypoperfusion and suggests accumulating oxygen
debt.813-15 Despite its usefulness in perfusion assessment, causes
of an increased lactate concentration not related to tissue perfu-
sion, such as muscle hyperactivity, accelerated aerobic glycolysis, sys-
temic disease (eg, significant liver disease, diabetes mellitus, and renal
disease), neoplasia, and pyruvate dehydrogenase inhibition, must be
recognized.2813-18

The superiority of plasma lactate concentration over traditional
perfusion parameters and oxygen-derived variables in outcome pre-
diction has been well established in heterogeneous populations of crit-
ically ill people.1?-21 Here, not only are single lactate concentration
measurements related to morbidity and outcome,22-2? but similarly
are the duration of hyperlactatemia (ie, lactime),56:23.2429-32 the abil-
ity to clear lactate in response to resuscitative interventions (ie, lactate
clearance),2025:33-38 and the area under the lactate concentration ver-
sus time curve.2324 Notably, lactate concentration relates to prognosis
independent of shock or organ failure.?2

Sl, aratio that relates HR to SBP as HR/SBP, has been proposed as a
simple method to assess shock severity and response to therapy in crit-
ically ill people. In a healthy adult, the Sl ranges from 0.5 t0 0.7,3 and a
Sl greater than 0.9 is considered high.*0-44 Early work demonstrated
that SI was inversely related to left ventricular stroke work in acute
circulatory failure.3? Clinically, SI has been proposed as a measure of
hemodynamic stability as well as a marker of early hypovolemia.3?4>
The value of Sl in the prehospital and hospital settings in predicting
both need for hospital admission and patient outcome has also been
well established.#0-4446

Literature evaluating the use of plasma lactate indices and Sl in
outcome prediction in critically ill dogs and cats is relatively limited.

The prognostic utility of both single and serial lactate concentra-
tion measurements in small animals has been described in injured
and systemically ill dogs#”4® and hospitalized cats,*? as well as in a
number of specific disease syndromes in dogs.>%>7 A recent study
involving critically ill neonate foals reported that a novel parameter
that incorporates both the severity and duration of hyperlactatemia,
the area under the lactate concentration versus time curve (LAC sgea),
was significantly larger in nonsurvivors.>® Two separate groups of
investigators evaluating the clinical utility of Sl in dogs demonstrated
its potential usefulness in identifying shock in dogs®? and also in
suggesting ongoing hemorrhage.®®

The purpose of the present study was to evaluate the clinical util-
ity of admission venous plasma lactate concentration, calculated lac-
tate variables (eg, lactime, lactate clearance, and LACpgga), admission
Sl, and time to normalize Sl to help discriminate hospital survivors com-
pared to nonsurvivors in a heterogeneous group of dogs admitted with
shock.

2 | MATERIALS AND METHODS

Dogs that were consecutively presented to the emergency depart-
ments (ED) of a large urban private teaching hospital between Jan-
uary 2008 and July 2009 were eligible for study inclusion. Entry cri-
teria required an admission peripheral venous plasma lactate concen-
tration >2 mmol/L (18.0 mg/dL) and physical examination findings and
hemodynamic parameters consistent with shock. The study protocol
was approved by the Institutional Animal Care and Use Committee
and informed client consent was obtained prior to study enrollment.
Shock was defined as alterations in 3 or more of the following perfu-
sion parameters: (1) capillary refill time > 2 seconds; (2) HR > 150/min
in dogs <15 kg or > 120 /min in dogs >15 kg; (3) rectal temperature
< 37.7°C (< 99.8°F); and (4) mean arterial pressure (MAP) < 60 mm
Hg or SBP < 90 mm Hg. Indirect systolic or systolic and mean arterial
blood pressure measurements were obtained using either a Doppler*
or oscillometric monitor,’ respectively, on a peripheral limb utilizing a
cuff size that was approximately 40% of the limb diameter. Cardiogenic
shock patients were excluded on the basis of radiographic and echocar-
diographic findings consistent with cardiogenic pulmonary edema
or systolic dysfunction in the presence of adequate intravascular
volume.

Data recorded for each study participant at time of ED presenta-
tion included HR, respiratory rate, rectal temperature, capillary refill
time, pulse quality, subjective assessment of distal extremity perfu-
sion, and indirect blood pressure measurement as described above.
Concurrently, 0.2-0.4 mL of venous blood was collected anaerobically
into a heparinized syringe at time of initial peripheral catheter place-
ment and analyzed immediately via a cage-side venous blood analyzer*
to obtain the admission (O hour) peripheral venous plasma lactate
concentration. Following catheter placement, patients were resusci-
tated to traditional endpoints (ie, normalization of physical examina-
tion perfusion parameters and attainment of MAP > 60 mm Hg or
SBP > 90 mm Hg) with the use of crystalloids, nonprotein colloids,
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vasopressors, inotropes, or blood products chosen at the discretion of
the attending criticalist or critical care resident.

Following initiation of resuscitation and ICU admission, a central
sampling catheter was placed in the jugular, medial saphenous, or
lateral saphenous vein; all subsequent blood samples obtained after
0 hour were collected via the central venous sampling catheter. Venous
plasma lactate concentration as well as the aforementioned traditional
perfusion parameters were obtained as described above and recorded
at 0, 1, 4, 10, 16, 24, 30, 36, and 48 hours, and every 12 hours there-
after until death or hospital discharge. A missing value at any given
time point was noted; however, patients with missing data were not
excluded from the study unless 2 missing values were documented.

Serial venous plasma samples were analyzed to determine lactime,
defined as the time in hours venous plasma lactate concentration was
>2.0mmol/L (18.0 mg/dL). If a patient died before normalization of lac-
tate concentration was achieved, time of last increased venous plasma
lactate concentration was used to determine lactime. Venous plasma
lactate concentration measured at the predetermined time points was
used to calculate lactate clearance using the formula: [lactate; ;s -
lactate gejayeql/lactate;yiyiy X 100, where lactate e, eq €qualed the cen-
tral venous plasma lactate concentration measured at 1, 4, 10, 16,
24, 36, and 48 hours. Venous plasma lactate concentration measured
immediately prior to discharge or death was used to calculate final lac-
tate clearance using the formula: [lactate; i, - lactateg;,, [/lactate;,isia)
x 100. Sequential venous plasma lactate concentrations were finally
used to calculate the area under the L-lactate concentration versus
time curve (ie, LACrea) for each time interval as well as for the
total duration of hospitalization (ie, total LACgga) by the trapezoidal
method for numerical integration as previously described in equine
neonates.”®

Sl, defined as HR/SBP, was determined for each study participant at
the previously mentioned time points. ASI > 0.9 was considered abnor-
mal. Serial SI measurements were assessed to determine the time to
normalize Sl, defined as the time in hours Sl was > 0.9. If a patient died
before normalization of Sl was achieved, time of last increased S| was
used.

Primary outcome was defined as survival to hospital discharge.
Nonsurvivors were further described as being euthanized or hav-
ing died during hospitalization. Lactate variables that were com-
pared between survivors and nonsurvivors included admission (O hour)
venous plasma lactate concentration and lactime, along with lactate
clearance measured immediately prior to discharge or death and at 1,
4,10, 16,24, 36, and 48 hours. Total LACagga, as well as LACpgga Mea-
sured at time intervals 0-1, 1-4, 4-10, 10-16, 16-24, 24-30, 30-36,
and 36-48 hours, was compared between study groups. Sl at admission
(0 hour), as well as time needed to normalize Sl to < 0.9, was compared

between survivors and nonsurvivors.

3 | STATISTICAL METHODS

Baseline descriptive statistics are presented as mean and standard
deviation (SD) for normally distributed variables, while nonnormally

WILEY

distributed variables are presented as median and range. Categorical

variables were analyzed by a chi-square analysis. Between groups anal-
yses were performed using ANOVA or the Wilcoxon as appropriate for
the datadistribution. The normality of the error residuals was analyzed
by Kolmogorov-Smirnoff tests. All analyses were deemed significant at
P <0.05 as unadjusted probabilities and carried out using commercially

available statistical software.’

4 | RESULTS

Twenty-three dogs were enrolled between January 2008 and July
2009. No dogs were excluded from the study due to missing data. The
proportions of each sex (10 neutered females, 7 neutered males, 2
intact females, and 4 intact males) did not differ between survivors
and nonsurvivors (P = 0.55). Mean (+SD) age of study survivors (6.1
+ 3.4 years) was not different compared to nonsurvivors (7.8 + 3.3
years; P = 0.25). Mean body weight for survivors (25.0 + 14.4 kg) did
not differ from nonsurvivors (33.9 + 23.9 kg; P = 0.27). The following
breeds were represented in the study population: Rottweiler (2), Akita
(2), English Bulldog (1), Doberman Pinscher (1), Cocker Spaniel (1),
Bichon Frise (1), French Poodle (1), Weimaraner (1), Golden Retriever
(1), German Shepherd (1), Labrador Retriever (1), Shih Tzu (1), Maltese
(1), Bernese Mountain Dog (1), Japanese Chin (1), Portuguese Water
Dog (1), Mastiff (1), Labrador Retriever-Standard Poodle (1), and mixed
breed (3).

All dogs were diagnosed as having hypovolemic, hemorrhagic, dis-
tributive, or septic shock on the basis of physical examination, clinical
pathologic, and diagnostic imaging findings. The predominant illnesses
recorded at study entry were gastric dilatation-volvulus (GDV) (6),
blunt trauma (5), heat stroke (2), and 1 each of the following: pancre-
atitis, Addisonian crisis, septic arthritis, myasthenia gravis with aspi-
ration pneumonia, parvovirus, hemorrhagic gastroenteritis, and acute
renal failure. A definitive diagnosis was not able to be made in 3 dogs
but each exhibited hemodynamic parameters and increased venous
plasma lactate concentrations that supported a diagnosis of shock.

Fourteen (61%) dogs survived to hospital discharge. Of the 9 that
did not survive to discharge, 5 (56%) died while in the ICU and 4
(44%) were euthanized. Mean length of hospitalization for all dogs was
1.2 days (+1.1 days). Mean length of hospitalization was not different
between survivors (1.2 + 0.9 days) and nonsurvivors (1.1 + 1.5 days;
P=0.78).

By study definition, all dogs were hyperlactatemic at time of hos-
pital admission (0 hour). Mean admission venous plasma lactate con-
centration for all study participants was 7.0 mmol/L (+3.1 mmol/L)
(63.1 + 27.9 mg/dL). Mean admission venous plasma lactate concen-
tration did not differ between survivors (6.3 + 2.4 mmol/L; 56.8 + 21.6
mg/dL) and nonsurvivors (8.1 + 3.9 mmol/L; 73.0 + 35.1 mg/dL; P=0.2).
Mean lactime for all dogs was 10.3 hours (+9.8 hours). Mean lactime
was shorter in survivors (6.6 + 4.4 hours) compared to nonsurvivors
(16 + 13.1 hours; P=0.02) (Figure 1).

A greater mean lactate clearance was recorded in survivors com-
pared to nonsurvivors at 1 hour (44.3 + 27.4% vs 10.3 + 46.3%;
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FIGURE 1 Comparison of lactime (hours) between surviving and nonsurviving dogs in shock. In each boxplot, the box represents the
interquartile range, and the lines extending vertically represent the range of values. The line and open circle within each box represent the median
and mean lactime, respectively. For survivors, the lower boundary of the box represents both the median and lower quartile for lactime as these

values were identical. Significance was set at a P-value < 0.05

P =0.04), 10 hours (72.5 + 12.8% vs 45.3 + 34.1%; P = 0.01), 16 hours
(77.6 + 16.2% vs 50.3 + 22.2%; P = 0.006), 24 hours (83.8 + 7.9% vs
56.0 + 29.2%; P = 0.004), and 36 hours (86.3 + 4.8% vs 65.0 + 25.7%;
P =0.02) (Figure 2). Median and mean lactate clearances were not dif-
ferent between survivors and nonsurvivors at 4 hours (66.4%, range
25.4-84.6% vs 56.4%, range -228.9 to 80.4%; P = 0.15) and 48 hours
(83.2 + 5.1% vs 82.3 + 9.3%; P = 0.82), respectively (Figure 2). Final
mean lactate clearance was greater in survivors (83.7 + 6.7%) com-
pared to nonsurvivors (52.5 + 26.2%; P < 0.001) (Figure 2).

Mean LACxgrea Was larger in nonsurvivors compared to survivors
for all time intervals (0-1, 1-4, 4-10, 10-16, 16-24, and 30-36 hours;
P < 0.05) except for the time interval 36-48 hours (P = 0.08) (Table 1).
Mean total LACpgga Was not different between survivors (60.3 + 25.3
mmol/L-h) and nonsurvivors (84.7 + 40.5 mmol/L-h; P=0.09) (Table 1).

An increased S| (>0.9) was recorded in all dogs at admission
(0 hour); mean admission S| for all dogs was 2.2 (+1.3). There was no
difference between surviving and nonsurviving dogs with respect to
mean admission SI (2.5 + 1.6 vs 1.8 + 0.4, respectively; P=0.2) or mean
time to normalize Sl (12.6 + 16.4 hours vs 27.8 + 19.5 hours, respec-
tively; P=0.06).

5 | DISCUSSION

Decompensated shock associated with abnormal macrovascular per-
fusion is generally recognizable. In contrast, states of compensatory
shock are more difficult to detect given evidence suggesting that

the use of traditional vital signs (eg, HR and SBP) alone may leave
a large proportion of critically ill people in a state of persistent tis-
sue hypoxia.8-12 The contribution of uncorrected tissue hypoxia to
patient morbidity and mortality has been well established.3-7 In con-
trast, timely restoration of tissue perfusion through early and aggres-
sive resuscitative interventions has been associated with a survival
benefit in hospitalized shock patients.6* Toward this end, the useful-
ness of plasma lactate concentration in shock recognition and risk
stratification has been documented,'?-38 proving superior to tradi-
tional perfusion parameters and oxygen-derived variables in outcome
prediction.1?-21 Moreover, given the lack of evidence suggesting the
superiority of either arterial over venous or peripheral over central
blood samples for obtaining accurate lactate concentrations,6263 mea-
surement of both peripheral and central venous plasma lactate con-
centration serves as a noninvasive means of assessing global tissue
perfusion.

Numerous studies in critically ill people evaluating serial plasma lac-
tate concentration measurement have demonstrated that persistent
hyperlactatemia, represented by either a prolonged time to normalize
plasma lactate concentration or lower lactate clearance, predicts in-
hospital mortality>6:2023-25.29-38 and secondary outcomes.23:36.64.65
A lactate clearance of 10% or more during initial resuscitation has
been reported to predict survival from shock,343>38 and a well-cited
study in human trauma patients found that all patients in whom
lactate concentration normalized by 24 hours survived, whereas the
survival rate decreased to 75% and 14% for those patients clearing

lactate between 24 and 48 hours and after 48 hours, respectively.3°
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FIGURE 2 Comparison of lactate clearance (%) between surviving and nonsurviving dogs in shock during the first 24 hours of hospitalization
and immediately prior to death or hospital discharge (final lactate clearance). In each boxplot, the box represents the interquartile range, and the
lines extending vertically represent the range of values. The line and open circle within each box represent the median and mean lactate clearance,

respectively. Significance was set at a P-value < 0.05

TABLE 1 Mean areaunder the lactate concentration versus time
curve (LACpgrga) in surviving and nonsurviving dogs in shock during
the first 24 hours of hospitalization and throughout the entire
hospitalization period

Time

interval Mean + SD

(hour) Outcome N (mmol/L h) P-value

0-1 Survivor 14 47 + 15 0.02
Nonsurvivor 9 7.2+ 30

1-4 Survivor 14 78 +28 <0.001
Nonsurvivor 9 155 + 54

4-10 Survivor 14 10.9 + 2.9 0.001
Nonsurvivor 8 217 + 10.1

10-16 Survivor 14 84 + 35 <0.001
Nonsurvivor 7 221+ 122

16-24 Survivor 14 8.9 + 4.6 <0.001
Nonsurvivor 5 20.6 + 8.1

Total Survivor 14 60.3 + 253 0.09
Nonsurvivor 9 84.7 + 40.5

Persistent hyperlactatemia has likewise been shown to be associated
with mortality in specific canine disease conditions, including septic
peritonitis,® GDV,*2°4 immune mediated hemolytic anemia,>® and
babesiosis,>® as well as in equine patients presenting for emergency
evaluation.6467 One study assessing sick dogs requiring intravenous

fluid therapy demonstrated that failure to improve lactate concen-
tration by at least 50% at 6 hours of hospitalization was significantly
associated with mortality, and that a lactate concentration above
the reference interval at the 6-hour time-point was associated with
a 16-fold increase in the likelihood of nonsurvival.*® A single study
assessing serial lactate concentrations in hospitalized cats with wide
range of illness severities reported no relation between serial lactate
concentrations and survival to hospital discharge.#?

In agreement with data reported from these human and veteri-
nary studies, the present study demonstrates that sustained hyperlac-
tatemia in small animal shock patients is associated with in-hospital
mortality. Animals that survived to hospital discharge had a signifi-
cantly shorter mean lactime as well as a significantly higher degree of
lactate clearance at almost all time points evaluated. Lactime remained
significantly shorter in surviving dogs despite the confounding effect
of early deaths leading to a shorter observation period for a subset of
the nonsurviving dogs, likely reinforcing the robust prognostic utility
of this parameter in dogs with shock. Lactate concentration normal-
ization’s prognostic value is likely related to its suggested association
with the success of resuscitative interventions in restoring adequate
tissue perfusion and, therefore, reversing the detrimental effects of tis-
sue hypoxia.36

Utilization of admission lactate concentration to assess human
shock patients is more controversial and possibly less reliable for pre-
dicting outcome than is serial evaluation of this parameter,3468:69
although a linear increase in mortality has been reported in
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association with increasing initial lactate concentrations by some

investigators.22-27 Similarly, veterinary studies evaluating the useful-
ness of single time-point lactate concentrations in outcome assess-
ment have been undertaken with conflicting results. While one group
of investigators evaluating sick dogs concluded that admission blood
lactate concentration was not significantly related to outcome,®
others reported a higher median admission lactate concentration in
nonsurviving versus surviving dogs in shock.4” Increased admission
lactate concentrations have also been associated with increased
mortality in dogs with specific disease conditions,®-57 as well in
adult equine patients with colic and those undergoing abdominal
surgery,®470 and hospitalized equine neonates.”%”2 While research
examining the prognostic utility of lactate concentration measurement
in cats is more limited, one study performed in hospitalized cats found
no significant association between initial lactate concentration and
outcome.*?

Like several other investigators, the present study did not demon-
strate a difference in admission venous blood lactate concentration
between survivors and nonsurvivors, and substantial overlap between
the 2 groups was observed. Both the relatively small sample size and
the study individuals’ heterogeneous disease conditions with asso-
ciated differing lactate kinetics likely contributed to the lack of a
detectable difference in admission venous plasma lactate concentra-
tions between groups. An increased admission lactate concentration
retains most prognostic significance when occurring in disease condi-
tions with a high mortality rate or an associated shock state that is less
readily reversible despite aggressive resuscitation (ie, as in sepsis).18
In contrast, admission hyperlactatemia holds less prognostic useful-
ness when present in a patient with a disease condition or shock state
that is more readily corrected (ie, GDV).18 The large degree of overlap
in admission venous plasma lactate concentrations between groups in
this study emphasizes the dangers of predicting an individual patient’s
outcome based on a single admission lactate concentration.

The influence of primary disease process on not only the prognostic
utility of admission lactate concentration, but also on a patient’s ability
to normalize lactate concentration, must be acknowledged. Marked
differences in lactate half-life based on primary disease, independent
of resuscitation effects, have been demonstrated in hospitalized
people.l” Evidence in critically ill people also suggests survival dif-
ferences among different classes of shock despite similarly increased
lactate concentrations.'* However, increased plasma lactate concen-
tration has been demonstrated to be related to mortality independent
of the underlying disease process in human shock patients.33

A less well-described parameter, LACagrea, has also been used
in outcome assessment in human shock patients as it incorpo-
rates both the duration and severity of hyperlactatemia during ICU
hospitalization. Several groups have demonstrated a significant
association between a higher LACagga and increased mortality in
critically ill human patients.2324 Recent work in critically ill equine
neonates reported similar results, finding that LACzgga during the first
24 hours of hospitalization was significantly larger in nonsurviving
foals.”® LACgea Proved to be significantly different between sur-
vivors and nonsurvivors at most time intervals studied in the present

investigation. While final LAC zggp Was not different between survivors
and nonsurvivors, this result was likely confounded by nonsurviving
dogs that died early in the study period. Patients experiencing early
deaths would inherently have shorter observation periods and there-
fore a smaller LACprgp despite disease severity. This parameter might
provide a novel means to help evaluate the association of hyperlac-
tatemia with outcome in animals in shock, but the more advanced cal-
culation required for its determination may limit its clinical application.

Sl has been extensively evaluated in the human literature as a sim-
ple and rapid bedside parameter for the detection of occult shock in
the ED. Early investigators demonstrated that Sl was inversely related
to left ventricular stroke work, cardiac index, and oxygen delivery, as
well as directly related to degree of blood loss.3? These findings were
supported by a later study that reported a direct correlation between
Sl and acute blood loss in healthy human blood donors.#> Clinically, a
Sl greater than 0.9 has been associated with increased mortality in sick

41-44 and an increased S| has been associated with secondary

43,46,73

people,
outcomes, including need for massive transfusion, vasopressor
therapy,#27374 and ventilatory support,*243 as well as with the devel-
opment of organ failure.”* Furthermore, when compared to the tra-
ditional hemodynamic parameters from which it is comprised, Sl has
proven to be superior in shock detection and outcome prediction in
patients with normal HR and SBP.10:124044.75.76 Early work found that
up to 94% of human shock patients with stable hemodynamic parame-
ters had a persistently increased lactate concentration or Sl indicative
of ongoing global hypoperfusion.12

Studies examining the usefulness of Sl to predict outcome in small
animals with shock are limited, and to the authors’ knowledge, work
evaluating the Sl in feline patients has not been reported. One group
of investigators assessing the Sl in both healthy dogs and dogs pre-
senting to the ED found that dogs deemed to be in shock had a signif-
icantly higher Sl than both healthy dogs and sick dogs with no signs of
shock, supporting the usefulness of Sl in discriminating shock in dogs.>?
Based on their results, this group of investigators suggested a Sl cut-off
of 1.0 to differentiate canine shock from nonshock patients.>? A sec-
ond group of investigators found that dogs in hemorrhagic shock had
a significantly higher Sl than healthy control dogs, suggesting that an
increased Sl should prompt a search for ongoing hemorrhage.¢°

In the present study, admission S| was not found to be differ-
ent between survivors and nonsurvivors, and a large degree of over-
lap in admission Sl values between survivors and nonsurvivors was
observed. Survivors had a higher mean S| than nonsurvivors at admis-
sion, and the highest admission S| was recorded in a discharged ani-
mal. Time to normalize S| also did not differ between survivors and
nonsurvivors.

The present findings are intriguing and support the need to estab-
lish reliable normal Sl reference ranges as well as optimal cut-off val-
ues to aid in outcome prediction in dogs. Given species differences in
the normal physiologic parameters, particularly HR, from which Sl is
derived, species-specific reference ranges should be established. The
higher HR of healthy dogs compared to people makes a higher nor-
mal range of canine Sl values likely. Furthermore, the effect on S| of
inherent HR variability due to both body weight’” and age must
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be considered. One group of investigators assessing human trauma
patients found that the addition of an age multiplier increased the use-
fulness of the Sl in outcome prediction in older patients,”® and neonatal
and pediatric animals are known to have an inherently higher HR than
their adult counterparts.”® In the present study, the highest canine Sl
was seen in a4-month-old patient with parvovirus that survived to hos-
pital discharge.

Notably, all dogs included in the study’s shock cohort had a SI
greater than 0.9, the accepted cut-off value for differentiating human
shock from nonshock patients. While this S| cut-off extrapolated from
the human literature correctly identified the present study’s shock
population, admission Sl was not able to discriminate between surviv-
ing and nonsurviving dogs. Moreover, the group of survivors did not
collectively achieve a mean Sl less than 0.9 until 10 hours of hospital-
ization, diminishing its utility as a potential triage tool, an area where
the Sl has proved most useful in human medicine.

The current study has a number of limitations in addition to those
discussed previously. While the data were collected prospectively, sev-
eral years lapsed between data collection and analysis. This raises
the potential for shifts in treatment paradigms that would dimin-
ish the applicability of the study findings to current shock patients.
However, research in critically ill people undertaken over several
decades has established the clinical utility of both lactate parame-
ters and Sl in outcome prediction regardless of changing resuscitation
protocols.19-3840-44.46 Additionally, as resuscitation of shock patients
in the present study was not standardized and was directed by multi-
ple clinicians, the effect of variable treatment protocols on normaliza-
tion of plasma lactate concentration and SI cannot be assessed. Until
protocolized resuscitation becomes more widely adopted in veterinary
medicine, lack of standardized treatment bundles will continue to influ-
ence future research findings.

An inherent limitation associated with the use of plasma lactate
concentration measurement in critically ill patients is the fact that
hyperlactatemia in these patients is not specific for diagnosis of
tissue hypoperfusion.28:13-18 Hyperlactatemia has classically been
characterized as Type A or B, with the former consisting of increased
lactate production due to tissue hypoxia and the latter representing all
other causes of hyperlactatemia.8:13.14.17.18 Although Type A hyperlac-
tatemia is most common in shock patients, the complexity of disease
affecting critically ill patients means that detectable hyperlactatemia
can result from variable combinations of both Types A and B. It is
important to acknowledge the contribution of Type B causes to a
patient’s hyperlactatemia as these may lead to a potential overestima-
tion of a patient’s true oxygen debt. In critically ill patients, conditions
that can lead to lactate concentration increase irrespective of global
tissue perfusion include, but are not limited to, muscle hyperactivity,
accelerated aerobic glycolysis, significant liver disease, diabetes mel-
litus, renal disease, neoplasia, catecholamine infusion, and pyruvate
dehydrogenase inhibition as can be seen in septic shock.2813-18

Factors intrinsic to diagnostic techniques could have affected study
results. Noninvasive BP measurements were obtained using both
Doppler and oscillometric methods. These methods have been shown
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to be most inaccurate in the setting of significant hypotension,”?:80

which is present in the majority of patients early in the course of hos-
pitalization. While blood sampling site was likely standardized for an
individual patient through use of a single sampling catheter for serial
blood collection, the vessel used for sampling catheter placement was
not standardized between patients in the present study. Furthermore,
the present study recorded both peripheral venous plasma lactate con-
centration at O hour, as well as central plasma lactate concentration
at all subsequent time points. Evidence suggests, however, that small
differences in plasma lactate concentration based on sampling site (ie,
specific vessel or peripheral versus central venous sample) are not clin-
ically significant.62:63

Inthe present study, no attempt was made to stratify patients based
on illness severity, meaning the inherent effect of illness severity on
mortality could not be evaluated. Additionally, the study’s small sample
size may lessen the applicability of the present results to a larger popu-
lation of sick dogs. As is the case in most studies in veterinary medicine,
the confounding effect of early death due to euthanasia on mortal-
ity must be considered. However, in the present study, the majority
(56%) of patients that did not survive to hospital discharge died while in
the ICU, meaning only 44% of patient deaths were due to euthanasia.
All patients in the present study were enrolled following ICU admis-
sion, with owners being made aware of the likely financial commit-
ment to patient care. This potentially lessened the confounding effect
of euthanasia due to financial constraints on mortality.

In summary, the present study reinforces the usefulness of plasma
lactate parameters in dogs in shock. In particular, the findings sug-
gest the superiority of serial venous plasma lactate concentration
evaluation over single time point admission venous plasma lactate
concentration measurement in differentiating hospital survivors
from nonsurvivors. Future research evaluating a larger population of
critically ill dogs to allow for subgroup analysis is needed to determine
if lactate parameters demonstrate enhanced prognostic ability in one
particular shock class or disease process. The results of the current
study additionally bring into question the applicability of extrapolating
a normal Sl cut-off value of 0.9 from the human literature for use in
small animal shock patients. Further investigation to establish both
normal canine Sl reference ranges, as well as optimal cut-off values for
shock discrimination and prognostication in small animals with shock,
needs to be undertaken.
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