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Key Points 
 Lactate clearance in response to pre-surgical treatment in dogs with GDV is correlated 

with prognosis and helps identify patients that require more aggressive therapy 
 
Gastric dilatation-volvulus is an acute life-threatening condition that primarily affects 

large-breed dogs. By definition, the initiating event of the syndrome involves an abnormal 
entrapment and accumulation of fluid and air within the gastric lumen that results in extreme, 
traumatic distention of the stomach (dilatation) and variable rotation of the stomach on its long 
axis (volvulus). Early clinical signs (discomfort, pacing, panting, drooling, retching, and 
abdominal distention) are indicative of the initial events.  

However, the pathogenesis of GDV involves a more complex progression of physiologic 
disturbances that can rapidly (within hours) culminate in death unless immediate medical and 
surgical treatment is provided. Increased intragastric pressure obstructs blood flow in the caudal 
vena cava and portal vein, which results in decreased venous return and cardiac output (ie, 
obstructive shock). Although compensatory mechanisms are activated initially to maintain 
arterial pressure, corrective measures must be taken or inadequate tissue perfusion will progress 
and compromise organ function. Eventually, the shock will become refractory, multiple organs 
will fail, and death will be imminent. Even with intensive treatment, including presurgical 
stabilization, surgery, and postsurgical care, mortality rates for dogs with GDV range from 13% 
to 43%. 

To lower morbidity and mortality rates, a clear understanding of the progression of a 
disease is required and the ability to accurately assess and address factors most critical to 
survival is needed. Ideally, prognostic factors can be identified to assess critical components in 
the progression of disease, which can then be used to guide alternative or aggressive treatment 
strategies when appropriate. In numerous studies, investigators have identified prognostic 
indicators with regard to death of dogs with GDV. However, many of these indicators are of 
limited utility with regard to improving morbidity and mortality rates because they do not have 
alternative treatment strategies (eg, gastric necrosis, partial gastrectomy, and combined 
splenectomy and partial gastrectomy) or are complications that develop later in the course of the 
disease and alternative treatment strategies are limited (eg, peritonitis, sepsis, and disseminated 
intravascular coagulation).  

Early recognition and treatment are often required to prevent a disease from developing 
and acquiring severity. Risk factors for the likelihood of dying as a result of GDV that can be 
evaluated early in the course of the condition (eg, prior to surgical intervention) have been 
identified and include clinical status at time of admission, duration of clinical signs, and a single 
pretreatment plasma lactate concentration. Dogs that have signs of depression 10or that are 
comatose at admission are 3 or 36 times as likely to die, respectively. In 1 study, dogs with 
clinical signs for 5 hours prior to examination at a veterinary hospital had a mortality rate of 
46%, whereas in another study, dogs with clinical signs for > 6 hours prior to examination at a 
veterinary hospital were significantly more likely to die. An initial plasma lactate concentration < 
6 mmol/L has been reported to be associated with a survival rate of 99% in dogs with GDV, 
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whereas an initial plasma lactate concentration > 6 mmol/L in that same study was associated 
with a survival rate of 58% in dogs with GDV.  

Of the early prognostic indicators, the only accurately measurable, objective assessment 
is plasma lactate concentration at admission. In that study, a single lactate measurement could be 
used to accurately predict survival in dogs with an initial lactate concentration < 6 mmol/L, but it 
could not be use to accurately predict survival within the group of dogs with an initial lactate 
concentration > 6 mmol/L.   

In typical physiologic conditions, lactate concentration is maintained in a narrow range 
by a balance between production and consumption. Elevated blood lactate concentration is most 
commonly a result of tissue hypoperfusion and hypoxia that develop as a result of shock. During 
anaerobic conditions, pyruvate is converted to lactate for energy. If anaerobic conditions are 
severe, such as in a state of shock, lactate production will exceed the rate of metabolism.  Once 
aerobic conditions are restored, lactate should be cleared via metabolism. However, during more 
advanced stages of shock (eg, decompensating or refractory shock), lactate may not be cleared 
even when adequate tissue perfusion is achieved. For this reason, evaluating serial lactate 
concentrations could potentially be used to help determine response to treatment and overall 
prognosis.  

In humans, the use of lactate concentration as a diagnostic, therapeutic, and prognostic 
marker of global tissue hypoxia in shock has been established in numerous studies. Lactate has 
also been evaluated as a marker of disease severity and as a prognostic indicator in veterinary 
medicine. However, the diagnostic value of a single lactate concentration as a marker of tissue 
hypoperfusion is debatable. Currently, serial measurement of lactate concentrations or lactate 
clearance in humans is becoming accepted as a more precise marker of cellular hypoxia and 
shock (ie, effective lactate clearance implies reversible shock and a higher likelihood of survival 
vs poor lactate clearance seen with more advanced stages of shock) and a better prognosticator of 
organ failure and death in patients with circulatory and septic shock. Consistently, patients 
whose lactate concentrations began to return to the reference range after treatment had a better 
outcome, compared with the outcome for patients whose lactate concentrations remained high 
after treatment. 
Data acquired from the serial measurements of plasma lactate concentration are shown in Table 1 
for all dogs with GDV. For all dogs with GDV, the initial and final plasma lactate concentrations 
were significantly lower and the percentage change in lactate concentration significantly greater 
in survivors, compared with results for nonsurvivors (Table 1). However, there was no 
significant difference for all dogs with GDV in the absolute change in lactate concentration 
between survivors and nonsurvivors. 
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Receiver operating characteristic (ROC) data for all dogs with GDV are listed in Table 2. 
Optimal survival cutoff values were as follows: pre-therapy lactate concentration < 9.0 mmol/L, 
post-therapy lactate concentration < 5.6 mmol/L, and percentage change in lactate > 42.2 %.  For 
all dogs with GDV, the proportion of dogs surviving for dogs with an initial lactate concentration 
< 9.0 mmol/L, final lactate concentration < 5.6 mmol/L, or percentage change in lactate > 42.2 % 
were significantly greater than the proportion of dogs surviving for those with an initial lactate 
concentration > 9.0 mmol/L, final lactate concentration > 5.6 mmol/L, or percentage change in 
lactate < 42.2 % (Table 2). An optimal cutoff for absolute change in lactate for all dogs with 
GDV was not determined as there was no significant difference between survivors and non-
survivors (Table 1). The area under the curve (AUC) of these data (based on the ROC curve of 
the logistic regression analysis) was 0.75 indicating this is a good model for predicting survival. 

Data from the subset of 24 dogs with a high initial lactate concentration (> 9 mmol/L; group 
HIL), which was determined from the initial ROC curve, were evaluated to determine whether 
the serial lactate measurement data could be used to more accurately predict survival within this 
group.  Logistic regression analysis on this subset of HIL dogs revealed that the percentage 
change in lactate concentration was a significant predictor of outcome (P = 0.048; OR, 1.45; 
95% CI, 1.003 to 2.088), after adjusting for fluids administered IV prior to surgery and interval 

Table 1: Mean ± SD serial plasma lactate measurement data for all dogs with GDV (n=64).

      Survivors  Nonsurvivors  

Variable      (n = 49)   (n = 15)    

Initial lactate (mmol/L)   6.2 ± 3.2  10.3 ± 3.2*  

Final lactate (mmol/L)   3.3 ± 2.3  8.0 ± 3.3*  

Absolute change in lactate (mmol/L)   2.9 ± 3.3  2.6 ± 2.0  

Percentage change in lactate (%)   49.1 ± 28.8  24.6 ± 19.4*  

Survivors were defined as dogs that underwent surgery to correct GDV and were subsequently
discharged from the hospital; nonsurvivors were dogs that died or were euthanized during
surgery to correct GDV or during the postoperative period.  

*Within this group, value differs significantly (P < 0.05) from the value for survivors. 

Table 2: Optimal survival cutoff (ROC) data for all dogs with GDV (n=64). 

Variable  Optimal cutoff  % survival > cutoff % survival < cutoff

Initial lactate (mmol/L)    9.0 54 (13/24)* 90 (36/40)

Final lactate (mmol/L)  5.6    40 (8/20)* 93 (41/44)

Percentage change in lactate (%)  42.2   100 (30/30)*  56 (19/34)

*Value differs significantly (P < 0.05) from the value for percent survival  cutoff. 
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between preoperative lactate measurements while being administered fluids. Mean ± SD amount 
of fluids administered IV prior to surgery was 100 ± 43 mL/kg (45 ± 19 mL/lb), and mean 
interval between preoperative lactate measurements was 80 ± 36 minutes.   
 
Data acquired from the serial measurements of plasma lactate concentration are shown in Table 3 
for dogs with GDV that had a high initial lactate measurement (> 9.0mmol/L, group HIL). 
Within the HIL group, there was no significant difference between initial mean ± SD plasma 
lactate concentrations for survivors (10.6 ± 2.3 mmol/L) and nonsurvivors (11.2 ± 2.3 mmol/L). 
However, final preoperative plasma lactate concentration after treatment was significantly lower, 
whereas absolute change in lactate concentration and percentage change in lactate concentration 
were significantly higher, in survivors, compared with values for nonsurvivors (Table 3).  

 
Receiver operating characteristic (ROC) data for dogs with GDV with a high initial lactate (> 9 
mmol/L) are listed in Table 4. Optimal survival cutoff values were as follows: lactate 
concentration after treatment 6.4 mmol/L, absolute change in lactate concentration > 4.0 
mmol/L, and percentage change in lactate concentration > 42.5%. For dogs in the HIL group, the 
proportion of dogs surviving for dogs with a final lactate concentration > 6.4 mmol/L, absolute 
change in lactate concentration  4 mmol/L, or percentage change in lactate concentration  
42.5% were significantly lower than the proportion of dogs surviving for those with a final 
lactate concentration  6.4 mmol/L, absolute change in lactate concentration > 4 mmol/L, or 
percentage change in lactate concentration > 42.5%. The area under the curve of these data was 
0.98 (determined on the basis of the ROC curve of the logistic regression analysis), which 
indicated that this was an excellent model for use in predicting survival. 

Table 3: Mean ± SD serial plasma lactate measurement data for a subset of 24 dogs with GDV 
with a high initial lactate concentration (> 9 mmol/L, HIL dogs). 

      Survivors Nonsurvivors     

Variable      (n = 13) (n = 11)  

Initial lactate (mmol/L)   10.6 ± 2.3 11.2 ± 2.3 

Final lactate (mmol/L)   5.1 ± 2.2 9.9 ± 2.7* 

Absolute change in lactate (mmol/L)   6.3 ± 2.0 2.6 ± 2.3* 

Percentage change in lactate (%)   52.2 ± 17.1 18.9 ± 20.5* 

Survivors were defined as dogs that underwent surgery to correct GDV and were subsequently
discharged from the hospital; nonsurvivors were dogs that died or were euthanized during
surgery to correct GDV or during the postoperative period.  

*Within this group, value differs significantly (P < 0.05) from the value for survivors. 
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Obtaining serial plasma lactate concentrations as part of the preoperative point-of-care testing 
can be achieved with relative ease at most veterinary referral hospitals. Additionally, portable 
lactate analyzers are now available that can be used to quickly obtain blood and plasma lactate 
concentrations. Analyzing the changes in plasma lactate concentration that occur in response to 
initial fluid resuscitation and gastric decompression in dogs with GDV may assist in determining 
an earlier and more accurate prognosis and in identifying patients that require alternative or more 
aggressive treatment. 
Reference: Zacher LA, Kudej RK, Berg J, et al. Association between outcome and changes in 
plasma lactate concentration during presurgical treatment in dogs with gastric dilatation-
volvulus: 64 cases (2002-2008). J Am Vet Med Assoc. 2010 Apr 15;236(8):892-7. 
 
 
 

Table 4: Optimal survival cutoff (ROC) data for the subset of 24 dogs with GDV with a high 
initial lactate concentration (> 9 mmol/L). 

Variable  Optimal cutoff  % survival > cutoff % survival < cutoff 

Final lactate (mmol/L)    6.4   23 (3/13)* 91 (10/11) 

Absolute change in lactate (mmol/L) 4.0   86 (12/14)* 10 (1/10) 

Percentage change in lactate (%)  42.5  100 (11/11)* 15 (2/13)

*Value differs significantly (P < 0.05) from the value for percent survival  cutoff. 
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