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Topics
• Shock Index 

• Colloids in controversy 

• Crystalloid fluid therapy 

• Sick diabetics 

• Snakebite!  

• Diuretic therapy 

• They did what?!?

Shock Index

• Shock is deadly 

• Quickly triaging your emergent patients correctly 
is a key to successful management 

• What tools are available that might quickly help 
characterize perfusion status? 



Shock Index
• Heart rate 

• Blood pressure 

• Mentation and demeanor, mucous membrane 
color, temperature, pulse quality, etc. 

• Lactate 

• And other things which take longer to assess…

Shock Index
Obviously shocky patients are…obvious. But what about 

patients with occult shock? 

Shock Index = heart rate / systolic blood pressure



Shock Index

• HR and SBP were recorded on dogs with 
“simulated presentation” (healthy dogs) and in 
patients presented to the ER, in shock or not. 

• Shock was defined by lactate >5 mmol/L

Shock Index
• Dogs in shock had a SI of 1.37, significantly 

higher than the other two groups. 

• Dogs not in shock had median SI of 0.73, and 
healthy dogs had a median SI of 0.78. 

• A cut off SI of 1.0 had a specificity of 89% and 
sensitivity of 90% comparing shocky dogs to 
healthy, and SI of 0.92 gave specificity of 95% 
and sensitivity of 89% when comparing dogs in 
shock with those which weren’t.

Shock Index

• Conclusions - SI is easy and noninvasive 
parameter which is higher in ER patients in 
shock than in healthy dogs and ER patients 
which aren’t shocky. May have benefit in 
assessment of emergent patients. 



Shock Index
• Compared 78 normal dogs with 38 dogs having 

confirmed hemorrhagic shock. 

• SI was higher in hemorrhage group (median 1.37) 
compared with normal dogs (median 0.92).  

• 92% of the dogs in the shock group had SI >0.91 

• Conclusion - SI is a simple calculation and helpful 
triage tool, and SI >0.9 should prompt 
investigation for hemorrhage. 



Shock Index

• Involved 20 client-owned dogs who were blood 
donors. 

• Range of blood loss was 12-21%. 

• Data collected at Tpre, T0, and T10 during blood 
collection. SI, PCV, TP, and lactate were 
evaluated at each time point.

Shock Index
• Mean SI was increased at T0 and T10 compared with 

Tpre. 

• Mean SBP was decreased at both time points 
following donation (but was still WNL!).  

• HR was unchanged at T0 but increased at T10. 

• PCV was unchanged from Tpre to T10. 

• TP decreased and lactate increased, but both 
remained WNL! 

Shock Index
• SI was a better indicator of blood loss than SBP 

at T0 and T10. 

• SI was superior to HR at T0.  

• SI of 1.064 was 80% specific and 85% sensitive 
for blood loss at T0. 

• Conclusion - SI >1 is sensitive and specific for 
acute, small volume blood loss. 



Colloids in controversy
• Hydroxyethyl starch accumulates intracellularly and persists for 

up to years. 

• A variety of adverse effects have been described. 

• Of particular concern are the kidneys, where tubular cells 
accumulate HES and develop dysfunction. 

• Because of risk of acute kidney injury, hetastarch use in humans 
has been severely curtailed. Of the various formulations, none 
are considered safe in humans.  

• Veterinarians have previously considered HES to be safe in our 
patients. Is this true? 

Colloids in controversy

• In unadjusted analysis, HES associated with 
increased risk of mortality (OR 2.33) and acute 
kidney injury (OR 3.87). 

• After adjusting for severity of illness, admission 
type, administration of blood products, HES 
remained a risk factor for adverse outcome (OR 
1.98) with Number Needed to Harm of 6. 



Colloids in controversy
• 94 dogs exposed, 90 dogs un-exposed to 6% HES 

130/0.4 

• Dogs given 20.7 ml/kg/d over a median of 4 days 

• No association with HES exposure or ml/kg/d with inc 
AKI grade.  

• Number of days of HES administration associated with 
INC in AKI grade within 10 days. 

• Conclusion - keep therapy short. 



Colloids in controversy
• 26 HES exposed cats, 36 unexposed 

• Median dose of 20.1 ml/kg over an average of 4 days. 

• No difference in increase of creatinine or AKI between 
groups. 

• ml/kg dose or number of days of HES not a risk factor 
for AKI.  

• Conclusion - HES given to nonazotemic, critically ill 
cats seemed safe.

Crystalloid fluid therapy

• Fluids are a drug, to be dosed with a clear image of 
intended effect.  

• How much is enough for rehydration? Or for 
expansion of intravascular volume?  

• How much is too much? And how might that affect 
survival? 



Crystalloid fluid therapy

• Evaluated 34 critically ill dogs and 15 relatively 
“stable” postoperative patients 

• Fluid overload was calculated as %FO = 100 x 
([fluid volume administered - fluid volume lost] / 
1000 ml/L) - (% dehydration at admission), with fluid 
volume defined as ml/kg of body weight. 

Crystalloid fluid therapy

• Critically ill dogs had greater %FO than stable 
postop patients (12.1% versus 0.5%).  

• 8/16 of dogs with %FO >12% died. 

• Odds ratio for death was 1.08 for every percent 
increase in FO during hospitalization.

Sick Diabetics

• Ketotic, ketoacidotic, hyperosmolar non-ketotic 
• Often (70+%) feature comorbidities 
• Management includes fluid therapy, electrolyte 

replacement and monitoring, supportive 
management, and of course INSULIN



Sick Diabetics

• Short-acting insulin often given as a continuous 
infusion of regular insulin in saline OR 
intermittent IM injections 

• Often delayed for several hours during 
resuscitation and rehydration plus electrolyte 
replenishment

Insulin

Sick Diabetics

• The historical reason for the delay in insulin 
administration is the avoidance of adverse 
consequences such as rapid electrolyte shifts 
(hypokalemia and hypophosphatemia) and 
osmotic changes resulting in cerebral edema. 

• HOWEVER, insulin administration is the only way 
to correct the important metabolic derangement 
occurring and resulting in the ketotic state. 

Insulin



Sick Diabetics

• 60 dogs with DK or DKA 
• Insulin administration was <6h in early group 

and >6h in the late group.

Sick Diabetics

• Early group had earlier resolution of DK/DKA 
(36.4 vs 54.4h)  

• No difference in duration of hospitalization or 
complications 

• More severe ketosis required longer to resolve 
• Conclusion - Early insulin administration resulted 

in faster DK/DKA resolution without an increase 
in complications. 

Sick Diabetics

• Intensive regimens involving short-acting insulin 
are labor-intensive and can seem complicated.  

• Is there any way to simplify the treatment plan 
and still achieve the same results? 



Sick Diabetics

• 15 cats in DKA 
• SQ and IM glargine, no short-acting insulin 
• All 15 survived, complications included 

hypokalemia and hypophosphatemia, 30% went 
into remission.  

• IM glargine is effective and may be an 
alternative to short-acting insulin. Future studies 
comparing the two treatments are needed.



Sick Diabetics

• 16 cats with DKA 
• Randomized into two groups: low-dose short-

acting insulin CRI (n=8) and intermittent short- 
and long-acting insulin injections (SQ glargine 
and intermittent regular insulin IM, n=8) 

• 11 of 16 cats survived, no difference between 
groups.

Sick Diabetics

• Time to resolution of hyperglycemia, ketonemia, 
normalization of pH and bicarb were faster in 
SQ/IM group 

• SQ/IM group had shorter hospitalization at 
median 54h compared with median 111h for the 
CRI group. 

• Conclusion - A regimen using SQ/IM insulin 
administration appeared to be effective. 

Snakebite



Snakebite

• Conflicts with local snakes (Northwestern 
US) 

• Crotalus viridis (Prairie or Western 
Rattlesnake 

• Crotalus organus (Western or Northern 
Pacific Rattlesnake)

Snakebite

In dogs, typically a condition 
involving moderate morbidity, low 

mortality (~2%)

Snakebite

• Local versus systemic effects 
• Localized pain, swelling, erythema, drainage 

(puncture wounds), sometimes necrosis and 
rarely abscess formation 

• Generalized effects include venom induced 
coagulopathy (thrombocytopenia and 
prolongation of coag times), rarely other 
organ dysfunction (AKI, arrhythmias, etc).



Snakebite

• Treatment  
• IV fluids, analgesia, antivenin, antibiotics  
• What if we wanted to avoid unnecessary 

antibiotic use and were concerned about the 
costs of therapy? 

Snakebite

• Of 143 consecutive patients with snake bite 
wounds,102 dogs with confirmed snake bite 
wounds did not receive antibiotics. 

• Only one dog developed an infection, an 
abscess suspect related to compartment 
syndrome.



Snakebite

• Conclusion  
• The incidence of wound infection in 

rattlesnake bite wounds is low, and 
prophylactic antibiotics are not 
recommended.  

• The use of antimicrobials should be limited 
to wounds involving necrosis or abscess and 
should be guided by culture/sensitivity.

Snakebite

• 113 dogs with confirmed C. viridis 
envenomation.  

• Groups included 1) supportive care only and 
2) supportive care plus antivenin crotalidae 
polyvalent (one 10 ml vial over 4-6 hours).



Snakebite

• Mortality was 1.8% (2/113) 
• Group 1 median hospitalization was 20h, 

median cost $1050. 
• Group 2 median hospitalization was 24h, 

median cost $2002. 
• Both differences were significant.

Snakebite

• Conclusions - Cost and length of stay were 
significantly greater in the group receiving 
antivenin, by approximately the time and 
expense involved in providing that treatment.  

• Among parameters evaluated, there was no 
benefit to administering one 10 ml vial of 
antivenin to dogs bit by C. viridus.

Cardiology
• In congestive heart failure, supplemental O2 and 

diuretic therapy are mainstays of initial therapy. 

• These are often very fragile patients and even IV 
catheterization seems like too much. 

• So we give some IM furosemide and fret that 
what is happening is that we’re losing time to 
therapy that might not be as good as IV, but to 
do more might endanger the patient.



Cardiology
• Seven healthy, mixed breed dogs 

• Each received 2 mg/kg furosemide PO, IV, or SQ at 
the beginning of an eight hour period, or a CRI for 
eight hours. All trials used on all dogs, with two week 
washout. 

• Urine measured by closed collection, including hourly 
UOP. 

• Blood sampled at 0, 1, 2, 4, 6, 8 hours for CBC, TP, 
BUN, Creat, renin. 

Cardiology
• SQ furosemide resulted in peak UOP at 1 hour, return to normal 

at 4 hours. 

• IV furosemide had peak UOP at 1 hour but returned to normal at 
2 hours. 

• PO furosemide had peak UOP at 2 hours, back to normal at 6 
hours. 

• CRI furosemide took four hours for UOP to peak, then persisted 
through the 8h study time. Also resulted in much greater UOP 
over 8 hours (45.7 ml/kg/8h) than other therapies (very similar at 
27.9, 27.9, and 25.7 ml/kg/8h for IV, SQ, PO respectively).



Cardiology

• Conclusions 

• SQ furosemide had similar total UOP to IV and 
PO in healthy dogs. 

• SQ furosemide may be effective route, esp when 
IV access is difficult.

And now, for something 
completely different.



Xenotransfusion

• 8 yr f/s cat, previously healthy, was missing for a 
month. 

• On presentation, near death due to severe flea-
anemia.  

• Arrested prior to IV access.

Xenotransfusion
• Started CPR immediately 

• Gave 10 ml canine pRBC and 0.02 mg/kg epinephrine 
intracardiac by u/s guidance 

• After jugular IV access, gave another 20 ml canine pRBC IV.  

• PCV/TS following transfusion were 9/3.0 

• Subsequent typing revealed type B. 

• Discharged in three days and was alive and doing well 3 
months later.

Thanks for coming!


