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Fluid therapy controversies

• ? Giving more than twice maintenance IV fluids is no longer 

recommended for gastro cases

• ? Shock rate fluids must be given more slowly to minimize damage 

to the glycocalyx

• ? If in doubt it is better to give too little fluids than too much

• ? An appropriate shock bolus is 5ml/kg over 15 minutes

• ? An appropriate shock bolus is 10ml/kg over 15 minutes



Fluid therapy controversies

• ? Hemoabdomens- a shock bolus will blow the clot off 

• ? Crystalloids aren’t appropriate fluids for severe haemorrhagic shock

• ? A 3ml/kg bolus during surgery is sufficient to rule in or out 

hypovolemia as a cause of hypotension or tachycardia. 

• ? Is it crazy to give IV fluid diuresis to patients who have ingested 

nephrotoxins. 

• ? The kidney is not a toilet, No point attempting to flush it by giving 

more than maintenance IV fluids



Why did we become so worried about IV fluids?



Previous Shock Fluid Rates

• Up to 1 blood volume of replacement crystalloids in 1 hour

• 90ml/kg dogs

• 10-30ml/g boluses over 5-10 minutes, repeat as required

• 60ml/kg cats

• 10-15ml/kg boluses over 10-15 minutes, repeat as required

• Can a 5ml/kg bolus fix shock? 



Shock is inadequate oxygen delivery
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What’s the worse that can happen if 

shock is inadequately treated?

• Shock creates an O2 debt in some tissues - to try to save life

• Compensated shock (mild, moderate)

• Decompensated shock (severe)

• Irreversible shock

A severe oxygen debt at the cellular and tissue level

Cellular damage leads to organ dysfunction 

   -> organ failure 

    -> death

• Inadequate or delayed treatment



Irreversible shock example

• Davos- 10 year old MN Corgi

Acute collapse

HCT=24% (~ 50% of blood in abdomen) 

Microcardia on radiographs

• Initial Treatment 

• Opiates + 2xM fluids

• Referral

• Outcome: 

• Unconscious on presentation

• Severe decompensated shock

• Resuscitated, fluids, blood, surgery

• Temporary recovery

• Death 48 hours later 

– Liver failure, gut thromboembolism

https://www.pawlicy.com/blog/corgi-dog-breed/

https://veteriankey.com/thorax-3/



Irreversible Shock Example

• Gladys 2 year old, FN Standard Poodle

Acute onset bloat, unproductive retching

Methadone, ondansetron

Radiograph confirms GDV

Referred 2 hours later

Presented collapsed and obtunded

• Treatment

IV fluid bolus (40ml/kg)

Decompression via trocharisation

GA and surgery required a gastric wall resection

• Outcome

 Haemorrhagic diarrhoea (shock gut), kidney failure

 Death



Avoiding Irreversible Shock

• Moderate to severe shock causes a cellular oxygen debt

Primarily affecting gut, liver, kidneys, pancreas and the endothelial glycocalyx

• Severe shock acts like a torniquet on essential internal 

organs.

The longer and more severe the shock, the greater the chance of irreversible 

organ damage

• Fluid boluses to effect can help decrease the chance of 

irreversible shock developing

In severe shock it may take 25-50% of blood volume being rapidly replaced 

by crystalloids to see an appropriate response. Don’t be afraid to give it.

• In acute blood loss it is ideal to replace deficits with blood, 

but most of the time crystalloids will do the job well. 



Do greater than maintenance fluid rates 

cause harm? 

• ? Do do they damage the endothelial glycocalyx

• ? Does they cause the kidneys to swell

• ? Do they cause release of hormones that damage the kidneys or 

the glycocalyx

• ? Is there a difference in outcomes between overly aggressive 

large volume fluid rates and bolused fluids titrated to effect

• ? Is there a difference between excessive oral or IV fluids



Do high fluid rates damage the kidneys?

Human Maintenance >1.8L/day, Minimum 1L/day



Do high fluid rates damage kidneys?

Human Maintenance >1.8L/day 

Minimum 1L/day



Do high fluid rates damage kidneys?

Human Maintenance >1.8L/day

Minimum 1L/day



Do IV Fluids Damage the 

Endothelial Glycocalyx (EG)? 



Do IV Fluids Damage the 

Endothelial Glycocalyx (EG)? 

• Causes of EG shedding

Sepsis, inflammatory response

Ischaemia-reperfusion

Cardiovascular disease, hyperglycemia

Hypervolemia

Shock

Intense exercise

• Variable response to studies on IV fluid effects on the EG 

Both hypovolemia and hypervolemia can cause EG damage



Using PCV to assess hypovolemia
ie AHDS or HGE plus Algebra ☺ 

• Works only if the PCV is high

Assume normal PCV is 50% = 0.5  of the blood volume

Normal dog blood volume is 90ml/kg, body weight is 10kg

Patients PCV is now 60% = 0.6 

Ꭓ is the new blood volume

0.5  x BV (90xBW) =  0.6 x Ꭓ 

0.5 x 900= 450= 0.6 x Ꭓ

Ꭓ = 450/0.6 

Ꭓ =750ml

Patients volume deficit= (90x BW)- 750= 900-750 = 150

Volume deficit is 150ml or 15ml/kg

Appropriate bolus is 15ml/kg 

Appropriate rehydration maintains PCV in normal range



Using PCV to assess hypovolemia

• Works only if the PCV is high

10kg dog, Patients PCV = 70

0.5 x (BV) = 0.7 x Ꭓ 

0.5 x 900 = 0.7 Ꭓ 

450 = 0.7 Ꭓ 

Ꭓ = 450/0.7=  642

Volume deficit = 900-642= 258 = 26ml/kg

Appropriate bolus is 26ml/kg



Using PCV to assess hypovolemia

• Works only if the PCV is high

10kg dog

Patients PCV = 80

0.5 x (BV) = 0.8 Ꭓ

0.5 x 900 = 0.8 Ꭓ 

450 = 0.8 Ꭓ

Ꭓ = 450/0.8=  562

Volume deficit = 900-562= 338 = 34ml/kg

Appropriate bolus is 34ml/kg, not 10ml/kg then twice maintenance

If appropriately replacing ongoing losses PCV should decrease into 

normal range



Using PCV to assess hypovolemia

• Works only if the PCV is elevated or baseline known

Patients PCV Blood volume 
ml/kg

Volume Deficit 
ml/kg

50 90 0

55 82 8

60 75 15

65 69 21

70 64 25

75 60 30

80 56 34



IRIS Acute Kidney Injury Staging

Kidney injury from toxins occurs via
-   Haemodynamic changes
- Filtration
- Tubular interstitial injury
- Outflow obstruction
Grade I kidney injury
 creatinine increase >26umol/L



Nephrotoxins & IV Diuresis

• Toxicology Consensus

• Every toxicology textbook and critical care textbook written by a boarded 

specialist in toxicology recommends 48 to 72 hours fluid diuresis (2-3xM)  

for nephrotoxins including lilies, grapes & non-steroidal anti-inflammatory 

drugs

• Excludes ethylene glycol (antifreeze) for which diuresis alone is useless

• Opinion of a small number of criticalists

• ? Is pre-emptive diuresis unnecessary or potentially dangerous to the 

kidneys

• ? Is there no evidence of therapeutic benefit for IV fluid therapy for 

NSAIDs, Lily’s, Grapes & Sultanas etc.



How are nephrotoxins identified? 

• New nephrotoxins are identified by case clusters

• Poisons control centers regularly publish treatment updates



The kidneys aren’t passive in response to 

fluid loading

• 98-99% of GFR is reabsorbed by 

tubules

• Most nephrotoxins reported to be 

responsive to IVF cause  proximal 

tubular (PT) injury

• 65% filtrate reabsorbed in proximal 

tubule (PT)

• In fluid excess there is less 

reabsorption by PT.

• Fluid diuresis may compensate for 

vasodilation, decreased perfusion 

pressure, or fluid losses 

associated with polyuria



Lily’s & IVF Diuresis

First reports early 1990’s
>400 references so far

Early IV fluid diuresis prevents kidney failure



Lilies & IVF diuresis

• Original reports cats presenting azotemic and dying

• Gavage study proved water soluble lilium component nephrotoxic

• Clinical signs

• Salivation   Vomiting

• Anorexia    Depression

• Polyuria    Dehydration

• Anuria (24-48 hours)

• Death (3-7 days)

• Multiple toxicology studies showed survival and prevention of 

renal failure with early IVF diuresis

• Poisons info centres have 1000’s of documented cases 



Lilies & IVF Diuresis

• Why does IV diuresis help? 

Salivation, vomiting, polyuria predisposes to dehydration and renal hypoperfusion

Nephron tubular cells slough leading to tubular obstruction which decreases GFR

? Unknown if there is increased excretion of toxin BUT decontamination and IVF 

diuresis have definitively been shown to help survive toxicity

Without fluids 50-100% mortality, with fluids 0 to 7% mortality

https://www.askjpc.org/wsco/wsc_showcase2.php?id=YW13cS9JN1M0cFhidUlNQ0UybS9DQT09
http://courses.md.huji.ac.il/histology/urinary/XI-1.html J Vet Diagn Invest 16:527-541 (2004)



NSAID Toxicity

• Decrease/ abolish renal compensatory response to hypoperfusion

• At low doses cause GI irritation/ulcers resulting in vomiting, diarrhoea 

ie fluid losses that predispose to hypovolemia and dehydration

• Risk of nephrotoxicity at moderate to high doses well reported

• All toxicologists recommend IV fluid diuresis for nephrotoxic doses 

based on case experience + toxicology services follow up on cases



NSAID Toxicity

• Low doses: GI irritation/ulceration 

• Vomiting, diarrhoea, nausea

• Dehydration + hypovolemia

• High doses : GI + Nephrotoxicity

• Decreased vasodilatory prostaglandins

• Decreased GFR

• Natriuresis, polyuria may occur causing hypovolemia

• Interstitial nephritis

• Tubular damage which predisposes to tubular obstruction

• Difficult to accurately detect mild hypovolemia or dehydration

N Engl J Med (2007) 357: 797



NSAID Toxicity

• Difficult to detect mild hypovolemia or 

dehydration. 

• All cause GI distress before nephrotoxicity

• Highly protein bound drugs

• Once albumin binding sites saturated, increase in 

free drug which is filtered by the kidneys

• Diuresis not required below nephrotoxic dose ie 

>175mg/kg ibuprofen

    > 40mg/kg carprofen

N Engl J Med (2007) 357: 797



Nephrotoxic NSAID & IVF diuresis

• Historical clinical case toxicology reports determined nephrotoxic 

dose

• Toxicologist clinical experience and published case series conform 

efficacy of IVF diuresis

• Clinical experience confirms safety of IVF diuresis and efficacy in 

preventing azotemia

• Before standard of care changes - it is important to prove no 

adverse effects



Grapes, Raisins & Sultana Toxicity

First recognized in 1999



Pre-emptive IVF for Grapes, Sultanas?

• Variable amount tartaric acid in grapes, sultanas etc

• Early effective decontamination helps prevents toxicity

• 6-20% of ingested cases develop acute kidney injury

• Delayed presentation cases more likely to develop AKI 

• Azotemic patients definitely need IVF 

• Hemodialysis, CRRT needed in severe cases



QUESTIONS?
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