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Problems
• Lack of definitions
• Lack of protocol consistency 

between studies
• Most studies don’t address post-op 

fluid management



Definitions
• Liberal or Traditional

– 4-2-1 maintenance rate, NPO deficit, 3:1 
blood loss, 2-10 ml/kg/hr evaporative loss

• Restrictive
– Less than Liberal

• Zero Balance
– Euvolemia

• Goal directed
– Near maximal stroke volume



Fluid management and goal-directed 
therapy as an adjunct to ERAS
• Pre-operative

– 400 ml carbohydrate drink 2 hours 
prior to surgery

• Patients fed and hydrated
• Stomach empties completely within 90 

minutes
• Same with diabetics and obese
• Less likely to be fluid responsive on 

induction of anesthesia



Fluid management and goal-directed 
therapy as an adjunct to ERAS
• Pre-operative

– 400 ml carbohydrate drink 2 hours 
prior to surgery

• Shorter hospital stay
• Less nitrogen and protein loss
• Decreased insulin resistance
• Decreased thirst, hunger and anxiety



Fluid management and goal-directed 
therapy as an adjunct to ERAS
• Intraoperative

– Avoid hypervolemia
• Colon edema, ileus
• Releases ANP, damages endothelial 

glycocalyx
• Acute kidney injury
• Weight gain of 3 kg, 5 ml/kg/hr, 3 liters of 

crystalloid



Fluid management and goal-directed 
therapy as an adjunct to ERAS
• Intraoperative

– New concepts in fluid management
• Evaporative loss 

– 0.5-1 ml/kg/hr
• Fluid responsiveness

– Only 50% of hemodynamically unstable 
patients respond to fluids

– Volume responsiveness does not correlate 
with dehydration status

– Use pressors to treat pressure



Fluid management and goal-directed 
therapy as an adjunct to ERAS
• Intraoperative

– New concepts in fluid management
• Low Intra-operative urine output

– Not associated with fluid status
» Hormone release, laparoscopic surgery, 

hypervolemia
– Low IUOP more common in ERAS

» Does not cause kidney injury
» Permissive oliguria



Fluid management and goal-directed 
therapy as an adjunct to ERAS
• Intraoperative

– Fluid administration
• 1-3 ml/kg/hr crystalloid
• 1:1 colloid for blood loss
• Fluid boluses for GDT



Fluid management and goal-directed 
therapy as an adjunct to ERAS
• Post-operative

– Oral fluids/food as soon as tolerated
– IV fluids only when needed



Which goal for fluid therapy during 
colorectal surgery is followed by the 
best outcome: near-maximal stroke 
volume or zero fluid balance?

• RCT
• Esophageal Doppler
• Colloids



Near-maximal stroke volume or zero 
fluid balance

• Results
– No difference in LOS, mortality, or 

complications
– Zero balance

• No change in CO or body weight

– Doppler
• Increased CO, body weight increased 1.1 kg



Liberal or restrictive fluid 
management: are we ready for a 
proposal of a restricted intraoperative 
approach



Liberal or restrictive fluid 
management



Acute Kidney Injury following 
implementation of an ERAS protocol 
in colorectal surgery
• Acute Kidney Injury

– Urine output, BUN/creatinine
• 11.4% vs 2.3%
• Labs returned to normal by discharge
• Longer surgical times



Why crystalloids will do the job in the 
operating room
• Summary of tracer studies and fluid 

kinetics
– Effectiveness of crystalloids

• Fails to make argument against 
colloids

• Original tracer studies did not wait 
for equilibration



Why crystalloids will do the job in the 
operating room
• Slow distribution

– 50-80% of fluid maintained in 
intravascular space as long as infusion 
is maintained

• Previously thought to be 20%

– Lasts until 30 minutes after infusion is 
d/c



Why crystalloids will do the job in the 
operating room
• Arrested distribution

– When BP falls by 20%, distribution 
stops completely until BP is restored 
for 20-30 minutes



Why crystalloids will do the job in the 
operating room
• Non-expandable interstitial spaces

– Only 7-8 L of 12L total interstitial fluid 
participates in distribution

• Bone and organs surrounded by fibrous 
capsules not involved



Why crystalloids will do the job in the 
operating room
• Slow elimination

– Under general anesthesia elimination 
half life of crystalloids is prolonged 10x

• Conscious person 15-30 minutes



Why crystalloids will do the job in the 
operating room
• Capillary refill

– During bleeding, fluid from the 
interstitial space shifts into the 
vasculature

• 35% of lost volume within 30 minutes
• Remainder over 24 hours
• Blunted by anesthesia



Why crystalloids will do the job in the 
operating room
• Caveat

– Studies done on awake or 
anesthetized patients, not surgical 
patients

• Inflammation from surgery will change 
results



Fluid Thinking with Professor Monty 
Mython
• Salt thinking not fluid thinking

– Fluid excreted in hours
– Salt excreted 24-48 hours

• Activation of RAAS
• Post-operative care

– Drinking in PACU, eating next morning
– D/C IV fluids in PACU
– If IV fluids needed use D5



Fluid Thinking with Professor Monty 
Mython



Fluid Thinking with Professor Monty 
Mython
• CHEERS

– Carbohydrate loaded
– Hydrated
– Euvolemic
– Eunatremic
– Ready to start drinking, eating and 

ambulating



Cost effectiveness in goal directed 
therapy: are the dollars spent worth 
the value?





SALT-ED
• Design

– Single center, pragmatic, multi-crossover trial
– 13,347 patients over 16 months
– Admitted from ED to non-ICU bed
– Treated with Normal Saline vs balanced 

crystalloid (Lactated Ringers or Plasma-Lyte A)
• Results

– No difference in length of hospital admission
– Balanced crystalloids had a lower incidence of 

major adverse kidney events (4.7% vs 5.6%)
• Death, new dialysis, persistent renal dysfunction 

(persistent serum creatinine >200% of baseline)





SMART
• Design

– 5 ICU at single center, pragmatic, cluster 
randomized, multi-crossover trial

– 15,802 patients 
– Treated with Normal Saline vs balanced 

crystalloid (Lactated Ringers or Plasma-Lyte A)
• Results

– Balanced balanced crystalloid  lower incidence of 
• Major adverse kidney effects (14.3% vs 15.4%)

– Death (10.3% vs 11.1%)
– New dialysis (2.5% vs 2.9%)
– Persistent renal dysfunction (6.4% vs 6.6%)





DKA
• Design

– Sub-group analysis of patients in SMART 
and SALT-ED trial

• 172 patients
• DKA

– Glucose > 250
– Bicarb </= 18
– Anion gap > 10



DKA
• Results

– Balanced crystalloids
• Shorter time to DKA resolution

– 13 vs 16.9 hours

• Shorter time to insulin discontinuation
– 9.8 vs 13.4 hours





Normal Saline vs Balanced Crystalloid
• Design

– RCT GDT for fluid replacement during abdominal 
surgery

– 240 patients planned (60 total 30 in each arm)
– Outcomes vasopressor use, total vasopressor dose, 

fluid volume, and unexpected ICU admission
• Results

– Terminated early for safety concerns
– NS

• Higher volume (average 3427 vs 3144 ml)
• Needed more vasopressors (97% vs 67%)
• Developed hyperchloremic metabolic acidosis
• No difference in ICU admission





LR vs NS Renal Transplant
• Design

– RCT LR vs NS during kidney transplant
– 51 patients (25 LR vs 26 NS)

• Results
– Terminated early for safety concerns
– Hyperkalemia (5 NS vs 0 LR)
– Metabolic acidosis (8 NS vs 0 LR)





LR vs NS Renal Transplant
• Design

– Double blind RCT NS vs LR during kidney 
transplant

– 52 patients 
• Results

– NS
• More acidosis(2 required bicarb infusion vs 0 LR)
• Higher serum K (average 4.8 vs 4.03)

– LR
• High creatinine (2.2 vs 1.9)
• Less urine output (3035 vs 3710)





LR and blood transfusion
“This study demonstrates that LR does 
not cause increased  coagulation vs NS at 
a blood crystalloid concentration of 1:1 
during a blood transfusion at a rapid rate. 
Further, under these conditions an 
extraordinary amount of CaCl2 (5 g/dl) 
would have to be added to LR before 
clinically significant clotting would occur 
at these infusion rates.”





RL compatible with blood
“In summary, in the time frame inherent 
in the setting of rapid blood transfusion, 
such as for volume resuscitation in the 
operating room or emergency setting, 
there was no evidence that RL leads to 
clotting of RBC…blood should not be 
mixed with RL during slow transfusion.”



Conclusion
• Traditional fluid administration is 

associated with patient harm
• Intermediate risk patients 

undergoing intermediate risk 
surgery zero-balance or GDT is 
equivocal



Conclusion
• High risk patients or high risk 

surgeries GDT is preferred
• Normal saline is associated with:

– Acidosis
– Hyperkalemia
– Kidney injury



Conclusion
• Balanced crystalloids

– Concerns about hyperkalemia are 
theoretical and unfounded
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