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Fluid Management Goal: Maintain IV volume, cardiac pre-load, O2 carrying capacity, 
optimal coagulation status, acid-base homeostasis, electrolyte balance.  
 
Challenges:  
Preop volume status, preexisting disease (ESRD, CHF), effect of anesthetics 
 
Body is mostly water: 600ml/kg so in 70kg person approx 40L water 
 
Fluid compartments: 
ICF 66% 
ECF 34% - Interstitial (150ml/kg) and blood volume (65ml/kg) 
 
Daily maintenance requirements for adults is 1.5 to 2.5 L of water. 
 

Preop Fluid Balance 
4-2-1 rule is out dated. After fasting for 8 to 10 hours, (the normal state after sleep) 
requirements in the non-comatose individual may be little more than 250 mL. Very FEW 
patients are likely to require 1500 to 2000 mL fluid within the first 1 to 2 hours 
of surgery. Preoperative fasting only causes a slight decrease in extracellular fluid while 
maintaining intravascular volume. With modern techniques, insensible losses are 
decreased with laparoscopic incisions and by constant irrigation of the wound. The 
preoperative use of bowel preps has also decreased significantly. Finally, antidiuretic 
hormone release during anesthesia severely curtails the ability of the kidneys to remove 
excess fluid. Bottom line: don’t flood patients with fluid based on 4-2-1 rule alone. Treat 
the patient based on what is currently happening. 
 
Although inadequate fluid administration can be harmful, excessive fluid replacement is 
also associated with poorer outcome. Patients undergoing major surgical procedures do 
require fluid replacement based mainly on losses from the surgical site as well as hourly 
needs. 
 

Types of Fluids 
• Crystalloids 

o Only 1/3 of volume stays IV. 
o Balanced Solutions: LR, Plasmalyte, Normosol 

▪ These are the best for resuscitation. 
▪ We use LR over Plasmalyte and Normosol because it is cheapest 

and works well. 
▪ The added buffer (e.g., lactate) is metabolized to generate 

bicarbonate.  



▪ These solutions contain small amounts of other electrolytes such as 
potassium, magnesium, and calcium.  

▪ A Cochrane database review concluded that the administration of 
buffered fluids is equally safe as nonbuffered saline-based fluids 
and is associated with less metabolic derangements, especially 
hyperchloremia and metabolic acidosis. 

 

o Normal Saline aka “The Devil’s Urine” 😈 

▪ Hypertonic 
▪ Associated with significant hyperchloremic metabolic acidosis and 

the need for renal replacement therapy compared to resuscitation 
with balanced crystalloid (LR) but effect is dose dependent. 

▪ In my practice, I don’t use it unless giving it with blood or pt is 
HypoNa 

o Hypertonic Saline 
▪ Commonly will see 2% or 3% for use in intracranial hypertension 
▪ High osmolarity can cause hemolysis at the point of injection. 

o D5 Solutions (5% Dextrose) 
▪ Similar to free water as dextrose is metabolized.  
▪ Iso-osmotic so does not cause hemolysis.  
▪ Used for treatment of hypernatremia or hypoglycemia. 

 

 



 
 

• Myth #1: 
o Does added lactate in LR cause lactic acidosis? NO!!! 

▪ LR contains sodium lactate not lactic acid.  
▪ If sodium lactate builds up, heart and brain are designed to use 

lactate as fuel in ischemic conditions which is good! In fact there is 
a study where a concentrated sodium lactate solution was infused 
into heart failure patients, which improved their cardiac function. 
With the exception of patients in frank hepatic failure, LR is unlikely 
to raise the lactate more than a few mM.  The only real issue with 
this is that clinicians may misinterpret this rise in lactate levels as 
worsening acidosis.  Current trends in sepsis management are 
moving away from using lactate as a resuscitation target so this 
may become less important. 

 

• Myth #2: 
o Does potassium in LR cause hyperkaliemia? NO!!! 

▪ If the serum potassium is 6 mEq/L, a liter of lactated ringers, (which 
contains 4 mEq/L of potassium), will actually lower the potassium 
level.  

o Normal saline infusion is acidic, resulting in potassium shifting out of cells 
and increasing the serum potassium level. Lactated ringers, containing the 
equivalent of 28 mEq/L of bicarbonate, does not cause acidosis and thus 
does not cause potassium to shift out of cells. 

o https://www.nejm.org/doi/full/10.1056/NEJMoa1711584 
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• Colloids: 
o Contain large molecular weight substances that remain intravascular 

longer than crystalloids. 
o Albumin 

▪ 5% or 25% concentrations 
▪ Makes up 50% of plasma proteins 
▪ Initial volume of distribution is the same as plasma volume. 
▪ Stays intravascular for longer than crystalloid 
▪ Much more expensive than crytalloid 

 
o Starches – don’t use these any more 

▪ Dextran  

• High rate of anaphylaxis 

• Causes bleeding 
▪ Hydroxyethyl Starch 

• Causes bleeding, AKI, higher mortality in critically ill patients 
 

• Crystalloid vs Colloid – the eternal debate 
o A Cochrane review of 78 randomized controlled trials of intravascular fluid 

resuscitation in critically ill patients concluded that resuscitation with 
albumin did not reduce the risk of death. 

o The Surviving Sepsis Campaign (SSC) has issued international guidelines 
regarding management of patients with severe sepsis and septic shock, 
including the management of fluid therapy. 

▪ Recommendations include use of crystalloids as the initial fluid 
choice and use of albumin when patients require substantial 
amounts of crystalloid. 

o The Saline versus Albumin Fluid Evaluation (SAFE) study of albumin 
versus saline for intravascular fluid resuscitation in the ICU evaluated 
almost 7000 patients in a randomized controlled trial. 

▪ At 28 days, there was no difference in outcomes (including death, 
ICU length of stay, or organ failure), but a small subgroup of 
patients with traumatic brain injury had increased mortality rate 
after resuscitation with albumin. 

 
 

Perioperative Fluid Strategies 
• Liberal (20ml/kg/hr), restrictive (2-5ml/kg/hr) or standard (5-10ml/kg/hr)? 

• 4-2-1 rule was intended as a general guide to the daily needs of children and was 
not meant for perioperative care.  

• Increased mortality in cardiac patients with greatest post-operative weight 
increase (due to fluids) in ICU 

• Less nausea, vomiting, pain in young women undergoing short gyn procedures 
with liberal fluid administration. 

• How much is too much fluid? 
 



 
 
Generally Good Strategies: 
1. No excessive administration of intravenous fluids at 
the start of a case or prior to epidural analgesia 
2. No fluid replacement of “third space” or urine output 
3. Replacement of surgical blood loss on a 1:1 basis with 
Colloid until PRBCs needed 
4. Use of colloid on a restricted basis for hypovolemia 
5. Limit volume of crystalloids administered intraoperatively 
(e.g., limit to 100 to 200 mL/hr in the adult) 
6. Preference for balanced salt solutions rather than 
normal saline 
7. Postoperative restriction of fluids and use of diuretics 
if weight gain exceeds 1 kg 
 

How do you know you have given enough fluid? 

• Ongoing assessment of volume status is vital 

• No one parameter will tell you volume status 

• Need to make a clinical decision based on many factors: 
o HR 
o BP 
o CVP 
o PAC 

▪ CO 
▪ SVR 

o SVV/PPV 
o UOP 
o TEE/TTE 
o Hgb, ABG, BMP 
o CXR 
o History and physical exam / Observe surgical field – EBL 


