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Causes of intravascular volume 
depletion
Preoperative factors

• Fasting

• Bowel preparation

• Diseases: inflammation and interstitial edema

• Ongoing bleeding



Causes of intravascular volume 
depletion
Anesthesia-related factors

• Anesthetic agents cause dose-dependent vasodilation & 
myocardial depression

• Sympathetic blockade during neuraxial anesthesia

• Positive pressure ventilation with large TV, high PEEP, 
recruitment maneuver



Causes of intravascular volume 
depletion
Surgery-related factors

• Bleeding

• Decreased venous return
• Abdominal insufflation during laparoscopic surgery

• Compression of IVC

• Prolonged operative time



Consequences of intravascular 
volume derangement

• The study included all inpatients in the US who received colorectal, 
hip, and knee surgery between 2008-2012 in surgical cohort to 
define associations of high or low day-of-surgery fluids with the 
patient outcomes
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Consequences of intravascular 
volume derangement

• The retrospective cohort study included 92,094 patients 
undergoing noncardiac surgery between 2007-2014 in the 
associations between intraoperative fluid and postoperative 
outcomes
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Consequences of intravascular 
volume derangement



Consequences of intravascular 
volume derangement
Hypovolemia: low cardiac output, decreased tissue 
perfusion, shock, and multi-organ failure

Hypervolemia: increased morbidity in various organ 
systems

• RS - pulmonary edema, respiratory failure, pneumonia

• GI - GI edema, decreased GI motility, ileus, anastomosis 
dehiscence, ascites

• Hematology - dilutional coagulopathy

• Wound healing - impaired, from tissue edema





Type of fluid

Crystalloid

• Isotonic 
• Normal saline
• Balanced electrolyte solutions

• Hypotonic
• Hypertonic

Colloid

• Human plasma derivatives
• Albumin

• Semisynthetic preparations
• HES
• Gelatin

Blood products
• RBC
• Plasma derivatives



Isotonic crystalloid

0.9% Sodium chloride (Normal Saline 
Solution)

• Hyperchloremic metabolic acidosis

• Associated with higher mortality rate, 
AKI and RRT in critically ill patients

Semlar et al., N Engl J Med. 2018 Mar 1;378(9):829-839



Isotonic crystalloid

• A double-blind randomized controlled trial of patients 
undergoing major abdominal surgery

• This study was terminated early for safety reasons (total 
patient 60 out of planned 240)

• The normal-saline group developed hyperchloraemic 
metabolic acidosis. 

• More patients needed vasopressors for circulatory support 
in the normal-saline group compared with the buffered 
crystalloid group (97% vs 67%, respectively; P=0.033).



Crystalloids



Crystalloids

Fluid Na K Cl Ca Buffer Osm pH

Plasma 140 5 100 4.4 HCO3 24 285 7.4

NSS 154 - 154 - - - 308 6.0

Acetar 130 4 109 3 Acetate 28 273 6.5

LRS 130 4 109 3 Lactate 28 273 6.5

Plasma-lyte 

A
140 5 98 - Acetate 27 294 7.4



Colloids

• Human albumin
• Human plasma derivatives

• Hydroxyethyl starches (HES)
• Increase incidence of AKI

• Impair platelet reactivity and decrease circulating 
plasma concentrations of coagulation factor VIII and von 
Willebrand factor
• HES products with low molar substitution → Lower risk



Colloids : HES

• A  propensity score matched cohort analysis from 
perioperative data of 9085 patients

• The administration of HES 130/0.4 was not associated with 
an increased frequency of postoperative kidney failure. In-
hospital mortality (Ringer's acetate: 2.58%; HES 130/0.4: 
2.68%) and the need for ICU care (Ringer's acetate: 30.5%; 
HES 130/0.4: 34.3%)



Voluven ®
6% Hydroxyethyl Starch 
130/0.4 in 0.9% Sodium 
Chloride Injection

Volulyte ®
6% Hydroxyethyl Starch 
130/0.4 in an isotonic 
electrolyte injection 



Colloids VS Crystalloids

Fluid management

• a minimum of 30 mL/kg of intravenous crystalloid 
fluid

• Absence of any clear benefit following the 
administration of colloid compared with crystalloid 
solutions in the combined subgroups of sepsis



Colloids VS Crystalloids

• 160 patients were enrolled in the protocol. 

• All patients had maintenance-balanced crystalloid administration of 
3 ml /kg/h. 

• A closed-loop system delivered additional 100-ml fluid boluses 
(patients were randomized to receive either a balanced-crystalloid 
or colloid solution) according to a predefined goal-directed strategy, 
using a stroke volume and stroke volume variation monitor. 

• Patients randomized in the colloid group had a lower Post-
Operative Morbidity Survey score (median [interquartile range] of 
2 [1 to 3] vs. 3 [1 to 4], difference -1 [95% CI, -1 to 0]; P < 0.001) and 
a lower incidence of postoperative complications.



Colloids VS Crystalloids

Crystalloid

• NSS 1000 ml : 35 THB

• Acetar® 1000 ml : 52.5 THB

• LRS 1000 ml : 52.5 THB

• Plasma-lyte A 500 ml : 15 USD (490 THB)

Colloid

• Voluven ® 500 ml : 450 THB

• Volulyte ® 500 ml : 368 THB

• 5% albumin 250 ml : 1,826 THB





Approach to fluid management in 
major invasive surgery
• Traditional liberal or fixed-volume approaches

• Restrictive (zero-balance) strategy

• Goal-directed fluid therapy



Traditional liberal or fixed-
volume strategy

Hypervolemia
Tissue edema

3rd

space 
loss

Blood 
& urine 

loss

Deficits



• 23 RCTs of GDT, 3861 patients, 12 RCTs of liberal strategy, 1160 
patients

• The liberal group had a higher risk of pneumonia (risk ratio [RR] 2.2, 
95% confidence interval [CI] 1.0 to 4.5), pulmonary edema (RR 3.8, 
95% CI 1.1 to 13), and a longer hospital stay than those in the 
restrictive group (mean difference [MD] 2 days, 95% CI 0.5 to 3.4)

• Liberal fluid therapy was also associated with an increased time to 
first bowel movement (2 days, 95% CI 1.3 to 2.3)

Somehow…



Restrictive (zero-balance) 
strategy
• Replace just the fluid lost during surgery

• Balanced electrolyte crystalloid 1-3 ml/kg/hr for 
sensible & insensible loss

• Blood loss –

• crystalloid : blood = 1.5:1

• colloid : blood = 1:1



Restrictive (zero-balance) 
strategy
• Do not give preloaded crystalloid before neuraxial 

or induction of anesthesia

• Avoid replacement of nonanatomic third space 
losses

• Avoid extremely deep anesthesia that may result in 
hypotension

• Administration of crystalloid exceeds zero fluid 
balance in hypovolemia patients is appropriate



Restrictive (zero-balance) 
strategy

• A randomized trial of 3000 patients undergoing major abdominal 
surgery

• a restrictive (zero-balance) fluid regimen was associated with a 
higher rate of acute kidney injury (AKI) compared with a liberal 
fluid regimen (8.6 versus 5.0 percent; RR 1.71, 95% CI 1.29-2.27)



Goal-directed fluid therapy

• Fluid administration targets 
continuously‐measured hemodynamic variables

• cardiac output, stroke volume, stroke volume variation, 
pulse pressure variation

• Aim : maximizing tissue perfusion and oxygen 
delivery 



Goal-directed fluid therapy

Use invasive monitoring

• Intra-arterial waveform tracing for automated 
measurements of pulse pressure variations (PPV) 
or systolic pressure variations (SPV)

• If PPV or SPV >10 - 15% → fluid responsive → fluid 
boluses of a balanced electrolyte crystalloid solution 

• If PPV or SPV < 10% → stop fluid administration to avoid 
hypervolemia



Goal-directed fluid therapy

Use invasive monitoring

• Esophageal Doppler to estimate stroke volume

• Goal achieve and maintain optimal intravascular volume 
with maximum SV

• TEE to estimate LV cavity size



Goal-directed fluid therapy

Rollins KE, Lobo DN. Intraoperative Goal-directed Fluid Therapy in Elective Major Abdominal Surgery: A Meta-analysis of Randomized Controlled 
Trials. Ann Surg 2016; 263:465.

Corcoran T, Rhodes JE, Clarke S, et al. Perioperative fluid management strategies in major surgery: a stratified meta-analysis. Anesth Analg 2012; 
114:640.



Goal-directed fluid therapy VS 
Restrictive (zero-balance) strategy 

• A double-blinded clinical multicentre trial RCT 

• No significant differences between the groups were found 
for overall, major, minor, cardiopulmonary, or tissue-
healing complications (P-values: 0.79; 0.62; 0.97; 0.48; and 
0.48, respectively).



Goal-directed fluid therapy

Limitations

• Lack of well-defined endpoints

• Different types of fluid therapy

• Timing of the use of GDT (preoperative, 
intraoperative, and/or postoperative)

• How long the regimen should be maintained during 
the postoperative period





Monitoring intravascular volume 
status

Static parameters

NIBP & HR

CVP

Urine output

SvO2 or ScvO2

Dynamic parameters

PPV or SPV

Stroke volume 
estimates

TEE

Other noninvasive 
technologies



Monitoring intravascular volume 
status

• NIBP & HR : unpredictable

• CVP : inaccurate surrogates to determine preload, 
do not detect impending pulmonary edema

• Urine output : oliguria  is an indicator of 
hypovolemia, somehow inhalation agents and 
surgical stress can reduce urine output, do not 
predict AKI



• A systematic review & meta-analysis of 28 trials 
conducted in surgical and critically ill patients

• Less renal dysfunction in patients receiving GDT 
without the use of oliguria to guide fluid therapy 
compared with those who receive liberal fluid that 
targeted oliguria reversal (OR 0.45, 95%CI 0.34-
0.61)



• A retrospective study of 3560 patients undergoing 
major abdominal surgery

• Intraoperative urine output<0.3ml/kg/hr was 
associated with increased risk for AKI (OR 2.65, 
95%CI 1.77-3.97) compared with urine output 0.3-
0.5ml/kg/hr or higher



• SvO2 or ScvO2 : obtain intermittently from blood 
gas/fiberoptic catheter continuously

• Normal value = 70-80%

• Proportional to cardiac output, tissue perfusion, O2

delivery

• Inversely proportional to tissue O2 consumption

• Quite nonspecific to guide fluid administration

Monitoring intravascular volume 
status





Dynamic hemodynamic 
parameters
• Arterial pressure waveform (based on respiratory 

variation)
• In controlled ventilation 

Inspiration
Intrathoracic pressure
Venous return
RV filling time
Stroke volume

Expiration
Intrathoracic pressure
Venous return
RV filling time
Stroke volume

The changes in venous return lead to variations in 
SV, SBP, and PPV





Dynamic hemodynamic 
parameters
Limitations of PPV : unreliable in

• Open chest surgery

• Mechanical ventilation with low tidal volume <8ml/kg

• High PEEP>15mmHg

• Elevated intraabdominal pressure

• Arrhythmia

• RV failure

• Requirement for vasoactive infusion



Dynamic hemodynamic 
parameters
• Stroke volume estimates : from using esophageal 

doppler and arterial wave form analysis
• useful when PPV cannot be used

• TEE : by estimation of LV cavity size in the 
transgastric midpapillary short axis view

• underfilling of LV in hypovolemia, internal diameter or 
cross-sectional area of LV at end-diastole is also useful



Dynamic hemodynamic 
parameters
Noninvasive technologies : pulse wave transit time, 
pulse contour analysis, CO2 rebreathing, thoracic 
electrical bioimpedance, etc.

2017 meta-analysis concluded that these devices 
had a higher percentage error for cardiac output 

measurement compared with standard 
techniques



Take home messages

• Hypovolemia is not good, neither is hypervolemia

• Balance salt crystalloid is still the first choice of 
fluid administration intraoperatively

• Several studies suggested GDFT over other 
strategies, but it needs invasive monitoring

• There is no best monitoring for intraoperative 
volume because of their limitations, so we need to 
combine their advantages to monitor volume 
status


