
Fluid Management 
in Critical Care

Amir Kazory, MD, FASN, FACC
Professor of Medicine

Division of Nephrology, Hypertension, and Renal Transplantation
University of Florida



1- Principles of Fluid Management in ICU 

2- Strategies (how much? When?) 

3- Outcome (can we hurt the patients?)

4- Impact on the Kidney (the nephrologist in me!)

Outline



A 62-year-old woman with COVID-19 is admitted to the 
ICU with high-grade fever, multifocal opacities on chest x-
ray, and respiratory failure requiring intubation. Despite 
an initial 2-L (30 mL/kg) bolus of crystalloid, the patient 
develops progressive hypotension. 

The patient’s mean arterial pressure (MAP) is 45 mm Hg, 
central venous pressure (CVP) is 11 mm Hg, and central 
venous oxygen saturation (ScVO2) is 89%. Arterial lactate 
level is 10.2 mmol/L, and urine output is 10 mL/h. 

Illustrative Case

Adapted from: Griffin BR. Am J Kidney Dis 2020; 75: 435



Which of the following statements is correct regarding the next best step in 
management?

(a) The next best option is to initiate norepinephrine and perform a passive leg raise to 
assess whether she is likely to respond to additional fluids.

(b) The next best option is to initiate dopamine treatment.

(c) The next best option is to continue to administer IV fluids until CVP is ≥12 cm H2O.

(d) Because of the dangers associated with volume overload, the patient should not have 
been treated with a 30 mL/kg fluid bolus and should receive no further fluids.

(e) Because ScVO2 is >70%, oxygen delivery to her tissues is adequate and therefore no 
additional treatment is warranted.

Illustrative Case

Adapted from: Griffin BR. Am J Kidney Dis 2020; 75: 435



Treatment of Shock
4 phases

Vincent JL. N Engl J Med 2013;369:1726

0-6 hrs 6-36 hrs 36-48 hrs >48 hrs



Jaffee W. J Intensive Care Med 2018; 33: 502

The transition point from volume resuscitation to 
vasopressor support in treatment for sustained hypotension

Volume Optimization: a Clinical Challenge



Jaffee W. J Intensive Care Med 2018; 33: 502

Optimized volume is achieved at different 
levels of stroke volume and end-diastolic 

volume (EDV) for each patient

Once beyond point B and into C, 
improvement in cardiac output is lost, and 
extravascular lung water (EVLW) increases

Volume Optimization: a Clinical Challenge



Assessment of Volume Status

▪ Physical exam: 
vital signs, perfusion, [POCUS]

▪ Lab studies:
lactate, BNP

▪ Diagnostic maneuvers: 
passive straight-leg raise, IVF challenge

▪ Non-invasive monitoring: 
lung U/S, IVC U/S, PPV, SVV, RBV/Hct

▪ Invasive monitoring: 

CO, PCWP

There is no Consensus Approach



Assessment of Volume Status

Key Concept: Fluid Responsiveness

Kalantari K. Kidney Int 2013; 83: 1017



Passive Leg Raising

PLR-induced changes in CO reliably predict the response of CO 
to volume expansion in adults with acute circulatory failure.

Monnet X. Intensive Care Med 2016;42:1935

21 
studies

991 
patients

AUC of CVP for fluid 
responsiveness: 0.56

(Marik P, Chest 2008)



Assessment of Volume Status

The Tri-POCUS Approach

1) Lung U/S
2) Focused Cardiac U/S
3) Venous Doppler

Koratala A. Cardiorenal Med 2020



Assessment of Volume Status

The Tri-POCUS Approach
At Presentation

After Decongestion

Koratala A. Cardiorenal Med 2020



Volume Management Strategies

1000 
patients

Wiedermann P. N Engl J Med 2006;354:2564
Heung M. ASN Roundtable June 2020

NHLBI-ARDS Clinical Trials Network
FACT Trial



Volume Management Strategies

Conservative strategy: improvement of lung 
function and shorter duration of MV and ICU
w/o increasing non-pulmonary organ failures

1000 
patients

Wiedermann P. N Engl J Med 2006;354:2564
Heung M. ASN Roundtable June 2020

Conservative Liberal p value

7-day net 
balance 
(mL)

-136 6992 <.001

Shock 2904 10,138 <.001
Non-
shock -1576 5287 <.001

NHLBI-ARDS Clinical Trials Network
FACT Trial



AKI : Cr > 1.5-
fold the BL, or 
↑0.3 mg/dL

Volume Management Strategies
Recognition of AKI

Adjustment of Serum Creatinine for Fluid Balance; 
Impact on Ascertainment of AKI

Liu K. Crit Care Med 2011; 39: 2665

Post-hoc of 
FACT Trial

A

B

C

D



Volume Management Strategies
Recognition of AKI

Increased mortality in patients without apparent 
AKI (AKI only after adjustment for fluid balance)

Liu K. Crit Care Med 2011; 39: 2665

Post-hoc of 
FACT Trial

B

C

D

Mortality



Fluid Balance and Mortality

Survivors: FB (-) at day 3; not in the Non-S
Difference in FB is due to Output, not Intake

1,808 
patients

Sakr Y. Crit Care Med 2017; 45:386

28-day in-hospital death
Substudy of ICON



Fluid Balance and Mortality

Higher cumulative fluid balance at day 3 (but 
not in the first 24 hours); higher mortality

1,808 
patients

Sakr Y. Crit Care Med 2017; 45:386

28-day in-hospital death

Highest 
FB

Lowest
FB

FB within first 24 hours

FB within 72 hours of ICU admission



Fluid Balance and Mortality

Higher mortality rate if no Negative Fluid Balance 
in the ICU despite lower illness severity scores

633 
patients

Dhondup T. J Crit Care 2020;55:16

90-day mortality



Fluid Management in Shock
4 phases

Finfer S. Nature Rev 2018;14:541

Aggressive Volume 
Resuscitation

IVF Maintenance -
Assessment (PLR)

Stop IV Fluids

Auto-diuresis or 
Diuretics/UF



Volume Overload: Detrimental Effects

Prowle JR. Nat Rev Nephrol 2010;6:110



Volume Overload: Kidney in the Spotlight
Murine Model

Li X. Am J Physiol Renal Physiol 2012; 302: F519

Acute Renal Venous obstruction; 
more detrimental than Arterial Occlusion

Function Structure Hemodynamics



Volume Overload: Kidney in the Spotlight
Healthy Volunteers

Chawdhury AH. Ann Surg 2012;256:18

Infusion of 2 liters of IV fluid over 1 hour; 
increase in kidney volume by 3-4% (?edema)

12 adults



Fluid Resuscitation Strategies 
and the Kidney

Hjortrup PB. Intensive Care Med 2016;42:1695

Restrictive strategy (bolus by indication) 
led to lower amount of administered fluid 

151 
patients

Conservative vs. Liberal Approach to fluid therapy of Septic Shock in Intensive Care (CLASSIC)



Fluid Resuscitation Strategies 
and the Kidney

Hjortrup PB. Intensive Care Med 2016;42:1695

Similar mortality rate at latest follow up

151 
patients

Conservative vs. Liberal Approach to fluid therapy of Septic Shock in Intensive Care (CLASSIC)



Fluid Resuscitation Strategies 
and the Kidney

Hjortrup PB. Intensive Care Med 2016;42:1695

Development of AKI, or worsening of AKI (KDIGO stage) after 
randomization; more often in standard care

151 
patients

Conservative vs. Liberal Approach to fluid therapy of Septic Shock in Intensive Care (CLASSIC)



Fluid Balance and Kidney

Prowle JR. Nat Rev Nephrol 2010; 6: 107



- Patients with COVID-19
in respiratory failure should be 
treated cautiously with IV fluids. 
- Use a conservative fluid 
management strategy for ARDS 
patients without tissue 
hypoperfusion.
- In resuscitation for septic shock 
in adults, give 250–500 mL 
crystalloid fluid as a rapid bolus 
in the first 15–30 minutes and 
reassess for signs of fluid 
overload after each bolus. 
- If there is no response to fluid 
loading or if signs of volume 
overload appear, reduce or 
discontinue fluid administration.
- Consider dynamic indices of 
volume responsiveness (PLR) to 
guide volume administration 
beyond initial resuscitation.

World Health 
Organization

Fluid Management Guidelines
Fluid Stewardship

Malbrain M. ICU management and Practice 2020; 20: 6

- Measuring dynamic parameters 
to assess fluid responsiveness
- Using a conservative fluid 
administration strategy
- Using crystalloids in preference 
to colloids
- Balanced crystalloids preferred 
over unbalanced crystalloids

- For patients in need of fluid 
resuscitation: Give a bolus of 4 
mL/kg of balanced crystalloids 
over 10-15 minutes.
- Fluid responsiveness is 
assessed before and after fluid 
administration with functional 
haemodynamics (PPV or PLR)
- Early initiation of vasopressors
- Start de-resuscitation 
whenever possible. 
- Do not administer 
maintenance fluids in patients 
who are eating and drinking 
sufficiently. 
- Consider ultrafiltration even in 
the absence of AKI when 
diuretics fail to achieve zero fluid 
balance.

Surviving Sepsis 
Campaign

International Fluid 
Academy

Common Themes:
1- Conservative Fluid Administration
2- Use of Dynamic Indices of Volume 
Responsiveness 
3- Early Use of Pressors



A 62-year-old woman with COVID-19 is admitted to the 
ICU with high-grade fever, multifocal opacities on chest x-
ray, and respiratory failure requiring intubation. Despite 
an initial 2-L (30 mL/kg) bolus of crystalloid, the patient 
develops progressive hypotension. 

The patient’s mean arterial pressure (MAP) is 45 mm Hg, 
central venous pressure (CVP) is 11 mm Hg, and central 
venous oxygen saturation (ScVO2) is 89%. Arterial lactate 
level is 10.2 mmol/L, and urine output is 10 mL/h. 

Illustrative Case

Adapted from: Griffin BR. Am J Kidney Dis 2020; 75: 435



Which of the following statements is correct regarding the next best step in 
management?

(a) The next best option is to initiate norepinephrine and perform a passive leg raise to 
assess whether she is likely to respond to additional fluids.

(b) The next best option is to initiate dopamine treatment.

(c) The next best option is to continue to administer IV fluids until CVP is ≥12 cm H2O.

(d) Because of the dangers associated with volume overload, the patient should not have 
been treated with a 30 mL/kg fluid bolus and should receive no further fluids.

(e) Because ScVO2 is >70%, oxygen delivery to her tissues is adequate and therefore no 
additional treatment is warranted.

Illustrative Case

Adapted from: Griffin BR. Am J Kidney Dis 2020; 75: 435



Take-Home Message

➢ There is no single tool for precise assessment of volume status; 
need for “combinational or dynamic” approaches

➢ Aggressive fluid administration is recommended at the initial 
phase of distributive shock (e.g. 30 ml/kg) followed by 
maintenance fluid only “if needed” (frequent assessment).

➢ A restrictive fluid strategy is recommended in the critically-ill, 
especially in those with rapidly expanding lung lesions (role of 
early de-escalation).



...سپاسگزار هستم توجهتون از 


