Fluid balance - the consequences of getting it wrong
….they may surprise you!

Dr John Vogel

Clinical Case
59 yr old male
Previously healthy
Undergoing routine surgery
Suddenly develops massive myocardial infarction
Taken to ITU with cardiogenic shock
low BP, low cardiac output, mottled skin
low O2 sats and pulmonary oedema
On “maximal” doses of inotropes
Fluid or not?

“Normal” microcirculatory flow?

Cardiogenic shock

Fluids or not ?
% Responders

Calvin (Surgery 81)
Schneider (Am Heart J 88)
Reuse (Chest 90)
Magder (J Crit Care 92)
Diebel (Arch Surg 92)
Diebel (J Trauma 94)
Wagner (Chest 98)
Tavernier (Anesthesiology 98)
Magder (J Crit Care 99)
Tousignant (A Analg 00)
Michard (AJRCCM 00)
Feissel (Chest 01)

71%
72%
63%
52%
59%
40%
56%
60%
45%
40%
40%
53%

Mean 52%
Michard & Teboul. Chest 121:2000-8, 2002
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Mortality at 48 hrs

Background

Cumulative probability of death

A BS T R AC T

The role of fluid resuscitation in the treatment of children with shock and lifethreatening infections who live in resource-limited settings is not established.
Methods
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We randomly assigned children with severe febrile illness and impaired perfusion to
receive boluses of 20 to 40 ml of 5% albumin solution (albumin-bolus group) or 0.9%
saline solution (saline-bolus group) per kilogram of body weight or no bolus (control
group) at the time of admission to a hospital in Uganda, Kenya, or Tanzania (stratum
A); children with severe hypotension were randomly assigned to one of the bolus groups
only (stratum B). Children with malnutrition or gastroenteritis were excluded. The primary end point was 48-hour mortality; secondary end points included pulmonary
edema, increased intracranial pressure, and mortality or neurologic sequelae at 4 weeks.
Results

0.10
0.8

The data and safety monitoring committee recommended halting recruitment after
3141 of the projected 3600 children in stratum A were enrolled. Malaria status (57%
overall) and clinical severity were similar across groups. The 48-hour mortality was
10.6% (111 of 1050 children), 10.5% (110 of 1047 children), and 7.3% (76 of 1044
children) in the albumin-bolus, saline-bolus, and control groups, respectively (relative risk for saline bolus vs. control, 1.44; 95% confidence interval [CI], 1.09 to 1.90;
P = 0.01; relative risk for albumin bolus vs. saline bolus, 1.01; 95% CI, 0.78 to 1.29;
P = 0.96; and relative risk for any bolus vs. control, 1.45; 95% CI, 1.13 to 1.86; P = 0.003).
The 4-week mortality was 12.2%, 12.0%, and 8.7% in the three groups, respectively
(P = 0.004 for the comparison of bolus with control). Neurologic sequelae occurred
in 2.2%, 1.9%, and 2.0% of the children in the respective groups (P = 0.92), and
pulmonary edema or increased intracranial pressure occurred in 2.6%, 2.2%, and 1.7%
(P = 0.17), respectively. In stratum B, 69% of the children (9 of 13) in the albuminbolus group and 56% (9 of 16) in the saline-bolus group died (P = 0.45). The results
were consistent across centers and across subgroups according to the severity of
shock and status with respect to malaria, coma, sepsis, acidosis, and severe anemia.
Conclusions
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Fluid boluses significantly increased 48-hour mortality in critically ill children with
impaired perfusion in these resource-limited settings in Africa. (Funded by the Medical Research Council, United Kingdom; FEAST Current Controlled Trials number,
ISRCTN69856593.)
10.1056/nejmoa1101549

Albumin
Saline
No bolus

nejm.org

The New England Journal of Medicine
Downloaded from nejm.org by JOHN VOGEL on May 26, 2011. For personal use only. No other uses without permission.
Copyright © 2011 Massachusetts Medical Society. All rights reserved.

1

36

42

48

Deresuscitation of Patients With Iatrogenic Fluid
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Objectives: To characterize current practice in fluid administration and deresuscitation (removal of fluid using diuretics or renal
replacement therapy), the relationship between fluid balance,
deresuscitative measures, and outcomes and to identify risk factors for positive fluid balance in critical illness.
Design: Retrospective cohort study.
Setting: Ten ICUs in the United Kingdom and Canada.
Patients: Adults receiving invasive mechanical ventilation for a
minimum of 24 hours.
Interventions: None.
Measurements and Main Results: Four-hundred patients were
included. Positive cumulative fluid balance (fluid input greater than
output) occurred in 87.3%: the largest contributions to fluid input
were from medications and maintenance fluids rather than resuscitative IV fluids. In a multivariate logistic regression model, fluid
balance on day 3 was an independent risk factor for 30-day mortality (odds ratio 1.26/L [95% CI, 1.07–1.46]), whereas negative
fluid balance achieved in the context of deresuscitative measures
was associated with lower mortality. Independent predictors of
greater fluid balance included treatment in a Canadian site.
Conclusions: Fluid balance is a practice-dependent and potentially modifiable risk factor for adverse outcomes in critical illness.
Negative fluid balance achieved with deresuscitation on day 3 of
ICU stay is associated with improved patient outcomes. Minimization of day 3 fluid balance by limiting maintenance fluid intake and
drug diluents, and using deresuscitative measures, represents a
potentially beneficial therapeutic strategy which merits investigation in randomized trials. (Crit Care Med 2018; XX:00–00)
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Too fluid much …….. endangers the Glycocalyx

The glyco…..what?

SINGLE VASCULAR
BARRIER
Ernest Starling: 1866-1927

Intravascular space

Interstitial space

Hydrostatic pressure

Hydrostatic pressure

COP

COP

MICROVASCULAR FLUID EXCHANGE
AND THE REVISED STARLING PRINCIPLE

But.....

In experiments, even when the COP inside
and outside of the vessel were equal, there
was still effective COP drawing fluid in !
Cardiovascular Research (2010) 87, 198–210

DOUBLE VASCULAR BARRIER

intravascular
space

glycocalyx
endothelial
cells
interstitial
space
Rehm et al Anesthesiology 2004;100:1211

Albumin

Glycocalyx
Glycocaly

ELECTRON MICROSCOPY - GLYCOCALYX

GLYCOCALYX - COMPONENTS

heparan sulfate
hyaluronane

syndecan-1

Pries et al Eur J Physiol; 440:653-666, 2000

HEALTHY ENDOTHELIAL
GLYCOCALYX
erythrocyte

plasma proteoglycan

platelets
plasma proteins

NO synthase

Nieuwdorp et al Curr Opin Lipidol 2005; 16:507

monocyte

vWF

antithrombin

DESTRUCTION OF THE
GLYCOCALYX
proteoglycans

monocytes
adhering
platelets
loss of NO synthase
leak of proteins
Nieuwdorp et al Curr Opin Lipidol 2005; 16:507

SEPSIS-DESTRUCTION OF
GLYCOCALYX
Capillary leak

TNF, endotoxin,
leukocytes, I/R, ANP

Nieuwdorp et al Curr Opin Lipidol 2005; 16:507

GLYCOCALYX IN SEPSIS

plasma concentration of
Hyaluronan (ng/mL)

2500

**

2000
1500
1000
500
0

Healthy

Sepsis

Severe

Sepsis

Septic
Shock

Increased shedding of glycocalyx in plasma with increasing
severity of illness...a prognostic factor
Kohler et al Infection 39:117-118; 2011

VOLUME EFFECTS OF COLLOIDS ARE
“CONTEXT SENSITIVE”

100

%

80

hypervolaemic
“volume loading”

normovolaemic
hemodilution
86%

90%

ANP

60
40

38%

20

43%

18%

0

Albumin 5%

HES 6%

Jacob et al Lancet 2007 16;369:1984-6

Ringers

Albumin 5%

HES 6%

GLYCOCALYX ALTERATION

Atrial Natriuretic Peptide (ANP)
a cardiac hormone released by acute volume loading

Isbister (1997) Trans Sci; 18:409-423
Tucker (1996) Am J Physiol; 271:R591

High fluid
Low fluid

ANP (pg/mL)

250

200
150

100

Preop.

6

24

Time (h, after operation)
British Journal of Anaesthesia 99 (4): 500–8 (2007)

ANP “strips off” the glycocalyx

Control

Am J Physiol Heart Circ Physiol 289: H1993–H1999, 2005

ANP

GLYCOCALYX - SUMMARY
Large structure with important functions
❖

Vascular barrier function

❖

Thrombocyte and leucocyte adhesion (“teflon”)

❖

Inflammation

❖

Vessel diameter

Jacob et al Anesthesiology 2006, 104:1223-1231

Jacob et al Cardiovasc Res 2007, 73:1235-1242

GLYCOCALYX - IMPLICATED IN:
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Endothelial glycocalyx in health and kidney disease: Rising star
or false Dawn?
HUI LIEW,
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SUMMARY AT A GLANCE

Alzheimer’s

THE SEPTIC HEART
The endothelial glycocalyx is a dynamic layer of macromolecules at the luminal surface of
vascular
endothelium that is involved in fluid
Current
Understanding
ofhomeostasis and regulation. Its role in vascular
permeability and edema formation is emerging but is still not well understood. In this special
article, we highlight key concepts of endothelial dysfunction with regards to the glycocalyx and
Molecular
Mechanisms
and
provide new
insights into the glycocalyx as
a mediator of processes central to the development
of pulmonary edema and lung injury. (Anesth Analg 2013;117:664–74)
Clinical Implications
ABSTRACT—Sepsis affects practically all aspects of endothelial cell (EC) function and is thought to be the key factor in the
progression from sepsis to organ failure. Endothelial functions affected by sepsis include vasoregulation, barrier function,
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Shock induced endotheliopathy (SHINE)
in acute critical illness - a unifying
pathophysiologic mechanism
PärIngemar Johansson1,2,3*, Jakob Stensballe1,4 and SisseRye Ostrowski1
Abstract

One quarter of patients suffering from acute critical illness such as severe trauma, sepsis, myocardial infarction
(MI) or post cardiac arrest syndrome (PCAS) develop severe hemostatic aberrations and coagulopathy, which are
associated with excess mortality. Despite the different types of injurious “hit”, acutely critically ill patients share
several phenotypic features that may be driven by the shock. This response, mounted by the body to various
life-threatening conditions, is relatively homogenous and most likely evolutionarily adapted. We propose that
shock-induced sympatho-adrenal hyperactivation is a critical driver of endothelial celldoi:10.1111/anae.13983
and glycocalyx damage
Anaesthesia 2017
(endotheliopathy) in acute critical illness, with the overall aim of ensuring organ perfusion through an injured
microvasculature. We have investigated more than 3000 patients suffering from different types of acute critical
illness (severe trauma, sepsis, MI and PCAS) and have found a potential unifying pathologic link between sympathoadrenal hyperactivation, endotheliopathy, and poor outcome. We entitled this proposed disease entity, shockinduced endotheliopathy (SHINE). Here we review the literature and discuss the pathophysiology of SHINE.
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pathophysiologies

The effect of pre-operative methylprednisolone on early
endothelial damage after total knee arthroplasty: a randomised,
double-blind, placebo-controlled trial

The impact of the glycocalyx on microcirculatory oxygen
distribution in critical illness
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Sepsis

Hypervolemia increases release of atrial natriuretic
peptide and shedding of the endothelial glycocalyx

Haemorrhagic shock

Daniel Chappell , Martin Westphal and Matthias Jacob
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CONSEQUENCES OF TOO
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Effects of compensated “hypovolaemia” on gut
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Peri-operative fluid management to enhance recovery
R. Gupta1 and T. J. Gan2
1 Assistant Professor, 2 Professor and Chairman, Department of Anaesthesia, Stony Brook University School of Medicine, Stony Brook, New York, USA

Summary
‘Enhanced recovery after surgery’ protocols implement a series of peri-operative interventions intended to improve
recovery after major operations, one aspect of which is ﬂuid management. The pre-operative goal is to prepare a
hydrated, euvolaemic patient by avoiding routine mechanical bowel preparation and by encouraging patients to drink
clear liquids up to two hours before induction of anaesthesia. The intra-operative goal is to achieve a ‘zero’ ﬂuid balance
at the end of uncomplicated surgery: goal-directed ﬂuid therapy is recommended for poorly prepared or sick patients or
those undergoing more complex surgery. The postoperative goal is eating and drinking without intravenous ﬂuid
infusions. Postoperative oliguria should be expected and accepted, as urine output does not indicate overall ﬂuid status.

“Oliguria … from a variety of non-renal stimuli,
including pain, nausea, and type of surgery “
.................................................................................................................................................................
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Introduction

ﬁrst postoperative day have been associated with postPostoperative ‘fast-track’ programs evolved into ‘enoperative ileus and delayed hospital discharge [4].
hanced recovery after surgery’ pathways, which impleHypoproteinaemia caused by crystalloid infusion may
ment a series of pre-operative, intra-operative and
delay gastric emptying, small bowel transit and cause
postoperative interventions to enhance recovery after
postoperative ileus [5–7]. Peri-operative ﬂuid managemajor operations. The goal is to minimise postoperament deserves more scrutiny by anaesthetists, surgeons
tive side-effects and to encourage patient activity. Periand other members of the healthcare team.
E NARRATIVE
REVIEW
operative care is co-ordinated through evidence-based
In this review, we evaluate the evidence
for ﬂuid
protocols, from the pre-operative clinic to the postopmanagement in patients undergoing surgery within an
erative care team. The reliable delivery of evidenceenhanced recovery pathway.
based care is the mainstay of enhanced recovery.
Pre-operative fluid management
An important aspect of peri-operative care is ﬂuid
Alexander Zarbock, MD,* Jay L. Koyner, MD,†
Eric A. J. Hoste, MD,‡ and John A. Kellum, MD§
The patient should come to the operating room in a
management. Peri-operative ﬂuid overload has been
‘fed’, euvolaemic state as this reduces the haemodyassociated with increased morbidity [1], and its avoidnamic effects
causedis by
the induction
of anaesthesia,
ance may improve outcomes
after major
gasAcute kidney
injuryelective
(AKI) in
the perioperative
period
a common
complication
and is associa ‘starved’,
hypovolaemic
state system
[8].
trointestinal and thoracic
[2]. A multicentre
ated surgery
with increased
morbidity and compared
mortality. with
A standard
definition
and staging
for AKI
developed,
aGuidelines
reductionrecommend
of the urine
and/orofan
increase
theoutput
consumption
clear
ﬂuids of serum
Danish study showed has
that been
intra-operative
ﬂuidincorporating
restriccreatinine.
damage
the absence
change in funcup to kidney
two hours
beforein anaesthesia
[9].ofAa 12.5%
tion, independent of the
amount ofNovel
ﬂuid biomarkers
given before may detect
tion and can also predict the development of AKI. Several specific considerations for AKI risk
maltodextrin carbohydrate drink is an alternative to
or after surgery, halved the rate of postoperative comare important in surgical patients. The surgery, especially major and emergency procedures in
400 ml ofcertain
which are
emptied fromsuch
the stomach
plications [3]. Litres ofcritically
crystalloid
oncause
the
ill administered
patients, may
AKI.water,
In addition,
comorbidities,
as chronic kidney
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Update on Perioperative Acute Kidney Injury

www.anesthesia-analgesia.org 2018

disease and chronic heart failure, are important risk factors for AKI. Diuretics, contrast agents,
© 2015 The
of Anaesthetists of
Great Britain
Irelandresult in a
and nephrotoxic drugs are commonly used
in Association
the perioperative
period
andandmay
significant amount of in-hospital AKI. Before and during surgery, anesthetists are supposed to
optimize the patient, including preventing and treating a hypovolemia and correcting an anemia.
Intraoperative episodes of hypotension have to be avoided because even short periods of hypotension are associated with an increased risk of AKI. During the intraoperative period, urine
output might be reduced in the absence of kidney injury or the presence of kidney injury with or
without fluid responsiveness. Therefore, fluids should be used carefully to avoid hypovolemia
and hypervolemia. The Kidney Disease: Improving Global Outcomes guidelines suggest implementing preventive strategies in high-risk patients, which include optimization of hemodynamics, restoration of the circulating volume, institution of functional hemodynamic monitoring, and
avoidance of nephrotoxic agents and hyperglycemia. Two recently published studies found that
implementing this bundle in high-risk patients reduced the occurrence of AKI in the perioperative period. In addition, the application of remote ischemic preconditioning has been studied to
potentially reduce the incidence of perioperative AKI. This review discusses the epidemiology
and pathophysiology of surgery-associated AKI, highlights the importance of intraoperative oliguria, and emphasizes potential preventive strategies. (Anesth Analg XXX;XXX:00–00)

“… suggest that within an enhanced recovery protocol,
oliguria should be anticipated and permitted…”
40

cute kidney injury (AKI) is an abrupt decline of
the kidney function that occurs within a few hours

attention toward this serious clinical syndrome.2 Based on
the new definition, AKI is now being diagnosed more fre-
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Restrictive versus Liberal Fluid Therapy
for Major Abdominal Surgery
P.S. Myles, R. Bellomo, T. Corcoran, A. Forbes, P. Peyton, D. Story, C. Christophi,
K. Leslie, S. McGuinness, R. Parke, J. Serpell, M.T.V. Chan, T. Painter, S. McCluskey,
G. Minto, and S. Wallace, for the Australian and New Zealand College of Anaesthetists
Clinical Trials Network and the Australian and New Zealand Intensive Care
Society Clinical Trials Group*

A BS T R AC T
BACKGROUND

Guidelines to promote the early recovery of patients undergoing major surgery recommend a restrictive intravenous-fluid strategy for abdominal surgery. However, the
supporting evidence is limited, and there is concern about impaired organ perfusion.

The authors’ full names, academic degrees, and affiliations are listed in the Appendix. Address reprint requests to Dr.
Myles at the Department of Anaesthesia
and Perioperative Medicine, Alfred Hospital, Commercial Rd., Melbourne, VIC 3004,
Australia, or at p.myles@alfred.org.au.

“the restrictive fluid regimen was associated
with a higher rate of acute kidney injury.”

METHODS

In a pragmatic, international trial, we randomly assigned 3000 patients who had
an increased risk of complications while undergoing major abdominal surgery to
receive a restrictive or liberal intravenous-fluid regimen during and up to 24 hours
after surgery. The primary outcome was disability-free survival at 1 year. Key secondary outcomes were acute kidney injury at 30 days, renal-replacement therapy at
90 days, and a composite of septic complications, surgical-site infection, or death.

*A list of participating centers and investigators in the RELIEF trial is provided
in the Supplementary Appendix, available at NEJM.org.

This article was published on May 10,
2018, at NEJM.org.

RESULTS

DOI: 10.1056/NEJMoa1801601

During and up to 24 hours after surgery, 1490 patients in the restrictive fluid
group had a median intravenous-fluid intake of 3.7 liters (interquartile range,
2.9 to 4.9), as compared with 6.1 liters (interquartile range, 5.0 to 7.4) in 1493
patients in the liberal fluid group (P<0.001). The rate of disability-free survival at
1 year was 81.9% in the restrictive fluid group and 82.3% in the liberal fluid group
(hazard ratio for death or disability, 1.05; 95% confidence interval, 0.88 to 1.24;
P = 0.61). The rate of acute kidney injury was 8.6% in the restrictive fluid group and
5.0% in the liberal fluid group (P<0.001). The rate of septic complications or death
was 21.8% in the restrictive fluid group and 19.8% in the liberal fluid group
(P = 0.19); rates of surgical-site infection (16.5% vs. 13.6%, P = 0.02) and renal-replacement therapy (0.9% vs. 0.3%, P = 0.048) were higher in the restrictive fluid group,
but the between-group difference was not significant after adjustment for multiple
testing.

Copyright © 2018 Massachusetts Medical Society.

CONCLUSIONS

Among patients at increased risk for complications during major abdominal surgery, a restrictive fluid regimen was not associated with a higher rate of disabilityfree survival than a liberal fluid regimen and was associated with a higher rate of
acute kidney injury. (Funded by the Australian National Health and Medical Research Council and others; RELIEF ClinicalTrials.gov number, NCT01424150.)

NEJM May 10, 2018

So….. too much fluid or too little?
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Maximized stroke volume
Objectives: In severe acute pancreatitis, the administration of
fluids in the presence of positive fluid responsiveness is associated with better outcome when compared to guiding therapy on
central venous pressure. We compared the effects of such consequent maximization of stroke volume index with a regime using
individual values of stroke volume index assessed prior to severe
acute pancreatitis induction as therapeutic hemodynamic goals.
Design: Prospective, randomized animal study.
Setting: University animal research laboratory.
Subjects: Thirty domestic pigs.
Interventions: After randomization, fluid resuscitation was started
2 hours after severe acute pancreatitis induction and continued
for 6 hours according to the respective treatment algorithms.
In the control group, fluid therapy was directed by maximizing
stroke volume index, and in the study group, stroke volume index
assessed prior to severe acute pancreatitis served as primary
hemodynamic goal.
Measurements and Main Results: Within the first 6 hours of
severe acute pancreatitis, the study group received a total of
1,935.8 ± 540.7 mL of fluids compared with 3,462.8 ± 828.2 mL in
the control group (p < 0.001). Pancreatic tissue oxygenation did not
differ significantly between both groups. Vascular endothelial function, measured by flow-mediated vasodilation before and 6 hours
after severe acute pancreatitis induction, revealed less impairment in
the study group after treatment interval (–90.76% [study group] vs
–130.89% [control group]; p = 0.046). Further, lower levels of heparan sulfate (3.41 ± 5.6 pg/mL [study group] vs 43.67 ± 46.61 pg/mL
[control group]; p = 0.032) and interleukin 6 (32.18 ± 8.81 pg/mL
[study group] vs 77.76 ± 56.86 pg/mL [control group]; p = 0.021)
were found in the study group compared with control group. Histopathological examination of the pancreatic head and corpus at day
7 revealed less edema for the study group compared with the con-
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Maximizing SV causes more severe glycocalyx degradation and
pancreatic inflammatory edema compared to maintaining
“normal” values of SVI .
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Recap

Under- and over-resuscitation are associated with
increased mortality
Organ oedema

Complications

Organ ischaemia

Optimal fluid

Glycocalyx

too little

Volume of fluid

too much

“The end-point of fluid resuscitation remains the Holy Grail of ITU medicine”

???

www.jvsmedicscorner.com
(Mallory / Everest2013)
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