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Summary

Summary
Fluid administration and electrolyte management is perhaps the
most common intervention in hospital. Acute lung injury is common
in critically ill patients and is associated with increased morbidity
and mortality. The current literature suggests that administration of
fluids is not straightforward and there are concerns of potential
harm with fluid administration. Similarly electrolyte abnormalities
are known to have adverse effects in critically ill patients. This work
focuses on the effects of fluid and electrolyte management on lung
injury.

Effects of sodium, fluid boluses and osmolality on lung injury were
separately investigated. I utilised animal models, healthy human
volunteers, clinical and epidemiological studies to investigate the
effects of fluid and electrolyte management on lung injury

Sodium: Current levels of sodium administration are more than
three times the NHMRC recommendations in both adult and
paediatric patients, most of which is derived from inadvertent
sources such as drug infusions, drug boluses and flushes. Such
high levels of administration lead to positive sodium balance which
17

Summary
in turn causes an expansion of the extracellular fluid compartment
and is associated with respiratory dysfunction as evidenced by
decreased oxygen levels and prolong length of invasive mechanical
ventilation.

Fluid boluses: Utilising both basic sciences and clinical studies I
found that bolus administration of intravenous fluids had minimal
physiological benefit in the circumstances investigated and tended
to be harmful. In patients with severe sepsis there was a decrease in
oxygen levels after their administration, in healthy subjects after
administration of 0.9% saline there was evidence of interstitial
oedema, and in animal studies bolus i.v. fluids resulted in
permeability pulmonary oedema despite a “safe” (non-hydrostatic)
left heart pressure. Such lung injury after administration of fluid
boluses is possibly through activation of endothelial calcium ion
channels (transient receptor potential vanilloid 4 (TRPV4) channels.
This fluid induced lung injury was prevented by administration of a
relatively specific TRPV4 blocker (ruthenium red).

Hyperosmolality: Using animal studies I found that induced
hypernatremia

was

lung

protective

in

acute

lung

injury,

independent of fluid or sodium load. Based on my animal work, I
hypothesised that lung-protective effects of hypernatremia would
reduce its general adverse effects, leading to amelioration of the
increase in mortality risk in patients with lung injury. To examine
18

Summary
this we utilised a large administrative database (from the Australia
New Zealand Intensive Care Society Centre for Outcome and
Resource

Evaluation

(ANZICS

CORE))

and

found

that

high

admission serum sodium was associated with an increased odds for
ICU death, except in respiratory patients.

In critically ill patients (i) inadvertent sodium administration is
common which leads to a large positive sodium balance which is
associated with adverse respiratory effects (ii) bolus administration
of fluid can induce lung injury, and (iii) induced hyperosmolarity
may be lung protective.
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Preface

PREFACE
This preface is to certify that several chapters within this thesis
contain content that is substantially unchanged from the content of
multi-author papers which have either been published or are being
prepared for publication, (Appendix 5) which may lead to some
repetition of ideas. The following statements outline the contribution
of all authors to the content of manuscripts that have been included
in this thesis.
Chapter 1 Introduction
Book Chapter : Bihari S and Bersten AD. Sodium loading in critical
care - textbook “Diet and Nutrition in Critical Care” under “Specific
nutrients” published by Springer 2013

Bihari S: Proposed the design of the literature review, determined
the search terms and completed the search strategy, data
extraction, data synthesis and analysis and interpretation, before
preparation the initial draft and revisions of the manuscript
Bersten

AD:

Contributed

to

the

literature

review

design,

interpretation of results and revisions of the manuscript
Chapter 3 Sodium administration in ICU patients
Bihari S, Ou J, Holt AW, Bersten AD. Inadvertent sodium loading in
critically ill patients. Crit Care Resusc. 2012;14:37.
Bihari S: Proposed the study design, and completed data collection,
analysis and interpretation, before preparation of the initial draft
and revisions of the manuscript
Ou J: Helped with data collection
Holt A: Modified the original idea and contributed to the manuscript
revision
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Bersten AD: contributed to the study design, interpretation of
results and revisions of the manuscript

Bihari S, Peake SL, Seppelt IM, Williams P, Bersten AD. Sodium
administration in critically ill patients in Australia and New Zealand:
a multi-centre point prevalence study Crit Care Resusc 2013; 15: 294300.
Bihari S: Proposed the study design, analysis and interpretation,
before preparation of the initial draft and revisions of the
manuscript
Peake SL: Contributed to the study design and revisions of the
manuscript
Seppelt IM: Contributed to the conduct of the point prevalence
study
Williams P: Contributed to the study design
Bersten AD: Contributed to the study design, interpretation of
results and revisions of the manuscript
Bihari S, Taylor S, and Bersten AD. Inadvertent sodium loading with
renal replacement therapy in critically ill patients. J Nephrol. 2014
Feb 4. [Epub ahead of print]
Bihari S: Proposed the study design, and completed data collection,
analysis and interpretation, before preparation of the initial draft
and revisions of the manuscript
Taylor S: Contributed to the study design
Bersten AD: Contributed to the study design, interpretation of
results and revisions of the manuscript
Bihari S, Festa M, Peake SL, Seppelt IM, Williams P, Wilkins B and
Bersten AD. Sodium administration in critically ill paediatric patients
in Australia and New Zealand: a multi-centre point prevalence study.
Crit Care Resusc 2014; 16: 112-118.
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Bihari S: Proposed the study design, analysis and interpretation,
before preparation of the initial draft and revisions of the
manuscript
Festa M: Contributed to the study design and revision of the
manuscript
Peake SL: Contributed to the study design and revisions of the
manuscript
Seppelt IM: Contributed to the conduct of the point prevalence
study
Williams P: Contributed to the study design
Wilkin B: Contributed to the data interpretation
Bersten AD: Contributed to the study design, interpretation of
results and revisions of the manuscript
Chapter 4 Sodium balance in ICU patients
Bihari S, Baldwin C and Bersten AD. Fluid balance does not predict
estimated sodium balance in critically ill mechanically ventilated
patients. Crit Care Resusc 2013; 15: 89-96
Bihari S: Proposed the study design, and completed data collection,
analysis and interpretation, before preparation of the initial draft
and revisions of the manuscript
Baldwin C: Contributed to the bioelectrical impedance spectroscopy
measurement and revision of the manuscript
Bersten AD: Contributed to the study design, interpretation of
results and revisions of the manuscript
Bihari S, Peake S, Prakash S, Saxena M, Campbell V, Bersten AD.
Sodium balance, not fluid balance, is associated with respiratory
dysfunction in mechanically ventilated patients: a prospective, multicentre study. Manuscript accepted in Crit Care Resusc 2015
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Bihari S: Proposed the study design, analysis and interpretation,
before preparation of the initial draft and revisions of the
manuscript .
Peake SL: Contributed to conduct of study at her study centre – The
Queen Elizabeth Hospital (South Australia) and revisions of the
manuscript
Prakash S: Contributed to the data analysis
Saxena M: Contributed to conduct of study at his study centre – St.
George Public Hospital, Sydney NSW
Campbell V: Contributed to conduct of study at his study centre –
Nambour Hospital (QLD)
Bersten AD: Contributed to the study design, interpretation of
results and revisions of the manuscript
Chapter 5 Fluid bolus
Bihari S, Prakash S, Bersten AD. Post resuscitation fluid boluses in
patients with severe sepsis and septic shock (PRICE study). Shock
2013; 40: 28-34
Bihari S, Prakash S, Bersten AD. Early changes in serum electrolytes
and acid-base status with administration of 4% albumin. Intensive
Care Med. 2014; 40:1392-3.

Bihari S: Proposed the study design, and completed data collection,
analysis and interpretation, before preparation of the initial draft
and revisions of the manuscript
Prakash S: Contributed to the data collection
Bersten AD: Contributed to the study design, interpretation of
results and revisions of the manuscript
Bihari S, Wiersema U, Schembri D, Depasquale C, Dixon D, Lawrence
M, Bowden J, Dixon D and Bersten AD. Interstitial pulmonary edema
despite normal echocardiographic indices in healthy volunteers
following 0.9% Saline bolus when compared with 4% albumin and 5%
glucose. Manuscript under review
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Bihari S: Proposed the study design, analysis and interpretation,
before preparation of the initial draft and revisions of the
manuscript
Wiersema

U:

Contributed

to

conduct

of

study

with

echocardiographic measurements
Schembri D: Contributed to conduct of study with respiratory
measurements
Depasquale

C:

Contributed

to

conduct

of

study

with

echocardiographic interpretations and revision of the manuscript
Dixon D: Contributed to the study with laboratory measurements
and revision of the manuscript
Lawrence

M:

Contributed

to

the

study

with

laboratory

measurements
Bowden J: Contributed to conduct of study with respiratory
interpretations and revision of the manuscript
Bersten AD: Contributed to the study design, interpretation of
results and revisions of the manuscript
Bihari S, Dixon D, Lawrence M and Bersten AD. Ruthenium red
inhibits

intravenous

fluid

induced

permeability

lung

oedema

suggesting a TRPV4 mechanism. Manuscript under review
Bihari S: Proposed the study design, analysis and interpretation,
before preparation of the initial draft and revisions of the
manuscript
Dixon

D:

Contributed

to

the

animal

study

design,

data

interpretation and manuscript preparation
Lawrence M: Contributed to the study with PCR and ELISA
measurements (results not included in the PhD)
Bersten AD: Contributed to the study design, interpretation of
results and revisions of the manuscript

34

Preface
Chapter 6 Effect of serum sodium and osmolality on lung injury
Bihari S, Peake S, Bailey M, Pilcher D, Prakash S, Bersten AD.
Admission high serum sodium is not associated with increased ICU
mortality risk in respiratory patients. J Crit Care. 2014 [Epub ahead
of print].
Bihari S: Proposed the study design, analysis and interpretation,
before preparation of the initial draft and revisions of the
manuscript
Peake SL: Contributed to the study design and revisions of the
manuscript
Bailey M: Contributed to the statistical analysis and revision of the
manuscript
Pilcher D: Contributed to the study design
Prakash S: Contributed to the data analysis
Bersten AD: Contributed to the study design, interpretation of
results and revisions of the manuscript
Bihari

S,

Dixon

D,

Lawrence

M

and

Bersten

AD.

Induced

hypernatremia reduces acute lung injury, independent of fluid or
sodium load. Manuscript under review
Bihari S: proposed the study design, analysis and interpretation,
before preparation of the initial draft and revisions of the
manuscript
Dixon

D:

Contributed

to

the

animal

study

design,

data

interpretation and manuscript preparation
Lawrence M: Contributed to the study with PCR and ELISA
measurements (results not included in the PhD)
Bersten AD: contributed to the study design, interpretation of
results

and

revisions

of

the

manuscript.
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