
2014 Bound Volume 3  Issue 1-4: 1-112

www.wjgnet.com Published by Baishideng Publishing Group Inc

World Journal of 
Critical Care Medicine

ISSN 2220-3141 (online)

Published by Baishideng Publishing Group Inc

Volume End

Published by Baishideng Publishing Group Incwww.wjgnet.com

World Journal of 
Critical Care Medicine
World J Crit Care Med  2014 February 4; 3(1): 1-44

ISSN 2220-3141 (online)

www.wjgnet.comwww.wjgnet.com

World Journal of 
Critical Care Medicine
World J Crit Care Med  2014 May 4; 3(2): 45-67

ISSN 2220-3141 (online)

www.wjgnet.comwww.wjgnet.com

World Journal of 
Critical Care Medicine
World J Crit Care Med  2014 August 4; 3(3): 68-73

Published by Baishideng Publishing Group Inc

ISSN 2220-3141 (online)

World Journal of 
Critical Care Medicine
World J Crit Care Med  2014 November 4; 3(4): 74-112

Published by Baishideng Publishing Group Inc

ISSN 2220-3141 (online)

Volume End



World Journal of
Critical Care MedicineW J C C M

EDITOR-IN-CHIEF
Yaseen Mohamed Arabi, Riyadh

GUEST EDITORIAL BOARD 
MEMBERS
Hsing I Chen, Hualien
Sheng-Hsien Chen, Tainan
Yih-Sharng Chen, Taipei
Yung-Chang Chen, Taipei
Der-Yang Cho, Taichung
Cheng-Keng Chuang, Taoyuan
How-Ran Guo, Tainan
Bang-Gee Hsu, Hualien
Chien-Wei Hsu, Kaohsiung
Wen-Jinn Liaw, Taipei
Yan-Ren Lin, Changhua
Jiunn-Jye Sheu, Kaohsiung

MEMBERS OF THE EDITORIAL 
BOARD

Argentina

Eduardo Chuluyan, Buenos Aires
Adrian Angel Inchauspe, Berazategui

Australia

Zsolt J Balogh, Newcastle
Zoltan Huba Endre, Sydney
Nam Q Nguyen, Adelaide
Alistair D Nichol, Melbourne
Srinivas Rajagopala, Adelaide
Georg Marcus Schmolzer, Melbourne
Andrew Trevitt Slack, Southport
Ravindranath Tiruvoipati, Frankston

Austria
Lars-Peter Kamolz, Vienna
Sylvia Knapp, Vienna

Bangladesh
Saidur Rahman Mashreky, Dhaka

Belgium
Teresinha Leal, Brussels
Manu Malbrain, Antwerp
Jean-Louis Vincent, Brussels

Brazil
Luciano CP Azevedo, São Paulo
Patricia Rieken Macedo Rocco, Rio de Janeiro
Marcos Antonio Rossi, São Paulo
Renato Seligman, Porto Alegre

Canada
Douglas D Fraser, London
Pierre A Guertin, Quebec
Marc Jeschke, Toronto
Constantine J Karvellas, Edmonton
Wolfgang Michael Kuebler, Toronto
Mingyao Liu, Toronto
Xi Yang, Manitoba

China
Xiang-Dong Chen, Chengdu

Xu-Lin Chen, Hefei
Wong Tak Chuen, Hong Kong
Ming-Xu Da, Gansu
Huang-Xian Ju, Nanjing
Ting-Bo Liang, Hangzhou
Peng-Lin Ma, Beijing
Chung-Wah David Siu, Hong Kong
Yong-Ming Yao, Beijing
Jia-Ping Zhang, Chongqing
Wei-Dong Zhou, Beijing

Croatia

Alan Sustic, Rijeka

Cuba

Jesús Pérez-Nellar, La Habana

Denmark

Dan Stieper Karbing, Aalborg

Egypt

Ibrahim Abouomira, Cairo
Hanan Ibrahim, Cairo
Amr M Moghazy, Alexandria
Ayman A Yousef, Tanta

Finland

Asko Armas Riutta, Tampere

I

Editorial Board
2011-2015

The World Journal of Critical Care Medicine Editorial Board consists of 246 members, representing a team of 
worldwide experts in critical care medicine. They are from 45 countries, including Argentina (2), Australia (8), 
Austria (2), Bangladesh (1), Belgium (3), Brazil (4), Canada (7), China (23), Croatia (1), Cuba (1), Denmark (1), 
Egypt (4), Finland (1), France (8), Germany (11), Greece (9), Hungary (1), India (10), Iran (2), Ireland (1), Israel (6), 
Italy (14), Japan (6), Jordan (1), Mexico (1), Morocco (1), Netherlands (4), New Zealand (3), Norway (1), Poland 
(1), Portugal (4), Russia (1), Saudi Arabia (3), Singapore (1), Slovenia (1), South Africa (1), Spain (7), Sweden (1), 
Switzerland (3), Thailand (1), Tunisia (1), Turkey (3), United Kingdom (8), United States (72), and Uruguay (1).

February 4, 2013WJCCM|www.wjgnet.com



France

Jean-Marc Cavaillon, Paris
Jean-Michel Constantin, Clermont-Ferrand
Marc Leone, Marseille
Bruno Mégarbane, Paris
Saad Nseir, Lille
Nicolas Terzi, Caen
Jean-François Timsit, La Tronche Cedex
Benoit Vallet, Lille

Germany

Hendrik Bracht, Ulm
Michael Czaplik, Aachen
Gerrit Grieb, Aachen
Tobias Keck, Freiburg
Philipp Kobbe, Aachen
Alexander Koch, Aachen
Marc Maegele, Cologne
Norbert Pallua, Aachen
Andrzej Antoni Piatkowski, Aachen
Armin Rudolf Sablotzki, Leipzig
Kai D Zacharowski, Frankfurt am Main

Greece

Ioanna Dimopoulou, Athens
Dimitrios Karakitsos, Athens
Petros Kopterides, Athens
Gregory Kouraklis, Athens
Athanasios D Marinis, Athens
George Nakos, Ioannina
Papaioannou E Vasilios, Alexandroupolis
Theodoros Xanthos, Athens
Spyros G Zakynthinos, Athens

Hungary

Zoltan Rakonczay, Szeged

India

Rachna Agarwal, Delhi
Ritesh Agarwal, Chandigarh
Mohammad Farooq Butt, Srinagar
Mohan Gurjar, Lucknow
Deven Juneja, New Delhi
Farhad N Kapadia, Mumbai
Vikram Kate, Pondicherry
Pramod Kumar, Manipal
Ritesh G Menezes, Mangalore
Medha Mohta, Delhi

Iran

Hemmat Maghsoudi, Tabriz
Homayoun Sadeghi-Bazargani, Tabriz

Ireland

Sanjay H Chotirmall, Dublin

Israel

Alexander Becker, Kefar Tavor
Yoram Kluger, Haifa
Yona Kosashvili, Zerrifin
Kobi Peleg, Tel Aviv
Ilan Sela, Rehovot
Pierre Singer, Tel Aviv

Italy

Giacomo Bellani, Monza
Giovanni Camussi,Torino
Anselmo Caricato, Rome
Piero Ceriana, Pavia
Antonio Chiaretti, Rome
Davide Chiumello, Milano
Alfredo Conti, Messina
Paolo Cotogni, Torino
Daniele M De Luca, Rome
Vincenzo De Santis, Rome
Luca La Colla, Parma
Giovanni Landoni, Milano
Raffaele Scala, Lucca
Giovanni Vento, Rome

Japan

Keishiro Aoyagi, Kurume
Satoshi Hagiwara, Yufu
Yuichi Hattori, Toyama
Hideo Inaba, Kanazawa
Eisuke Kagawa, Hiroshima
Chieko Mitaka, Tokyo

Jordan

Feras Ibrahim Hawari, Amman

Mexico

Silvio A Ñamendys-Silva, Mexico City

Morocco

Redouane Abouqal, Rabat

Netherlands

WA Buurman, Maastricht
Martin CJ Kneyber, Groningen
Patrick Schober, Amsterdam
Arie Barend Van Vugt, Enschede

New Zealand

Sultan Zayed Al-Shaqsi, Dunedin
Arman Adam Kahokehr, Whangarei
John William Pickering, Christchurch

Norway

Ulf R Dahle, Oslo

Poland

Maciej Owecki, Poznań

Portugal

Ernestina Rodrigues Gomes, Porto
Cristina Granja, Porto
José António Lopes, Lisbon
Pedro M Póvoa, Lisbon

Russia

Konstantin A Popugaev, Moscow

Saudi Arabia

Imran Khalid, Jeddah
Mohamed Taifour Suliman, Tabuk

Singapore

Devanand Anantham, Singapore

Slovenia

Štefek Grmec, Maribor

South Africa

DL Clarke, Pietermaritzburg

Spain

Juan Carlos Montejo González, Madrid
David Jimenez, Madrid
Juan Antonio Llompart-Pou, Palma
Antonio Torres Mart, Barcelona
Enrique Ariel Piacentini, Barcelona
Alonso Mateos Rodriguez, Madrid
R Rodríguez-Roisin, Barcelona

Sweden

Mihai Oltean, Gothenburg

Switzerland

Dieter Cadosch, Zurich
Mihael Potocki, Basel
John Friedrich Stover, Zurich

II February 4, 2013WJCCM|www.wjgnet.com



III February 4, 2013WJCCM|www.wjgnet.com

Thailand

Viroj Wiwanitkit, Bangkok

Tunisia

Mabrouk Bahloul, Sfax

Turkey

Yusuf Kenan Coban, Malatya
Bensu Karahalil, Ankara
Ali Nayci, Mersin

United Kingdom

Sammy Al-Benna, Nottingham
Giles N Cattermole, London
Frantisek Duska, Nottingham
James Nicholas Fullerton, London
Christina Jones, Prescot
Sameer Khan, Middlesbrough
George Ntoumenopoulos, London
Cecilia O’Kane, Belfast

United States

Edward Abraham, Winston-Salem
Bernard R Bendok, Chicago
Michael Blaivas, Atlanta

Charles D Boucek, Pittsburgh
Marcia Leigh Brackbill, Winchester
Ronald A Bronicki, Houston
Robert C Cantu, Concord
Marylou Cardenas-Turanzas, Houston
Archana Chatterjee, Omaha
Paul A Checchia, St. Louis
Rubin Issam Cohen, New Hyde Park
Stephen Cohn, San Antonio
Donald Edward Craven, Burlington
Ruy J Cruz Jr, Pittsburgh
Francis C Dane, Roanoke
Marc de Moya, Boston
Steven M Donn, Ann Arbor
Christopher P Farrell, Wynnewood
Marco Fernández, Nashville
Kevin Foster, Phoenix
Barry D Fuchs, Philadelphia
Richard P Gonzalez, Mobile
Kenneth W Gow, Seattle
Alan H Hall, Laramie
Jijo John, Oklahoma City
Lewis J Kaplan, New Haven
Jason N Katz, Chapel Hill
Salah Georges Keyrouz, Little Rock
Deborah A Kuhls, Las Vegas
Gregory Luke Larkin, New Haven
Christos Lazaridis, Charleston
James Anthony Lin, Los Angeles
Yahia M Lodi, Syracuse
Roger M Loria, Richmond
Aigang Lu, Cincinnati
Rudolf Lucas, Augusta
O John Ma, Portland
Robert T Mallet, Fort Worth
William T McGee, Springfield
Mark G McKenney, Miami

Michael Moussouttas, Philadelphia
Oliver Hans-Josef Muensterer, Birmingham
Rahul Nanchal, Milwaukee
Michael Steven Niederman, Mineola
Gary Frank Nieman, Syracuse
James Martin O’Brien, Columbus
Martin Oudega, Pittsburgh
Catherine Mobley Preissig, Duluth
Virginia Prendergast, Phoenix
Ramesh Raghupathi, Philadelphia
Miren Ava Schinco, Jacksonville
Carl Ivan Schulman, Miami
L Keith Scott, Shreveport
Kevin Navin Sheth, Baltimore
Jenni Short, Salina
Ronald Fong Sing, Charlotte
Philip Charles Spinella, St. Louis
Robert M Starke, Charlottesville
Stanislaw Peter A Stawicki, Columbus
David Christopher Stockwell, Washington
Stanislav Svetlov, Gainesville
Maged A Tanios, Long Beach
Neal James Thomas, Hershey
Nancy Moon Tofil, Birmingham
Balagangadhar R Totapally, Miami
Steven Nicholas Vaslef, Durham
Joseph Clark Watson, Falls Church
John Stephen Wilgis, Orlando
David Conrad Willms, San Diego
Haodong Xu, Rochester
Xiao-Ming Xu, Indianapolis
Midori Anne Yenari, San Francisco

Uruguay

William Manzanares, Montevideo



World Journal of 
Critical Care Medicine
World J Crit Care Med  2014 February 4; 3(1): 1-44

ISSN 2220-3141 (online)

www.wjgnet.comwww.wjgnet.com



World Journal of
Critical Care MedicineW J C C M

 

Contents

IWJCCM|www.wjgnet.com February 4, 2014|Volume 3|Issue 1|

Quarterly  Volume 3  Number 1  February 4, 2014

EDITORIAL

META-ANALYSIS

1	 Rhabdomyolysis, compartment syndrome and thermal injury

	 Coban YK

8	 Iatrogenic pneumothorax related to mechanical ventilation

	 Hsu CW, Sun SF

15	 Disaster preparedness, pediatric considerations in primary blast injury, 

chemical, and biological terrorism

	 Hamele M, Poss WB, Sweney J

24	 Controversies in fluid therapy: Type, dose and toxicity

	 McDermid RC, Raghunathan K, Romanovsky A, Shaw AD, Bagshaw SM

34	 Ulinastatin for acute lung injury and acute respiratory distress syndrome: A 

systematic review and meta-analysis

	 Leng YX, Yang SG, Song YH, Zhu X, Yao GQ

42	 Failure of lorazepam to treat alprazolam withdrawal in a critically ill patient

	 Sachdev G, Gesin G, Christmas AB, Sing RF

MINIREVIEWS

REVIEW

CASE REPORT



Contents
World Journal of Critical Care Medicine

Volume 3  Number 1  February 4, 2014

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xin-Xin Che     	                 Responsible Science Editor: Huan-Huan Zhai
Responsible Electronic Editor: Su-Qing Liu	                 
Proofing Editor-in-Chief: Lian-Sheng Ma

for Simulation and Research, Co-Director, The Center 
for Acute Care Nephrology, Division of  Critical Care 
Medicine, Cincinnati Children’s Hospital Medical Cen-
ter, 3333 Burnet Avenue, Cincinnati, OH 45229-3039, 
United States

EDITORIAL OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of  Critical Care Medicine
Room 903, Building D, Ocean International Center, 
No. 62 Dongsihuan Zhonglu, Chaoyang District, 
Beijing 100025, China
Telephone: +86-10-85381891
Fax: +86-10-85381893
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza, 
315-321 Lockhart Road, Wan Chai, 
Hong Kong, China
Fax: +852-6555-7188
Telephone: +852-3177-9906

E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

PUBLICATION DATE
February 4, 2014

COPYRIGHT
© 2014 Baishideng. Articles published by this Open 
Access journal are distributed under the terms of  
the Creative Commons Attribution Non-commercial 
License, which permits use, distribution, and reproduc-
tion in any medium, provided the original work is prop-
erly cited, the use is non commercial and is otherwise in 
compliance with the license.

SPECIAL STATEMENT 
All articles published in this journal represent the view-
points of  the authors except where indicated otherwise.

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/2220-3141/g_info_20100722180909.htm

ONLINE SUBMISSION 
http://www.wjgnet.com/esps/

IIWJCCM|www.wjgnet.com

APPENDIX

ABOUT COVER

AIM AND SCOPE

Indexing/Abstracting

FLYLEAF

February 4, 2014|Volume 3|Issue 1|

NAME OF JOURNAL 
World Journal of  Critical Care Medicine

ISSN
ISSN 2220-3141 (online)

LAUNCH DATE
February 4, 2012

FREQUENCY
Quarterly

EDITOR-IN-CHIEF
Yaseen Mohamed Arabi, MD, FCCP, FCCM, As-
sociate Professor, Chairman, Intensive Care Depart-
ment, King Saud Bin Abdulaziz University, Medical 
Director, Respiratory Services, King Abdulaziz Medical 
City, National Guard Hospital, Riyadh, PO Box 22490, 
Riyadh 11426, Saudi Arabia

Derek S Wheeler, MD, FAAP, FCCP, FCCM, As-
sociate Professor, Associate Patient Safety Officer, 
Medical Director, Pediatric Intensive Care Unit, Divi-
sion of  Critical Care Medicine, James M. Anderson 
Center for Health Systems Excellence, The Center 

I-V	 Instructions to authors

Editorial Board Member of World Journal of Critical Care Medicine , Yusuf 
Kenan Coban, Professor, Burn Unit and Department of Plastic Surgery, Inonu 
University Turgut Ozal Medical Centre, 44280 Malatya, Turkey

World Journal of  Critical Care Medicine (World J Crit Care Med, WJCCM, online ISSN 
2220-3141, DOI: 10.5492) is a peer-reviewed open access academic journal that aims to 
guide clinical practice and improve diagnostic and therapeutic skills of  clinicians.

WJCCM covers topics concerning severe infection, shock and multiple organ dysfunc-
tion syndrome, infection and anti-infection treatment, acute respiratory distress syndrome 
and mechanical ventilation, acute kidney failure, continuous renal replacement therapy, 
rational nutrition and immunomodulation in critically ill patients, sedation and analgesia, 
cardiopulmonary cerebral resuscitation, fluid resuscitation and tissue perfusion, coagulant 
dysfunction, hemodynamic monitoring and circulatory support, ICU management and 
treatment control, and application of  bronchofiberscopy in critically ill patients. 

We encourage authors to submit their manuscripts to WJCCM. We will give priority to 
manuscripts that are supported by major national and international foundations and those 
that are of  great clinical significance.

	 World Journal of  Critical Care Medicine is now indexed in PubMed Central, PubMed, Digital 

Object Identifier.

I-III	 Editorial Board



 EDITORIAL

Rhabdomyolysis, compartment syndrome and thermal 
injury

Yusuf Kenan Coban

Yusuf Kenan Coban, Burn Unit and Department of Plastic 
Surgery, Inonu University Turgut Ozal Medical Centre, 44280 
Malatya, Turkey
Author contributions: Coban YK solely contributed to this 
paper.
Correspondence to: Yusuf Kenan Coban, Professor, Burn 
Unit and Department of Plastic Surgery, Inonu University Tur-
gut Ozal Medical Centre, 44280 Malatya, 
Turkey. ykenanc@yahoo.com
Telephone: +90-422-2374780  Fax: +90-422-2374780
Received: May 7, 2013             Revised: September 4, 2013
Accepted: October 16, 2013
Published online: February 4, 2014

Abstract
Rhabdomyolysis (RML) after electrical burns and crush 
injuries is a well-known clinical entity, but its occur-
rence following thermal injury has not gained so 
much attention. Capillary leak syndrome and following 
polycompartmental syndrome are devastating end re-
sults of major thermal injuries. In the current review, 
polycompartment syndrome within the clinical picture 
of systemic oedema and its relationship to RML is dis-
cussed along with its management and prevention.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Capillary leak syndrome; Rhabdomyolysis; 
Thermal injury

Core tip: In the current review, polycompartment syn-
drome within the clinical picture of systemic oedema 
and its relationship to rhabdomyolysis is discussed 
along with its management and prevention.

Coban YK. Rhabdomyolysis, compartment syndrome and 
thermal injury. World J Crit Care Med 2014; 3(1): �-7  Avail-
able from: URL: http://www.wjgnet.com/2220-3141/full/v3/i1/

�.htm  DOI: http://dx.doi.org/10.5492/wjccm.v3.i1.�

DEFINITION
Rhabdomyolysis (RML) is defined as muscle damage 
with dissolution of  the skeletal muscle fibre and results 
in release of  potentially toxic intracellular compo-
nents into the systemic circulation. A classical triad of  
symptoms includes muscle pain, prostration and dark 
pigmented urine. Urine pigmentation only manifests 
itself  when the renal threshold for myoglobulin (MB) is 
exceeded. In 1940-1941, RML syndrome was first de-
scribed in patients with crush injury secondary to build-
ing destruction during wartime[1]. In later decades, it was 
understood that RML is not confined to crush injuries, 
but is also associated with thermal injuries and other 
medical causes. Although direct muscle injury remains 
the most common cause of  RML, additional causes in-
clude toxins, endocrinopathies, malignant hyperthermia, 
neuroleptic malignant syndrome, electrolyte alterations, 
diabetic ketoacidosis, non-ketotic hyperosmolar coma, 
severe hypo- or hyperthyroidism and bacterial or viral in-
fections. Generally speaking, RMLs can be divided into 
two categories as shown in Figure 1.

PATHOPHYSIOLOGY
The scenario is seen after severe crush and thermal or 
electric injuries in addition to direct muscle injury. In 
other words, there may be a combination of  both direct 
muscle injury and compartment syndrome in the same 
clinical picture. On the other hand, the primary mecha-
nism for position-related RML is reperfusion of  dam-
aged tissue after a period of  ischaemia and the release of  
necrotic muscle material into the circulation after pres-
sure is relieved. In severe burns, capillary leak syndrome 
leading to polycompartmental syndrome is also respon-
sible for the development of  RML via several mecha-
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nisms including loss of  vasomotor tone of  arterioles, 
collapse of  thinner-walled veins, and the overall loss of  
the pressure gradient between the arterial and venous 
system. As the blood flow decreases, the tissues become 
progressively more ischaemic, thereby leading to further 
necrosis and oedema. 

Muscle necrosis is triggered by derangements in 
oxidative or glycolytic energy production with resulting 
ATP depletion. In the presence of  concomitant ATP 
depletion, free Ca2+ content in the myocyte increases due 
to failure of  Ca2+ efflux mediated by the ATPase-driven 
Ca2+ pump. Influx from the extracellular compartment 
into muscle cells includes water, Na+, Cl− and Ca2+. Mus-
cle cells swell due to the accumulation of  intracellular 
solutes and a reduction in active ion extrusion. Within 
minutes of  trauma, intramuscular pressure may exceed 
arterial blood pressure within the intracompartmental 
space. Hypovolaemia develops, followed by haemody-
namic shock, hypocalcaemia, and hyponatraemia in the 
context of  trauma and burns. Progressive hypovolaemia 
is thought to contribute to the formation of  casts that 
obstruct renal tubules and to renal vasoconstriction 
involving afferent glomerular arterioles and glomerular 
capillaries[2]. 

As the skeletal muscle (SM) is a principal actor that 
plays a major role in the pathophysiology of  RML, 
its distribution within the body is worthy of  mention. 
Subcutaneous muscle accounts for approximately 40% 

of  total body mass for adult males and 29% for adult fe-
males. Depending on gender, age and health status, one-
third and one-half  of  body protein resides within SM[3]. 
There is growing awareness of  the importance of  SM in 
many physiological and disease processes[4]. Janssen et al[5] 
studied skeletal muscle mass measurement in whole body 
distribution by magnetic resonance imaging. They found 
that the lower body had more SM mass than upper body 
regions in both sexes. As the lower extremity bears much 
of  SM mass of  total body SM mass, full-thickness burns 
of  the lower extremity pose a higher risk for develop-
ment of  fatal RML (Figure 2). One might speculate 
that immobilization is more commonly seen after lower 
extremity full-thickness burns when compared to the 
upper body parts, and this may mean increased risk of  
RML for lower extremity burns. 

LABRATORY DIAGNOSIS AND MORTAL-
ITY
The diagnosis of  RML is based on the measurement of  
creatinine kinase (CK) in serum or plasma. Plasma and 
urine myoglobin CK measurement might be useful in the 
early stage of  the syndrome[6]. Patient monitoring is piv-
otal (the mortality rate is as high as 8%) and should be 
aimed at preventing the detrimental consequences. Mor-
tality for patients with RML secondary to flame burns 
seems to be high[7]. Stewart et al[8] studied percentage of  
full-thickness burns, percentage of  total body surface 
area (TBSA) burned, injury severity score, peak CK and 
acute kidney injury (AKI) in burn patients. They found 
that the log peak CK correlated with stage of  AKI[8]. 
Another study revealed that 28% of  severely burned 
patients developed AKI during acute resuscitation[9]. In a 
retrospective study of  714 patients, eight were reported 
to have RML and these cases had poor survival[10]. 

THERMAL INJURY AND RHABDOMYOLY-
SIS
Several issues related to the subject are present. These 
are the role of  albumin and fluid therapy, capillary leak 
syndrome and comorbid situations.

Albumin in severe burns
Lower albumin concentrations are commonly observed 
in older persons and are associated with worse health 
outcomes and mortality[11]. Albumin is a negative acute-
phase protein that decreases with ongoing inflammation, 
and many of  the reported associations with albumin may 
reflect this[12]. Serum albumin concentration ≤ 30 g/L 
was reported to be associated with a twofold increase 
in organ dysfunction[13]. The optimal resuscitation al-
gorithm including albumin supplementation remains 
elusive for patients with large burn injuries. Park et al[14] 
compared the use of  5% albumin in the first 24 h with 
other protocols not using albumin solution. They found 
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Medications or egzertional
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vascular injury

Rhabdomyolysis

Figure 1  General classification of rhabdomyolysis.

Figure 2  An example for full-thickness burns of both lower extremities.



that their new protocol decreased ventilator days and 
mortality, whereas another study revealed an opposite 
outcome. Currently, there is no consensus on using albu-
min replacement therapy for acute burn resuscitation[15]. 
The albumin molecule, being smaller (69 kDa) than the 
globulin molecule (90-156 kDa), will leak at a relatively 
earlier stage of  the disease (with a moderate increase 
in capillary pore size) than globulin. This leads to albu-
min/globulin reversal. In cases with severe permeability 
changes related with rapid progression to larger pore size 
with simultaneous leak of  both albumin and globulin, al-
bumin/globulin reversal will not occur. Kumar’s[16] study 
showed that patients with albumin protein values less 
than 5.0 g/dL showed higher mortality (95%) compared 
to those in other groups with more than 5.0 g/dL.

Capillary leak syndrome
Major burns are characterised by an initial capillary leak 
that requires fluid resuscitation for haemodynamic sta-
bilization. The extensive capillary damage that follows 
thermal injury is responsible for massive plasma extrava-
sation into burned tissues, with consequent hypovolae-
mia, abdominal hypertension and extremity compart-
mental syndrome necessitating fasciotomy, prolonged 
mechanical ventilation and hospital stay. Increased com-
partmental pressure poses a risk for RML. In local com-
partmental syndrome, the pathology is restricted to a 
unique body region and does not cause a life-threatening 
systemic condition. However, capillary leak syndrome, 
whether the cause is idiopathic or due to severe burns, 
causes hypovolaemic shock due to marked plasma shifts 
from the intravascular to the extravascular space. This 

presents as the characteristic triad of  hypotension, hae-
moconcentration and hypoalbuminaemia. The reason 
is due to leakage of  fluids and macromolecules (up to 
900 kDa) into tissues. Systemic capillary leak syndrome 
is a transient event, and less than 150 cases have been 
reported. Systemic oedema causes multiple compart-
ment syndrome, which needs emergency fasciotomies[17]. 
Hypoalbuminaemia always associates with the picture of  
systemic oedema and polycompartmental syndrome.

Direct damage to the striated muscle by high electri-
cal voltage is well understood[18]. In thermal burns with-
out direct muscle injury, the actual trigger for RML often 
remains unexplained. The majority of  the publications 
on the subject are single case reports[19,20]. Prolonged im-
mobilization following unconsciousness and repeated 
surgical procedures has been suggested to trigger RML 
in thermally injured patients. However, there may be sev-
eral factors contributing to the development of  RML in 
the context of  severe thermal burns (Figure 3).

Ideal formulation of fluid therapy in burn shock
Less than 20% of  burn injuries are associated with mini-
mal fluid shifts and can generally be resuscitated with 
oral hydration. Current recommendations are to initiate 
formal intravascular fluid resuscitation when the surface 
area burned is greater than 20%. The ideal burn resusci-
tation is the one that effectively restores plasma volume, 
with no adverse effects. Isotonic crystalloids, hypertonic 
solutions and colloids have been used for this purpose, 
but every solution has its advantages and disadvantages. 
None of  them is ideal, and none is superior to any of  
the others. Too vigorous resuscitative efforts may lead to 
severe protein depletion and further oedema accumula-
tion into both burned and unburned tissues.

A condition of  fluid unresponsiveness is present 
throughout the first 12 h of  the post-burn period. The 
administration of  supranormal volumes fails in the first 
24 h to achieve normal preload volumes. The fluid creep 
started in the 1990s with an increasing proportion of  the 
first 24 hours’ fluid delivery above the 4 mL/kg TBSA% 
(Parkland formula). The first alerts were published under 
the form of  case reports of  increased mortality due to 
abdominal compartment syndrome and respiratory fail-
ure. While under-resuscitation was the major cause of  
mortality among burned patients until the 1980s, over-
resuscitation has become an important source of  com-
plications[21]. Several studies have supported that patients 
who receive larger volumes of  resuscitation fluid are 
at higher risk of  injury complications such as pneumo-
nia and extremity compartment syndrome. Hypertonic 
saline should be reserved for providers experienced in 
this approach. Plasma sodium concentrations should be 
closely monitored to avoid excessive hypernatraemia. 
Administration of  high-dose ascorbic acid may decrease 
the overall fluid requirements, and is worthy of  further 
study[22].

Resuscitation fluids influence the inflammatory re-
sponse to burns in different ways and it may be possible 
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Severe thermal injury

Increased capillary permeability 
(capillary leak syndrome)

Hypoalbuminaemia, severe oedema, 
and polycompartment syndrome

Unrelieved pressure 
on gravity-dependent 

body parts

Additional comorbids if any? 
Cocaine use, etc.

Rhabdomyolysis, deep vein thrombosis

Prolonged immobilization

Figure 3  Pathogenic mechanisms for development of rhabdomyolysis in 
severe thermal injury.
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therefore to affect this response using appropriate fluid 
at the appropriate time[23]. Table 1 shows the goals of  
early fluid resuscitation in major burns.

Starches are effective volume expanders and early use 
of  newer formulations may limit resuscitation require-
ments and burn oedema[24]. It has been shown that post-
burn oedema is detrimental to organ function and that 
the deleterious effect is proportional to the amount of  
extravasated fluids[25]. Arlati et al[26] compared permissive 
hypovolaemia administered by a hemodynamic-oriented 
approach with Parkland formula resuscitation through-
out the first 24 h period. They found permissive hypo-
volaemia allowed for less volume infusion, a reduced 
positive fluid balance and significantly lesser multiple 
organ dysfunction syndrome (MODS) score values than 
the Parkland formula.

Permissive hypovolaemia seems safe and well toler-
ated by burn patients. It seems effective in reducing 
multiple organ dysfunction due to induced oedema fluid 
accumulation and inadequate O2 tissue utilization. It has 
been speculated that the insensitivity of  cardiac preload 
to increase by even the most aggressive regimen might 
derive from the combination of  both increased capil-
lary permeability and higher hydrostatic pressure than 
most forms of  hypovolaemic shock. A supranormal 
resuscitation volume might exacerbate post-burn oe-
dema accumulation by unnecessarily increasing both the 
amount and length of  fluid extravasation. The reduction 
of  volume given was obtained throughout the period of  
maximum capillary damage. This would be impossible 
without the use of  invasive haemodynamic monitoring 
as both intrathoracic blood volume (ITBV, as a cardiac 
preload indicator) and cardiac output measurements 
generated[26]. The PICCO system allows both ITBV and 
cardiac output measurements. ITBV and cardiac output 
measurement are earlier and more sensitive indicators 
of  critical hypovolaemia than vital signs, hourly urine 
output and central venous pressure. A haemodynamic-
oriented approach to burn shock resuscitation is gaining 
more acceptance for direct cardiac preload estimation 
nowadays (Figure 4).

Compartment syndrome 
Burns and toxic causes may lead to polycompartment 
syndrome during fluid resuscitation if  given at too high 
a dose. Compartment syndrome can be classified as pri-
mary (pathology within the compartment) and second-
ary (no primary pathology or injury within the compart-
ment)[27]. SM compartments are especially susceptible to 
this type of  injury. Thermal injuries, in particular full-
thickness burns, cause secondary tissue constriction 
eschars and oedema. Fluid shifts associated with major 
burns adding to extravolume pressure may contribute to 
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Burn shock treatment

Excessive volume 
resuscitation

Polycompartmental syndrome

Abdominal 
hypertension

Extremity compartment 
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Acute kidney injury

Restrictive volume replacement 
therapy (permissive hypovolaemia)

ITBV, cardiac output 
measurements (Picco), 

early monitorisation 
with semi-invasive 

methods 
(transpulmonary 
indicator dilution 

technique at bedside)

Rhabdomyolysis

Figure 4  Possible scenarios during burn shock resuscitation. ITBV: In-
trathoracic blood volume.

Table 1  Therapeutic goals of fluid resuscitation and therapeu-
tic measures in thermal injury

Goal Measure

Preventing hypovolaemia 
and shock

Fluıd overloading (with rationing 
prehospital fluid delivery) 

Improving organ perfusion Mannitol, high dose vitamin C 
administration (avoiding early colloids)

Reducing capillary leak 
and oedema

Not known

Reducing inflammatory storm Haemodialysis, plasmapheresis, etc.
Avoiding polycompartment 
syndrome

Permissive hypovolaemia

Myoglobinuric

Figure 5  Algorithm for established clinical picture of rhabdomyolysis in 
burn victims. TBSA: Total body surface area.

Early vigorous fluid resuscitation with > 12 L/d- 
   give fluids according to TBSA calculations;
   ıv  infusion of alkaline solution started at time of injury; 
   - assess the adequacy of resuscitation: traditional and semi-invasive 
   variables;
   insertion of a pulmonary catheter (restricted for refractory shock 
   or patients with limited cardiopulmonary reserve), transpulmonary 
   indicator dilution technique at bedside.

Yes
No
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Table 2  Risk factors for rhabdomyolysis

the development of  compartment syndrome. The ob-
truded patient with prolonged limb compression, either 
during surgery or postoperative sedation, is at particu-
lar risk for development of  an extremity compartment 
syndrome that may go unnoticed. In terms of  the role 
of  increasing CK levels and myoglobinuria, these are 
nonspecific signs of  muscle necrosis and late signs of  
untreated irreversible compartment syndromes. 

In most compartments, pressures > 30 mmHg criti-
cally compromise organ perfusion. According to the 
most recognised explanation of  the syndrome, A-V 
gradient pressure theory, the perfusion of  the intracom-
parmental tissues is hindered by the elevation of  the in-
terstitial fluid pressure above the level of  the capillaries. 
The capillary pressure on the arterial end and the venous 
ends are 30 and 10 mmHg, respectively. Excessive vol-
ume resuscitation to prevent and treat burn shock may 
lead to intra-abdominal compartment syndrome, which 
is probably an underestimated contributor to the devel-
opment of  acute kidney injury after burn shock. The 
earliest effect of  raising the intra-abdominal pressure 
(IAP) is to reduce visceral perfusion to organs. Subtle 
interactions with other noxious organ-damaging effects 
may be indistinguishable in a multifactorial setting. With 
higher IAP, more overt symptoms may be seen such as 
hypercarbic and hypoxaemic respiratory failure. Mortal-
ity rates of  this clinical picture are between 70% and 
100%.

Comorbid situations
The only cause of  raised CK in thermal burns patients 
remains the involvement of  muscles in deep burns. 
However, RML may occur in patients with superficial 
burns who had cocaine abuse[28]. Table 2 shows risk fac-
tors for development of  RML. If  any of  these is present 
in the burn victim, RML may occur without the effect 
of  presence of  burn injury. Prolonged immobiliza-
tion (e.g., anaesthesia, coma, drug- or alcohol-induced 
unconsciousness) has been reported to induce RML 
due to unrelieved pressure on gravity-dependent body 
parts. Lateral decubitus, lithotomy, sitting, knee-to-chest 
and prone positions are reported to be the most com-
mon positions leading to RML. One of  the risk factors 
for position-related RMLs was identified as having a 
bodyweight more than 30% greater than the ideal body 
weight .

RHABDOMYOLYSIS-INDUCED RENAL 
FAILURE
Leakage of  intracellular contents such as myoglobulin 
(MB), CK, K, aldolase phosphate, lactate dehydrogenase, 
aspartate transaminase and urate into the extracellular 
space occurs in RML[29]. After complete sarcolemmal 
destruction, MB is released into the systemic circulation, 
leading to renal tubular obstruction. The extent of  renal 
damage is dependent on the amount of  volume deficit 
and renal ischaemia. When MB levels reach 100 mg/dL, 
dark, tea-coloured urine is seen. The principal goal is to 
prevent renal failure in cases of  RML by aggressive fluid 
replacement and forced diuresis. If  acute renal failure 
cannot be prevented by these measures, renal replace-
ment therapy becomes mandatory. CK and MB levels 
must be routinely measured in all patients on admission. 

In human patients, increased serum and perfusate 
levels of  MB and CK during isolated limb perfusion 
have been shown for melanoma and sarcoma treat-
ments[30]. Exertional muscle damage produced by ec-
centric exercise in healthy individuals has been shown 
to cause profound CK and MB elevations without renal 
impairment[31,32].

RML-induced renal failure is caused by the precipita-
tion of  myoglobin in the renal tubules. Early aggressive 
resuscitation with either normal saline or ringer lactate to 
maintain an adequate urine output is the most employed 
intervention in preventing the development of  renal fail-
ure[33]. Therapeutic options include the correction of  the 
hypovolaemia with sufficient fluid supply, the prevention 
of  oliguria using loop diuretics, alkalinization of  urine, 
normalization of  serum electrolytes and decomposition 
of  compartment syndromes. RML can be complicated 
by ARF occurring in 4%-33% of  the patients[34]. Emerg-
ing data overwhelmingly suggest that fluid overload in 
critically ill patients may be associated with adverse out-
comes. Over and under fluid resuscitation may endanger 
renal function in several ways. So, management of  such 
patients should include a strategy of  early resuscitation 
followed by a careful assessment of  fluid status and early 
initiation of  renal replacement therapy[35].

With increased pulmonary intestinal fluid during 
fluid administration, hypoxia is a frequent sequela in the 
context of  systemic oedema. The septic patient with 
capillary leak syndrome is then diagnosed as having 
acute respiratory distress syndrome (ARDS) and placed 
on mechanical ventilation. Hyroxyethyl starch (HES) has 
negative effects on coagulation and causes an osmotic 
nephrosis that can lead to renal impairment. So, HES 
usage during fluid management of  severe burn injuries 
may increase the risk of  acute kidney injury (AKI)[36]. 
On the other hand, persistent fluid overload in AKI pa-
tients may lead to development of  ARDS. Abdominal 
compartment syndrome (ACS) has been described with 
extensive abdominal fluid and impaired renal function[37]. 
ACS is associated with resuscitation volumes of  300 
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Body weight more than 30% of ideal body weight
Pre-existing azotaemia
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mL/kg per 24 h. Figure 5 shows possible negative con-
sequences of  over-resuscitation. Burn physicians must 
evolve their practices to avoid over-resuscitation or they 
should use more sensitive markers of  organ perfusion 
than urine output.

Figure 5 proposes that myoglobinuric burn patients 
must be protected from AKI by iv infusion of  alkaline 
solution. This regimen stabilizes the circulation and mo-
bilizes oedema fluids sequestered in the injured muscles 
into the circulation, corrects hyperkalaemia and acidosis 
and protects against the nephrotoxic effects of  myo-
globulinuria and uricosuria[38]. 

Muscle injury as a consequence of  burn injury may 
have led to elevation in serum creatinine concentra-
tions by increased release of  creatinine in circulation 
while glomerular filtration rate is unaffected. On the 
other hand, serum creatinine may already be increased 
on admission leading to a false low prevalence of  AKI 
when defined as a relative increase of  serum creatinine. 
Burn injury patients with AKI have a worse prognosis 
that is almost linearly correlated with severity of  AKI. 
Although AKI with renal replacement therapy remains 
prevalent in populations with severe burn injury, the out-
come improved[26,39].

CONCLUSION
RML is still one of  the leading causes of  fatality in 
major burns. Massive destruction of  muscular tissue 
leads to RML, defined as CK elevation combined with 
organ damage, which requires immediate diagnostic and 
therapeutic intervention. It appears that RML following 
extensive full-thickness burns may be more common 
than previously suggested. So health professionals deal-
ing with burn therapy must pay close attention against 
possible development of  RML. Especially prolonged 
immobilization and surgeries in certain positions can be 
preventable, while health professionals are taking mea-
sures against these risk factors[40-42]. Judicious fluid resus-
citation remains a basic, but potentially life-saving duty 
of  all involved in the care of  the severely burned patient. 
However, it is not known whether serious complications 
like secondary abdominal hypertension are iatrogenic or 
truly unavoidable in the most seriously burned patients. 
Our uncertainty regarding the basic pathophysiology of  
thermal injury and resuscitation may be the explanation. 
A number of  alternative strategies have been explored in 
relatively small trials. Further advances may potentially 
arise from modulation of  the inflammatory response 
through improved therapies and fluid or from new in-
sights into the basic mechanism of  cellular injury and its 
treatment.
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ral space prevents sonographic visualization of visceral 
pleura movements. Mechanically ventilated patients 
with a pneumothorax require tube thoracostomy place-
ment because of the high risk of tension pneumotho-
rax. Small-bore catheters are now preferred in the ma-
jority of ventilated patients. Furthermore, if there are 
clinical signs of a tension pneumothorax, emergency 
needle decompression followed by tube thoracostomy 
is widely advocated. Patients with pneumothorax re-
lated to mechanical ventilation who have tension pneu-
mothorax, a higher acute physiology and chronic health 
evaluation Ⅱ score or PaO2/FiO2 < 200 mmHg were 
found to have higher mortality.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Patients with pneumothorax related to me-
chanical ventilation (PRMV) have a high mortality rate. 
PRMV often occurs in the early stage of mechanical ven-
tilation and it may recur on the other side of lung in a 
short period of time. Low compliance is associated with 
a high incidence of PRMV, with PRMV being more re-
lated to the underlying process than the ventilatory set-
ting. PRMV patients with tension pneumothorax, higher 
acute physiology and chronic health evaluation score or 
PaO2/FiO2 < 200 mmHg have a higher mortality.
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INTRODUCTION
Pneumothorax, defined as the presence of  air in the 
pleural space, is a serious complication of  mechanical 
ventilation and is associated with increased morbid-
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Abstract
Pneumothorax is a potentially lethal complication as-
sociated with mechanical ventilation. Most of the pa-
tients with pneumothorax from mechanical ventilation 
have underlying lung diseases; pneumothorax is rare 
in intubated patients with normal lungs. Tension pneu-
mothorax is more common in ventilated patients with 
prompt recognition and treatment of pneumothorax 
being important to minimize morbidity and mortality. 
Underlying lung diseases are associated with ventilator-
related pneumothorax with pneumothoraces occurring 
most commonly during the early phase of mechanical 
ventilation. The diagnosis of pneumothorax in critical 
illness is established from the patients’ history, physi-
cal examination and radiological investigation, although 
the appearances of a pneumothorax on a supine radio-
graph may be different from the classic appearance on 
an erect radiograph. For this reason, ultrasonography is 
beneficial for excluding the diagnosis of pneumothorax. 
Respiration-dependent movement of the visceral pleura 
and lung surface with respect to the parietal pleura and 
chest wall can be easily visualized with transthoracic 
sonography given that the presence of air in the pleu-
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ity and mortality[1,2]. Pneumothorax can be categorized 
as primary, secondary, iatrogenic or traumatic accord-
ing to etiology. Mechanical ventilation was found to be 
the common cause of  iatrogenic pneumothorax in an 
intensive care unit (ICU)[3]. Pneumothorax is rare in intu-
bated patients with normal lungs and most patients with 
pneumothorax related to mechanical ventilation (PRMV) 
have underlying lung diseases that range from primary 
obstructive lung disease to secondary pneumonia and 
acute respiratory distress syndrome (ARDS)[4-6]. In criti-
cal illness, pneumothoraces may be difficult to diagnose 
when they have different clinical presentations and their 
locations are atypical and complicated by other disease 
processes in unconscious patients[7,8]. Prompt recognition 
and treatment of  pneumothorax is important to mini-
mize morbidity and mortality[9] because if  pneumothorax 
is not diagnosed quickly, once tension pneumothorax 
ensues, it usually has a malignant course leading to death 
if  untreated[10]. Sudden fall in oxygen saturation followed 
by hypotension are often observed clinically in these pa-
tients[11,12]. Tension pneumothorax is more common in 
ventilated patients, occurring in 30%-97% percent of  all 
pneumothoraces[13-17].

Pneumothorax was found to be an independent pre-
dictor of  mortality during mechanical ventilation[18] and 
was associated with a significant increase in the ICU 
length of  stay, hospital stay and mortality in all mechani-
cally ventilated patients[3]. The mortality rates are high, 
ranging from 46% to 77% if  barotrauma is a complica-
tion of  mechanical ventilation[2,3,14,15,19-24].

EPIDEMIOLOGY 
Patients who received mechanical ventilation have an ap-
proximate incidence of  barotrauma of  4%-15%[4,13,19,25]. 
It has been reported that a 14%-87% incidence of  pneu-
mothorax occurs depending on severity and duration of  
ARDS and mode of  ventilator for management[1,21,26]. A 
prior study found that the incidence rate of  pneumotho-
rax decreased after the implementation of  protective lung 
strategies in pediatric patients with severe ARDS[27]. The 
incidence of  barotrauma has been reported to be as low 
as 0.5% in postoperative patients[23].

DISEASE ASSOCIATED WITH 
PNEUMOTHORAX 
Development of  pneumothorax is most closely correlated 
with underlying lung disease[1,21]. Pneumonia is an impor-
tant predisposing factor in the development of  pulmonary 
barotrauma in mechanically ventilated patients[28]. Nec-
rotizing bacterial pneumonia can cause air leaks into the 
pleura that result in development of  pneumothorax[29].

Chronic obstructive pulmonary disease and asthma 
are also common underlying diseases associated with 
pneumothorax. High airway pressures are required to 
overcome severe bronchial obstruction. However, be-
cause of  a variability of  obstruction in the different 

airways, there is a mal-distribution of  mechanical tidal 
volume, which promotes gas trapping and non-uniform 
alveolar distension. That is why these patients are at risk 
of  pneumothorax[30].

PRMV is most closely correlated with ARDS[31], a 
heterogeneous disease in which the lung is physiologically 
small and with low compliance[32]. The dependent lung 
regions tend to be collapsed and the lung regions sub-
ject to high pressure overinflation and alveolar rupture 
are nondependent regions when positive end-expiratory 
pressure (PEEP) inflates and recruits some of  collapsed 
regions during mechanical ventilation[33,34]. Subpleural and 
intrapulmonary air cysts occur in ARDS patients and the 
rupture of  these air cysts may be a cause of  pneumotho-
rax[14]. Whether the pneumothorax in ARDS arises from 
overinflation of  normal lung regions or from cyst rupture 
has not yet been conclusively established[21].

Other diseases such as lung cancer, tuberculosis, bron-
chiectasis, cystic fibrosis, idiopathic pulmonary fibrosis, 
sarcoidosis, histiocytosis X, Marfan’s syndrome, Ehlers-
Danlos syndrome, lymphangioleiomyomatosis, rheu-
matoid arthritis and other connective tissue disease may 
predispose to the development of  a pneumothorax[35].

PATHOPHYSIOLOGY AND RISK 
FACTORS FOR PRMV
An early investigation reported that peak airway pres-
sure over 50 cm H2O is associated with increased risk of  
alveolar rupture during mechanical ventilation[4]. There 
have also been correlations made between high peak air-
way pressure and the development of  pneumothorax[15,36]. 
High PEEP had been reported to be associated with 
pneumothorax[1] but several studies have found no such 
relationship[15,17,23,28,37]. Increased pressure is not enough 
by itself  to produce alveolar rupture, with some stud-
ies demonstrating that pneumothorax is related to high 
tidal volume[37]. In animal studies, there is evidence to 
conclude that lung overdistension rather than high airway 
pressure is the primary cause of  alveolar and interstitial 
injury[38,39].

A clinical study showed that when plateau pressure 
was maintained lower than 35 cm H2O, pneumothorax 
was unavoidable[40]. Although one study showed that the 
incidence of  pneumothorax decreased after implementa-
tion of  protective lung strategies[27], several recent studies 
comparing low tidal volume with conventional ventilation 
in ARDS failed to demonstrate any reduction in baro-
trauma when low tidal volumes were used[41-43]. Previous 
literature showed the incidence of  barotrauma did not 
relate to the ventilatory settings[22,31,41,44] but a low compli-
ance was associated with a high incidence of  barotrauma, 
which suggested that barotrauma has been more related 
to the underlying process than the ventilatory setting[40].

CLINICAL MANIFESTATIONS OF PRMV
Pneumothorax is secondary to ruptured alveoli and dis-
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section of  air along the vascular sheaths passing to the 
mediastinum, subcutaneous tissue and retroperitoneum. 
Therefore, it may manifest as pulmonary interstitial em-
physema, pneumomediastinum, pneumoperitoneum or 
subcutaneous emphysema[32]. Patients may present with 
tachycardia, chest pain, tachypnea, agitation, hypotension, 
cyanosis or consciousness change. Tachycardia is the 
most common finding.

It has been observed that the median time from me-
chanical ventilation to the development of  pneumotho-
rax was 4 d[3]. Anzueto et al[45] reported that 80% of  their 
patients developed pneumothorax within the first 3 d of  
mechanical ventilation. Gattinoni et al[21] found that late 
ARDS (> 2 wk of  mechanical ventilation) patients had an 
increased incidence of  pneumothoraces when compared 
to early ARDS (less than 1 wk of  mechanical ventila-
tion) patients[21]. However, Gammon et al[31] reported that 
pneumothoraces occurred most commonly during the 
early phase of  ARDS, with a declining risk over time.

Approximately 7.4%-10% of  patients with first epi-
sode pneumothorax will develop second episode pneu-
mothorax on the other lung during mechanical ventila-
tion[3,31]. Clinically, we should take notice of  these patients 
because the pneumothorax might attack the lung on the 
other side.

Tension pneumothorax is common in mechanically 
ventilated patients[13-17]. Mechanical ventilation will in-
crease gas flow through pleura defects, allowing more air 
to pass per unit time, and resulting in a more rapid intra-
pleural pressure rise with earlier mechanical compressive 
effects and rapid progress to cardiorespiratory collapse 
and death[46].

DIAGONOSIS
The diagnosis of  pneumothorax in critical illness is es-
tablished from patients’ history, physical examination and 
radiological investigation. The factors related to the un-
derlying lung disease are important in the history. Exami-
nation of  the respiratory and cardiovascular systems may 
help establish the diagnosis of  pneumothorax. However, 
examination findings may vary according to the size of  
pneumothorax and presence of  limited cardiorespiratory 
reserve[47], with patients with a small pneumothorax (one 
involving < 15% of  the hemithorax) possibly having 

a normal physical examination. Careful inspection and 
repeated auscultation of  the chest is therefore crucial. 
Contralateral tracheal deviation, hyperresonant percus-
sion over the chest and decreased breathing sounds 
might be noted. Reduction in tidal volume during pres-
sure controlled ventilation and increased airway pressure 
with volume controlled ventilation might be found from 
ventilators. A pulsus paradoxus on the arterial trace and 
increased central venous pressure from central venous 
catheterization may be observed[8,9,46,47].

It should be noted that many of  the above findings 
are nonspecific and have not been a reliable indicator of  
pneumothorax given that dyspnea severity can be out 
of  proportion to the size of  the pneumothorax. The 
radiographic data thus remains the gold standard for the 
diagnosis of  pneumothorax[8]. The chest radiograph may 
show radiolucent hemithorax with apparent lung edge 
and absent lung marking. Mediastinal emphysema was 
the initial manifestation of  extra-alveolar air[1]. Although 
an erect posteroanterior chest radiograph may help to 
estimate the pneumothorax size[48], it is not practical in 
critical illness. However, the supine anteroposterior chest 
radiographs are available in the ICU, although the appear-
ances of  a pneumothorax on a supine radiograph may 
be different from the classic appearances on an erect ra-
diograph. Air may lie in the costophrenic angle extending 
more inferiorly than usual (Figure 1A), which has been 
called deep sulcus sign[49]. Concurrent lung disease may 
lead to different distributions of  free air in the pleural 
space than in relatively normal lungs[50] or it may lead to 
loculated gas collections if  there is associated pleural dis-
ease[51]. Some radiographic findings that may be confused 
with pneumothorax are skin folds, visceral gas within the 
gas and emphysema bullae. A chest computed tomogra-
phy (CT) examination, in contrast, can differentiate these 
diagnoses and is the gold standard test for both the diag-
nosis and sizing of  pneumothorax (Figure 1B)[52]. CT is 
an excellent tool to differentiate bullous lung disease and 
prevent unnecessary drainage attempts that may result in 
the creation of  a parenchymal-pleural fistula[53]. Chest ra-
diographs may not distinguish between emphysematous 
bullae and pneumothorax, thus possibly resulting in po-
tentially catastrophic insertion of  intercostal chest drain 
into emphysematous bullae in mechanically ventilated 
patients. Unfortunately, it is not always practical or safe 
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Figure 1  A chest radiograph demonstrates (A) 
and computed tomography (B) right pneumotho-
rax (arrows). Air may lie in the costophrenic angle 
extending more inferiorly than usual (A, arrow).
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suspected tension pneumothorax.

TREATMENT AND PREVENTION	
Most mechanically ventilated patients with a pneumo-
thorax require tube thoracostomy placement because of  
the high risk of  tension pneumothorax[61]. The strategy 
of  managing pneumothorax is shown in Figure 2. It is 
not advisable to wait for a radiograph if  there are clini-
cal signs of  a tension pneumothorax. Emergency needle 
decompression followed by tube thoracostomy is widely 
advocated[46]. In critically ill patients with minimal pul-
monary reserve, even a small pneumothorax can have 
adverse cardiopulmonary effects[62]. Positive pressure ven-
tilation can exacerbate air leaks and prevent pleural heal-
ing, potentially causing a rapid increase in the size and 
severity of  existing pneumothorax.

The traditional treatment for pneumothorax in me-
chanically ventilated patients has been chest tube thora-
costomy[61], an image-guided small catheter whose size 
ranges from 7 to 10 Fr, to become an effective therapeu-
tic option for pneumothorax[63]. A retrospective review 
of  62 ventilated patients who underwent small-bore chest 
tube drainage as the primary management of  pneumo-
thorax found a 68.6% success rate, defined as no residual 
air seen in the follow-up chest radiograph, and with no 
major complications[64]. These results compare favorably 
with previous data showing a success rate of  55% with 
the same definition for success as in the previous study 
with a large bore tube[20].

In patients with a persistent air leak or failure of  the 
lung to expand, early thoracic surgical consultation is 
generally requested within 3-5 d[65]. Although surgical 
intervention is considered very effective and safe with a 
low recurrence rate, the studies reaching this conclusion 
do not include critically ill patients[66,67].

Muscle relaxants might be effective to decrease the 
incidence of  pneumothorax for patients with ARDS. A 
recent study by Papazian et al[68] reported a significant re-
duction in pneumothoraces in patients with severe ARDS 
who received 48 h of  paralysis.

OUTCOMES 
Mechanically ventilated patients with pneumothorax had 
a significantly higher mortality rate than those without 
pneumothorax. de Lassence et al[3] reported that iatro-
genic pneumothorax was associated with a greater than 
twofold increase in the risk of  death. In terms of  iatro-
genic pneumothorax, the mortality rate of  patients with 
ventilator-related pneumothorax was significantly higher 
than that of  patients with procedure-related pneumotho-
rax[20]. Ventilator-related pneumothorax patients with ten-
sion pneumothorax had a higher risk of  death[20].

CONCLUSION
Pneumothorax is a medical emergency and a disease 
with a high mortality rate; it requires a careful awareness, 

to transport critically ill patients for a CT scan to exclude 
pneumothorax, particularly when the patient is hemody-
namically unstable. 

Transthoracic sonography is a diagnostic tool for 
pneumothorax[54-56]. There are several advantages of  ul-
trasonography over standard chest radiography and CT  
scanning, including the lower radiation, portability, real-
time imaging and the ability to easily perform dynamic 
and repeat evaluation. The main use of  ultrasonography 
for assessment of  pneumothorax lies in its capacity to 
rule out a pneumothorax. Respiration-dependent move-
ment of  the visceral pleura and lung surface with re-
spect to the parietal pleura and chest wall can be easily 
visualized with real-time transthoracic sonography. This 
characteristic is known as lung sliding or gliding sign[56-58]. 
At the boundary between the pleura and the ventilated 
lung, intensive band-like reverberation echoes (comet-
tail artifacts) are evoked during breathing movement[54,57]. 
M-mode images of  patients without pneumothorax show 
breath-dependent movements as a single, thin comet-tail 
artifact. The presence of  air in the pleural space prevents 
sonographic visualization of  visceral pleura movements 
and the gliding sign and comet-tail artifacts disappear[57,58]. 
M-mode images of  patients with pneumothorax show 
the immobility of  these artifacts known as frozen echoes 
under breathing movement. 

One study showed transthoracic ultrasound was more 
sensitive than chest radiography in the detection of  pneu-
mothorax[59]. Another study comparing ultrasonography 
to CT scan and chest radiographs for diagnosis of  occult 
pneumothorax revealed that the use of  ultrasonography 
detected 92% of  occult pneumothoraces diagnosed with 
CT scan[60]. In trained hands, an ultrasound examination 
may obviate the need for empiric tube thoracostomy for 

Pneumothorax related to mechanical ventilation

Sign of tension pneumothorax

Yes

Emergent intercostals 
needle decompression

Tube thoracostomy

No

Tube thoracostomy Persistent air leak No air 
leak

No air leak Thoracoscopy Chest tube drainage 
with chemical 
pleurodesis
if thoracoscopy
contraindicated

Emphysema-like change No emphysema-like
change

Emphysema-like change 
treatment and chemical
pleurodesis

Chemical pleurodesis

Figure 2  An algorithmic approach to treatment of pneumothorax related 
to mechanical ventilation.

Hsu CW et al . Ventilator-related pneumothorax



12 February 4, 2014|Volume 3|Issue 1|WJCCM|www.wjgnet.com

prompt recognition and intervention to reduce morbidity 
and mortality. Most patients with PRMV have underly-
ing pulmonary diseases, the most common of  which are 
pneumonia, ARDS and obstructive lung disease. Pneu-
mothorax presentation and radiographic findings may be 
subtle or atypical. Whereas a CT scan is the gold standard 
for diagnosis, the use of  ultrasonography has benefits in 
both diagnosis and management of  pneumothorax. Most 
of  the ventilated patients with a pneumothorax require 
immediate treatment with tube thoracostomy because of  
the high risk of  progression to a tension pneumothorax. 
Small-bore catheters are now preferred in the majority of  
ventilated patients.
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Core tip: Terrorism and mass casualty events continue 
to increase on a global scale. Many injuries specific to 
terrorist incidents including blast injury, biological, and 
chemical casualties are unfamiliar to the critical care 
provider. We review the presentation, pathophysiology 
and care of these casualties. We give specific consider-
ation to the pediatric population as they are a particu-
larly vulnerable population and both adult and pediatric 
critical care specialists would be called upon to care 
for children in the event of a massive casualty terrorist 
event.
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INTRODUCTION
Terrorism is an unfortunate fact of  life in current times. 
Children have been identified as a specific vulnerable 
population[1]. Additionally children have increased mortal-
ity when exposed to combat injury[2]. While these events 
have increased in frequency, exposure during medical 
training is limited. This review will cover those aspects 
of  care of  the pediatric victim of  terrorist incidents that 
may not be familiar to the critical care provider. We will 
cover primary blast injury (PBI), biological weapons, and 
chemical weapons.
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Abstract
Both domestic and foreign terror incidents are an un-
fortunate outgrowth of our modern times from the 
Oklahoma City bombings, Sarin gas attacks in Japan, 
the Madrid train bombing, anthrax spores in the mail, 
to the World Trade Center on September 11th, 2001. 
The modalities used to perpetrate these terrorist acts 
range from conventional weapons to high explosives, 
chemical weapons, and biological weapons all of which 
have been used in the recent past. While these weap-
ons platforms can cause significant injury requiring 
critical care the mechanism of injury, pathophysiology 
and treatment of these injuries are unfamiliar to many 
critical care providers. Additionally the pediatric popula-
tion is particularly vulnerable to these types of attacks. 
In the event of a mass casualty incident both adult and 
pediatric critical care practitioners will likely be called 
upon to care for children and adults alike. We will re-
view the presentation, pathophysiology, and treatment 
of victims of blast injury, chemical weapons, and bio-
logical weapons. The focus will be on those injuries not 
commonly encountered in critical care practice, primary 
blast injuries, category A pathogens likely to be used 
in terrorist incidents, and chemical weapons including 
nerve agents, vesicants, pulmonary agents, cyanide, 
and riot control agents with special attention paid to 

REVIEW

15 February 4, 2014|Volume 3|Issue 1|WJCCM|www.wjgnet.com

World Journal of
Critical Care MedicineW J C C M

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.5492/wjccm.v3.i1.15

World J Crit Care Med  2014 February 4; 3(1): 15-23
ISSN 2220-3141 (online)

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.



High-order explosives (HE) were first available after 
dynamite was developed by Alfred Nobel in 1866. Since 
then several other HE have been developed and are used 
in up to 66% of  terror attacks[3]. Biological warfare dates 
back to the Hittites driving diseased animals into enemy 
territories as early as 15th century BC. In 1346, Mongols 
hurled bodies of  those killed by plague into Crimean city 
of  Caffa, causing an epidemic resulting in their surrender. 
Chemical weapons were first used on a large scale dur-
ing World War Ⅰ where mustard, chlorine, and phosgene 
were used in the trenches[4]. In more recent times, Sad-
dam Hussein and the Iraqi military used the nerve agent 
sarin against Kurdish villagers and the Iranian military 
during the Iraq-Iran War in 1988 with 75% of  casual-
ties being women and children. Sarin has been used on 
at least two occasions in the mid-1990s by the Japanese 
terror cult Aum Shinrikyo, including an incident in 1995 
at a Tokyo subway station that killed 15 and injured over 
5000. Among the injured were healthcare providers who 
were unprepared to deal with contaminated victims. Re-
cent events in Syria have also clearly shown that chemical 
weapons are a threat we still face. Finally, chemical agents 
may be introduced into the food supply as was seen with 
the placement of  a nicotine-containing insecticide into 
ground beef  in Michigan, United States in 2002 that re-
sulted in more than 40 children becoming ill.

As mentioned, children are identified as a vulner-
able population. They have several specific physiologic, 
anatomic, and developmental differences from adults 
which make the particularly vulnerable (Table 1). In 2010 
the National Commission on Children and Disasters re-
ported that while children make up 25% of  the United 
States population only 25% of  EMS agencies and 6% of  
hospital emergency rooms have supplies and equipment 

to treat children[1]. This problem is likely more prevalent 
in the developing world where children make up a larger 
portion of  the population. When planning and executing 
exercises and simulations of  disaster events, including 
terrorist attacks, it is imperative that the unique aspects 
of  treating children are taken into account[1].

PBI
Explosive charges can be divided into 2 types, HE, which 
cause a supersonic overpressure wave, or low-order 
explosives which are lower energy and do not cause an 
overpressure wave. Examples of  HE include C-4, TNT, 
and ammonium nitrate, which was used in the bombing 
at the Murrah Federal Building in Oklahoma City.

Injuries caused by a blast can be divided into 4 cat-
egories; primary, secondary, tertiary, and quaternary. PBI 
is injury caused as a direct effect of  overpressure caused 
by the blast wave itself  passing through the tissues. Low-
order explosives typically do not cause PBI due to the 
lack of  an overpressure wave. Secondary blast injury is 
caused by fragments propelled by the explosion. These 
penetrating injuries are more easily identifiable and also 
more familiar to most physicians. Tertiary injuries are 
those injuries caused by displacement of  the victim’s 
body and are the result of  impact on a surface such as 
fractures, traumatic brain injury (TBI), or abrasions. Qua-
ternary injuries are burns and inhalation caused by the 
blast itself[5]. While we differentiate these 4 types of  in-
jury, injury in explosions is multi-mechanistic and can be 
difficult to determine individually[6]. We will focus on PBI 
as the penetrating, blunt, and thermal trauma associated 
with secondary, tertiary, and quaternary blast injuries are 
more familiar to the critical care physician. For pediatric 
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  Vulnerability Blast Injury Biological agents Chemical agents

  Proximity to ground Agents settle to the ground Agents tend to pool in lower areas
  Increased minute ventilation Increased exposure to inhaled agents Increased exposure to inhaled agents
  Provider unfamiliarity with
  pediatric dosing of medications

Dosing of antibiotics different No prepackaged store of 
antidotes in pediatric doses

  Lack of knowledge or 
  inability to flee danger

Either unaware or unable 
to flee from explosion

Potentially curious about ordinance

Unlikely to recognize signs/
symptoms of biologic agents

Would not know to flee from strange 
odor or seek medical help with symptoms

  Lack of stockpile of pediatric 
  dosed antidotes and vaccines

Prepackaged stockpiles of 
vaccines and antidotes not 
dosed for small children[32]

Lack of guidelines for dosing of 
antidotes in children

  Less blood volume/
  physiologic reserve

More rapidly develop 
life threatening blood loss

Prone to dehydration 
with illness. Lower 

functional residual capacity

More prone to respiratory distress/
failure with nerve agents, 

vesicants, and pulmonary agents
  Thinner skin Faster absorbtion of agents
  Increased BSA to mass ratio Prone to hypothermia during

triage, evacuation and treatment
Prone to hypothermia with decontamination

  Developmental immaturity Unable to follow mental 
status exam/communicate 

other injuries early

Present later in the 
course of biologic agents

Unable to promptly communicate symptoms

  Increased head size 
  compared to body

Increased head AIS when 
compared to adults[2] 

Table 1  Pediatric specific vulnerabilities to terrorist attacks

AIS: Abbreviated injury score; BSA: Body surface area.



specific vulnerabilities in blast injury please see Table 1.
The overpressure wave that causes PBI does so 

through 2 mechanisms, stress and shear, which cause in-
juries by transmission of  kinetic energy as the wave trav-
els from tissue into air-filled organs[6,7]. Stress waves are 
longitudinal and cause “spalling”, which can cause signifi-
cant microvascular and tissue damage. Shear waves, are 
transverse and cause disruption of  tissue attachments[7].

When explosions occur in closed environments, mor-
tality is higher due to the blast wave reflecting off  solid 
walls. In the Madrid subway bombings of  2004, 63% of  
patients who survived to intensive care unit admission 
were noted to have blast lung injury[8]. In a 1996 analysis 
of  detonations in terrorist incidents in Israel, explosions 
occurring in enclosed spaces versus open air detonations 
had a higher rate of  mortality (49.0% vs 7.8%) and higher 
incidence of  primary blast injuries (77.5% vs 33.4%)[9].

Blast lung injury
Primary blast lung injury (PBLI) occurs in 3%-14% of  
blast survivors and is the most common fatal complica-
tion of  initial survivors of  blast injury[9,10]. Passage of  
the overpressure wave from tissue to the air filled alveoli 
causes disruption of  the capillary alveolar interface re-
sulting in pulmonary hemorrhage, pulmonary edema, 
pneumothorax, pulmonary fat embolus, or air embolus 
from arterio-venous fistulas[11]. The resultant clinical signs 
suggestive of  PBLI are tachypnea, respiratory distress, 
cyanosis, and hemoptysis[7]. Chest radiographs may show 
bilateral central pulmonary infiltrates that are not always 
initially present on admission[12]. In a retrospective re-
view from Israel all patients with PBLI had pulmonary 
infiltrates and hypoxia[12]. Thus PBLI should be strongly 
suspected in any patient with any of  the above findings 
especially in the absence of  evidence of  other penetrat-
ing or blunt chest injury.

Treatment of  PBLI should include maintaining paten-
cy of  the airway, oxygenation, avoidance of  overzealous 
fluid administration (which children are at increased risk 
of), and support of  ventilation. Historically it has been 
taught that positive pressure ventilation should be avoid-
ed but in one series with excellent outcomes, 76% of  
patients required intubation and mechanical ventilation[12]. 
Additionally these patients are at high risk of  pneumo-
thoraces and prophylactic placement of  chest tubes prior 
to intubation or transport should be considered[13]. Pul-
monary hemorrhage should be treated with optimization 
of  coagulation but if  oxygenation cannot be maintained 
then positive pressure ventilation and selective ventilation 
of  the non-involved lung is recommended. Permissive 
hypercapnia such as that used with acute respiratory dis-
tress syndrome has been recommended as a ventilatory 
strategy in PBLI patients[14]. Identification of  air emboli 
by echocardiography, computed tomography (CT), or 
bronchoscopy is critical in PBLI as these are a frequently 
fatal. Thoracotomy on the affected side is the recom-
mended treatment for non-traumatic air embolus but may 
not be effective in PBLI as there may be multiple sites of  
injury[15]. Therefore a more conservative approach would 

be to put the patient in a modified lateral decubitus posi-
tion with the injured lung down or prone position.

Cardiovascular blast injury
The cardiovascular effects in victims of  a blast can be 
complex. Secondary or tertiary injuries can cause cardiac 
contusion or tamponade. The stress of  being in a blast 
can induce myocardial infarction in susceptible adults 
with pre-existing heart disease. Unique to blast injury is 
the observed phenomenon of  bradycardia, apnea, and 
hypotension immediately following a blast[7]. Rat studies 
have demonstrated a similar response after a blast with a 
drop in systemic vascular resistance (SVR)[16]. The same 
authors found that when they performed a surgical va-
gotomy and administered atropine to rats subjected to 
blast that these effects were diminished suggesting a va-
gal response to the blast itself[17]. Some data indicate that 
atropine may be a useful adjunct in blast patients expe-
riencing hemodynamic compromise[7]. Infants may be at 
increased risk of  this vagally mediated bradycardia, apnea, 
and lack of  compensatory increase in SVR due to imma-
turity of  their sympathetic nervous system. Additionally, 
given the relative flexibility of  the pediatric thoracic cage 
they are at increased risk for cardiac contusions.

Gastrointestinal blast injury
The pathophysiology of  gastrointestinal (GI) tract PBI 
is similar to PBLI. It occurs when the overpressure wave 
passes from tissue into gas filled spaces causing microvas-
cular damage and tearing across tissue planes. Incidence 
ranges from 3.0%-6.7% amongst initial survivors in a 
series of  1040 patients[18]. The regions most affected were 
the terminal ileum and cecum[18]. Solid organs can rupture 
although this occurs less frequently. Signs and symptoms 
include those typically seen with abdominal hemorrhage 
and perforation to include, abdominal pain, nausea, em-
esis, hematemesis, melena, hypotension, or signs of  peri-
toneal irritation and may present several hours to days 
after injury[7].

Diagnosis is primarily clinical and accomplished 
through serial exams, which can be more challenging in 
the pediatric population. Adjunctive diagnostic tests such 
as plain abdominal radiograph can help in diagnosis. Ab-
dominal CT scan is very effective at demonstrating solid 
organ injury but may not be as sensitive with intestinal 
injury. Diagnostic peritoneal lavage can be used as an ad-
junct if  other studies or clinical exam are not conclusive[18]. 
The treatment of  GI blast injury is similar to that of  blunt 
or penetrating abdominal injury and indications for surgi-
cal intervention are similar[18]. It should be noted that GI 
blast injury typically develops over several hours to days 
and that treatment of  PBLI, cardiac injury and other life 
threatening injuries should be stabilized prior to treatment 
of  the GI injuries if  they are not life threatening.

Blast TBI
While blast TBI (bTBI) is a common occurrence in ex-
plosions there is also a high incidence of  closed TBI due 
to tertiary blast injury making it difficult to separate the 
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this can lead to increased cutaneous absorption through 
abrasions in the skin. Isolation is not required after thor-
ough decontamination[21].

Nerve agents [Tabun (GA), Sarin (GB), Soman (GD), and 
VX]
Nerve agents can be absorbed, ingested, and inhaled (if  
in aerosolized form). Nerve agents are colorless liquids 
at room temperature and generally odorless and tasteless. 
Although they range in severity (VX is the most potent), 
all are organophosphate analogs and inhibitors of  the 
enzyme acetyl cholinesterase, resulting in excessive ace-
tylcholine stimulation of  both nicotinic and muscarinic 
receptors.

Signs and symptoms depend on the form of  the 
agent, concentration, and environmental variables. Aero-
solized agents produce symptoms within minutes while 
cutaneous exposure symptoms may not develop for 
hours. Initial symptoms are often best remembered by 
SLUDGE (salivation, lacrimation, urination, defecation, 
GI upset, and emesis). More severe symptoms consist 
of  respiratory (cough, wheezing with bronchorrhea, dys-
pnea, respiratory depression and cyanosis), cardiovascular 
(bradycardia, hypotension, and atrioventricular block), 
and central nervous system (muscle fasciculations, sei-
zures, ataxia, and altered mental status including coma). It 
is important to note that children may not exhibit miosis 
to the same degree as adults but do exhibit a high inci-
dence of  weakness/hypotonia. Pediatric patients are at 
higher risk for severe toxicity than adults (Table 1).

The diagnosis of  nerve agent exposure is generally 
made using presenting symptoms and response to anti-
dotes. Although red blood cell or plasma acetyl cholines-
terase levels can be measured, this test is not widely avail-
able on a rapid basis. In addition, nerve agent detection 
devices are available in certain settings (generally military 
and homeland defense) but not generally found in civilian 
healthcare settings. Decontamination (outlined above) is 
key to both treatment and prevention of  contamination 
of  providers.

Death, usually as a result of  respiratory failure, can 
occur within 5-10 min of  lethal dose exposure without 
proper treatment. Treatment consists of  antidotes for 
both muscarinic (atropine) and nicotinic (pralidoxime 
chloride) with pediatric dosing provided in Table 2[22]. 
Atropine is indicated for all patients exhibiting signs/
symptoms of  nerve agent poisoning. Atropine should be 

two[5]. Clinical findings in bTBI have a similar spectrum 
to injuries seen in the typical practice of  critical care 
physicians and include edema, contusion, diffuse axonal 
injury, hematomas, and hemorrhage[5]. A study by Ling 
et al[19] based on the conflicts in Iraq in Afghanistan sug-
gest that the pathophysiology in bTBI may be different 
with increased vasospasm and pseudoaneurysms as well 
as onset of  cerebral edema much earlier in the course of  
bTBI than other TBI. Additionally they demonstrated 
early decompressive craniectomy in these patients may 
reduce mortality. With the exception of  early craniectomy, 
current treatment strategies for bTBI do not differ from 
more common severe closed head injury[5]. Specific pedi-
atric considerations include age appropriate equipment, 
assessment tools such as the pediatric Glasgow Coma 
Score, and recognition of  the specific vulnerabilities of  
children to bTBI (Table 1).

Ophthalmologic and auditory blast injury
Significant ophthalmologic injury may occur in up to 
10% of  blast victims and may include a perforated globe, 
foreign body, air embolism, fractures, or globe rupture 
from the over pressure wave[13]. Auditory injury is also 
common in blast injury occurring in 9%-47% of  vic-
tims[7]. While both ophthalmologic and auditory injuries 
are common and may require follow-up (such as globe 
rupture within 12 h) they should be addressed after life 
threatening injuries.

CHEMICAL AGENTS
There are estimated to be over 50 chemical agents that 
can be used as weapons, many of  which have a high 
probability of  injury. Children may often be the index 
case in the event of  a chemical agent attack due to their 
inherent vulnerabilities (Table 1). Exposure to chemical 
agents is usually via either the respiratory system or skin 
with direct and systemic toxicity possible in either route.

Skin decontamination of  suspected victims is impera-
tive as it limits further absorption by the patient as well as 
preventing healthcare worker exposure. Decontamination 
(“The solution to pollution is dilution”) is best done with 
0.5% hypochlorite solutions or large amounts of  soap 
and water after removal of  all clothing and jewelry. De-
contamination should be done by personnel in appropri-
ate personal protective equipment[20]. Following this, the 
patient should be blotted dry instead of  scrubbed dry as 

  Agent Pediatric dosing Notes

  Nerve agents Atropine 0.05 mg/kg iv or im  q 2-5 min (max 5 mg)
Pralidoxime 25 mg/kg iv or im  q 1 h (max 1 g iv or 2 g im )

Benzodiazepines: Midazolam im  0.2 mg/kg (max 10 mg) (1st choice)
Lorazepam iv/im  0.1 mg/kg (max 4 mg)

Diazepam iv 0.3 mg/kg (max 10 mg)

Atropine should be repeated for persistent symptoms

  Cyanide Hydroxocobalamin 70 mg/kg (max 5 g) or
sodium nitrate; 0.33mL/kg iv (max 10 mL) followed by
sodium thiosulfate (25%) 1.65 mL/kg iv (max 50 mL)

Hydroxocobalamin may be repeated × 1 if needed

Table 2  Management of chemical agents

Hamele M et al . Pediatric considerations in terrorist attacks
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repeated every 2-5 min if  symptoms persist[22]. Both pedi-
atric intramuscular atropine (0.25, 0.5, 1 mg dosages) and 
adult (2 mg) auto injectors are available although pediatric 
ones may be less available in some settings. Patients with 
severe sign/symptoms should also be given pralidoxime 
chloride (2-PAM) and a benzodiazepine. 2-PAM is used 
to treat the nicotinic receptor blockage by binding to the 
nerve agent, thus “re-activating” the acetylcholinesterase 
which can now break down the excessive acetylcholine 
present, provided enzyme “aging” or inactivation has not 
occurred. Currently there are only adult auto injectors (600 
mg of  2-PAM) which together with the 2 mg atropine 
adult autoinjectors (Mark-Ⅰ kit) can be used in pediatric 
patients when necessary. The Pediatric Expert Advisory 
Panel of  Columbia University’s Program for Pediatric Pre-
paredness at the National Center for Disaster Prepared-
ness has published guidelines on the use of  Mark I kits in 
pediatric patients (Table 3). There are newer types of  kits 
that combine the two agents in to one syringe for easier 
administration. Benzodiazepines (with midazolam as the 
preferred treatment) are given concurrently with 2-PAM 
to both prevent as well as treat seizures.

Vesicants
Sulfur Mustard is a vesicant that forms blisters upon 
skin contact and has been used on occasion since World 
War Ⅰ including against the Kurdish population in Iraq. 
Although other vesicants exist such as Lewisite, they are 
considered to be of  less risk for weaponization[4]. Vesi-
cants are alkylating agents that cause damage to rapidly 
reproducing cells. Although vesicants cause less morbid-
ity than nerve agents, they can cause significant long-term 
morbidity with extensive damage to skin, respiratory sys-
tem, eyes, as well as bone marrow suppression. Mortality 
is usually from respiratory failure. Pediatric patients again 
exhibit a greater vulnerability to these agents due to faster 
skin absorption and proximity to agents settling near the 
ground (Table 1). If  ingested, vesicants can also cause ex-
tensive intestinal mucosal injury. Although extensive clini-
cal symptoms may not present until hours after exposure, 
skin damage can occur within minutes unless prompt 
decontamination is done. In general care =is supportive 
(similar to traditional burn care except for not requiring 
high volume fluid administration as in traditional burns) 
except in the case of  lewisite for which British Anti-
Lewisite can be used (3 mg/kg im q 4-6 h)[20].

Pulmonary agents
Chlorine and phosgene are the classic pulmonary agents 

but there are other pulmonary agents that can cause sig-
nificant injury such as methyl isocyanate which was ac-
cidentally released in Bhopal, India in 1984 causing over 
3000 deaths. Pulmonary agents have an odor of  newly cut 
hay or grass and symptoms start with eye and skin irrita-
tion[21]. Significant respiratory symptoms can be delayed 
up to 24 h[23]. Symptoms include airway irritation (cough-
ing, wheezing) with subsequent pulmonary edema and 
respiratory failure. Injury can occur to both Type Ⅰ and 
Ⅱ pneumocytes as well as alveolar macrophages with 
later release of  prostaglandins and bradykinin produc-
ing vasodilatation and increased capillary permeability[23]. 
See Table 1 for pediatric specific vulnerabilities. Decon-
tamination (moving to fresh air and supplying oxygen) is 
key to the management of  these patients. Treatment for 
respiratory failure is similar to other causes of  respiratory 
failure. Adjunct treatments that have been used but lack 
definitive recommendations include corticosteroids as 
well as in the case of  phosgene, N-acetylcholine.

Cyanide 
Cyanide is a potent toxin that disrupts cellular metabo-
lism by inhibiting cytochrome oxidase with interruption 
of  oxidative phosphorylation. Cyanide intoxication can 
be caused by inhalation, ingestion or transdermal absorp-
tion of  vapor, solid, and liquid forms. Fortunately cyanide 
is difficult to formulate into a chemical weapon due to it 
being highly volatile and chemically unstable. The clas-
sic presentation of  cyanide poisoning is hypoxia without 
evidence of  cyanosis. Mild symptoms include tachypnea, 
dizziness, nausea, vomiting, and headaches. Significant 
exposure can cause seizures, coma, respiratory arrest, and 
cardiac arrest within minutes.

Cyanide poisoning should be suspected in patients 
with a sudden change in mental status and significant 
metabolic acidosis. Characteristically patients have a bitter 
almond odor with a cherry red appearance of  the skin. 
Laboratory testing will reveal elevated serum lactate lev-
els, a narrow arterial-venous oxygen saturation difference, 
and elevated blood cyanide levels.

Decontamination (soap and water) should be per-
formed in the event of  cutaneous exposure. Mild systemic 
symptoms generally resolve with fresh air. Severe symp-
toms (coma, respiratory distress, etc.) are an indication for 
administration of  an antidote in addition to critical care 
support as indicated. Hydroxocobalamin is now recom-
mended as first line treatment due to its improved safety 
profile as compared to traditional cyanide antidote kits 
(Table 2). Hydroxocobalamin’s mechanism of  action is 
binding with cyanide to form cyanocobalamin which is 
excreted renally[24]. Traditional cyanide antidote kits consist 
of  sodium nitrite and sodium thiosulfate. A third com-
ponent, amyl nitrite is no longer recommended due to 
questionable efficacy. Nitrite administration is now used as 
a second line treatment due to concerns of  overproduc-
tion of  methemoglobin which may compromise oxygen-
carrying capacity, especially in young children, as well as 
hypotension that can be seen with nitrite infusions.

  Pediatric patients Mark Ⅰ kits

  3-7 yr (approximately 13-25 kg) One Mark Ⅰ kit as maximum dose
  8-14 yr (approximately 26-50 kg) Two Mark Ⅰ kits as maximum dose
  > 14 yr (approximately > 51 kg) Three Mark Ⅰ kits as maximum dose

Table 3  Guidelines for the use of Mark Ⅰ kits in pediatric 
patients

Mark Ⅰ kit: 2 mg atropine and 600 mg 2-PAM; PAM: Pralidoxime.

Hamele M et al . Pediatric considerations in terrorist attacks



20 February 4, 2014|Volume 3|Issue 1|WJCCM|www.wjgnet.com

Riot control agents
Riot control agents are also known as lacrimators, “tear 
gas”, and pepper spray. The most commonly used riot 
control agents are CS and CN. Although these agents 
produce mostly irritant symptoms to the eye they can 
be fatal as seen with a terrorist attack in Russia in 2002 
where over 100 were killed. These agents are also alkylat-
ing but do not produce tissue damage similar to vesicants. 
In general they cause pain, conjunctival injection, blepha-
rospasm, and lacrimation. In some cases respiratory 
symptoms may occur (laryngospasm and bronchospasm) 
and is the cause of  fatalities. Treatment consists of  eye 
and skin irrigation as well as supportive respiratory care, 
including bronchodilators, if  needed. 

BIOLOGIC AGENTS
The use of  biologic weapons has been and continues to 
be a great threat to our population. The ability to rec-
ognize that an attack has occurred and the ability to dif-
ferentiate this from a natural outbreak can be difficult as 
symptoms of  these agents may be delayed days to weeks 
after the attack. It is imperative that physicians recognize 
patterns that could indicate the early manifestations of  a 
bioterrorist attack. A sudden outbreak of  an unusual ill-
ness or the diagnosis of  a rare disease is likely to be the 
first indication. Epidemiologic surveillance systems have 
been set up for early detection with the goals of  early 
institution of  preventative measures such as vaccination, 
isolation, prophylaxis, and institution of  other treatment 
modalities[25]. Children, like in previous sections, have 
particular vulnerabilities to biological attacks (Table 1).

The Soviet Union, United States, and Japan all devel-
oped biological weapons programs in the 20th century. It 
is suspected that Japanese planes dropped fleas carrying 
plague over China during World War Ⅱ. The Conven-
tion of  the Prohibition of  the Development, Produc-
tion, and Stockpiling of  Bacteriologic and Toxin Weap-
ons was held in 1972, with over 140 countries signing[25]. 
Despite the signing of  this document, the threat of  bio-
logical warfare continues with the rise in terrorist groups. 
The release of  anthrax spores through the United States 
postal system and the release of  anthrax into the popula-
tion following the September 11, 2011 terrorist attacks 
demonstrate that this is a continued threat. The United 
States continues to develop aggressive measure of  sur-
veillance and protection[26].

The Center for Disease Control (CDC) has catego-
rized agents into three groups based on morbidity and 
mortality if  used as a biological weapon. Category A 
agents pose the greatest risk due to their easy dissemina-
tion, high mortality rates, and require special action for 
public health preparedness. Category B agents are mod-
erately easy to disseminate, result in high morbidity and 
low mortality and require enhancement of  the CDC’s 
surveillance. Category C agents include emerging patho-
gens that are engineered for mass dissemination in the 
future[27]. We will address the category A agents.

Anthrax
Anthrax is caused by a gram-negative, spore forming bac-
teria, Bacillus anthracis (B anthracis). It is naturally occurring 
in animals as they ingest spores from the soil Anthrax 
occurs in humans in 3 different forms: GI, cutaneous, 
and inhalational anthrax. Cutaneous and GI anthrax 
both occur naturally and are transmitted through breaks 
in the skin or ingestion of  infected meat respectively. 
Inhalational anthrax rarely occurs naturally with no cases 
reported in the United States since 1978. Inhalational an-
thrax is thought to hold the most threat as it is expected 
to account for the most morbidity and mortality. Anthrax 
secretes two exotoxins, edema toxin and lethal toxin. 
These result in massive edema and a cytokine storm[28].

Papules form in cutaneous anthrax in 1-7 d following 
exposure. These papules then become vesicles that ulcer-
ate and form a black eschar. Symptoms of  inhalational 
anthrax typically occur 1-7 d after exposure but can occur 
as late as 60 d after exposure. Early symptoms are subtle, 
resembling a nonspecific upper respiratory infection. Lat-
er the child will develop a high fever, shock, and death. 
Autopsy studies of  patients with inhalational anthrax 
show hemorrhagic thoracic lymphadenitis and mediasti-
nitis with very few exhibiting signs of  pneumonia. Up to 
50% of  patients will also develop meningitis[28,29].

Because diagnostic tests including enzyme-linked 
immunosorbent assay and polymerase chain reaction 
are only available at the national reference laboratories 
diagnosis of  an outbreak could be delayed. Diagnosis on 
routine blood culture could be missed if  the laboratory is 
not alerted to B anthracis being a possible cause. Antimi-
crobial treatment is outlined in Table 4. No widespread 
vaccine distribution is currently available, and person to 
person transmission has not been reported[29].

Plague
Yersinia pestis is a gram-negative bacillus, sometimes 
coccobacillus, known to cause plague. It occurs naturally 
in the forms of  septicemia, bubonic and pneumonic 
forms. Pneumonic plague is the most likely to be seen 
in a bioterrorism as aerosolized forms would be easily 
disseminated. Pneumonic plague results in a multilobar, 
hemorrhagic and necrotizing bronchopneumonia. Unlike 
naturally occurring plague, plague following a biological 
attack will present with respiratory symptoms without the 
development of  the buboes. Patients would likely develop 
fever and cough within 6 d of  exposure and rapidly prog-
ress to severe bronchopneumonia. Untreated pneumonic 
plague has resulted in nearly 100% mortality[29]. An ad-
ditional clue of  intentional dissemination would be cases 
presenting in areas not known to have animal infection[30].

Large numbers of  previously healthy patients present-
ing with severe pneumonia, hemoptysis, and sepsis would 
be the first signs of  a biological attack with plague. There 
are no rapid tests available to detect Y pestis. A gram stain 
of  blood or sputum may reveal a gram-negative bacilli 
24-48 h after inoculation. Table 4 outlines a variety of  
treatment regimens available[29].
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Small pox
Any case of  small pox, variola major, that is identified 
would be considered an act of  terrorism. Small pox has 
been eradicated and no child has been routinely vaccinat-
ed against small pox since 1971. Small pox is highly con-
tagious, with only a few viral molecules needed to induce 
disease. It is believed that the only remaining samples 
of  this virus are kept secure at the CDC and in Russia, 
although there are some who believe other countries may 
have samples of  it in their possession[29].

The incubation period of  small pox is from 7-19 d af-
ter exposure. Initially symptoms are relatively nonspecific 
with fever, malaise, vomiting, headache and backache. 
Two to three days later the patient develops an erythema-
tous macular rash that progresses to papules and then 
pustules, which spread centrifugally. Death occurs in the 
second week of  illness with multi-organ failure due to 
overwhelming viremia.

Diagnosis of  small pox will be clinical as there are 
no widely available assays. Initial suspicion should be 
reported immediately to the health department. Patients 
exposed to a case will need to be monitored for a mini-
mum of  17 d on airborne and contact precautions in the 
hospital or isolated in their homes. They should remain 
isolated until they are ruled out (PCR assays are avail-
able at national laboratories) or when the vesicles have 
lost their scab. Vaccines obtained in the last 3 years are 
thought to provide full immunity. Treatment is support-
ive care. There are no FDA approved anti-virals although 
cidofovir has been shown useful in animal models. Vac-
cination 72-96 h after exposure provides good protection 
against developing disease and also decreases severity[25]. 
All close contacts will require vaccination and isolation.

Tularemia
Tularemia is caused by Francisella tularensis, a small, 
aerobic, gram-negative coccobacillus with extremely high 
virulence. It occurs naturally in the environment through-
out North America and Europe. Humans are infected by 
insect bites, handling infected animal meat, or ingestion 

of  contaminated water or food. An act of  bioterrorism 
with tularemia would likely be in an aerosolized form, al-
lowing for many to become ill with a single release[31].

In the event of  an aerosolized tularemia attack, there 
would be an abrupt onset of  patients presenting with 
flu-like symptoms and bronchitis 3-5 d post exposure. A 
large amount of  those infected would present with severe 
cases of  necrotizing hemorrhagic pneumonia, with or 
without bacteremia.

It is unlikely for tularemia to be identified with rou-
tine culture techniques. Rapid tests are primarily only run 
at research and reference laboratories. Serum antibody 
titers can be diagnostic but take 10 d to become positive. 
Standard precautions are all that is required as tularemia is 
not spread person to person. Patients have a significantly 
improved course with early initiation of  the appropriate 
antibiotics (Table 4) and prophylaxis should be provided 
to others exposed to the attack[31].

Botulism
Botulinum toxin is produced by Clostridium botulinum, 
an anaerobic bacteria, and is the most lethal toxin known. 
Botulism can be spread naturally by three mechanisms: 
infantile botulism, wound botulism, and intestinal botu-
lism. Botulinum toxin causes the inhibition of  the release 
of  acetylcholine at the nervous-skeletal muscle junction, 
thus producing a paralysis. Patients primarily die due to 
respiratory failure. Even with supportive care, recovery 
can take weeks to months as new axons must grow on 
each neuron[29].

In the event of  a bioterrorism attack, the particles 
would likely be released and inhaled[32]. Symptoms can 
present within 12-24 h after exposure, with cranial nerve 
palsies presenting first, followed by descending paralysis 
progressing to respiratory failure. Clinical symptoms are 
constipation, ileus, dry mouth and mydriasis. The “gold 
standard” for diagnosis is a bioassay but treatment should 
not be delayed pending these results. Supportive care and 
ventilator support is the most important aspect of  treat-
ment. Antitoxin is available in two forms, bivalent human 

  Agent Pediatric dosing Notes

  Inhalational 
  anthrax

Ciprofloxacin 10-15 mg/kg iv q 12 h (max 400 mg) or
doxycycline 2.2 mg/kg iv q 12 h (max 100 mg) plus

clindamycin 10-15 mg/kg q 8 plus
penicillin G 400-600 k U/kg per day iv divided q 4 h

prophylaxis for exposed contacts
ciprofloxacin 15 mg/kg po q 12 h or

doxycycline 2.2 mg/kg po q 12 h

Switch to oral therapy when patient shows signs of improvement
At least one agent should have good CNS penetration

Prophylaxis is for a 60 d course
Amoxicillin or levofloxacin are second line

  Plague Gentamycin 2.5 mg/kg iv q 8 h or
streptomycin 15 mg/kg im  q 12 h (max 2 mg/d) or
doxycycline 2.2 mg/kg iv q 12 h (max 200 mg/d) or 

ciprofloxacin 15 mg/kg iv q 12 h
prophylaxis for exposed contacts

trimethoprim/sulfa 4 mg/kg po q 12 h

Chloramphenical or Levofloxacin can also be used
Prophylaxis should be continued for 5-7 d

  Tularemia Same as therapy for plague
  Botulism Infants < 1 yr human-derived botulinum immunoglobulin

children > 1 yr equine serum botulism antitoxin
In United States call 1-800-222-1222 or 770-488-7100
Outside United States contact local health agencies

Table 4  Management of biologic agents
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antiserum and equine heptavalent antitoxin, and should 
be administered at the first onset of  symptoms. This will 
unlikely be available in massive quantities during a mass 
attack and will only shorten the course of  illness. Pro-
phylactic vaccination is reserved for at risk individuals, 
primarily laboratory workers[25].

Viral hemorrhagic fevers
The viral hemorrhagic fevers are produced by a variety of  
viruses originating from one of  five virus families (Table 5). 
They are grouped by their ability to produce fever, shock, 
and bleeding. They are all spread by aerosolized particles, 
excluding dengue fever, which is blood-borne, and pro-
duce an illness with high morbidity and mortality.

All of  the viral hemorrhagic fevers present with a 
nonspecific febrile illness including headache, myalgia 
and malaise. As they progress, the patient develops shock 
and hemorrhage. The cause of  hemorrhage can vary de-
pending on the causative agent. Most are multi-factorial 
in nature. Diagnosis should begin with a careful travel 
history to possible endemic areas as well as exposure to 
animals or animal feces. Patients have detectable viremia 
with most viruses identified through rapid enzyme im-
munoassays[25].

Supportive care is the mainstay for the hemorrhagic 
fevers. Vigorous fluid resuscitation and control of  hem-
orrhage with platelets, red blood cells, and clotting factors 
will often require intensive care. Ribavirin is indicated 
only in Lassa fever but has been used experimentally in a 
few of  the other viruses[29].

CONCLUSION
Terrorist incidents continue to occur and it is impera-
tive that the critical care provider be familiar with signs, 
symptoms, and basic treatment of  the injuries and ill-
nesses caused by potential terrorist modalities. While 
these events are thankfully rare, the prompt recognition 
of  a possible chemical or biological attack is crucial to 

limiting the damage caused by such an attack by institut-
ing appropriate decontamination, treatment, and preven-
tative measures. Familiarity with injuries specific to a blast 
should prepare the provider to anticipate and intervene 
appropriately when caring for these patients. For further 
information please refer to the agency for healthcare re-
search and quality website at http://archive.ahrq.gov/re-
search/pedprep/index.html.
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Abstract
Fluid therapy is perhaps the most common intervention 
received by acutely ill hospitalized patients; however, a 
number of critical questions on the efficacy and safety 
of the type and dose remain. In this review, recent in-
sights derived from randomized trials in terms of fluid 
type, dose and toxicity are discussed. We contend that 
the prescription of fluid therapy is context-specific and 
that any fluid can be harmful if administered inappro-
priately. When contrasting ‘‘crystalloid vs  colloid’’, dif-
ferences in efficacy are modest but differences in safety 
are significant. Differences in chloride load and strong 
ion difference across solutions appear to be clinically 
important. Phases of fluid therapy in acutely ill patients 
are recognized, including acute resuscitation, maintain-
ing homeostasis, and recovery phases. Quantitative 
toxicity (fluid overload) is associated with adverse out-
comes and can be mitigated when fluid therapy based 

on functional hemodynamic parameters that predict 
volume responsiveness and minimization of non-essen-
tial fluid. Qualitative toxicity (fluid type), in particular 
for iatrogenic acute kidney injury and metabolic acido-
sis, remain a concern for synthetic colloids and isotonic 
saline, respectively. Physiologically balanced crystalloids 
may be the ‘‘default’’ fluid for acutely ill patients and 
the role for colloids, in particular hydroxyethyl starch, 
is increasingly unclear. We contend the prescription of 
fluid therapy is analogous to the prescription of any 
drug used in critically ill patients.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Fluid therapy; Resuscitation; Critical illness; 
Peri-operative; Toxicity; Saline; Crystalloid; Colloid

Core tip: Fluid therapy is exceedingly common in acute-
ly ill patients; however, numerous questions on the 
efficacy and safety of fluid therapy in terms of the type 
and dose remain. Fluid therapy prescription is context-
specific and any fluid type can be harmful if adminis-
tered inappropriately. When considering crystalloids 
versus colloids, differences in efficacy are modest but 
the risk of kidney toxicity and bleeding complications 
with hydroxyethyl starch appear more significant. The 
differences in chloride load across crystalloid solutions 
appears to have physiologic and clinically important ef-
fects, in particular for contributing to hyperchloremic 
metabolic acidosis, kidney injury and greater utilization 
of renal replacement therapy associated with 0.9% 
saline. Fluid therapy should be viewed as analogous to 
the prescription of any drug in acutely ill patients.
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INTRODUCTION
Intravenous (iv) fluid therapy is one of  the most com-
mon interventions administered to acutely hospitalized 
patients; however, a number of  fundamental questions 
about its efficacy and safety remain.

The origins of  the administration of  iv fluids for 
acute resuscitation date back to the cholera epidemic of  
the early 19th century, when Dr. Thomas A Latta first 
administered a warmed iv solution of  “two drachams of  
muriate, two scruples of  carbonate of  soda to sixty ounc-
es of  water” to combat the profound dehydration in six 
patients hospitalized at the Leith Infirmary in Scotland[1]. 
With this non-sterile hypotonic solution, he was able to 
spare a few moribund patients from refractory hypovole-
mic shock. Impressive volumes of  fluid (over 12 liters in 
some cases) were required to restore hemodynamics, and 
as described resulted in “...an immediate return of  the 
pulse, and improvement in the respiration… [and in] the 
appearance of  the patient [were] the immediate effects”. 
Yet, even in 1832, an editorial subsequently published in 
the Lancet commented that “...the mass of  the profes-
sion is unable to decide; and thus, instead of  any uniform 
mode of  treatment, every town and village has its dif-
ferent system or systems...” and that “...a suitable clinical 
investigation is required to resolve between such conflict-
ing authorities…”[2]. As such, after nearly two centuries 
of  advancements in the modern medicine, this editorial 
seemed to be remarkably familiar in many respects to our 
current state of  knowledge regarding the optimal pre-
scription of  fluid therapy for acutely ill patients.

Fluid used in acute resuscitation should be viewed 
in the same context as any other drug administered to 
patients. Their prescription is certainly analogous to how 
drugs are prescribed (Table 1). This is relevant when con-
sidering that the vast majority of  hospitalized acutely ill 
patients, including children, will receive iv fluid therapy, 
usually as some combination of  crystalloids, colloids 
and/or blood products.

However, data have supported the notion that the 
form of  fluid therapy prescribed is largely dependent 
on where medical care is provided (i.e., country, region, 
hospital, care unit) and on the specialty of  the clinician 
(i.e., surgical, medical, anesthesia, emergency)[3,4]. There is 
wide variation in clinical practice with respect to the type 
and dose of  fluid prescribed[3]. This variation in practice 
has historically been derived from a general lack of  clarity 
in the literature on the principles of  optimal fluid pre-
scription (i.e., efficacy and safety)-the idea of  prescribing 
fluid therapy for “the right patient, at the right time, and 
in the right context”. In the last few years, a number of  
large high-quality randomized trials have reported on the 
efficacy and safety intravenous fluid therapy for acute re-
suscitation in the critically ill[4-6]. These data are beginning 
to provide clarity to long-standing debates regarding fluid 
type and dose, during and following acute resuscitation 
and to better inform clinical practice to improve patient 
outcomes[7]. In this review, we discuss recent relevant evi-
dence related to the type and dose of  fluid therapy used 

in the resuscitation of  critically ill patients. 

DOSE OF FLUID THERAPY
As aforementioned, iv fluid therapy is one of  the most 
common and certainly may be one of  the most impor-
tant initial interventions in the resuscitation of  acute 
ill patients. A key concept for dosing fluid therapy in 
critically ill patients is to actively address ongoing losses 
coupled with constant reassessment of  need for further 
hemodynamic support. The routine practice of  provid-
ing “maintenance” or replacement of  unmeasured fluid 
deficits such as “third space losses” for most patients is 
questionable and often contributes unnecessary fluid ac-
cumulation. The optimal target endpoints for fluid thera-
py during resuscitation remain controversial. Recent data 
suggest static metrics of  resuscitation, such as thresholds 
in central venous pressure (CVP), as currently recom-
mended by the Surviving Sepsis Campaign[8], may not 
accurately correlate with restoration of  intravascular vol-
ume and improvement in tissue oxygen delivery and may 
be associated with worse outcome[9]. Additional measures 
such as achieving a normalized central venous oxygen sat-
uration (> 65%-70%) and rapid serum lactate clearance (> 
20% in 2 h) in response to fluid resuscitation (± addition-
al hemodynamic support) have been recommended and 
correlate with improve outcome, both of  these endpoints 
also have important caveats to consider[9,10]. Rather, func-
tional hemodynamic measures such as stroke volume 
variation, pulse pressure variation[11], bedside ultrasonic 
interrogation of  cardiac output or respiratory variation in 
inferior vena cava diameter and additional novel dynamic 
metrics such changes in cardiac output associated with 
passive leg raising, changes in end-tidal CO2 and end-
expiratory endotracheal tube occlusion can better predict 
the hemodynamic response to fluid loading[12-15]. These 
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  Steps for prescribing 
  a drug

Prescribing an
 oral hypoglycemic

 medication

Prescribing 
fluid therapy

  Define the clinical 
  problem

Diabetes mellitus Hypovolemia or other
 fluid responsive state

  Specify the 
  therapeutic objective

Lower blood glucose Restore absolute/
relative fluid deficit

  Verify the suitability 
  of the drug

Class of oral
 hypoglycemic agent

Crystalloid, colloid 
or blood product

  Write a prescription 
  to start the drug

Order written by MD, 
verified and 

dispensed by pharmacy

Order written by MD,
 verified by pharmacy,

 blood bank or RN,
 administered by RN

  Monitor therapeutic
  response of the drug

Blood glucose or
 hemoglobin A1C,

 evidence of adverse
 effect/ toxicity

Monitor hemodynamic
 profile and end-organ
 perfusion, evidence of
 dose-response toxicity

  Write an order 
  to discontinue

Order written by MD, 
verified by pharmacy

Order written by MD,
 administered by RN

Table 1  Overview of the analogy of prescribing fluid therapy 
and prescribing a drug

Adapted from Raghunathan et al[58].



dynamic measures are superior to blood pressure, CVP, 
and urine output targets. Importantly, critically ill pa-
tients are heterogeneous and may vary considerably with 
respect to baseline susceptibilities, admission diagnoses 
and response to fluid loading. When conventional blood 
pressure or urine output targets are used to guide fluid 
loading in critically ill patients, often large doses of  fluids 
are administered, and in these circumstances, colloids 
such as hydroxyethyl starch (HES) are associated with 
toxicity[7]. The use of  fluid boluses in critically ill patients 
without integrating functional hemodynamic parameters 
may be associated with cardiovascular decompensation 
and worse outcome[5]. These observations would strongly 
support the need for individualized resuscitation goals 
that integrate functional hemodynamic measures rather 
than use of  generic resuscitation endpoints.

TYPE OF FLUID THERAPY
For a given dose of  fluid administered, toxicity may 
depend on the type and composition of  fluid being ad-
ministered and on patient susceptibilities and physiology. 
Both patient-specific and context-specific differences 
should be considered when selecting the type of  fluid 
therapy to be administered. 

The debate regarding the relative risks and benefits of  
colloid and crystalloid solutions has raged on for years. 
Although various forms of  crystalloid solutions have 
been used in humans since the 1830s, it was approximate-
ly 100 years more before the technology to isolate albu-
min from serum was available. In World War Ⅱ, fraction-
ated bovine albumin was first used on the battlefield as 
a resuscitation fluid. Synthetic colloids such as HES and 
gelatins have until recently been considered reasonable al-
ternatives to albumin, due to their theoretical advantages 
such as mitigating the infectious risks of  human blood 
products, improving blood rheology and microvascular 
flow, and modulating neutrophil aggregation. The choice 
of  fluid type; however, has largely been a matter of  indi-
vidual clinician preference rather than being specifically 
directed by high-quality data from clinical trials.

In 1998, the crystalloid/colloid controversy came to 
a head with the publication of  a systematic review that 
suggested that the use of  human albumin was associated 
with one additional death for every 17 patients treated[16]. 
Despite this review having methodological misgivings, 
a political firestorm ensued when the Cochrane Injuries 
Group urged politicians to “take action” six weeks before 
the article was published by the BMJ. Unfortunately, the 
lay media reported the findings prior to peer review and 
publication, resulting in statistically-questionable, poorly-
supported inflammatory news headlines such as “300 
die as health chiefs dither”[17]. The director of  the United 
Kingdom Cochrane Center went so far as to suggest that 
he would sue any doctor who gave him an infusion of  
albumin[15,16].

Due to this ongoing narrative, interest in the patterns 
of  clinical use of  crystalloid and colloid solutions for 
fluid resuscitation in the intensive care unit (ICU) has 

increased. An international study of  391 ICUs across 25 
countries observed that colloid therapy was the primary 
fluid used in 48% of  instances for acute resuscitation, 
whereas crystalloid and blood products were used in 
33% and 28% of  instances, respectively[3]. However, the 
variation in the type of  fluid administered was six-fold 
different between countries. These data suggested that 
local factors, such as “unit protocols” and commercial 
marketing played an important role in guiding clinicians’ 
choice of  fluid type for resuscitation. These data also rec-
ommended better evidence in the form of  high-quality 
randomized trials were needed along with appropriate 
mechanisms to translate new knowledge from such data 
into bedside practice.

Several studies have repeated provided a physiological 
rationale for the preferential use of  a colloid (with an em-
phasis on HES) over crystalloid therapy for resuscitation 
in septic shock and other in states of  acute stress such 
as peri-operatively. HES solutions have been shown to 
attenuate the acute inflammatory response[18-21], mitigate 
endothelial barrier dysfunction and vascular leak[18,22], 
and preserve intestinal barrier function[17]. Small clinical 
trials have suggested superiority of  HES solutions for 
resuscitation of  the microcirculation in sepsis[22]. Small 
randomized clinical trials have also shown that early fluid 
resuscitation with HES solutions results in more rapid 
hemodynamic stabilization and shock reversal (i.e., greater 
efficacy) compared with crystalloids, and require signifi-
cantly less fluid to restore intravascular volume[23,24].

Several more recent randomized trials have specifi-
cally evaluated the ‘‘colloid/crystalloid’’ hypothesis for 
fluid resuscitation in critically ill patients. The SAFE[25] 

(4% albumin in 0.9% saline vs 0.9% saline), CHEST[6] (6% 
HES in 0.9% saline vs 0.9% saline) and 6S[7] (6% HES in 
Ringer’s acetate vs Ringer’s acetate) trials were specifically 
designed to evaluate the effectiveness of  colloids against 
corresponding crystalloids. These trials have shown 
that the efficacy of  volume expansion of  colloids over 
crystalloids (i.e., the ability to increase plasma volume) is 
greater for colloids (ratio 1.2-1.4:1 for crystalloid:colloid 
about 20%-40% enhanced effect with colloids); however, 
less than conventional teaching and evidence generated 
in experimental models[5-7,25]. This may be accounted for 
by the collapse of  the classical ‘‘Starling model’’ based 
understanding of  fluid movement across capillary mem-
branes in critically ill states, where vascular endothelia is 
disrupted and hydrostatic (i.e., systemic venous hyperten-
sion/endothelial injury) and oncotic (i.e., hypoprotein-
emia) forces are deranged. Moreover, this also highlights 
that these issues are dynamic during the coarse of  critical 
illness and that variable fluid types are expected to have 
heterogeneous effects that will depend upon: (1) the 
relative chloride load (i.e., strong ion difference); (2) the 
presence of  colloid (i.e., HES or albumin); and (3) the 
underlying/evolving severity in patients pathophysiology.

The ideal electrolyte solution is yet undiscovered; 
however, for resuscitation may be one that reasonably 
parallels the plasma (chloride) and has a strong ion dif-
ference that is greater than zero (0.9% saline) but less 

26 February 4, 2014|Volume 3|Issue 1|WJCCM|www.wjgnet.com

McDermid RC et al . Controversies in fluid therapy



27 February 4, 2014|Volume 3|Issue 1|WJCCM|www.wjgnet.com

when compared with saline. However, 0.9% saline is non-
physiologic and the high (chloride) and a lower strong ion 
difference compared to plasma (0.9% saline: 0 mmol/L 
vs plasma: 40 mmol/L), directly contributes to iatrogenic 
hyperchloremic metabolic acidosis. Indeed, the use of  
balanced crystalloid resuscitation in patients with diabetic 
ketoacidosis, despite the added (potassium) content [(K+) 
5.0 mmol/L], was associated with more rapid correction 
of  base deficit when compared to 0.9% saline[49]. Recent 
data have also clearly shown high (chloride) solutions 
contribute to renal vasoconstriction, decreased glomeru-
lar filtration, greater interstitial fluid accumulation[29-34] 
along with increased risk of  acute kidney injury (AKI) 
and utilization of  renal replacement therapy (RRT)[35].

A CONCEPTUAL FRAMEWORK FOR 
FLUID MANAGEMENT
A novel conceptual framework for fluid management in 
critical illness introduces the idea of  interrelated phases 
of  fluid management differentiated according to the 
clinical status of  the patient with evolving goals for fluid 
need[33] (Figure 1). The model proposed for the epidemi-
ology of  fluid balance in AKI may be extended across the 
spectrum of  critical illness with caveats: (1) In the initial 
phase of  acute resuscitation-the objective is restoration 
of  effective circulating blood volume, organ perfusion 
and tissue oxygenation. Fluid accumulation and a positive 
fluid balance may be expected; (2) In the second phase 
of  resuscitation-the goal is maintenance of  intravascular 
volume homeostasis. The objective during this phase is to 
prevent excessive fluid accumulation and avoid unneces-
sary fluid loading; and (3) In the final stage, the objective 
centers around fluid removal and the concept of  active 
“de-resuscitation” corresponding to a state of  physiolog-
ic stabilization, organ injury recovery and convalescence. 
During this phase, unnecessary fluid accumulation may 
contribute to secondary organ injury and adverse events.

than plasma during resuscitation[26]. Clinically important 
outcomes differ when comparing physiologically bal-
anced crystalloids with isotonic saline solution. In the 
past year, a study at a single ICU[27] and another in pa-
tients undergoing major abdominal surgery[28], compared 
outcomes based on ‘‘chloride load’’. Consistent with 
earlier preclinical and human studies[25-28], chloride restric-
tion was found to be beneficial (Table 2). However, even 
large volume resuscitation with balanced crystalloid solu-
tions is capable of  inducing mild metabolic acidosis due 
to hemodilution of  weak acids and relative changes in 
strong ion difference. The challenges with many balanced 
crystalloid solutions is that they contain small concentra-
tions of  calcium and additional electrolytes that theoreti-
cally increase the risk for precipitation or clot formation 
during co-administration with citrated blood products 

  Study Design Population Solutions Outcome

  McFarlane et al[59] RCT Elective hepatobiliary/
pancreatic surgery

0.9% saline vs PL-148 Iatrogenic metabolic acidosis with 0.9% saline

  Wilkes et al[47] RCT Major abdominal surgery 0.9% saline vs Hartmann's 
(in HES)

Iatrogenic metabolic acidosis with 0.9% saline

  O'Malley et al[48] RCT Kidney transplant 
recipients

0.9% saline vs RL Iatrogenic metabolic acidosis and 
hyperkalemia with 0.9% saline

  Yunos et al[56] Prospective 
before-and-after

Critically ill patients Chloride-rich vs 
chloride-poor fluid strategy 

More acidosis with chloride-rich; more 
alkalosis and reduced cost with chloride-poor 

  Chowdbury et al[26] RCT (cross-over) Healthy volunteers 0.9% saline vs PL-148 
(2 L infusion)

↑ Δ [Cl-]; ↑ Strong ion difference; ↓ RBF; ↑ weight
gain; ↑ extravascular volume; ↑ time to micturation

  Chua et al[49] Retrospective Critically ill with DKA 0.9% saline vs PL-148 More rapid resolution of acidosis with PL-148
  Shaw et al[55] Retrospective Major abdominal surgery 0.9% saline vs PL-148 ↑ Major infection; ↑ composite of complications; 

↑ blood transfusions; and ↑ RRT with 0.9% saline
  Yunos et al[57] Prospective

before-and-after
Critically ill patients Chloride-rich vs 

chloride-poor fluid strategy 
↑ AKI (KDIGO stage Ⅱ/Ⅲ);  

↑ RRT with chloride-rich strategy

Table 2  Summary of studies comparing isotonic saline to balanced crystalloid solutions

Adapted from Raghunathan et al[58]. RCT: Randomized clinical trial; 0.9% saline: Normal saline; PL: Plasmalyte; RL: Ringers lactate; RBF: Renal blood flow; 
DKA: Diabetic ketoacidosis; AKI: Acute kidney injury; HES: Hydroxyethyl starch; RRT: Renal replacement therapy; KDIGO: Kidney disease improving 
global outcomes; FO: Fluid overload; FB: Fluid balance.

Fluid 
Balance

Time

Ⅰ

Ⅱ

Ⅲ

Resucitation

Maintenance/
homeostasis

Removal/
recovery

Fluid balance paradigm

Figure 1  Fluid balance paradigm. The management of fluid therapy in critical 
illness can be conceptually viewed across three broad phases differentiated 
according to clinical status of the patient. During the “resuscitation” phase, the 
goal is restoration of effective intra-vascular volume, organ perfusion and tissue 
oxygenation. Fluid accumulation and a positive fluid balance may be expected. 
During the maintenance phase, the goal is maintenance of intravascular vol-
ume homeostasis. The broad aim here would be to mitigate excessive fluid ac-
cumulation and prevent unnecessary fluid loading. During the recovery phase, 
passive and/or active fluid removal would correspond to organ recovery. 
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Numerous studies in peri-operative and critical care 
settings support this concept of  “ebb and flow” in fluid 
loading, fluid accumulation and removal. Indeed, these 
phases of  resuscitation likely exist on a continuum and 
the observed variability in fluid balance is understood to 
be a dynamic process, does not necessarily follow a fixed 
temporal pattern or time scale and is likely highly indi-
vidualized. For example, in septic patients with acute lung 
injury, the balance between early goal-directed therapy 
aimed at adequate initial fluid resuscitation coupled with 
downstream diuretic use and ‘‘de-resuscitation’’ (i.e., 
conservative late fluid management) can improve out-
comes[37,38]. Similarly in pediatric septic shock, outcome 
improved with early appropriate fluid therapy[39]. Such 
phasic need for fluid and then need for active fluid re-
moval has also been demonstrated in peri-operative set-
tings[40]. Inappropriate fluid therapy, regardless of  fluid 
type, may disrupt compensatory mechanisms and worsen 
outcome[5].

QUANTITATIVE TOXICITY
Fluid therapy is a critical aspect of  initial acute resuscita-
tion in critically ill patients. Following the acute resuscita-
tive phase (i.e., achievement of  immediate resuscitation 
goals and after hemodynamic stabilization), excessive 
fluid accumulation has been associated with worse clinical 
outcome, across a range in clinical settings, particularly in 
AKI[37] (Table 3). In patients with sepsis-associated AKI, 
continued fluid loading in the setting of  apparent opti-
mal systemic hemodynamics was shown not to improve 
kidney function, but worsen lung function and oxygen-
ation[30]. Similar observational data in critically ill adults 
with sepsis-associated AKI has found fluid accumulation 
to be a predictor of  60-d mortality (HR = 1.21/L per 24 h, 
95%CI: 1.13-1.28, P < 0.001)[37]. Additionally, although the 

FACCT trial did not demonstrate a mortality difference 
between a liberal and a more conservative fluid man-
agement strategy in the setting of  acute lung injury, the 
conservative strategy was associated with improved lung 
function, reduced length of  stay in ICU and a trend for 
lower utilization of  RRT[36]. Increasing severity of  fluid 
accumulation among both pediatric and adult patients 
with AKI at the time of  initiation of  RRT has been as-
sociated with higher mortality and reduced likelihood of  
recovery of  kidney function[42-45]. For each 1% increase in 
percentage fluid overload (% FO, as calculated below) at 
RRT initiation, risk of  death increased by 3%[31]. % FO = 
[(total fluid in-total fluid out)/admission body weight × 
100].

Failure to appreciate these phases of  fluid manage-
ment following resuscitation may underscore the ob-
served phenomenon of  “fluid creep”, first identified 
in the burn literature in response to the overwhelming 
enthusiasm for aggressive and sustained fluid resuscita-
tion[29,32]. These observations highlight the importance of  
monitoring fluid balance in critical illness, in particular 
after the initial phase of  resuscitation, where obligatory 
fluid intake (i.e., medications, nutrition, blood products) 
may greatly exceed output (i.e., relative oliguria), leading 
to rapid fluid accumulation[34]. In these circumstances, 
there should be effort to minimize or avoid all non-
essential fluid administration. However, data on fluid ac-
cumulation in critically ill patients is almost entirely post-
hoc, associative and not causal. Very few prospective 
interventional studies, with the exception of  the FACCT 
trial and selected studies of  conservative peri-operative 
fluid regimens have informed on the optimal fluid man-
agement strategies for critically ill patients and evaluated 
their association with organ function, adverse events, and 
survival[35,36]. This represents an important knowledge 
gap in our understanding of  how to optimally manage-

  Study Design Population Exposures Outcomes

  Pediatric Studies
  Goldstein et al[33] Retrospective Pediatric critically ill starting CRRT % FO ↑ % FO associated with ↑ mortality
  Foland et al[60] Retrospective Pediatric critically ill starting CRRT % FO ↑ % FO associated with 

↑ organ dysfunction + mortality
  Sutherland et al[31] Retrospective Pediatric critically ill starting CRRT % FO ↑ % FO associated with ↑ mortality
  Arikan et al[30] Retrospective Pediatric critically ill starting CRRT % FO ↑ % FO associated with ↓ lung function
  Adult Studies
  Payen et al[61] Post-hoc prospective Adult critically ill septic patients FB ↑ FB associated with ↑ mortality
  Murphy et al[62] Retrospective Adult critically ill ALI patients AIFR + CLFM ↑ Survival for ↑ AIFR + ↑ CLFM
  Bouchard et al[63] Post-hoc prospective Adult critically ill AKI patients % FO > 10% ↑ FB associated with ↑ mortality
  Wiedemann et al[36] RCT Adult critically ill with ALI Conservative vs 

liberal fluid 
management strategy

↑ MV-free days; ↑ ICU-free days with 
conservative strategy

  Fulop et al[64] Retrospective Adult critically ill starting CRRT VRWG ↑ VRWG associated with ↑ mortality
  Boyd et al[65] Post-hoc analysis 

from VASST
Adult critically ill septic patients Quartiles of FB + CVP

 at 12 h and 4 d
↑ FB at 12 h and 4 d associated with ↑ 
mortality; CVP < 8 at 12 h ↓ mortality

  Grams et al[66] Post-hoc FACCT Adult critically ill with ALI + AKI FB + diuretics ↑ FB associated with ↑ mortality
  Heung et al[67] Retrospective Adult critically ill starting CRRT % FO ↑ % FO associated with ↓ kidney recovery
  Bellomo et al[68] Post-hoc RENAL Adult critically ill with AKI FB ↑ FB associated with ↑ mortality

Table 3  Studies in critically ill patients describing the association with fluid overload and worse outcome

Adapted from Raghunathan et al[58]. ALI: Acute lung injury; AIFR: Adequate initial fluid resuscitation; CLFM: Conservative late fluid management; VRWG: 
Volume-related weight gain; AKI: Acute kidney injury; CVP: Central venous pressure; ICU: Intensive care unit; RCT: Randomized clinical trial.
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ment fluid beyond the initial resuscitation for acutely ill 
patients.

QUALITATIVE TOXICITY 
Colloid solutions
The saline vs albumin fluid evaluation (SAFE) trial, in 
which nearly 7000 critically ill patients were randomized 
to either 4% human albumin or saline for resuscitation 
was the first large scale high-quality trial to show no 
overall difference in mortality, ICU length of  stay, need 
for mechanical ventilation or RRT, or hospital length 
of  stay. However, subgroup analyses founds trends for 
higher mortality in trauma patients, predominantly with 
head injury (OR = 1.36, P = 0.06) and lower mortality 
in sepsis (OR = 0.87, P = 0.09)[37]. Subsequently, a post-
hoc longer-term follow-up study of  patients enrolled in 
the SAFE trial who had suffered traumatic brain injury 
was performed, confirming the initial trends to suggest a 
higher mortality in head-injured patients receiving albu-
min (OR = 1.88, P < 0.001)[38].

While HES solutions, including newer starches, ap-
pear equally or more efficacious (vs older starches or 
crystalloids in certain situations) for restoration of  intra-
vascular volume in acute resuscitation, data continues to 
accumulate to suggest harm in critical illness (Table 4). 
Small clinical trials have suggested HES solutions are also 
superior for resuscitation of  the microcirculation in sepsis 
and contribute to more rapid hemodynamic stabilization 
and shock reversal, and require significantly less fluid to 
restore intravascular volume. There has been suggestion 
of  an improved safety profile for HES solutions with a 
lower molecular weight and lower degree of  molar sub-
stitution, in terms of  bleeding complications and AKI; 
however, these findings have been inconsistent. Prior to 
VISEP, 6S and CHEST, the literature had largely been 
dominated by small lower quality randomized trials that 
precluded a clear appraisal of  potential survival benefit 
and the risk of  toxicity[39,40]. In addition, wide scale re-
tractions have followed reporting of  fraud in research 
evaluating the safety of  HES[41,46]. Accrued data from 

large randomized trials have now raised serious concerns 
about potential for dose-associated kidney toxic effects 
of  HES[5,6,42,43]. Experimental data have shown even 
newer generation HES solutions can still accumulate in 
tissues within hours of  administration, including in the 
liver, kidney, lung, spleen and lymph nodes[69]. In the 
VISEP trial, pentastarch (10% HES 200/0.5) was com-
pared to Ringer’s lactate for fluid resuscitation in ICU[42]. 
The trial was stopped early due to the increased incidence 
of  AKI (34.9% vs 22.8%, P = 0.001) and a trend towards 
increased mortality (41% vs 33.8%, P = 0.09). These re-
sults were corroborated in the CHEST and 6S trials[5,6]. 
The CHEST trial evaluated the use of  Voluven® (6% 
HES 130/0.4 in 0.9% saline) compared to 0.9% saline 
for acute resuscitation in ICU[5]. While there was no dif-
ference in mortality, there was an increase in the utiliza-
tion of  RRT (7.0% vs 5.8%, P = 0.04) in those receiving 
HES. In the 6S trial, Tetraspan® (6% HES 130/0.42 in 
Ringer’s acetate) was compared to Ringer’s lactate for 
acute resuscitation in severe sepsis[7]. Both the incidence 
of  AKI (22% vs 16%, P = 0.04), and mortality (51% vs 
43% at 90 d, P = 0.03) were significantly higher with 
HES. These data imply an increased risk for harm associ-
ated with HES solutions and have lead the European So-
ciety of  Intensive Care Medicine to recommend against 
the use of  HES in patients with severe sepsis or those at 
risk for AKI and has further suggested a moratorium on 
the use of  HES except in the context of  a clinical trial[49]. 
In addition, the United States Food and Drug Adminis-
tration has recently issued black Boxed warning against 
their use in critically ill patients due to the increased risk 
of  AKI and death[44]. However, there remains continued 
controversy on whether the use of  HES in recent ran-
domized trials was appropriate, such as only being used 
early and in limited volumes for the acute resuscitation of  
critically ill hypovolemic patients[45].

All HES solutions are carried in crystalloid. In the 
6S trial, both arms received balanced crystalloid solution 
(i.e., Ringer’s acetate); whereas in the CHEST trial, both 
groups received 0.9% saline. It is biologically plausible 
there may be considerable interaction between the ad-

  Ref. RCT type n  (HES/CON) Population (n) HES fluid Control fluid Kidney parameters RRT (OR; 95%CI)

  Schortgen et al[50] Multi-centre     129 (65/64) Severe sepsis/ 
septic shock

6% (200/0.62) 3% gelatin ↑ AKI ↑ oliguria, 
↑ peak SCr

     1.20 (0.5-2.9)

  Molnár et al[69] Single centre       30 (15/15) Septic shock 6% (200/0.60) 3% gelatin NR NR
  McIntyre et al[70] Multi-centre       40 (21/19) Septic shock 6% (200/0.50) 0.9% NS No difference      3.00 (0.3-31.6)
  Brunkhorst et al[42] Multi-centre 537 (262/275) Severe sepsis/

septic shock
 10% (200/0.5) RL ↑ AKI      1.95 (1.3-2.9)

  Guidet et al[23] Multi-centre     196 (100/96) Severe sepsis/
septic shock

   6% (130/0.4) 0.9% NS No difference NR

  Perner et al[6] Multi-centre 798 (398/400) Severe sepsis/
septic shock

6% (130/0.42) Ringer’s acetate ↑ AKI      1.35 (1.01-1.8)

  Myburgh et al[5] Multi-centre   7000 (3315/3336) Sepsis (27.4%)
(1921/7000)

6% (130/0.4) 0.9% NS ↑ RRT 1.21 (1.00-1.45)

Table 4  Summary of randomized trials of hydroxyethyl starch resuscitation in severe sepsis/septic shock and kidney outcomes 

RCT: Randomized clinical trial; HES: Hydroxyethyl starch; CON: Control; NS: Normal saline; RL: Ringer’s lactate; AKI: Acute kidney injury; RRT: Renal 
replacement therapy; NR: Not report.
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verse effects of  HES and the chloride-rich 0.9% saline. 
When considering high chloride load is associated with 
adverse effects and worse outcome, it is therefore plau-
sible that the harm associated with HES is exaggerated 
when used with 0.9% saline compared with a balanced 
crystalloid carrier. 

In the 6S trial[6], patients were less likely to achieve 
shock reversal (i.e., failure to clear lactate); whereas, in the 
CHEST trial[5], shock was reversed (i.e., lactate cleared) 
with less total fluid administered in the HES group. 
These data imply that while HES may be more effica-
cious for shock resolution when compared to crystalloid; 
if  there is delayed or failure to reverse shock, there may 
be greater toxicity and harm associated with HES; and 
this hazard may not be immediately apparent (i.e., risk of  
harm is delayed several days to weeks).

The use of  hyperoncotic colloid solutions for acute 
resuscitation remains controversial. In a large multi-cen-
tre European study of  822 critically ill adults with shock 
receiving fluid resuscitation, use of  hypertonic natural 
and synthetic colloids was associated with a several fold 
increased risk for AKI and death[50]. A recent systematic 
review found divergent findings for use of  hyperoncotic 
colloids for resuscitation and subsequent risk of  AKI[51]. 
In this meta-analysis of  7 trials including 1220 patients, 
hyperoncotic albumin was associated with reduced risk 
(OR = 0.24, P < 0.001); whereas hyperoncotic HES solu-
tions were associated with increased risk for AKI (OR = 
1.92; 95%CI: 1.31-2.81, P < 0.001). These data seem to 
further infer the kidney toxicity may be a class effect as-
sociated with HES solutions.

Crystalloid solutions 
The iv solution used in 1832 by Dr Thomas Latta for the 
treatment of  cholera would today be considered a bal-
anced salt solution: 134 mmol/L Na+, 118 mmol/L Cl-, 
16 mmol/L HCO3

-[52]. Surprisingly, it was not until 1888 
that a reference to normal or physiologic saline is found in the 
medical literature, and not until 1896 that 0.9% saline is 
described[53,54]. Despite the fact that 0.9% sodium chloride 
is not isotonic to serum, it is believed that in vitro experi-
ments comparing the freezing points of  various solutions 
to serum led to the belief  that this solution was “physi-
ologic”. Perhaps it was for simplicities’ sake that solutions 
containing mixtures of  anions were avoided in favor of  
the addition of  table salt to water.

However, data are accumulating to suggest chloride-
rich solutions are problematic. As aforementioned, the 
high (chloride) and a lower strong ion difference com-
pared to plasma (0.9% saline: 0 mmol/L vs plasma: 40 
mmol/L), directly contribute to iatrogenic hyperchlore-
mic metabolic acidosis, which may mask, simulate and/or 
precipitate adverse effects[55,56]. In a randomized crossover 
trial of  healthy volunteers, renal blood flow and renal 
cortical perfusion decreased significantly following the 
bolus administration of  2 L of  0.9% saline compared to 
plasma-lyte 148[30]. The use of  chloride-rich solutions in 
critically ill patients is not only associated with increased 
costs and laboratory utilization[57], but also increased inci-

dence of  AKI and RRT utilization[27].
These observations are supported from a recent 

interrogation of  the Premier perspective comparative 
database of  patients undergoing elective or emergent 
open general surgical operations evaluating the rate of  
adverse events associated with receiving either balanced 
or isotonic saline solutions on the day of  surgery[28]. In 
this study, patients who received exclusively a calcium-
free balanced salt solution (plasma-Lyte A or plasma-Lyte 
148) were matched on a 3:1 basis with those receiving 
exclusively 0.9% saline. Although there were no statisti-
cally significant differences between the two groups at 
baseline, the differences in outcome were dramatic: sig-
nificantly fewer postoperative infections (P = 0.006), less 
dialysis (P < 0.001), fewer blood transfusions (P < 0.001), 
fewer electrolyte disturbances (P = 0.046), fewer acidosis 
investigations (P < 0.001) and interventions (P = 0.02) 
were all associated with the use of  balanced salt solutions 
compared with 0.9% saline. While these data are not a 
randomized comparison of  balanced vs 0.9% saline solu-
tions, randomized trials are ongoing.

CONCLUSION
Despite its ubiquitous use in critical care, further carefully 
performed, transparent research on fluid resuscitation 
in critical illness is desperately needed. Context appears 
to be crucial when prescribing fluid and any fluid can 
be harmful if  dosed incorrectly. Differences in immedi-
ate efficacy between crystalloid and colloid solutions are 
modest at best, but the differences in longer-term safety 
appear more significant. Qualitative toxicity for colloids 
(even with newer lower molecular weight, less substituted 
HES solutions) and isotonic saline remain a concern. 
The observed differences in chloride load and strong ion 
difference in the various crystalloid solutions appear to 
be clinically important. We contend that physiologically 
balanced crystalloids may be the best “default” fluid for 
acutely ill patients, and that the role of  colloids is unclear. 
Optimal dosing of  any resuscitation fluid mandates an 
understanding the dynamic nature of  fluid resuscitation, 
and future investigations will hopefully allow for the de-
velopment of  better tools to guide therapy.
 
REFERENCES
1	 Lewins R. Injection of saline solutions in extraordinary 

quantities into the veins in cases of malignant cholera. Lancet 
1832, 18: 243-244

2	 The Cases of Cholera Successfully Treated. Lancet 1832: 18: 
284

3	 Finfer S, Liu B, Taylor C, Bellomo R, Billot L, Cook D, Du B, 
McArthur C, Myburgh J. Resuscitation fluid use in critically 
ill adults: an international cross-sectional study in 391 in-
tensive care units. Crit Care 2010; 14: R185 [PMID: 20950434 
DOI: 10.1186/cc9293]

4	 Maitland K, Kiguli S, Opoka RO, Engoru C, Olupot-Olupot 
P, Akech SO, Nyeko R, Mtove G, Reyburn H, Lang T, Brent 
B, Evans JA, Tibenderana JK, Crawley J, Russell EC, Levin 
M, Babiker AG, Gibb DM. Mortality after fluid bolus in Af-
rican children with severe infection. N Engl J Med 2011; 364: 
2483-2495 [PMID: 21615299]

McDermid RC et al . Controversies in fluid therapy



31 February 4, 2014|Volume 3|Issue 1|WJCCM|www.wjgnet.com

5	 Myburgh JA, Finfer S, Bellomo R, Billot L, Cass A, Gattas 
D, Glass P, Lipman J, Liu B, McArthur C, McGuinness S, 
Rajbhandari D, Taylor CB, Webb SA. Hydroxyethyl starch or 
saline for fluid resuscitation in intensive care. N Engl J Med 
2012; 367: 1901-1911 [PMID: 23075127 DOI: 10.1056/NEJ-
Moa1209759]

6	 Perner A, Haase N, Guttormsen AB, Tenhunen J, Klemen-
zson G, Åneman A, Madsen KR, Møller MH, Elkjær JM, 
Poulsen LM, Bendtsen A, Winding R, Steensen M, Berezo-
wicz P, Søe-Jensen P, Bestle M, Strand K, Wiis J, White JO, 
Thornberg KJ, Quist L, Nielsen J, Andersen LH, Holst LB, 
Thormar K, Kjældgaard AL, Fabritius ML, Mondrup F, Pott 
FC, Møller TP, Winkel P, Wetterslev J. Hydroxyethyl starch 
130/0.42 versus Ringer’s acetate in severe sepsis. N Engl J 
Med 2012; 367: 124-134 [PMID: 22738085 DOI: 10.1056/NEJ-
Moa1204242]

7	 Myburgh JA. Fluid resuscitation in acute illness--time to re-
appraise the basics. N Engl J Med 2011; 364: 2543-2544 [PMID: 
21615300 DOI: 10.1056/NEJMe1105490]

8	 Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, 
Opal SM, Sevransky JE, Sprung CL, Douglas IS, Jaeschke 
R, Osborn TM, Nunnally ME, Townsend SR, Reinhart K, 
Kleinpell RM, Angus DC, Deutschman CS, Machado FR, 
Rubenfeld GD, Webb SA, Beale RJ, Vincent JL, Moreno R. 
Surviving sepsis campaign: international guidelines for 
management of severe sepsis and septic shock: 2012. Crit 
Care Med 2013; 41: 580-637 [PMID: 23353941 DOI: 10.1097/
CCM.0b013e31827e83af]

9	 Jones AE, Shapiro NI, Trzeciak S, Arnold RC, Claremont 
HA, Kline JA. Lactate clearance vs central venous oxygen 
saturation as goals of early sepsis therapy: a randomized 
clinical trial. JAMA 2010; 303: 739-746 [PMID: 20179283 DOI: 
10.1001/jama.2010.158]

10	 Jansen TC, van Bommel J, Schoonderbeek FJ, Sleeswijk Viss-
er SJ, van der Klooster JM, Lima AP, Willemsen SP, Bakker J. 
Early lactate-guided therapy in intensive care unit patients: 
a multicenter, open-label, randomized controlled trial. Am J 
Respir Crit Care Med 2010; 182: 752-761 [PMID: 20463176 DOI: 
10.1164/rccm.200912-1918OC]

11	 Marik PE, Cavallazzi R, Vasu T, Hirani A. Dynamic changes 
in arterial waveform derived variables and fluid responsive-
ness in mechanically ventilated patients: a systematic review 
of the literature. Crit Care Med 2009; 37: 2642-2647 [PMID: 
19602972 DOI: 10.1097/CCM.0b013e3181a590da]

12	 Levitov A, Marik PE. Echocardiographic assessment of preload 
responsiveness in critically ill patients. Cardiol Res Pract 2012; 
2012: 819696 [PMID: 21918726 DOI: 10.1155/2012/819696]

13	 Monnet X, Teboul JL. End-tidal carbon dioxide and arterial 
pressure for predicting volume responsiveness by the pas-
sive leg raising test: reply to Piagnerelli and Biston. Intensive 
Care Med 2013; 39: 1165 [PMID: 23615701 DOI: 10.1007/
s00134-013-2920-1]

14	 Monnet X, Bleibtreu A, Ferré A, Dres M, Gharbi R, Richard 
C, Teboul JL. Passive leg-raising and end-expiratory oc-
clusion tests perform better than pulse pressure variation 
in patients with low respiratory system compliance. Crit 
Care Med 2012; 40: 152-157 [PMID: 21926581 DOI: 10.1097/
CCM.0b013e31822f08d7]

15	 Monnet X, Rienzo M, Osman D, Anguel N, Richard C, Pin-
sky MR, Teboul JL. Passive leg raising predicts fluid respon-
siveness in the critically ill. Crit Care Med 2006; 34: 1402-1407 
[PMID: 16540963 DOI: 10.1097/01.CCM.0000215453.11735.06]

16	 Cochrane Injuries Group Albumin Reviewers. Human al-
bumin administration in critically ill patients: systematic re-
view of randomised controlled trials. BMJ 1998; 317: 235-240 
[PMID: 9677209 DOI: 10.1136/bmj.317.7153.235]

17	 Mills H. 300 die as health chiefs dither. London: Observer, 
1998

18	 Dieterich HJ, Weissmüller T, Rosenberger P, Eltzschig HK. 
Effect of hydroxyethyl starch on vascular leak syndrome 
and neutrophil accumulation during hypoxia. Crit Care 

Med 2006; 34: 1775-1782 [PMID: 16625120 DOI: 10.1097/01.
CCM.0000218814.77568.BC]

19	 Feng X, Hu Y, Ding J, Ge Y, Song J, Ai Q, Zhang Z, Xu J. Ear-
ly treatment with hydroxyethyl starch 130/0.4 causes greater 
inhibition of pulmonary capillary leakage and inflammatory 
response than treatment instituted later in sepsis induced by 
cecal ligation and puncture in rats. Ann Clin Lab Sci 2007; 37: 
49-56 [PMID: 17311869]

20	 Feng X, Liu J, Yu M, Zhu S, Xu J. Protective roles of hydroxy-
ethyl starch 130/0.4 in intestinal inflammatory response and 
survival in rats challenged with polymicrobial sepsis. Clin 
Chim Acta 2007; 376: 60-67 [PMID: 16942763 DOI: 10.1016/
j.cca.2006.07.008]

21	 Lang K, Suttner S, Boldt J, Kumle B, Nagel D. Volume re-
placement with HES 130/0.4 may reduce the inflammatory 
response in patients undergoing major abdominal surgery. 
Can J Anaesth 2003; 50: 1009-1016 [PMID: 14656778 DOI: 
10.1007/BF03018364]

22	 Marx G, Pedder S, Smith L, Swaraj S, Grime S, Stockdale H, 
Leuwer M. Resuscitation from septic shock with capillary 
leakage: hydroxyethyl starch (130 kd), but not Ringer’s solu-
tion maintains plasma volume and systemic oxygenation. 
Shock 2004; 21: 336-341 [PMID: 15179134 DOI: 10.1097/00024
382-200404000-00008]

23	 Guidet B, Martinet O, Boulain T, Philippart F, Poussel JF, 
Maizel J, Forceville X, Feissel M, Hasselmann M, Heininger 
A, Van Aken H. Assessment of hemodynamic efficacy and 
safety of 6% hydroxyethylstarch 130/0.4 vs. 0.9% NaCl fluid 
replacement in patients with severe sepsis: The CRYSTMAS 
study. Crit Care 2012; 16: R94 [PMID: 22624531 DOI: 10.1186/
cc11358]

24	 Magder S, Potter BJ, Varennes BD, Doucette S, Fergusson D. 
Fluids after cardiac surgery: a pilot study of the use of col-
loids versus crystalloids. Crit Care Med 2010; 38: 2117-2124 
[PMID: 20802322 DOI: 10.1097/CCM.0b013e3181f3e08c]

25	 Bullivant EM, Wilcox CS, Welch WJ. Intrarenal vasocon-
striction during hyperchloremia: role of thromboxane. Am J 
Physiol 1989; 256: F152-F157 [PMID: 2912160]

26	 Chowdhury AH, Cox EF, Francis ST, Lobo DN. A random-
ized, controlled, double-blind crossover study on the effects 
of 2-L infusions of 0.9% saline and plasma-lyte® 148 on 
renal blood flow velocity and renal cortical tissue perfusion 
in healthy volunteers. Ann Surg 2012; 256: 18-24 [PMID: 
22580944 DOI: 10.1097/SLA.0b013e318256be72]

27	 Wilcox CS. Regulation of renal blood flow by plasma chlo-
ride. J Clin Invest 1983; 71: 726-735 [PMID: 6826732 DOI: 
10.1172/JCI110820]

28	 Williams EL, Hildebrand KL, McCormick SA, Bedel MJ. The 
effect of intravenous lactated Ringer’s solution versus 0.9% 
sodium chloride solution on serum osmolality in human vol-
unteers. Anesth Analg 1999; 88: 999-1003 [PMID: 10320158]

29	 Saffle JI. The phenomenon of “fluid creep” in acute burn 
resuscitation. J Burn Care Res 2007; 28: 382-395 [PMID: 
17438489 DOI: 10.1097/BCR.0B013E318053D3A1]

30	 Arikan AA, Zappitelli M, Goldstein SL, Naipaul A, Jefferson 
LS, Loftis LL. Fluid overload is associated with impaired 
oxygenation and morbidity in critically ill children. Pediatr 
Crit Care Med 2012; 13: 253-258 [PMID: 21760565]

31	 Sutherland SM, Zappitelli M, Alexander SR, Chua AN, Bro-
phy PD, Bunchman TE, Hackbarth R, Somers MJ, Baum M, 
Symons JM, Flores FX, Benfield M, Askenazi D, Chand D, 
Fortenberry JD, Mahan JD, McBryde K, Blowey D, Goldstein 
SL. Fluid overload and mortality in children receiving con-
tinuous renal replacement therapy: the prospective pediatric 
continuous renal replacement therapy registry. Am J Kidney 
Dis 2010; 55: 316-325 [PMID: 20042260]

32	 Engrav LH, Colescott PL, Kemalyan N, Heimbach DM, Gi-
bran NS, Solem LD, Dimick AR, Gamelli RL, Lentz CW. A 
biopsy of the use of the Baxter formula to resuscitate burns 
or do we do it like Charlie did it? J Burn Care Rehabil 2000; 21: 
91-95 [PMID: 10752739 DOI: 10.1097/00004630-200021020-00

McDermid RC et al . Controversies in fluid therapy



32 February 4, 2014|Volume 3|Issue 1|WJCCM|www.wjgnet.com

002]
33	 Goldstein SL. Fluid Management in Acute Kidney Injury. J 

Intensive Care Med 2012 Nov 14; Epub ahead of print [PMID: 
23753221]

34	 Bagshaw SM, Brophy PD, Cruz D, Ronco C. Fluid balance 
as a biomarker: impact of fluid overload on outcome in criti-
cally ill patients with acute kidney injury. Crit Care 2008; 12: 
169 [PMID: 18671831 DOI: 10.1186/cc6948]

35	 Brandstrup B, Tønnesen H, Beier-Holgersen R, Hjortsø E, 
Ørding H, Lindorff-Larsen K, Rasmussen MS, Lanng C, 
Wallin L, Iversen LH, Gramkow CS, Okholm M, Blemmer 
T, Svendsen PE, Rottensten HH, Thage B, Riis J, Jeppesen 
IS, Teilum D, Christensen AM, Graungaard B, Pott F. Effects 
of intravenous fluid restriction on postoperative complica-
tions: comparison of two perioperative fluid regimens: a 
randomized assessor-blinded multicenter trial. Ann Surg 
2003; 238: 641-648 [PMID: 14578723 DOI: 10.1097/01.
sla.0000094387.50865.23]

36	 Wiedemann HP, Wheeler AP, Bernard GR, Thompson BT, 
Hayden D, deBoisblanc B, Connors AF, Hite RD, Harabin 
AL. Comparison of two fluid-management strategies in 
acute lung injury. N Engl J Med 2006; 354: 2564-2575 [PMID: 
16714767 DOI: 10.1056/NEJMoa062200]

37	 Finfer S, Bellomo R, Boyce N, French J, Myburgh J, Norton R. 
A comparison of albumin and saline for fluid resuscitation 
in the intensive care unit. N Engl J Med 2004; 350: 2247-2256 
[PMID: 15163774 DOI: 10.1056/NEJMoa040232]

38	 Myburgh J, Cooper DJ, Finfer S, Bellomo R, Norton R, 
Bishop N, Kai Lo S, Vallance S. Saline or albumin for fluid 
resuscitation in patients with traumatic brain injury. N Engl J 
Med 2007; 357: 874-884 [PMID: 17761591 DOI: 10.1056/NEJ-
Moa067514]

39	 Gattas DJ, Dan A, Myburgh J, Billot L, Lo S, Finfer S. Fluid 
resuscitation with 6 % hydroxyethyl starch (130/0.4 and 
130/0.42) in acutely ill patients: systematic review of effects 
on mortality and treatment with renal replacement therapy. 
Intensive Care Med 2013; 39: 558-568 [PMID: 23407978]

40	 Hartog CS, Skupin H, Natanson C, Sun J, Reinhart K. Sys-
tematic analysis of hydroxyethyl starch (HES) reviews: pro-
liferation of low-quality reviews overwhelms the results of 
well-performed meta-analyses. Intensive Care Med 2012; 38: 
1258-1271 [PMID: 22790311 DOI: 10.1007/s00134-012-2614-0]

41	 Sessler DI, Kurz A. Departmental and institutional strate-
gies for reducing fraud in clinical research. Anesth Analg 
2012; 115: 474-476 [PMID: 22826524 DOI: 10.1213/ANE.0b01
3e3182580cbb]

42	 Brunkhorst FM, Engel C, Bloos F, Meier-Hellmann A, Ra-
galler M, Weiler N, Moerer O, Gruendling M, Oppert M, 
Grond S, Olthoff D, Jaschinski U, John S, Rossaint R, Welte T, 
Schaefer M, Kern P, Kuhnt E, Kiehntopf M, Hartog C, Natan-
son C, Loeffler M, Reinhart K. Intensive insulin therapy and 
pentastarch resuscitation in severe sepsis. N Engl J Med 2008; 
358: 125-139 [PMID: 18184958 DOI: 10.1056/NEJMoa070716]

43	 Raghunathan K, Shaw A. Hydroxyethyl starch or saline 
in intensive care. N Engl J Med 2013; 368: 774-775 [PMID: 
23425177 DOI: 10.1056/NEJMc1215977]

44	 Food and Drug Administration. Hydroxyethyl Starch So-
lutions: FDA Safety Communication - Boxed Warning on 
Increased Mortality and Severe Renal Injury and Risk of 
Bleeding. Available from: URL: http://www.fda.gov/Safe-
ty/MedWatch/SafetyInformation/SafetyAlertsforHuman-
MedicalProducts/ucm358349.htm

45	 Meybohm P, Van Aken H, De Gasperi A, De Hert S, Della 
Rocca G, Girbes AR, Gombotz H, Guidet B, Hasibeder W, 
Hollmann MW, Ince C, Jacob M, Kranke P, Kozek-Lange-
necker S, Loer SA, Martin CD, Siegemund M, Wunder C, 
Zacharowski K. Re-evaluating currently available data and 
suggestions for planning randomised controlled studies 
regarding the use of hydroxyethyl-starch in critically ill pa-
tients - a multidisciplinary statement. Crit Care 2013; 17: R166 
[PMID: 23890518 DOI: 10.1186/cc12845]

46	 Antonelli M, Sandroni C. Hydroxyethyl starch for in-
travenous volume replacement: more harm than benefit. 
JAMA 2013; 309: 723-724 [PMID: 23423420 DOI: 10.1001/
jama.2013.851]

47	 Wilkes MM, Navickis RJ, Sibbald WJ. Albumin versus hy-
droxyethyl starch in cardiopulmonary bypass surgery: a me-
ta-analysis of postoperative bleeding. Ann Thorac Surg 2001; 
72: 527-33; discussion 534 [PMID: 11515893 DOI: 10.1016/
S0003-4975(01)02745-X]

48	 O’Malley CM, Frumento RJ, Hardy MA, Benvenisty AI, 
Brentjens TE, Mercer JS, Bennett-Guerrero E. A random-
ized, double-blind comparison of lactated Ringer’s solution 
and 0.9% NaCl during renal transplantation. Anesth Analg 
2005; 100: 1518-124, table of contents [PMID: 15845718 DOI: 
10.1213/01.ANE.0000150939.28904.81]

49	 Chua HR, Venkatesh B, Stachowski E, Schneider AG, Per-
kins K, Ladanyi S, Kruger P, Bellomo R. Plasma-Lyte 148 vs 
0.9% saline for fluid resuscitation in diabetic ketoacidosis. J 
Crit Care 2012; 27: 138-145 [PMID: 22440386 DOI: 10.1016/
j.jcrc.2012.01.007]

50	 Schortgen F, Girou E, Deye N, Brochard L. The risk as-
sociated with hyperoncotic colloids in patients with shock. 
Intensive Care Med 2008; 34: 2157-2168 [PMID: 18685828 DOI: 
10.1007/s00134-008-1225-2]

51	 Wiedermann CJ, Dunzendorfer S, Gaioni LU, Zaraca F, 
Joannidis M. Hyperoncotic colloids and acute kidney injury: 
a meta-analysis of randomized trials. Crit Care 2010; 14: R191 
[PMID: 21029460 DOI: 10.1186/cc9308]

52	 Awad S, Allison SP, Lobo DN. The history of 0.9% saline. 
Clin Nutr 2008; 27: 179-188 [PMID: 18313809 DOI: 10.1016/
j.clnu.2008.01.008]

53	 Lazarus-Barlow WS. On the Initial Rate of Osmosis of Blood-
Serum with reference to the Composition of “Physiological 
Saline Solution” in Mammals. J Physiol 1896; 20: 145-157 
[PMID: 16992354]

54	 Churton E. Leeds General Infirmary: A case of scirrhus 
of the pylorus, with excessive vomiting; repeated intrave-
nous injections of saline solution; remarks. Lancet 1888; 132: 
620-621

55	 Shaw AD, Bagshaw SM, Goldstein SL, Scherer LA, Duan M, 
Schermer CR, Kellum JA. Major complications, mortality, 
and resource utilization after open abdominal surgery: 0.9% 
saline compared to Plasma-Lyte. Ann Surg 2012; 255: 821-829 
[PMID: 22470070 DOI: 10.1097/SLA.0b013e31825074f5]

56	 Yunos NM, Bellomo R, Hegarty C, Story D, Ho L, Bailey M. 
Association between a chloride-liberal vs chloride-restrictive 
intravenous fluid administration strategy and kidney injury 
in critically ill adults. JAMA 2012; 308: 1566-1572 [PMID: 
23073953 DOI: 10.1001/jama.2012.13356]

57	 Yunos NM, Kim IB, Bellomo R, Bailey M, Ho L, Story D, 
Gutteridge GA, Hart GK. The biochemical effects of restrict-
ing chloride-rich fluids in intensive care. Crit Care Med 2011; 
39: 2419-2424 [PMID: 21705897 DOI: 10.1097/CCM.0b013e31
822571e5]

58	 Raghunathan K, Shaw AD, Bagshaw SM. Fluids are drugs: 
type, dose and toxicity. Curr Opin Crit Care 2013; 19: 290-298 
[PMID: 23817025 DOI: 10.1097/MCC.0b013e3283632d77]

59	 McFarlane C, Lee A. A comparison of Plasmalyte 148 
and 0.9% saline for intra-operative fluid replacement. An-
aesthesia 1994; 49: 779-781 [PMID: 7978133 DOI: 10.1111/
j.1365-2044.1994.tb04450.x]

60	 Foland JA, Fortenberry JD, Warshaw BL, Pettignano R, Mer-
ritt RK, Heard ML, Rogers K, Reid C, Tanner AJ, Easley KA. 
Fluid overload before continuous hemofiltration and surviv-
al in critically ill children: a retrospective analysis. Crit Care 
Med 2004; 32: 1771-1776 [PMID: 15286557 DOI: 10.1097/01.
CCM.0000132897.52737.49]

61	 Payen D, de Pont AC, Sakr Y, Spies C, Reinhart K, Vincent 
JL. A positive fluid balance is associated with a worse out-
come in patients with acute renal failure. Crit Care 2008; 12: 
R74 [PMID: 18533029 DOI: 10.1186/cc6916]

McDermid RC et al . Controversies in fluid therapy



33 February 4, 2014|Volume 3|Issue 1|WJCCM|www.wjgnet.com

62	 Murphy CV, Schramm GE, Doherty JA, Reichley RM, Gajic 
O, Afessa B, Micek ST, Kollef MH. The importance of fluid 
management in acute lung injury secondary to septic shock. 
Chest 2009; 136: 102-109 [PMID: 19318675 DOI: 10.1378/
chest.08-2706]

63	 Bouchard J, Soroko SB, Chertow GM, Himmelfarb J, Ikizler 
TA, Paganini EP, Mehta RL. Fluid accumulation, survival 
and recovery of kidney function in critically ill patients with 
acute kidney injury. Kidney Int 2009; 76: 422-427 [PMID: 
19436332 DOI: 10.1038/ki.2009.159]

64	 Fülöp T, Pathak MB, Schmidt DW, Lengvárszky Z, Juncos 
JP, Lebrun CJ, Brar H, Juncos LA. Volume-related weight 
gain and subsequent mortality in acute renal failure patients 
treated with continuous renal replacement therapy. ASAIO J 
2010; 56: 333-337 [PMID: 20559136]

65	 Boyd JH, Forbes J, Nakada TA, Walley KR, Russell JA. Fluid 
resuscitation in septic shock: a positive fluid balance and el-
evated central venous pressure are associated with increased 
mortality. Crit Care Med 2011; 39: 259-265 [PMID: 20975548 
DOI: 10.1097/CCM.0b013e3181feeb15]

66	 Grams ME, Estrella MM, Coresh J, Brower RG, Liu KD. Flu-
id balance, diuretic use, and mortality in acute kidney injury. 

Clin J Am Soc Nephrol 2011; 6: 966-973 [PMID: 21393482 DOI: 
10.2215/CJN.08781010]

67	 Heung M, Wolfgram DF, Kommareddi M, Hu Y, Song PX, 
Ojo AO. Fluid overload at initiation of renal replacement 
therapy is associated with lack of renal recovery in patients 
with acute kidney injury. Nephrol Dial Transplant 2012; 27: 
956-961 [PMID: 21856761 DOI: 10.1093/ndt/gfr470]

68	 Bellomo R, Cass A, Cole L, Finfer S, Gallagher M, Lee J, Lo S, 
McArthur C, McGuiness S, Norton R, Myburgh J, Scheinkes-
tel C, Su S. An observational study fluid balance and patient 
outcomes in the Randomized Evaluation of Normal vs. Aug-
mented Level of Replacement Therapy trial. Crit Care Med 
2012; 40: 1753-1760 [PMID: 22610181]

69	 Molnár Z, Mikor A, Leiner T, Szakmány T. Fluid resusci-
tation with colloids of different molecular weight in sep-
tic shock. Intensive Care Med 2004; 30: 1356-1360 [PMID: 
15127186 DOI: 10.1007/s00134-004-2278-5]

70	 McIntyre LA, Fergusson D, Cook DJ, Rankin N, Dhingra V, 
Granton J, Magder S, Stiell I, Taljaard M, Hebert PC. Fluid re-
suscitation in the management of early septic shock (FINESS): 
a randomized controlled feasibility trial. Can J Anaesth 2008; 
55: 819-826 [PMID: 19050085 DOI: 10.1007/BF03034053]

P- Reviewers: Chang HT, Moschovi M    S- Editor: Zhai HH    
L- Editor: A    E- Editor: Liu SQ  

McDermid RC et al . Controversies in fluid therapy



Ulinastatin for acute lung injury and acute respiratory 
distress syndrome: A systematic review and meta-analysis

Yu-Xin Leng, Shu-Guang Yang, Ya-Han Song, Xi Zhu, Gai-Qi Yao

Yu-Xin Leng, Shu-Guang Yang, Xi Zhu, Gai-Qi Yao, Depart-
ment of Intensive Care Unit, Peking University Third Hospital, 
Beijing 100191, China
Ya-Han Song, Library of Peking University Third Hospital, Bei-
jing 100191, China
Author contributions: Leng YX and Yang SG contributed to 
literature search and study selection; Leng YX and Song YH con-
tributed to data extraction, analysis and interpretation; Yao GQ, 
Zhu X and Yao GQ contributed to study conception and design; 
Leng YX drafted the article; Yao GQ revised the article critically 
for important intellectual content.
Correspondence to: Gai-Qi Yao, MD, PhD, Associate Pro-
fessor, Department of Intensive Care Unit, Peking University 
Third Hospital, A 49 North Garden Rd., Haidian District, Beijing 
100191, China. yaogaiqi@yeah.net
Telephone: +86-10-82267280  Fax: +86-10-82267281
Received: June 5, 2013             Revised: October 5, 2013
Accepted: November 2, 2013
Published online: February 4, 2014

Abstract 
AIM: To investigate the efficacy and safety of ulina-
statin for patients with acute lung injury (ALI) and 
those with acute respiratory distress syndrome (ARDS).

METHODS: A systematic review of randomized con-
trolled trials (RCTs) of ulinastatin for ALI/ARDS was 
conducted. Oxygenation index, mortality rate [intensive 
care unit (ICU) mortality rate, 28-d mortality rate] and 
length of ICU stay were compared between ulinastatin 
group and conventional therapy group. Meta-analysis 
was performed by using Rev Man 5.1.

RESULTS: Twenty-nine RCTs with 1726 participants 
were totally included, the basic conditions of which 
were similar. No studies discussed adverse effect. Oxy-
genation index was reported in twenty-six studies (1552 
patients). Ulinastatin had a significant effect in improv-
ing oxygenation [standard mean difference (SMD) = 
1.85, 95%CI: 1.42-2.29, P  < 0.00001, I 2 = 92%]. ICU 

mortality and 28-d mortality were respectively reported 
in eighteen studies (987 patients) and three studies (196 
patients). We found that ulinastatin significantly de-
creased the ICU mortality [I 2 = 0%, RR = 0.48, 95%CI: 
0.38-0.59, number needed to treat (NNT) = 5.06, P  < 
0.00001], while the 28-d mortality was not significantly 
affected (I 2 = 0%, RR = 0.78, 95%CI: 0.51-1.19, NNT 
= 12.66, P  = 0.24). The length of ICU stay (six studies, 
364 patients) in the ulinastatin group was significantly 
lower than that in the control group (SMD = -0.97, 
95%CI: -1.20--0.75, P  < 0.00001, I 2 = 86%). 

CONCLUSION: Ulinastatin seems to be effective for 
ALI and ARDS though most trials included were of poor 
quality and no information on safety was provided.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Ulinastatin; Acute lung injury; Acute respi-
ratory distress syndrome; Mortality; Oxygenation index

Core tip: Currently, many studies highlight the advan-
tages of ulinastatin in lung protection, which is likely 
because acute lung injury (ALI) and acute respiratory 
distress syndrome (ARDS) share a common pathogen-
esis with sepsis. We tried to provide more specific evi-
dence on this practice by performing a meta-analysis. 
In our study (29 clinical trials included), we found that 
though all the studies were of low quality, ulinastatin 
might improve oxygenation and mortality and be truly 
effective in patients with ALI/ARDS.
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INTRODUCTION
Ulinastatin, also known as human urinary trypsin inhibi-
tor, can be found in urine, plasma and all organs[1]. It is 
a glycoprotein marketed as an experimental medication 
for acute pancreatitis and septic shock in Asia for its in-
volvement in suppressing the systemic inflammation and 
proteolytic process[2-5]. Currently, many animal studies 
and clinical trials highlight its advantages in lung protec-
tion[6-38], which is likely because acute lung injury (ALI) 
and acute respiratory distress syndrome (ARDS) share 
a common pathogenesis with sepsis, which is systemic 
inflammatory response syndrome. However, it remains 
uncertain whether ulinastatin can be recommended as 
a standard medication for ALI and ARDS. Without the 
support of  large-scale, high-quality trials, it is difficult 
to draw a definite conclusion. Therefore, we perform a 
systematic review to evaluate the efficacy and safety of  
ulinastatin for ALI and ARDS to provide more specific 
evidence.

MATERIALS AND METHODS
Search strategy
We searched the published randomized controlled trials 
(RCTs) (from 1st January 2006 to 20th August 2012) from 
eight databases including Pubmed, Medline (Ovid SP), 
The Cochrane Library, Wanfang Database, China Biology 
Medicine Database, Chinese Periodical Database, China 
Knowledge Resource Integrated Database and Chinese 
Clinical Trial Registry with the following search terms: 
“Ulinastatin” or “Protease-Inhibitors” or “Glycoprotein” 
and “Acute Respiratory Distress Syndrome” or “ARDS” 
or “Acute Lung Injury” or “ALI”. There were no language 
restrictions on inclusive studies. All potentially relevant 
papers based on titles and abstracts were retrieved for full 
text screening. We also collected relevant articles by check-
ing the references of  the retrieved papers.

Study selection 
Both the study selection (Leng YX, Song YF) and data 
extraction processes (Leng YX, Yang SG) were per-
formed by two authors independently. Disagreements 
were resolved by group discussion. Figure 1 showed the 
flow chart of  study selection process.

We included the RCT studies comparing ulinastatin 
plus routine treatment (treatment group) versus routine 
treatment alone or placebo plus routine treatment (control 
group) for ALI and ARDS. ALI and ARDS were diag-
nosed as: acute onset; pulmonary artery wedge pressure 
≤ 18 mmHg or absence of  clinical evidence of  left atrial 
hypertension; bilateral infiltrates on chest radiography; 
ALI is present if  PaO2/FiO2 ratio is ≤ 300; ARDS is 
present if  PaO2/FiO2 ratio ≤ 200. Any dose and dura-
tion of  ulinastatin were permitted. The outcomes includ-
ed intensive care unit (ICU) mortality rate or PaO2/FiO2 

ratio.

Data extraction and quality assessment
The following parameters were extracted from each in-

clusive study: (1) first author and year of  the publication; 
(2) patients’ characteristics and study design; and (3) clini-
cal outcomes (ICU mortality, 28-d mortality, PaO2/FiO2 
ratio, length of  ICU stay and adverse effect). The quality 
of  all selected articles was evaluated according to the 
Jadad scale[39], which bases on the random assignment, 
double blinding, and flow of  patients. The range of  score 
is 0 (bad) to 5 (good).

Statistical analysis 
Meta-analysis was conducted using RevMan 5.1 software. 
For dichotomous variables (ICU mortality, 28-d mortal-
ity) we estimated the pooled risk ratios (RRs) and 95%CI. 
For continuous variables (PaO2/FiO2 ratio and length 
of  ICU stay), we calculated the estimation of  standard 
mean difference (SMD). Heterogeneity was explored by 
the I2 test. If  I2 < 50%, the fixed-effect model (Mantel-
Haenszel) was employed, otherwise the random-effect 
model (DerSimonian and Laird) was used. The signifi-
cance of  pooled RR was determined by Z test. P < 0.05 
was considered statistically significant. Funnel plots were 
used to detect the potential publication bias if  more than 
ten studies were included. The sensitivity analysis was 
conducted by taking each single study away from the total 
and re-analyzing the remainder.

RESULTS
Study characteristics 
After full text screening, 34 potentially relevant studies 
were identified. Among these studies, five were excluded 
because there were incomplete data (1 study), other in-
terventions besides ulinastatin were included (2 studies), 
the abstract and full text were inconsistent (1 study), and 
no relative outcomes were reported (1 study) (Figure 1). 
Finally, 29 studies involving 1726 participants were in-
cluded[10-38], the basic conditions of  which were similar. 
The conventional therapy included mechanical ventila-
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579 Potentially relevant 
trials were screened for retrieval

148 Trials retrieved in 
full text for detailed 

34 Potentially appropriate 
RCTs to be included 
in the systematic review

29 RCTs were included
Number of trials with 
usable information on 
outcomes:
PaO2/FiO2:              n = 26
ICU mortality:         n = 15 
28-d mortality rate  n = 3 
Length of ICU stay   n = 6 

431 Trials excluded as 
not relevant or not a RCT trial 

114 Papers were excluded 

5 Papers were further excluded because:
data incomplete: 2
NPPV + ulinastatin vs  conventional therapy 
without NPPV: 1
hormone therapy vs  ulinastatin alone
without hormone: 1
the abstract and full text were inconsistent: 1
no relevant outcomes: 1

Figure 1  Flow chart of reviewed articles. RCT: Randomized controlled trial; 
NPPV: Noninvasive positive-pressure ventilation; ICU: Intensive care unit.



tion, low dose hormone, nutritional support, treatment 
of  primary diseases, etc. Of  the included studies, no one 
discussed the adverse effect of  ulinastatin. Oxygenation 
index was reported in 26 studies (1552 patients). Eigh-
teen studies (987 patients) and three studies (196 patients) 
analyzed the ICU mortality and 28-d mortality, respec-
tively. The length of  ICU stay was reported in six studies 
(364 patients). Although all the trials announced the ran-
domization, only four studies mentioned the allocation 

concealment without detailed description of  mechanisms. 
Table 1 displays the quality and characteristics of  these 
studies.

Oxygenation index 
The basal oxygenation indexes in all studies were similar. 
After treatment with standard strategy or ulinastatin, the 
patients’ oxygenation indexes were improved in all stud-
ies. The effect of  ulinastatin was more significant (Figure 
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  Ref. Yr Jadad Design Sample Gender Age Dosage Frequency Duration Outcomes

score size (male/female) (yr, mean or range ) (d)
  Chen et al[10] 2006 1 NRCT 70 40/30 36.6 200000 bid        2-7 Oxygenation index
  Gu et al[11] 2011 1 NRCT     120 65/55 56.2 100000 tid 5 Oxygenation index
  Hu et al[12] 2009 1 NRCT 54 39/15 41.2 300000 tid 7 Oxygenation index

Length of ICU stay
28-d mortality rate

  Huang et al[13] 2010 1 NRCT 80 41/39                49 100000 tid 5 Oxygenation index
Length of ICU stay
ICU Mortality rate

  Jiang et al[14] 2006 1 NRCT 57 32/25 58.1 200000 qd      7-10 Oxygenation index
ICU Mortality rate

  Liang et al[15] 2011 1 NRCT 62 36/26 38.8 200000 bid 7 Oxygenation index 
Length of ICU stay

  Liang et al[16] 2008 1 NRCT 76 42/34                57 200000 bid 6 Oxygenation index 
ICU Mortality rate

  Lu et al[17] 2008 1 NRCT 60 42/18 39.7   50000 qd 3 Oxygenation index 
  Ou et al[18] 2008 1 NRCT 36 24/12 63.7  200000-

300000
bid        5-7 Oxygenation index

ICU Mortality rate
Incidence of MODS

  Pi et al[19] 2009 1 NRCT 40 25/15                37  200000- bid        5-7 Incidence of MODS
ICU Mortality rate

  Qian et al[20] 2009 1 NRCT 48 35/13                48 200000 qid 6 Oxygenation index 
ICU Mortality rate
Length of ICU stay

  Qin[21] 2007 1 NRCT 60 40/20                35 300000 bid 3 Oxygenation index
  Shang et al[22] 2008 2 RCT 60 48/12                14-72 200000 tid 7 Oxygenation index 

ICU Mortality rate
  Shi et al[23] 2011 1 NRCT 50 34/16 59.4 300000 bid      7-10 Oxygenation index 

ICU Mortality rate
  Wang et al[24] 2011 1 NRCT 52 32/20 55.4 200000 tid         10 ICU Mortality rate
  Wang et al[25] 2011 1 NRCT 60 44/16                18-60 200000 bid 5 Oxygenation index 
  Xiang et al[26] 2011 1 NRCT 72 46/26 46.8 200000 tid 7 Oxygenation index 
  Xiong[27] 2008 1 NRCT 50 28/22                35 300000 bid 7 Oxygenation index
  Yang et al[28] 2011 1 NRCT 40 NA NA 200000 tid         10 Oxygenation index
  Yang et al[29] 2006 2 NRCT 80 58/22                14-72 300000 bid 7 Oxygenation index 

ICU Mortality rate
  Zhang et al[30] 2009 1 NRCT 34 22/12                  9-61 200000 tid         10 Oxygenation index

ICU Mortality rate
  Zhang et al[31] 2011 1 NRCT 82 43/39                18-65 200000 bid 7 Oxygenation index

28-d mortality rate
  Zhang[32] 2010 2 RCT 60 45/15 43.3 300000 bid 7 Oxygenation index
  Zhang et al[33] 2010 1 RCT 60 30/30 55.7 500000 bid 7 Oxygenation index

Length of ICU stay
28-d mortality rate

  Zhang et al[34] 2009 1 NRCT 61         54/7 61.9 200000 bid 7 Oxygenation index
  Zhao et al[35] 2012 2 RCT 56 37/19 46.2 200000 bid 4 Oxygenation index
  Zhao et al[36] 2007 1 NRCT 37         29/8 42.6 100000 bid 5 Oxygenation index

ICU Mortality rate
  Zheng et al[37] 2011 1 NRCT 60 42/18 40.2   50000 qd 3 Oxygenation index

ICU mortality rate
Length of ICU stay

  Zhou et al[38] 2011 1 NRCT 40 NA 40.2 600000 qid 5 Oxygenation index
ICU Mortality rate

Table 1  Quality and characteristics of all included studies

NA: Not available; NRCT: Non-randomized controlled trial; RCT: Randomized controlled trial; ICU: Intensive care unit.
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Since ulinastatin is marketed as an experimental medica-
tion for septic shock, the probable efficacy of  ulinastatin 
for ALI and ARDS gains more and more attention. 

It is reported that ulinastatin inhibits pathogenic 
changes in animal models of  ALI/ARDS induced by 
many factors (including scald, seawater, LPS, phos-
gene)[6-9]. Immunoregulation and the mitigation of  exces-
sive inflammatory reaction might be involved. Downreg-
ulation of  the human major histocompatibility complex 
class I chain-related antigen A (MICA), mitigation of  
lipid peroxidation and apoptosis may play important 
roles. Upregulation of  MICA in scald induced lung injury 
can be ameliorated by ulinastatin[6]. Moreover, ulinastatin 
treatment can reduce the level of  cytokines like serum 
E, P-selectin and VCAM-1, which are considered to be 
critical in the development of  inflammatory responses[41]. 
Nevertheless, the effect of  ulinastatin on pulmonary 
injury and the molecular mechanism(s) by which ulina-
statin exerts its organ-protective activity remain obscurely 
studied. In addition, clinical trials also recommended ap-
plication of  ulinastatin for ALI/ARDS though no high 
quality evidence was reported. Only one meta-analysis 
on ulinastatin for ALI/ARDS was reported till now[42], in 
which only Chinese databases were detected. Accordingly, 
we yet have no enough evidence to support the recom-
mendation of  ulinastatin for ALI/ARDS. We performed 
this meta-analysis to evaluate the existing clinical trials 
objectively and to provide more specific evidence for 
ulinastatin selection for ALI/ARDS.

Our results seem to be inspiring. Compared with rou-
tine treatment alone, ulinastatin plus routine treatment 
significantly improved the oxygenation index (SMD = 
1.85, 95%CI: 1.42-2.29, P < 0.00001) and reduced the 
ICU mortality rate (RR = 0.48, 95%CI: 0.38-0.59, NNT 
= 5.06, P <0.00001) and the length of  ICU stay (SMD 
= -0.97, 95%CI: -1.20--0.75, P < 0.00001). Nevertheless, 
the validity of  this meta-analysis to some extent is lim-
ited. No studies reported the adverse effect. Most of  the 
clinical trials were of  poor quality without description of  
randomization and allocation mechanisms. Meanwhile, 
the language bias is introduced in this review, because 
all the included trials were published in Chinese. Then, 
how should we interpret these clinical trials and the sys-
tematic review based on these trials? Should the clinical 

2), which was confirmed by the meta-analysis (SMD = 
1.85, 95%CI: 1.42-2.29, P < 0.00001, I2 = 92%, Figure 
3A).

Mortality rate
Most studies (15/18) reported that the ICU mortality rate 
was not significantly different between ulinastatin treat-
ment and conventional treatment. The 95%CI crossed 
1.00. Nevertheless, the result of  meta-analysis indicated 
that ulinastatin actually reduced the patients’ ICU mortal-
ity rate, and the pooled RR was 0.48 (95%CI: 0.38-0.59, 
I2 = 0%, Figure 3B). The number needed to treat (NNT) 
was 5.06. However, the 28-d mortality was not signifi-
cantly different between the two groups (RR = 0.78, 
95%CI: 0.51-1.19, I2 = 0%, Figure 4A), and the NNT was 
12.66.

Length of ICU stay
Five of  the six studies reporting the length of  ICU stay 
suggested that compared with conventional therapy, 
ulinastatin significantly decreased the length of  ICU 
stay, which was confirmed by the result of  meta-analysis 
(SMD = -0.97, 95%CI: -1.20--0.75, P < 0.00001, I2 = 
86%, Figure 4B).

Publication bias and sensitivity analysis
Funnel plots of  ICU mortality and oxygenation index are 
shown in Figure 5, which indicated that the publication 
bias did exist. The language bias may be the main bias 
because all the inclusive studies were written in Chinese. 
The sensitivity analysis showed that exclusion of  any 
single study from the meta-analysis did not alter the over-
all conclusion. Though I2 of  the oxygenation index and 
ICU stay were larger than 50%, we considered that those 
heterogeneities were probably related to great difference 
among studies.

DISCUSSION
ARDS is a common severe lung complication with direct 
and indirect causes in ICU. In the past 20 years, the mor-
tality rate decreased from 40%-70% to 30%-40%. This 
survival improvement is considered to be partly related 
with the better understanding and treatment of  sepsis[40]. 
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Figure 2  Oxygenation indexes of 
different groups before and after 
treatment. The horizontal axis, num-
ber of references.
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Experimental Control Std. mean difference Std. mean difference

Study or subgroup Mean SD Total Mean SD Total Weight Ⅳ, Random, 95%CI Ⅳ, Random, 95%CI

Chen HD 2006 326 25 35 294 23 35 4.1% 1.32 [0.80, 1.84]

Gu ZY 2011 364.42 56.21 60 286.56 86.54 60 4.2% 1.06 [0.68, 1.44]

Hu MH 2009 305.67 18.31 29 276.93 21.23 25 4.0% 1.44 [0.83, 2.04]

Huang YP 2010 309 16 40 263 14 40 4.0% 3.03 [2.38, 3.68]

Jiang XQ 2006 389.59   5.77 29 305.28   4.95 28 1.4%   15.45 [12.46, 18.43]

Liang DS 2011 282.08 53.43 31 203.34 60.83 31 4.1% 1.36 [0.80, 1.91]

Liang QX 2008 378   6.92 39 300   7.82 37 2.5% 10.47 [8.71, 12.24]

Lu WH 2011 322.63 56.71 30 267.82 75.66 30 4.1% 0.81 [0.28, 1.34]

Ou SQ 2008 347.75 48.56 18 272.62 42.77 18 3.8% 1.61 [0.84, 2.37]

Qian HB 2009 311.9 18.4 24 228.3 29.2 24 3.7% 3.37 [2.47, 4.27]

Qin XW 2007 327.03 24.98 30 293.28 22.95 30 4.1% 1.39 [0.82, 1.96]

Shang GJ 2008 303.25 57.64 30 269 68.92 30 4.1% 0.53 [0.02, 1.05]

Shi QJ 2011 265.78 65.95 25 223.58 57.26 25 4.1% 0.67 [0.10, 1.24]

Wang KM 2011 303.85 57.6 30 268.98 68.82 30 4.1% 0.54 [0.03, 1.06]

Xiang JF 2011 256 58 36 214 51 36 4.1% 0.76 [0.28, 1.24]

Xiong SS 2008 286.15 21.23 25 238.96 26.78 25 3.9% 1.92 [1.24, 2.60]

Yang JB 2011 228.55 67.56 15 198.23 56.78 15 3.9%  0.47 [-0.25, 1.20]

Yang K 2006 303.3 57.6 40 269 68.9 40 4.2% 0.53 [0.09, 0.98]

Zhang BM 2009 266.5 45.7 17 224.4 55.3 17 3.9% 0.81 [0.11, 1.51]

Zhang CQ 2010 352.1 38.8 42 291.2 31.6 40 4.1% 1.70 [1.19, 2.21]

Zhang RW 2010 288.1 19.1 30 236.1 23.4 30 4.0% 2.40 [1.73, 3.08]

Zhang YL 2009 350.2 40.1 31 287.4 32.2 30 4.0% 1.70 [1.11, 2.29]

Zhao HQ 2012 304.27 53.54 28 259.09 61.72 28 4.1% 0.77 [0.23, 1.32]

Zhao RG 2007 356.45 10.92 18 327.08   9.57 16 3.6% 2.78 [1.81, 3.76]

Zheng JM 2011 362.42 40.57 30 302.25 55.37 30 4.1% 1.22 [0.67, 1.78]

Zhou MH 2011 206.78 17.68 20 161.06 18.2 20 3.7% 2.50 [1.65, 3.34]

Total (95%CI)    782  770 100.0% 1.85 [1.42, 2.29]

Heterogeneity: Tau2 = 1.13; χ 2 = 325.20, df  = 25 (P  = 0.00001); I 2 = 92%

Test for overall effect: Z  = 8.36 (P  = 0.00001)

Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Fixed, 95%CI M-H, Fixed, 95%CI
Hu MH 2009 5 29 6 25 3.5% 0.72 [0.25, 2.07]
Huang YP 2010      10 40     20 40   10.7% 0.50 [0.27, 0.93]
Jiang XQ 2006 7 29     20 28   10.9% 0.34 [0.17, 0.67]
Liang DS 2011 2 31 7 31 3.8% 0.29 [0.06, 1.27]
Liang QX 2008      10 39     22 37   12.1% 0.43 [0.24, 0.78]
Ou SQ 2008 3 18 9 18 4.8% 0.33 [0.11, 1.03]
Pi Y 2010 3 20 9 20 4.8% 0.33 [0.11, 1.05]
Qian HB 2009 6 24 8 24 4.3% 0.75 [0.31, 1.83]
Shang GJ 2008 4 30     11 30 5.9% 0.36 [0.13, 1.01]
Shi QJ 2011 2 25 8 25 4.3% 0.25 [0.06, 1.06]
Wang CB 2011 3 26 7 26 3.8% 0.43 [0.12, 1.48]
Yang K 2006 4 40     11 40 5.9% 0.36 [0.13, 1.05]
Zhang BM 2009 2 17 5 17 2.7% 0.40 [0.09, 1.78]
Zhang CG 2011      10 42     12 40 6.6% 0.79 [0.39, 1.63]
Zhang CQ 2010      11 30     14 30 7.5% 0.79 [0.43, 1.44]
Zhao RG 2007 5 19 8 18 4.4% 0.59 [0.24, 1.47]
Zheng JM 2011 1 23 3 22 1.6% 0.32 [0.04, 2.84]
Zhou MH 2011 2 18 4 16 2.3% 0.44 [0.09, 2.11]

Total (95%CI)    500    487 100.0% 0.48 [0.38, 0.59]
Total events      90    184
Heterogeneity: χ 2 = 10.13, df  = 17 (P  = 0.90); I 2 = 0%
Test for overall effect: Z  = 6.76 (P  = 0.00001) Favours experimental Favours control
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Figure 3  Meta-analysis of patients’ oxygenation index (A) and intensive care unit mortality rate (B) after treatment with conventional therapy vs with ulina-
statin (random effects). A: Random effects model; B: Fixed effects model.
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practitioners consider ulinastatin as a first-line treatment? 
Obviously, we can not draw a definite conclusion right 
now. Although ulinastatin seems to be effective for ALI/

ARDS, high-quality RCTs discussing the efficacy and 
safety are needed in the future.
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Abstract
Management of sedation in the critical care unit is an 
ongoing challenge. Benzodiazepines have been com-
monly used as sedatives in critically ill patients. The 
pharmacokinetic and pharmacodynamic properties that 
make benzodiazepines effective and safe in critical care 
sedation include rapid onset of action and decreased 
respiratory depression. Alprazolam is a commonly used 
benzodiazepine that is prescribed for anxiety and panic 
disorders. It is frequently prescribed in the outpatient 
setting. Its use has been reported to result in a rela-
tively high rate of dependence and subsequent with-
drawal symptoms. Symptoms of alprazolam withdrawal 
can be difficult to recognize and treat in the critical care 
setting. In addition, other benzodiazepines may also 
be ineffective in treating alprazolam withdrawal. We 
present a case of alprazolam withdrawal in a critically 
ill trauma patient who failed treatment with lorazepam 
and haloperidol. Subsequent replacement with alprazol-
am resulted in significant improvement in the patient’s 

medication use and clinical status.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Alpralazom; Lorazepam; Withdrawal; Phar-
macokinetics; Pharmacodynamics

Core tip: Withdrawal from drugs and alcohol is a com-
mon phenomenon in the intensive care unit. Benzo-
diazepines are commonly used for both alcohol and 
benzodiazepine withdrawal. The pharmacokinetics and 
pharmacodynamics among drugs within this class vary. 
The failure of lorazepam to treat withdrawal of alpra-
zolam is demonstrated in this case study.

Sachdev G, Gesin G, Christmas AB, Sing RF. Failure of loraz-
epam to treat alprazolam withdrawal in a critically ill patient. 
World J Crit Care Med 2014; 3(1): 42-44  Available from: URL: 
http://www.wjgnet.com/2220-3141/full/v3/i1/42.htm  DOI: http://
dx.doi.org/10.5492/wjccm.v3.i1.42

INTRODUCTION
Benzodiazepines have been commonly used as sedatives 
in critically ill patients and also used extensively in the 
treatment of  depression, anxiety, and panic disorders[1]. 
Key pharmacokinetic and pharmacodynamic properties 
of  benzodiazepines include a rapid onset of  action, de-
creased respiratory depression, higher ratio of  lethal dose 
to effective dose, and a greater therapeutic dose margin 
between anxiolysis and sedation.

Alprazolam is a commonly used benzodiazepine for 
anxiety and panic disorders. It has been reported to have 
a relatively high occurrence of  dependence and with-
drawal symptoms[2,3]. Symptoms of  alprazolam withdraw-
al can be difficult to recognize and treat in the critical 
care setting. In addition, other benzodiazepines may be 
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ineffective in treating alprazolam withdrawal. We present 
a case of  alprazolam withdrawal in a critically ill trauma 
patient who failed treatment with lorazepam.

CASE REPORT
A 28-year-old male was involved in a motor vehicle crash. 
After assessment and stabilization in the trauma bay he 
was noted to have an altered level of  consciousness, mild 
traumatic brain injury with small subarachnoid hemor-
rhage, grade Ⅱ splenic laceration and ethanol level of  
221 mg/dL. The patient required emergent splenic artery 
embolization for a decreasing hematocrit. Subsequently, 
he was admitted to the trauma intensive care unit and 
started on an alcohol withdrawal protocol which included 
lorazepam administered on an as needed symptom-
directed schedule.

By hospital day 3, the patient became extremely agi-
tated requiring multiple doses of  intravenous lorazepam 
(2 mg times four doses) (Figure 1). Over the next 5 d, the 
patient required escalating doses of  lorazepam to control 
his agitation (2 mg 6-7 times per day). Symptoms neces-
sitating pharmacologic intervention included tachycardia, 
hypertension, confusion, slurred speech and pulling of  
his catheter and naso-enteric feeding tube.

On hospital day 8, a family member reported that the 
patient takes alprazolam 1 mg by mouth three times daily 
as a home medication. Following discussion with the clin-
ical pharmacist member of  the multi-professional critical 
care team, the patient was immediately started on clon-
azepam 1 mg three times a day. Following the first dose 
of  clonazepam at noon, the patient received only one 
as needed dose of  lorazepam that evening. On hospital 
day nine, no as needed lorazepam doses were required and 
only one was administered on hospital day 10. Despite 
an improving mental status, the patient remained con-
fused. Thus, lorazepam was discontinued and the clon-
azepam dose was increased to 1.5 mg three times daily. 
On hospital day eleven, the patient again became acutely 
agitated and received lorazepam and multiple doses of  
haloperidol. By hospital day thirteen, his clonazepam was 
increased to 2 mg three times a day. The patient was less 
agitated and was transferred to an intermediate care unit.

Although improved, the patient remained restless and 

intermittently agitated. He required haloperidol 3 mg three 
times a day to control his agitation. Over the next 2 wk, 
the patient did not require any as needed benzodiazepines 
or haloperidol for acute agitation. The scheduled haloperi-
dol was tapered and discontinued by discharge at hospital 
day 25. The clonazepam dose was tapered by 50% each 
week, and the patient was discharged to a rehabilitation 
facility on clonazepam 0.5 mg twice daily.

DISCUSSION
In comparison to other benzodiazepines, alprazolam may 
be associated with a higher propensity for addiction and 
result in more severe withdrawal symptoms. The preva-
lence of  rebound anxiety is higher with benzodiazepines 
that have a short to intermediate half-life compared to 
those with a long half-life[4,5]. The effectiveness of  other 
benzodiazepines at treating alprazolam withdrawal has 
been studied. The triazole ring found in alprazolam may 
have a significantly greater binding affinity for a subgroup 
of  benzodiazepine receptors in areas of  the brain that 
are not generally influenced by other benzodiazepines[6]. 
A review of  eight case reports of  alprazolam withdrawal 
published between 1984 and 1986 combined with six 
unpublished cases reported to the manufacturer provide 
early evidence of  unique properties related to this agent. 
Chlordiazepoxide and diazepam were both found to be 
ineffective in preventing withdrawal symptoms in two 
separate cases. This review has been cited as provid-
ing clinical evidence to suggest that there is incomplete 
cross-tolerance between alprazolam and other benzodiaz-
epines[7]. More recent review has shown that despite over 
prescription of  benzodiazepines, withdrawal and depen-
dence can be reduced by shorter duration prescriptions 
and withdrawal can be prevented by judicious weaning[8].

Differentiating withdrawal symptoms from pre-
hospital substance use from those associated with the 
physiologic response to trauma can be difficult in criti-
cally ill patients since they are similar. In this patient, 
confusion, slurred speech, restlessness, and hypertension 
were thought to be related to alcohol withdrawal and 
tachycardia was presumed to be a presenting sign of  a 
splenic bleeding. Although the patient was appropriately 
started on a symptom-directed alcohol withdrawal proto-
col at the time of  admission, lorazepam was not effective 
in abating his agitation.

Lorazepam was clearly ineffective in treating this 
patient’s alprazolam withdrawal. This is consistent with 
a previous report of  a critically ill patient who exhibited 
alprazolam withdrawal despite large doses of  lorazepam 
and diazepam[9]. Initiation of  clonazepam on hospital 
day eight was associated with a reduction in lorazepam 
requirements (Figure 1). Although clonazepam was used, 
it is likely that alprazolam would have also been effective 
as a rapid response is often observed with reinstitution 
of  the drug[4,5]. Clonazepam was chosen because it has an 
intermediate to long half-life ranging from 17-60 h and 
is associated with less rebound anxiety and withdrawal 
symptoms in comparison to shorter acting agents such as 
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alprazolam[4,5]. Furthermore, it has been used successfully 
for the management of  alprazolam detoxification. This 
substitution in alprazolam-dependent patients has been 
shown to be safe and effective[5,10].

Given the unique characteristics and pharmacody-
namics properties of  alprazolam, reinstitution of  this 
medication or substitution with clonazepam on a mil-
ligram per milligram basis are the preferred management 
strategies for trauma patients admitted with a history 
of  pre-hospital alprazolam use to prevent withdrawal. 
Furthermore, consideration should be given to the high 
potential for therapeutic failure of  other benzodiazepines 
in this patient population. This approach may prevent 
confusion with physiologic responses to injury and re-
duce the overall benzodiazepine requirement. This report 
highlights the need for obtaining an accurate medication 
history, as well as recognizing the physiologic effects 
related to injury, substance withdrawal, and medication 
administration. As such, we recommend a multi-profes-
sional approach with input from physicians, nurses, and 
clinical pharmacists to optimize these processes.
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Abstract
Septic shock is a life threatening condition that can 
develop subsequent to infection. Mortality can reach 
as high as 80% with over 150000 deaths yearly in the 
United States alone. Septic shock causes progressive 
failure of vital homeostatic mechanisms culminating in 
immunosuppression, coagulopathy and microvascular 
dysfunction which can lead to refractory hypotension, 
organ failure and death. The hypermetabolic response 
that accompanies a systemic inflammatory reaction 
places high demands upon stored nutritional resources. 
A crucial element that can become depleted early dur-
ing the progression to septic shock is glutathione. Glu-
tathione is chiefly responsible for supplying reducing 
equivalents to neutralize hydrogen peroxide, a toxic 
oxidizing agent that is produced during normal metabo-
lism. Without glutathione, hydrogen peroxide can rise 
to toxic levels in tissues and blood where it can cause 
severe oxidative injury to organs and to the microvas-
culature. Continued exposure can result in microvascu-
lar dysfunction, capillary leakage and septic shock. It is 
the aim of this paper to present evidence that elevated 
systemic levels of hydrogen peroxide are present in 

septic shock victims and that it significantly contributes 
to the development and progression of this frequently 
lethal condition.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Septic shock; Hydrogen peroxide; Hyper-
metabolic; Sepsis; Systemic inflammatory response 
syndrome

Core tip: For decades septic shock has been attributed 
to an over-active immune response. However, immune 
modulation has failed to reduce mortality, casting doubt 
on a direct causal role for the immune response in the 
development of septic shock. A closer look suggests 
that septic shock is the result of a generalized build-up 
of hydrogen peroxide, a toxic cellular by-product gener-
ated as a consequence of the hypermetabolic state that 
accompanies a systemic immune response. This finding 
points to the systemic accumulation of hydrogen per-
oxide as a significant risk factor for the development of 
septic and non-septic shock syndromes.

Pravda J. Metabolic theory of septic shock. World J Crit Care 
Med 2014; 3(2): 45-54  Available from: URL: http://www.
wjgnet.com/2220-3141/full/v3/i2/45.htm  DOI: http://dx.doi.
org/10.5492/wjccm.v3.i2.45

INTRODUCTION
Sepsis is a life threatening condition that is associated 
with a systemic inflammatory response to a microbial in-
fection[1]. Sepsis is the most common cause of  mortality 
in the intensive care unit with a fatality rate that can rise 
to 80% for those developing multiple organ failure. The 
progression of  an exaggerated systemic inflammatory 
response is thought to be responsible for the eventual 
development of  septic shock and death[2]. However, mul-
tiple therapeutic efforts aimed at controlling the immune 
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response with the intent of  interrupting the process lead-
ing to organ failure have been uniformly unsuccessful[1]. 
This simple fact has prompted a reappraisal of  the role 
played by the immune system in the development of  this 
condition that kills more than 150000 Americans yearly; 
more than breast, colon, prostate and brain cancer com-
bined[3,4].

Although immune activation is clearly evident, recent 
evidence suggests that the immune response may not 
be the direct mediator of  the pathologic process that 
leads to septic shock. Studies conducted to define the 
circulating leukocyte transcriptome have revealed that 
there is no qualitative difference in the immunogenetic 
response when comparing burn or blunt trauma patients 
with complicated or uncomplicated outcomes. In other 
words, severely injured patients who die from their inju-
ries have the same immunogenetic response as patients 
who recover; the only difference being the duration and 
intensity of  systemic inflammation[5].

The lack of  a unique immunogenetic response sug-
gests that septic shock is the phenotypic expression of  
a separate process that is initiated simultaneously with 
systemic immune activation. The multiple organ involve-
ment, which can lead to death within a few days, sug-
gests that this concomitant process is systemic in nature 
and initiated in parallel with inflammatory response. 
Moreover, the microvascular edema associated with 
multiple organ failure, which persists despite efforts at 
immunosuppression, suggests that a non-immune medi-
ated angiopathic agent is being released into the systemic 
circulation[1].

The high (8%) increased mortality rate for each hour 
of  delay before instituting antibiotics after the onset of  
hypotension suggests that the duration of  this parallel 
process is closely linked with a greater risk of  an adverse 
outcome and down regulating the immune response with 
successful therapy simply allows this parallel process to 
turn off[6].

In other words, survival is closely correlated with 
the early down regulation of  a systemic process closely 
linked to systemic immune activation suggesting deple-
tion of  a crucial biochemical element that is critical for 
survival. Put differently, if  catabasis (immune down 
regulation) is achieved by successful antibiotic therapy 
prior to depletion of  this critical element the patient will 
survive, if  not the patient is at high risk for organ failure, 
septic shock and death. 

HYPERMETABOLIC RESPONSE
A key systemic process that is turned on and up-regulated 
with systemic inflammation is cellular metabolism, which 
becomes hypermetabolic from the onset of  sepsis[7]. The 
sustained high fever, highly amplified protein synthesis, 
tachycardia and tachypnea characteristic of  a septic im-
mune response requires supra-physiological energy sup-
plies. It is estimated that basal energy requirements for a 
septic patient can reach up to 10000 calories daily[8]. This 
hypermetabolic state not only requires increased nutrient 

intake but also generates a large amount of  toxic cellular 
by-products as a result of  increased electron transport 
chain (ETC) activity required to synthesize sufficient 
adenosine triphosphate (ATP) to support a prolonged 
hypermetabolic state. This critical need for supplemental 
nutrients often cannot be met as it occurs at a time when 
caloric intake is curtailed as a result of  the severe illness 
afflicting the patient[8]. This suggests the progressive 
depletion of  an element whose principal function is to 
metabolize a toxic cellular waste product that, upon ac-
cumulation, leads to organ dysfunction, microangiopathic 
edema and refractory hypotension, the characteristic 
pathologic findings in septic shock.

An important toxic product that is continuously 
generated as a result of  cellular metabolism is hydrogen 
peroxide (H2O2), which is formed as a result of  several 
metabolic activities including protein synthesis (disulfide 
bond formation), DNA recycling (Xanthine oxidase), 
ATP synthesis (ETC activity) and fatty acid oxidation 
(peroxisomal metabolism)[9-12]. Most H2O2 is degraded to 
water via the enzymatic action of  glutathione peroxidase 
(GPx), a selenium containing enzyme that has an obli-
gate requirement for the co-factor glutathione (GSH) in 
order to metabolize H2O2. The biochemical reaction is: 
2 GSH + H2O2 → GS-SG + 2H2O in which two mol-
ecules of  GSH are converted to one molecule of  gluta-
thione disulfide (GS-SG) and two molecules of  water. 
Glutathione is consumed during this process and must 
be replenished in order for the cell to prevent accumula-
tion of  H2O2 to toxic levels[13,14]. 

Replenishment of  glutathione, however, is not fa-
vored during periods of  sustained hypermetabolism and 
caloric insufficiency, which frequently accompany critical 
illnesses such as sepsis leading to depletion of  glutathi-
one reserves. 

Within 48 h of  diagnosis critically ill children with 
sepsis were found to have a 60% decrease in whole 
blood GSH synthesis, suggesting depletion of  whole 
body GSH stores[15,16]. Systemic GSH depletion is sup-
ported by studies showing over 50% decrease in lung 
and skeletal muscle GSH in septic and critically ill pa-
tients[17,18]. The critical importance of  glutathione was 
demonstrated by a study which documented significantly 
decreased erythrocyte glutathione in septic non-survivors 
vs survivors (P < 0.0001)[19]. This suggests high levels of  
circulating H2O2 capable of  permeating erythrocyte cell 
membranes and oxidizing (and depleting) intracellular 
glutathione in septic shock non-survivors. Elegant studies 
have also demonstrated a significantly higher mitochon-
drial respiratory rate in non-survivors at three months 
following sepsis suggesting that failure to down regulate 
the hypermetabolic state (and excess H2O2 production) is 
independently associated with higher mortality even after 
surviving the initial infectious insult[20]. 

Generalized depletion of  body stores can result in 
cellular deficiency of  GSH leading to a toxic accumula-
tion of  H2O2. A highly toxic oxidizing agent, H2O2 is 
the principal mediator of  cellular oxidative damage. It 
does so by generating hydroxyl radical (OH*), the most 
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potent reactive oxygen radical known in biological sys-
tems. Hydroxyl radical will indiscriminately disintegrate 
proteins, peroxidize lipids and oxidatively damage DNA 
leading to cell death[21,22]. 

Compounding the cellular cytotoxicity of  H2O2 is its 
ability to freely diffuse through biological membranes 
allowing it to permeate other cellular compartments 
and diffuse to the extracellular space from where it can 
pass through the capillary endothelium into the blood 
stream[16,23]. Thus, the end result of  a systemic GSH de-
ficiency is the systematic discharge of  excess H2O2 by all 
organs of  the body into the bloodstream where it can 
damage distant capillary beds leading to systemic micro-
circulatory dysfunction, microangiopathic edema and 
refractory hypotension, a hallmark of  septic shock. 

This is supported by studies showing decreased hu-
man endothelial cell levels of  GSH and eventual death 
after in vitro exposure to plasma from septic shock 

patients[24]. This implies a membrane diffusible agent 
capable of  oxidizing intracellular GSH suggesting that a 
toxic level of  plasma H2O2 was the offending oxidizing 
agent mediating this effect. This is consistent with the 
well documented oxidative damage and dose dependent 
cytotoxicity that occurs during human endothelial cell 
exposure to H2O2

[25,26]. 
In other studies high levels of  urinary H2O2 were 

found to correlate with a fatal outcome in patients with 
sepsis and adult respiratory distress syndrome suggesting 
an important role for H2O2 in the pathogenesis of  septic 
shock[27]. Taken together the evidence suggests that H2O2 
exerts a significant microangiopathic effect contributing 
to the development of  microcirculatory dysfunction and 
the progression to refractory hypotension and fatal sep-
tic shock.

MECHANISM OF DISEASE
The above evidence supports a pathogenesis of  septic 
shock which is initiated by the systemic depletion of  glu-
tathione as the crucial event responsible for the accumu-
lation of  H2O2 in tissues. Subsequent diffusion of  H2O2 
into the blood stream leads to systemic elevation of  this 
highly toxic oxidizing agent resulting in the microvascular 
dysfunction and organ failure observed in septic shock 
(Figure 1).

At the onset, a systemic inflammatory response is ac-
companied by a generalized hypermetabolic state which 
provides the energy needed to sustain the highly up-
regulated immune response switched on by the presence 
of  a pathogen. The abrupt global increase of  cellular 
bioenergetic reactions to several times their normal basal 
state presents the cell with a surge of  toxic metabolic by-
products that must be neutralized to avoid accumulation 
and cell death. Hydrogen peroxide, a toxic reactive oxy-
gen species, is a significant metabolic by-product that is 
generated in increased amounts when cellular processes 
such as protein synthesis, DNA recycling and ATP pro-
duction are upregulated during periods of  hypermetabo-
lism that accompany systemic inflammation.

The majority of  cellular H2O2 is neutralized by GPx, 
a selenium containing enzyme, which utilizes the tri-
peptide co-factor glutathione as a donor of  reducing 
equivalents during the enzymatic conversion of  H2O2 
to water. GSH is consumed in this reaction and must be 
replenished in order to prevent accumulation of  H2O2 
within the cell. However, during periods of  high H2O2 
production the availability of  glutathione may be insuf-
ficient to keep up with demand leading to net H2O2 ac-
cumulation and glutathione depletion resulting in severe 
cellular dysfunction and organ failure. 

Excess H2O2 can easily diffuse out of  pericapillary 
parenchymal cells through capillary endothelium and 
into the blood stream. This augments endothelial gener-
ated H2O2 resulting in oxidative damage and microan-
giopathic dysfunction. The inability to buffer cellular 
H2O2 signals a systemic failure of  reductive (anti-oxidant) 
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Figure 1  Septic shock begins with a systemic inflammatory reaction to an 
infection. A contemporaneous increase in metabolism is initiated, which can 
deplete reserves of critical nutrients such as glutathione. Glutathione is crucial 
for the neutralization of H2O2, a toxic, membrane-permeable oxidizing agent gen-
erated as a by-product of cellular metabolism. Depletion of cellular glutathione 
results in elevation of H2O2 which can diffuse out of organ parenchymal cells and 
into capillary endothelium before reaching the bloodstream. Once in the systemic 
circulation, excess H2O2 is distributed throughout the body resulting in systemic 
oxidative damage to plasma components, organs and blood vessels. The net 
result is H2O2 induced coagulopathy, immunocyte apoptosis and microvascular 
dysfunction leading to disseminated intravascular coagulation, immunosuppres-
sion, organ failure and septic shock respectively. H2O2 inhibits GPx and catalase, 
which are critical anti-oxidant enzymes required for H2O2 neutralization. This 
prevents restoration of normal plasma and tissue redox balance while exacer-
bating oxidative tissue damage. H2O2 can also activate nuclear factor-κB (NF-
κB) contributing to the inappropriate activation of this master pro-inflammatory 
transcription factor observed in septic shock. The pathologic activation of NF-kB 
contributes to elevated tumor necrosis factor-alpha levels, another potent gen-
erator of intracellular H2O2. GPx: Glutathione peroxidase.
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capacity as the excess oxidant load is discharged into the 
blood stream. Over time plasma reductive capacity is 
exhausted leading to severe disruption in plasma redox 
potential, which studies have shown is strongly associ-
ated with an unfavorable outcome[28].

HYDROGEN PEROXIDE CAN REPRODUCE 
CLINICAL ABNORMALITIES OBSERVED 
IN SEPTIC SHOCK
Microcirculatory dysfunction
The capillary bed is not simply a conduit for the passage 
of  cells. It is a highly dynamic and integrated system of  
endothelial cells that continuously interacts with its sur-
rounding environment through a variety of  displayed 
receptors and elaborated mediators whose functions in-
cludes vasoregulation, coagulation factors, barrier mainte-
nance, immune cell recruitment and oxygen transport[29]. 
Microcirculatory dysfunction is now considered to play a 
central role in the pathogenesis of  sepsis and microvas-
cular leakage has a defining role in its outcome[1,29].

Histological analysis of  microvasculature in a baboon 
model of  lethal Escherichia coli (E. coli) sepsis revealed 
large gaps between endothelial cells accompanied by a 
significant increase in endothelial permeability[30,31]. These 
changes are also observed upon exposure of  human 
umbilical vein endothelial cells (HUVEC) to H2O2. Stud-
ies have demonstrated an 18x increase (from 20 to 360 
gaps/mm2) in inter-endothelial cell gaps within 30 min 
of  HUVEC exposure to H2O2. A time and dose depen-
dent H2O2 induced endothelial contraction to about 60% 
of  normal planar surface area was also observed[32,33]. 
This provides a microanatomical basis by which excess 
H2O2 can account for the life threatening massive edema 
observed both in humans and experimental models of  
sepsis[29,30].

Accompanying endothelial cell retraction during 
H2O2 exposure is the loss of  tight junction proteins at 
the sites of  gap formation, which strongly correlated 
with increased paracellular permeability[34-36]. Exten-
sive cytoskeletal disruption and rearrangement was 
also shown to occur after endothelial cell exposure to 
H2O2

[37-39]. Endothelial shape changes have been ob-
served to occur in experimental models of  sepsis and 
several studies have reported these pathological changes 
upon endothelial cell exposure to H2O2

[30,40-43].
The net effect of  continuous H2O2 exposure on the 

systemic microvasculature is severe disruption. Barrier 
function is compromised, intercellular communication is 
blunted and signal transduction is abrogated. This leads 
to microvascular edema, arteriovenous shunts and vaso-
dysregulation as a result of  cumulative oxidative damage 
sustained from continued penetration of  H2O2 into en-
dothelial cells. This is supported by studies of  low dose 
H2O2 perfusion into isolated rat lung, which increased 
pulmonary vascular bed permeability and capillary filtra-
tion coefficient[41].

Studies of  bovine brain microvascular endothelial 

cells exposed to H2O2 revealed increased paracellular 
permeability of  the blood brain barrier (BBB) with loss 
of  tight junctional proteins (44)[44]. H2O2 can by-pass the 
normally protective BBB by simply diffusing into tissues 
and cells[15]. This can result in dysfunction of  cerebral 
microvasculature and could account for the early mental 
changes observed in patients with sepsis as a result of  
impaired synaptic transmission[8].

Immune activation
Numerous genes are activated during a systemic immune 
response in a critically ill or septic individual. Studies in 
healthy human volunteers receiving low dose endotoxin 
identified over 4500 activated genes, most of  which were 
involved in the innate or adaptive immune response (5)[5]. 
The simultaneous activation of  this many genes is facili-
tated by preformed cytoplasmic signal transcription fac-
tors that serve as rapid response mediators to injury and 
infection. Nuclear factor kappa B (NF-κB) is a transcrip-
tion factor that plays a central role in the activation and 
regulation of  multiple genes that control immune and 
inflammatory reactions[45]. NF-κB is significantly elevated 
in adults and children with sepsis[46-48]. NF-κB is also a 
highly redox sensitive transcription factor capable of  be-
ing activated by low levels of  H2O2

[49,50] and has been pro-
posed as a biomarker for oxidative stress[51]. This suggests 
that high levels of  ambient H2O2 may be involved in the 
inappropriate activation of  NF-κB observed in septic 
shock[45].

A central role for the innate immune system is sug-
gested by the neutrophilic infiltration into multiple 
organs observed in septic shock[45]. H2O2 is a highly 
potent neutrophilic chemo-attractant that can establish 
a chemotactic gradient as it diffuses out of  parenchymal 
cells into the adjacent microvasculature. Circulating neu-
trophils can track this H2O2 gradient and enter the organ 
parenchyma via diapedesis. The net result is neutrophil 
infiltration into the parenchyma of  multiple organs[52-54].

Coagulopathy
Intravascular activation of  the coagulation cascade with 
generation of  fibrin and formation of  diffuse microvas-
cular thrombi is a pathologic and physiologic hallmark of  
sepsis[55]. This presents clinically as disseminated intravas-
cular coagulation (DIC) and is found in up to 50% of  pa-
tients with sepsis[56]. DIC leads to abnormal bleeding and 
intravascular clotting, obstructing limb and organ blood 
flow, and is a strong predictor of  mortality[56]. 

Endothelial derived tissue factor (TF) is the major 
physiological route by which fibrin generation is initiated 
in sepsis. Importantly, this process is triggered only at 
sites of  vascular injury or endothelial disruption where 
plasma clotting factors can encounter the TF protein 
that activates this extrinsic clotting pathway[56,57]. Studies 
utilizing immunohistochemistry in a lethal E. coli baboon 
sepsis model preferentially localized TF and TF mRNA 
at arterial branch areas, which is compatible with en-
hanced contact by a plasma derived oxidizing agent (e.g., 
H2O2) at these sites of  altered blood flow[30].
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H2O2 can induce vascular injury by peroxidation of  
cell membrane lipids and studies have shown a marked 
increase in endothelial cell TF and TF mRNA after 1 
and 5 min exposure to Xanthine oxidase, a H2O2 gener-
ating enzyme[10,58]. This indicates that TF is highly sensi-
tive to H2O2 induced upregulation, which suggests with 
a contributory role for H2O2 in sepsis- associated DIC. 
Consistent with this mechanism is a case report describ-
ing a fatal case of  sepsis with DIC and multiorgan failure 
in a previously healthy 37-year-old man after receiving 
several intravenous infusions of  H2O2

[59].

Immunosuppression
Septic patients experience a considerable decline in lym-
phocyte numbers through apoptosis in the latter stages 
of  sepsis and this is a significant contributing factor to 
the immunosuppression experienced by septic individu-
als[60]. Studies have shown that H2O2 is a potent apoptosis 
inducing agent[61]. B lymphocytes treated with agents 
that inhibit GSH synthesis experience a 95% decline in 
GSH concentration in 12 h. This is followed by a rise in 
intracellular H2O2 after which apoptosis occurs. By 72 h 
nearly 50% of  B cells have died via apoptosis[62]. T cells 
are also highly sensitive to the effects of  GSH depletion. 
Studies have recorded a 30% decline in circulating T lym-
phocytes within 4 wk after glutathione levels declined to 
suboptimal levels in healthy volunteers[63]. This supports 
a role for H2O2 in the development of  sepsis induced im-
munosuppression.

Erythrocyte rigidity
Red blood cell deformability is markedly reduced in sep-
sis and studies have demonstrated a significant reduction 
in red blood cell deformability upon exposure to H2O2

[64]. 
A direct relationship was found between oxidant induced 
changes in erythrocyte deformability and severity of  
multi-organ failure in septic individuals[65]. This suggests 
that plasma derived H2O2 is a source of  oxidant-induced 
RBC membrane damage.

Circulating endothelial cells
Circulating endothelial cells (CEC) are a reliable, sensi-
tive and specific indicator of  vascular damage[66]. These 
cells rarely exist in the peripheral blood of  healthy indi-
viduals[67]. Patients with s evere sepsis and septic shock 
have significantly higher numbers of  CECs indicating 
widespread vascular damage[68,69]. Studies have shown that 
human endothelial cell detachment is produced by expo-
sure to H2O2

[43]. The presence of  CECs in patients with 
sepsis but without shock suggests that endothelial dam-
age precedes the development of  organ damage[68]. This 
is compatible with H2O2 release from organ parenchymal 
cells into the capillary vascular bed causing microvascular 
dysfunction and edema with subsequent development of  
organ failure.

Sepsis associated encephalopathy
Sepsis associated encephalopathy (SAE) is a diffuse ce-

rebral dysfunction occurring in the setting of  sepsis but 
without direct infection of  the central nervous system[70].  
SAE is characterized by alterations in mental status and 
motor activity that can range from inattention, disorienta-
tion and delirium to agitation, hypoactivity and coma[71,72]. 
Delirium is frequently the first manifestation of  sepsis 
and often precedes organ failure[73,74]. SAE is reported to 
occur in up to 70% of  septic patients (71). 

Neurons are especially sensitive to H2O2 induced oxi-
dative damage. Studies have shown a concentration de-
pendent cell death starting at 10 µmol/L when neurons 
are exposed to H2O2

[75]. The tripeptide glutathione is 
critically important in order to prevent oxidative damage 
of  the brain due to H2O2

[76]. Glutathione is composed 
of  amino acids glycine, cysteine and glutamate. Cysteine 
is the rate limiting substrate for neuronal glutathione 
synthesis and transsulfuration of  homocysteine is a ma-
jor source of  cysteine in most cells. However, the brain’
s neuronal transsulfuration pathway is thought to be a 
negligible source of  cysteine due to low activity of  neu-
ronal cystathionine-gamma-lyase (EC 4.4.1.1), a crucial 
enzyme in the transsulfurationn pathway leading to the 
synthesis of  cysteine[77,78]. Neurons, therefore, rely mainly 
on the absorption of  extracellular cysteine provided by 
astrocytes for the synthesis of  glutathione[77]. Thus, the 
dependence of  brain neurons on extracellular cysteine 
in order to synthesize glutathione severely limits their 
ability to upregulate antioxidant defenses in response to 
H2O2 mediated oxidative stress. This makes brain neu-
rons highly vulnerable to H2O2 oxidative damage and 
dysfunction. This is consistent with the encephalopathy 
that is reported to occur after accidental ingestion of  
H2O2

[79]. Encephalopathy was also a manifestation after 
intravenous administration of  H2O2 during alternative 
medicine therapy[59]. 

The main interaction site of  neurons and astrocytes 
is the synaptic cleft[80]. Astrocytes export glutathione di-
rectly into the synaptic cleft. Ectoenzymes present in the 
synapse enzymatically release cysteine from glutathione 
after which cysteine is transported into neurons by the 
membrane bound EAAT3 transporter (excitatory amino 
acid transporter 3)[77-82]. H2O2 can react non-enzymatical-
ly with cysteine in the synaptic cleft to produce cystine[83]. 
This removes cysteine from the synapse and prevents its 
importation into the neuron resulting in oxidative stress 
by decreasing the synthesis of  neuronal glutathione. The 
presence of  thiols (i.e., cysteine) in the synaptic cleft sug-
gests that this region can function as a sink for H2O2 re-
sulting in disruption of  synaptic transmission as a result 
of  peroxidation of  synaptic cellular membranes.

 Thus, circulating H2O2 can permeate the brain dur-
ing the initial hypermetabolic systemic inflammatory 
response syndrome (SIRS) phase of  sepsis and disrupt 
brain function in the early stages of  disease. Due to their 
limited capacity to detoxify H2O2, brain neurons are 
the first cells to be affected by H2O2 induced oxidative 
stress[84]. This is consistent with the observation that en-
cephalopathy is often the first sign of  sepsis. 
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LACTIC ACIDOSIS
Sepsis related lactic acidosis is generally attributed to tis-
sue hypoxia. Although tissue hypoxia can result in lactic 
acidosis it is unsuitable as a general mechanism to explain 
the appearance of  lactic acidosis in septic patients when 
tissue oxygenation can be normal or even increased[85]. 

Under normal circumstances pyruvate, the end prod-
uct of  glycolysis in the cytoplasm, is transported into mi-
tochondria where it is oxidized by the Krebs cycle. Lac-
tate synthesis increases when the rate of  pyruvate for-
mation in the cytoplasm exceeds its rate of  oxidation by 
the mitochondria. The excess pyruvate in the cytoplasm 
is then converted to lactate by lactate dehydrogenase and 
released into the blood stream resulting in lactic acidosis.

Inhibition of  Krebs cycle enzymes will decrease 
pyruvate oxidation resulting in lactic acidosis. This has 
been observed with inherited deficiency of  alpha-keto-
glutarate dehydrogenase resulting in severe congenital 
lactic acidosis[86]. Alpha-ketoglutarate dehydrogenase is 
also highly sensitive to oxidative inhibition by hydrogen 
peroxide[87]. Rising systemic concentrations of  H2O2 in 
sepsis can account for the observed lactic acidosis with 
normal tissue oxygen perfusion. This has been termed 
cytopathic hypoxia. In this case the lactic acidosis is an 
epiphenomenon of  a much more serious underlying 
metabolic abnormality and treatment of  the acidosis 
does not resolve the inhibition of  the Krebs cycle.

DISCUSSION
A hypermetabolic state can develop very quickely after 

a generalized septic or non-septic insult to the body. At 
the heart of  the hypermetabolic state is a significantly 
increased bioenergetic response resulting mainly from 
enhanced ETC activity. The ETC is an assembly of  intra-
mitochondrial protein complexes that converts the en-
ergy of  high-energy electrons into a form that is used to 
synthesize ATP, a high energy molecule that powers most 
energy requiring biosynthetic reactions and physiologi-
cal functions. Thus, the high energy demands of  body 
systems resulting from a generalized septic or non-septic 
insult are principally met by increased ATP production, 
which is manifested as a hypermetabolic state and recog-
nized by the same parameters used to define a SIRS such 
as increased body temperature, heart rate, respiratory rate 
and increased white blood cell count.

A principle metabolic by-product of  ETC activity is 
hydrogen peroxide; a highly toxic oxidizing agent. Hy-
drogen peroxide is produced when electrons spontane-
ously escape from the ETC and combine with available 
vicinal oxygen to generate superoxide that is enzymati-
cally converted to H2O2 by superoxide dismutase. The 
increased amount of  H2O2 generated during a hyper-
metabolic state can overwhelm the cell’s anti-oxidant 
enzymatic defenses resulting in net intracellular H2O2 ac-
cumulation. The excess H2O2 can oxidatively inhibit en-
zyme systems including those needed to neutralize H2O2 
resulting in a positive bio-feedback loop and a vicious 
cycle of  ever increasing intracellular H2O2

[88]. Glutathi-
one functions as a cofactor for GPx, which enzymatical-
ly neutralizes H2O2. GPx is inhibited by the rising con-
centrations of  H2O2, which explains why exogenously 
supplied N-acetylcysteine has no effect on the course of  
septic shock since glutathione cannot be utilized by GPx 
to neutralize H2O2

[88,89]. 
Hydrogen peroxide is biomembrane permeable and 

can diffuse into the bloodstream where it is distributed 
to all organs of  the body generating a state of  severe 
systemic oxidative stress. Studies have documented 
high levels of  H2O2 in the blood and urine of  septic 
patients[27,90]. This can result in the multi-organ failure 
and microangiopathic dysfunction characteristic of  
septic shock. Genetic variation in glutathione levels as 
well as age related decline has been reported[91-93]. This 
may compromise the ability to neutralize H2O2 and pre-
dispose individuals to vasoplegic (i.e., septic) shock and 
multi-organ failure during acute hypermetabolic periods, 
especially in older individuals. Studies have shown that 
glutathione is essential for cell survival[ 94].

CONCLUSION
Taken together, the evidence suggests that septic shock 
is a primary radical induction process that has its origins 
early in the development of  sepsis with the accumulation 
and generalized dispersal of  cytotoxic levels of  H2O2. 
This arises secondary to glutathione depletion as a result 
of  a systemic inflammatory mediated hypermetabolic 
state. Studies have shown that systemic inflammation sig-
nificantly reduces GSH levels, and GSH deficient animals 
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Figure 2  Pathologically elevated serum H2O2 levels can account for the 
general physiological, histological and clinical abnormalities observed in 
septic shock. Red blood cell glutathione accounts for a major portion of serum 
redox buffering capacity and is depleted in septic shock non-survivors vs. sur-
vivors. Brain neuron function is highly vulnerable to H2O2 oxidative stress and 
is manifested by electroencephalographic changes, which can appear before 
clinical encephalopathy is evident. Studies show that septic shock survivors 
upregulate serum antioxidant capacity (which decreases H2O2), while non-
survivors are unable to do so. This suggests that elevated H2O2 is a necessary 
concomitant to the development of septic shock and recovery is preceded by 
decreasing H2O2. The individual clinical course, bookended by these extremes 
of H2O2, is influenced by parameters such as individual antioxidant capacity, 
susceptibility to oxidative stress, co-morbidities, age, general health and organ 
system involved.
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subjected to shock develop hypotension, kidney and liver 
failure, increased organ bacteria and dramatic increases in 
mortality rates[95-97].

The near universal requirement of  glutathione for 
cellular function and the pathological accumulation of  
H2O2 that ensues when glutathione is deficient can affect 
every organ in the body. Studies have shown that H2O2 
can reproduce the clinico-pathological abnormalities ob-
served in septic shock (Figure 2).

Kept in check, the high membrane diffusability of  
H2O2 allows it to fulfill its physiological role as a cellular 
messenger but also creates the potential for a pathophys-
iological response during times of  metabolic stress when 
reductive (anti-oxidant) mechanisms can become over-
whelmed as a consequence of  hyper-metabolic H2O2 
production[98]. This is further exacerbated by nutritional 
deficits that may arise during the course of  acute illness 
in addition to the effect of  glutathione deficiency itself, 
which as master antioxidant of  the cell, supplies reduc-
ing equivalents to maintain proteins in their reduced (and 
functional) state[14].
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Abstract
AIM: To characterize differences of arterial (ABG) and 
venous (VBG) blood gas analysis in a rabbit model of 
hemorrhagic shock. 

METHODS: Following baseline arterial and venous 
blood gas analysis, fifty anesthetized, ventilated New 
Zealand white rabbits were hemorrhaged to and main-
tained at a mean arterial pressure of 40 mmHg until 
a state of shock was obtained, as defined by arterial 
pH ≤ 7.2 and base deficit ≤ -15 mmol/L. Simultane-
ous ABG and VBG were obtained at 3 minute intervals. 
Comparisons of pH, base deficit, pCO2, and arteriove-
nous (a-v) differences were then made between ABG 
and VBG at baseline and shock states. Statistical analy-
sis was applied where appropriate with a significance of 
P  < 0.05. 

RESULTS: All 50 animals were hemorrhaged to shock 

status and euthanized; no unexpected loss occurred. 
Significant differences were noted between baseline 
and shock states in blood gases for the following pa-
rameters: pH was significantly decreased in both arteri-
al (7.39 ± 0.12 to 7.14 ± 0.18) and venous blood gases 
(7.35 ± 0.15 to 6.98 ± 0.26, P  < 0.05), base deficit was 
significantly increased for arterial (-0.9 ± 3.9 mEq/L vs  
-17.8 ± 2.2 mEq/L) and venous blood gasses (-0.8 ± 3.8 
mEq/L vs  -15.3 ± 4.1 mEq/L, P  < 0.05). pCO2 trends 
(baseline to shock) demonstrated a decrease in arterial 
blood (40.0 ± 9.1 mmHg vs  28.9 ± 7.1 mmHg) but an 
increase in venous blood (46.0 ± 10.1 mmHg vs  62.8 
± 15.3 mmHg), although these trends were non-signif-
icant. For calculated arteriovenous differences between 
baseline and shock states, only the pCO2 difference was 
shown to be significant during shock.

CONCLUSION: In this rabbit model, significant differ-
ences exist in blood gas measurements for arterial and 
venous blood after hemorrhagic shock. A widened pCO2 
a-v difference during hemorrhage, reflective of poor tis-
sue oxygenation, may be a better indicator of impend-
ing shock.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Hemorrhagic shock; pH; Base deficit; Arte-
rial blood gases; Venous blood gases

Core tip: Recent studies regarding early goal directed 
therapy and damage control resuscitation have in-
dicated a potential role for calculated arteriovenous 
pCO2 differences in monitoring resuscitative efforts. 
In a rabbit model of hemorrhagic shock, we demon-
strate significant derangements between arterial and 
venous blood and, while not a novel concept, explore 
the potential of central venous pCO2 as an indicator of 
hemorrhagic shock. Our results demonstrate a widened 
arteriovenous pCO2 difference is significantly associated 
with hemorrhagic shock and may be a more reliable 
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indicator of inadequate tissue perfusion and therefore 
impending circulatory collapse.

Williams KB, Christmas AB, Heniford BT, Sing RF, Messick 
J. Arterial vs venous blood gas differences during hemorrhagic 
shock. World J Crit Care Med 2014; 3(2): 55-60  Available from: 
URL: http://www.wjgnet.com/2220-3141/full/v3/i2/55.htm  DOI: 
http://dx.doi.org/10.5492/wjccm.v3.i2.55

INTRODUCTION
Circulatory collapse is a definitive indicator of  the shock 
state, but may manifest late during hemorrhage leading to 
delayed diagnosis, resuscitation, and treatment when clini-
cal metrics of  circulatory collapse (hypotension, tachy-
cardia, decreased organ perfusion, altered mental status, 
etc.) are the sole measures of  a patient’s physiologic sta-
tus. Robust compensatory responses to injury in young, 
healthy patients can delay treatment of  hemorrhage even 
further as clinical parameters defining shock may not be 
evident until later stages in the clinical course. Any delay 
in diagnosis and treatment during massive hemorrhage 
will likely result in increased morbidity and mortality, 
fueling the search for adequate trauma resuscitation pro-
tocols, such as damage control resuscitation, as well as 
reliable early markers of  impending or ongoing shock[1]. 

Serologic markers including pH, base deficit, central 
venous oxygen saturation and lactate have been used 
to identify and quantitate shock[2-6]. Arterial blood gas 
analysis is considered the gold standard to determine 
oxygenation and acid-base status in the acutely injured as 
well as critically ill and repeat testing offers a means of  
monitoring resuscitation efforts. However, serious, albeit 
rare, complications of  arterial cannulation (pseudoaneu-
rysm, hematoma, hemorrhage, limb ischemia, infection, 
neurologic injury)[7] have led to a search for less invasive 
means of  detecting impending shock, quantitating the de-
gree of  shock as well as measuring adequate resuscitation. 
As such, many studies have examined the reliability and 
accuracy of  central venous blood gas in acid-base moni-
toring as an alternative to arterial blood gas analysis[8-11]. In 
previous animal models of  severely reduced cardiac out-
put, venous hypercarbia has been shown to correlate with 
inadequacy of  tissue perfusion[12,13] and changes in venous 
blood were noted to occur with greater magnitude and 
earlier in the process of  clinical deterioration than those 
of  arterial blood[14,15]. Similar discrepancies in arterial and 
venous pCO2 have been reported in human studies of  
shock states, as well as the paradox of  venous acidemia 
occurring simultaneously with arterial alkalemia, and have 
been suggestive of  the role of  serum pCO2 differences 
as an indicator of  tissue perfusion[16-20]. In a recent clini-
cal study highlighting the importance of  serum pCO2 in 
surgical outcomes, Silva et al[21] showed a preoperative ar-
teriovenous pCO2 gap greater than 5.0 mmHg in high risk 
patients to be predictive of  increased in-hospital mortality, 
circulatory shock, renal failure, intensive care unit (ICU) 

infection, and length of  stay. These previous studies sug-
gest the usefulness of  venous blood gas analysis in identi-
fying hemorrhagic shock earlier than other serum markers 
obtained from arterial blood analysis as well as the poten-
tial to accurately monitor adequate resuscitative efforts. 

The purpose of  this study was to examine the effec-
tiveness of  venous blood gas analysis in comparison to 
the gold standard of  arterial blood gas analysis in a rab-
bit model of  hemorrhagic shock. 

MATERIALS AND METHODS
Following approval by the Institutional Animal Care and 
Use Committee of  the Carolinas Medical Center, fifty 
New Zealand white rabbits weighing 3 to 6 kg were anes-
thetized with 1.0 to 1.5 mL/kg of  sodium pentobarbital 
(25 mg/mL) through an ear vein. Anesthesia was main-
tained throughout the experiment with 0.5-1.0 mL/kg 
of  intravenous sodium pentobarbital (12.5 mg/mL) as 
needed, determined by response to a pain stimulus. Ad-
equately anesthetized animals then underwent a trache-
otomy and endotracheal ventilation. Tidal volumes of  
10 mL/kg were administered by a mechanical ventilator 
(Siemens 900C Servo ventilator, Berlin, Germany) and 
fraction of  inspired oxygen (FiO2) was maintained at 0.5.

In all animals, bilateral groin dissection was per-
formed to adequately expose femoral vasculature. Ve-
nous access was obtained via right femoral vein using a 
5.0 French catheter advanced into the level of  the right 
atrium and was utilized for drug infusion as well as with-
drawal of  venous blood samples. Arterial access was 
secured via left femoral artery utilizing a 3.5 French cath-
eter advanced into the distal abdominal aorta for moni-
toring of  blood pressure, heart rate and arterial blood 
sampling.

Following baseline arterial and venous blood gas 
measurements (Radiometer analyzer, ABL-520 #2, Co-
penhagen, Denmark), animals were hemorrhaged to a 
mean arterial pressure of  40 mmHg as determined by a 
multichannel recorder (MT95k2, Astro-Med, Inc., West 
Warwick, RI). Simultaneous arterial and venous blood 
gases were obtained every 3 min until hemorrhagic 
shock was observed, as defined by an arterial pH less 
than 7.2 and a base deficit greater than or equal to -15 
mmol/L. Once the shock state was obtained, animals 
were then euthanized by intravenous administration of  
sodium pentobarbital. To minimize procedural variation, 
all animals were anesthetized, instrumented, hemor-
rhaged, and euthanized using identical technique by the 
same investigator. 

Statistical analysis
Data was stored and analyzed using SAS software ver-
sion 9.3 (SAS Inc., Cary, North Carolina). Obtained arte-
rial and venous blood gases were compared to baseline 
measurements with regard to pH, base deficit and pCO2. 
Arteriovenous differences for each parameter (pH, base 
deficit, pCO2) were then calculated at baseline and shock. 
Statistical analysis was performed using the unpaired t-test 
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or Wilcoxon rank sum test where appropriate. For all 
comparisons, statistical significance was set at a P value of  
less than 0.05. 

RESULTSAll 50 animals underwent successful ad-
ministration of  anesthesia, groin dissection, instrumenta-
tion, hemorrhage to a state of  shock and euthanization 
without any unexplained or premature losses. Data are 
expressed as mean ± SD. 

Arterial and venous blood gases at baseline and the 
hemorrhagic shock state
Mean values for pH were significantly decreased from 
baseline to shock (P < 0.05) in both arterial (7.39 ± 0.12 
to 7.14 ± 0.18) and venous (7.35 ± 0.15 to 6.98 ± 0.26) 
blood gases (Figure 1A). Figure 1B compares mean val-
ues obtained for base deficit at the 2 physiologic states; 
a significant increase (P < 0.05) was seen in arterial (-0.9 
± 3.9 mEq/L vs -17.8 ± 2.2 mEq/L) and venous (-0.8 
± 3.8 mEq/L vs -15.3 ± 4.1 mEq/L) base deficit dur-
ing shock. In comparing pCO2 at baseline and shock, a 
non-significant decrease was observed in arterial pCO2 
(40.0 ± 9.1 mmHg vs 28.9 ± 7.1 mmHg, P > 0.05), while 
venous blood samples demonstrated a non-significant 
trend towards increased pCO2 (46.0 ± 10.1 mmHg vs 
62.8 ± 15.3 mmHg, P > 0.05), as shown in Figure 1C. 

Blood gas arteriovenous differences at baseline and the 
hemorrhagic shock state
Arteriovenous differences in pH, base deficit, and pCO2 

at baseline and the hemorrhagic shock state are repre-
sented. No significant differences were seen in calculated 
differences at baseline for pH (0.04 ± 0.03), base deficit 
(0.01 ± 3.07 mEq/L), or pCO2 (5.8 ± 7.5 mmHg), al-
though venous pH demonstrated a larger non-significant 
trend toward acidosis and a larger non-significant base 
deficit was seen for arterial samples. In the shock state, a 
significant difference was noted for arteriovenous pCO2 
difference (34.0 ± 3.10 mmHg, P < 0.05), however, cal-
culated differences for pH (0.16 ± 0.08) and base deficit 
(2.56 ± 3.10 mEq/L) were not significant. 

DISCUSSION
Our results demonstrated significant parallel trends of  
acidosis and increased base deficit in both arterial and 
venous blood during hemorrhagic shock in a rabbit 
model (Figure 1A and B). The arteriovenous pCO2 dif-
ference during shock was also statistically significant as 
venous hypercarbia was observed with simultaneous ar-
terial hypocarbia (Figure 1C). 

During hemorrhagic shock, oxygen delivery to tis-
sues is reduced due to lack of  red blood cell mass and, 
subsequently, hemoglobin concentration is insufficient 
to meet tissue oxygen demands[22]. Contributing to the 
drop in oxygen carrying capacity, decreased cardiac 
output secondary to reduced venous return slows the 
delivery and elimination of  venous CO2 in the lungs and 
augments ongoing venous hypercarbia[13,18,23]. Reduced 
oxygen delivery to tissues results in a shift from aerobic 
toward anaerobic cellular metabolism effecting subse-
quent production of  organic acids, such as lactate, and 
ensuing acidosis and hypercarbia[17]. When the oxygen 
supply can be restored quickly, metabolic function can 
return to normal; however, when the oxygen insufficien-
cy is prolonged, cells become irreversibly damaged and 
are unable to function in normal energy metabolism[24]. 
Serum and tissue acidosis develop in direct proportion 
to the amount and acuity of  hemorrhagic shock[2,3,6,14,25]. 

Studies in both animal models and humans have 
demonstrated a pronounced dissociation between the 
arterial and venous pCO2 during periods of  decreased 
oxygen delivery as a consequence of  decreased cardiac 
output, such as cardiac tamponade[15], severe hemorrhag-
ic shock[2,14], hemodynamic instability[5,17,18,20] or septic 
shock[16,19]. Carbon dioxide accumulates very rapidly dur-
ing hemodynamic compromise, as with massive blood 
loss, before significant amounts of  organic acids are 
detectable in blood since the normal liver is capable of  
upregulating lactate metabolism early in the hemorrhagic 
process[15,21]. Mixed venous CO2 (CvCO2) can be repre-
sented according to the Fick equation, CvCO2 = VCO2/
Q + CaCO2, where VCO2 represents CO2 production in 
tissues, Q signifies cardiac output, and CaCO2 denotes 
the arterial CO2 content. Carbon dioxide is released into 
the circulation at the tissue-venous interface, represented 
by VCO2/Q, and is eliminated at the alveolar-arteriole 
interface in the lungs, represented by CaCO2. Under 
conditions of  normal cardiac output and venous return, 
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there is adequate ventilatory elimination of  CO2 that is 
produced in the tissues and acid-base equilibrium is es-
tablished. However, as cardiac output and venous return 
decrease, the increased CO2 produced from anaerobic 
tissues cannot be effectively eliminated by the lungs, 
resulting in a disconnect between arterial and venous 
vascular trees whereby arterial blood gases reflect CO2 

exchange at the alveolar-arterial level while venous blood 
gases are indicative of  acid-base status and oxygenation 
at the level of  the tissues. Examining the Fick equation, 
it can be seen that as cardiac output (Q) declines with 
simultaneous increased tissue CO2 production (VCO2), 
mixed venous CO2 (CvCO2) will increase. This was dem-
onstrated in our rabbit hemorrhage model in which the 
animals were adequately ventilated but hypoperfused, 
resulting in hypercarbia detected in venous but not arte-
rial blood gas analysis, representing insufficient oxygen 
delivery to tissues. Therefore, venous blood gas values 
may better reflect insufficient oxygen delivery to the tis-
sues and subsequent impending shock. Although our re-
sults did not show a statistically significant difference in 
the arteriovenous pH gradient, the venous samples were 
markedly more acidic than the arterial samples taken 
during the shock state (Figure 1A). 

The clinical utility of  arteriovenous pCO2 differ-
ences in goal directed therapy (GDT) has recently been 
addressed in the literature. In a series of  septic ICU 
patients resuscitated to a mixed venous oxygen satura-
tion goal of  70% or greater, Vallée et al[16] demonstrated 
those patients with arteriovenous pCO2 differences 
greater than 6 mmHg had higher lactate concentra-
tions and lower lactate clearance rates than those with 
arteriovenous pCO2 differences less than 6 mmHg, 
subsequently reflecting the status of  global tissue perfu-
sion. They further demonstrated lower cardiac indexes 
in those patients with arteriovenous pCO2 values greater 
than 6 mmHg following “adequate” resuscitation to a 
mixed venous oxygen saturation of  70% as compared to 
the cohort of  patients with arteriovenous pCO2 values 
less than 6 mmHg. Similarly, Futier et al[26] demonstrated 
larger arteriovenous pCO2 differences to be signifi-
cantly associated with post-operative complications in 
“adequately resuscitated” patients (to a mixed venous 
oxygen saturation goal greater than 71%) undergoing 
major abdominal surgery. These clinical results indicate 
further optimization of  GDT may be obtained through 
a combination of  mixed venous oxygenation and arterio-
venous pCO2 difference analysis, potentially playing vital 
roles in progressive damage control resuscitation models 
in trauma[1].

Some shortcomings of  the current study deserve 
discussion. First, this study was not conducted in a 
spontaneously-breathing animal model, effectively elimi-
nating the possibility of  respiratory compensation which 
likely will occur in cases of  acute injury and hemorrhage. 
To address this criticism, Mathias et al[15] performed acid-
base comparisons between arterial and venous blood 
gases in a spontaneously-breathing, under-anesthetized 
canine model of  acute cardiac tamponade and found a 

similar paradox of  venous acidosis and hypercarbia with 
concomitant arterial alkalemia and hypocarbia, even in 
the early stages of  decreased cardiac output (20%) prior 
to any reduction in arterial blood pressure. Although the 
criticisms of  performing these studies in animal models 
with blunted or absent respiratory compensatory mecha-
nisms are valid concerns, the results of  Mathias et al[15] 
indicate the paradoxical acid-base trends are still evident 
in a minimally-anesthetized, spontaneously-breathing, 
non-ventilated animal model. Also, performing these 
studies in live animal models without sufficient sedation 
or supportive measures, such as ventilatory support, 
would certainly be considered distressful to the animals. 
A second shortcoming of  this study is the lack of  a tem-
poral metric for the onset of  acid-base changes in our 
animal model, as well as a lack of  serum lactate analysis. 
It would be beneficial to define the chronological rela-
tionship of  arterial hypocapnea, venous hypercapnea and 
acidosis in comparison to the accumulation of  lactate 
during the course of  hemorrhagic shock in the rabbit 
model to better define the usefulness of  venous blood 
gas in the course of  hemorrhagic shock.

Our study in a rabbit model indicates hemorrhage 
shock results in significant acidosis and base deficit in 
both arterial and venous blood with a significant arte-
riovenous pCO2 difference of  venous hypercarbia and 
arterial hypocarbia, consistent with previously reported 
disparities between arterial and venous pCO2 in the 
setting of  severely hypoperfused states. These results 
indicate that venous blood gas analysis may be a supe-
rior indicator of  cellular hypoperfusion in hemorrhagic 
shock, as evidenced by pronounced hypercarbia, and 
may be more reflective of  tissue oxygenation compared 
to arterial blood gas analysis. Further studies are needed 
to determine if  venous blood gas analysis is a more rapid 
indicator of  impending circulatory collapse or is a more 
accurate gauge of  adequate resuscitative efforts.

COMMENTS
Background
Early and adequate tissue perfusion is a key tenet of goal-directed therapy and 
damage control resuscitation, employed in critical care and trauma practices, 
respectively. Arteriovenous differences in pCO2 have demonstrated potential in 
the early detection of insufficient tissue perfusion as well as the quantification of 
resuscitative efforts.
Research frontiers
Establishment of an early, reliable, and easily obtainable marker for impend-
ing circulatory collapse in hemorrhagic shock would contribute significantly to 
treatment algorithms, possibly allowing supportive measures (fluid resuscita-
tion, blood product administration, vasopressor circulatory support, etc.) to be 
initiated prior to classic physiologic indicators of circulatory collapse. However, 
no such definitive marker has been elucidated. In this study, the authors dem-
onstrate significant similarities and differences in arterial and venous blood 
gas derangements, focusing on the arteriovenous differences noted in a rabbit 
model of hemorrhagic shock in an effort to further define arteriovenous pCO2 
differences as a potential early indicator of inadequate tissue perfusion.
Innovations and breakthroughs
Previous studies have examined arterial and venous blood gas derangements 
(pH, base deficit, lactate levels, oxygen saturation) in states of hypoperfusion in 
animal models as well as humans. Paradoxical venous hypercarbia with arterial 
hypocarbia associated with decreased cardiac output has also been reported in 
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the literature, suggesting a role for pCO2 monitoring in cases of hypoperfused 
states. In this study, authors conclusively demonstrated a widened pCO2 differ-
ence (venous hypercarbia with concomitant arterial hypocarbia) is associated 
with hemorrhagic shock in a novel rabbit model.
Applications
The results of this study, viewed in light of recent work regarding venous blood 
gas analysis in hypoperfused states, further supports the prospect that central 
venous blood gas pCO2 differences may indicate effectiveness of resuscitative 
efforts in the acutely injured hemorrhagic state. Certainly, further human studies 
in the setting of acute hemorrhage deserve attention so that a more rapid, ac-
curate and easily obtainable mechanism of resuscitation may be elucidated.
Terminology
The term arteriovenous pCO2 difference is used to describe the absolute value 
of the quantifiable variance between arterial blood gas pCO2 and venous blood 
gas pCO2. This is represented in units of mmHg, a standard unit of measure-
ment for partial pressure.
Peer review
This is a well-written manuscript which analyzes the effects of hemorrhagic 
shock on arterial and venous blood gases in a rabbit animal model. An added 
caveat is the significant widened arteriovenous pCO2 difference seen in the 
shock state. The manuscript also reviews pertinent publications on the subject, 
highlighting recent clinical studies which suggest a role for arteriovenous pCO2 
differences in monitoring resuscitation. Although not novel, the results certainly 
provide further evidence that widened pCO2 differences are indicative of wors-
ening shock and may therefore possibly be another tool in our armament to 
monitor resuscitation.
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Abstract
AIM: To investigate the effects of hypertonic saline in 
the neurocritical care population.

METHODS: We retrospectively reviewed our hospital’s 
use of hypertonic saline (HS) since March of 2005, and 
prospectively since October 2010. Comparisons were 
made between admission diagnoses, creatinine change 
(Cr), and HS formulation (3% NaCl, 3% NaCl/sodium 
acetate mix, and 23.4% NaCl) to patients receiving nor-
mal saline or lactated ringers. The patients (n  = 1329) 
of the retrospective portion were identified. The data 
presented represents the first 230 patients with data. 

RESULTS: Significant differences in Acute Physiology 
and Chronic Health Evaluation Ⅱ scores and Glasgow 

Coma Scale scores occurred between different sa-
line formulations. No significant correlation of Cl- or 
Na+ with Cr, nor with saline types, occurred. When 
dichotomized by diagnosis, significant correlations 
appear. Traumatic brain injury (TBI) patients demon-
strated moderate correlation between Na+ and Cr of 
0.45. Stroke patients demonstrated weak correlations 
between Na+ and Cr, and Cl- and Cr (0.19 for both). 
Patients receiving HS and not diagnosed with intrace-
rebral hemorrhage, stroke, subarachnoid hemorrhage, 
or TBI demonstrated a weak but significant correlation 
between Cl- and Cr at 0.29.

CONCLUSION: Cr directly correlates with Na+ or Cl- in 
stroke, Na+ in TBI, and Cl- in other populations. Pro-
spective comparison of HS and renal function is need-
ed.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Hypertonic saline solution; Sodium chloride; 
Acute kidney injury; Cerebral edema; Critical care

Core tip: This work adds to the literature that changes 
in Na+ and Cl- in the neurocritical care population corre-
late to adverse changes in renal function. It is critical for 
the neurointensivist to remain cognizant of this when 
choosing whether or not to use hypertonic saline, and 
what to monitor when doing so. Unlike previous work, 
this data suggests some diseases may have more or 
less a change in renal function from Na+ or Cl-. This ar-
gues for further study of how the formulations of these 
fluids may change outcome in the neurocritically ill.
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INTRODUCTION
A nearly ubiquitous problem in the neurocritical care 
population is cerebral edema (CE). Cerebral edema has 
been implicated in delayed neurological deterioration, and 
worse outcome, through the elevation of  intracerebral 
pressure (ICP)[1]. The role of  CE in outcome is conten-
tious, with evidence suggesting that the extent of  CE 
may, and may not, correlate with outcome[2-6]. Animal 
models of  CE demonstrate increased water content of  
edematous tissue correlates with inflammation and neu-
ronal death[7]. Potentially, reduction of  this edema may 
reduce the degree of  neuronal death, potentially improv-
ing outcome and decreasing hospital length-of-stay.

The medical management of  CE is not without 
problems. Mannitol use is common, but is complicated 
by deleterious effects on renal function, fluctuations 
in intravascular volume, and pH. Over time, mannitol’
s slow elimination from the cerebrospinal fluid may 
require progressively higher doses to control ICP and 
rebound CE[8,9]. Increasingly, hypertonic saline (HS) is 
being used to abate cerebral edema. Used in bolus or 
a continuous infusion fashion, HS has been shown to 
be safe and effective in reducing ICP in patients with 
traumatic brain injury (TBI), subarachnoid hemorrhage 
(SAH), and stroke[10,11]. HS shifts fluid from endothelium 
and surrounding tissues into the vascular compartment, 
normalizing the endothelia volume, increasing capillary 
diameter, and reducing resistance to flow[12]. Edema can 
be reduced in this manner. Further, hypertonic fluids 
produce smooth muscle vasodilation improving regional 
blood flow[12]. HS is relatively inexpensive. The early use 
of  HS may reduce secondary cell injury caused by ce-
rebral edema[13]. These characteristics make HS an ideal 
therapeutic option in conditions such as SAH, intracere-
bral hemorrhage (ICH), stroke, and TBI. 

However, the use of  HS has not demonstrated 
any survival or outcome benefit despite reductions in 
ICP[12,14]. Further, HS may be associated with increased 
risk-of  blood-stream infections, and possibly increased 
risk-of  nosocomial and urinary tract infections[14]. A 
growing body of  evidence suggests a possible link be-
tween HS use, renal dysfunction, and mortality[15-17]. We 
hypothesize the use of  HS correlates to adverse changes 
in renal function. 

MATERIALS AND METHODS
Study setting
The Henry Ford Neurocritical Care Unit (NCCU) is a 
16 bed unit with a yearly census over 1000 patients. The 
Henry Ford Neurocritical Database records data on 
stroke, TBI, ICH, SAH, SE, and spinal cord injury patient 
populations admitted to the NCCU. The data has been 
prospectively collected since October of  2010, with data 
added retrospectively from March of  2005 (when the 
first neurointensivist joined the staff) until October 2010. 
Between March 2005 and October 2010, 1329 patients of  
the retrospective cohort meet the inclusion criteria. The 

data presented represents the first 230 patients with data. 

Study design
With institutional review board approval, we mined the 
Henry Ford Neurocritical Database to identify all pa-
tients from March of  2005 to October 2010 with the 
aforementioned diagnosis who received HS. These pa-
tients were cross matched with the institution’s pharmacy 
database to ascertain which saline formulation patients 
in the retrospective cohort received. In this retrospective 
sample, if  patients were identified who received HS, and 
were not in the NCCU database, their data was retrospec-
tively collected. Data was collected from admission until 
NCCU discharge, death, or post admission day (PAD) 
13. Variables sought included: (1) IVF formulation: 
Normal saline (NS), ringer’s lactate (LR), HS (3% NaCl, 
3% NaCl:Na acetate, 23.4%); (2) physiologic: Mean arte-
rial pressure; serum sodium, creatinine, chloride, HCO3, 
BUN, creatinine; admission weight; (3) clinical: Admis-
sion Acute Physiology and Chronic Health Evaluation 
Ⅱ (APACHE Ⅱ) scores, admission Glasgow coma scale 
in all patients, Hunt and Hess grade in SAH patients, 
NIH stroke scale in stroke patients, presence of  external 
ventricular drain, and duration of  ICU stay. APACHE 
Ⅱ scores were retrospectively calculated on all patients 
in the retrospective cohort; and (4) demographics: Age; 
sex; race; presence of  hypertension, diabetes, pre-existing 
of  renal insufficiency and etiology of  renal insufficiency, 
history of  coronary artery disease or congestive heart 
failure. Patients received various formulations of  HS at 
the discretion of  the attending NCCU staff. Correlations 
to renal function, as measured by Cr, to the formulation 
of  saline used, and to changes in serum sodium and chlo-
ride levels were made. Patients receiving only LR o rNS 
served as a comparison group. 

Statistical analysis 
Intervariable associations were calculated between using 
Pearson’s correlation coefficients. The P values for these 
correlation coefficients were computed using clustering 
methods that take into account the multiple measures 
from the same patient. This was done with the entire 
sample as well as within each saline type and within each 
diagnosis type. 

RESULTS
Who received HS solutions? 
Table 1 summarizes the baseline characteristics of  this 
cohort. There were no significant differences in diagno-
sis between groups. There were significant differences 
in the APACHE Ⅱ scores and Glasgow Coma Scale 
(GCS) scores between the different formulations of  
HS. Significant differences emerged in admission Na+, 
A-a gradient, APACHE Ⅱ score, and GCS. In pairwise 
comparisons, patients receiving HS demonstrated higher 
APACHE Ⅱ scores and lower GCSv scores. 3% patients 
uniformly scored lower on GCS components compared 
to LR/NS patients, and lower in the GCSm and GCSe 
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compared to 23.4% patients (Table 2). This would sug-
gest patients receiving HS, particularly 3% solutions, had 
a greater illness burden at admission. 

What are the effects of HS on renal function? 
Table 3 summarizes the effects of  HS on renal function 
in this cohort. No significant correlation occurred with 
Na+ or Cl- with Cr when grouped according to saline 
type. The correlation between Na+ and Cr within each 
of  the saline types does not differ much from the overall 
correlation, except for within the 3% saline group. The 
correlation for the 3% saline group is 0.256 but this was 
not statistically significantly different from zero (P = 0.26). 

The same holds true for the correlation between Cl- and 
Cr, it is greater in the 3% saline group but still not statis-
tically significantly different from zero (r = 0.18, P = 0.43). 
When the correlations were dichotomized by the diagno-
sis, significant findings appear. 

The strongest correlations were found in TBI, pa-
tients given HS and not diagnosed with TBI, stroke, 
SAH, or ICH (other), and stroke. With respect to TBI, 
a moderate correlation was found between rise in Cr 
and Na+. For stroke, weak correlations between rise in 
Cr and both increases in Na+ and Cl- occurred. Patients 
in this “other” category demonstrated a significant, yet 
weak, correlation between increases in Cl- and Cr. 

DISCUSSION
Even small increases in creatinine the first two days fol-
lowing admission are predictive of  mortality[16,18]. Thus, 
therapies precipitating kidney injury are concerning. Pre-
sentation or development of  diminished renal function 
is a predictor of  poor outcome and mortality in stroke, 
ICH and SAH[19-25]. In the case of  ICH, this has been 
associated with hemorrhage volume and GCS[21,22,26]. 
Similarly, development of  renal dysfunction during hos-
pitalization has been linked to increased mortality and is 
associated with lower GCS and higher APACHE Ⅲ score 
in TBI[27,28]. 

Frequently neurointensivists are asked to control 
cerebral edema via the use of  mannitol and HS. Superi-
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  Variable 23.40%
(n  = 22)

3%
(n  = 13)

NS/LR
(n  = 194)

P  value

  Diagnosis     0.078
  ICH 15 (68)  7 (54)   67 (35)
  Other   3 (14)   3 (23)   47 (24)
  SAH   4 (18)   2 (15)   43 (22)
  Stroke 0 (0) 0 (0)   28 (14)
  TBI 0 (0) 1 (8)   9 (5)
  Age (yr)    61.9 ± 15.6   59.2 ± 19.6      56.8 ± 16.2     0.356
  HCT (mmHg)  38.2 ± 6.9 38.1 ± 6.2   38.1 ± 7.0     0.999
  WBC (109/L)  12.5 ± 6.2 11.6 ± 5.2   11.4 ± 9.1     0.865
  Temperature (℃)  37.3 ± 0.9 37.2 ± 0.7   36.8 ± 2.5     0.514
  HR    81.3 ± 20.3   86.5 ± 19.1     82.6 ± 16.7     0.668
  RR   18.1 ± 4.6 17.5 ± 7.3   18.6 ± 4.4     0.633
  MAP    98.3 ± 18.2 100.8 ± 33.2   106.5 ± 24.8     0.267
  Na 141.5 ± 6.4   8.2 ± 5.3 139.0 ± 4.1     0.037
  K    3.9 ± 0.6    3.7 ± 0.5     4.0 ± 2.0     0.888
  Glasgow coma   
  Scale (verbal)

   2.6 ± 1.7    2.3 ± 1.5      3.4 ± 1.7     0.010

     1 10 (45)   6 (46)   53 (27)
     2 1 (5)   2 (15) 10 (5)
     3 2 (9) 1 (8)  15 (8)
     4   5 (23)   3 (23)    29 (15)
     5   4 (18) 1 (8)    87 (45)
  Glasgow Coma 
  Scale (motor)

   5.0 ± 1.5   3.9 ± 1.8    5.3 ± 1.3     0.002

     1 1 (5)          1 (8)   5 (3)
     2 1 (5)   3 (23)   4 (2)
     3 2 (9)   2 (15) 16 (8)
     4 2 (9) 1 (8) 13 (7)
     5   4 (18)   2 (15)   27 (14)
     6 12 (55)  4 (31) 129 (66)
  Glasgow coma 
  Scale (eyes)

   2.9 ± 1.3   2.0 ± 1.0    3.3 ± 1.1 < 0.001

     1  5 (23)   5 (38)   28 (14)
     2   4 (18)   4 (31) 15 (8)
     3 2 (9)   3 (23)   31 (16)
     4 11 (50) 1 (8) 120 (62)
  A aGrad1        6.1 ± 195.3   173.7 ± 141.2    125.3 ± 154.9     0.024
  pH2    7.4 ± 0.1   7.4 ± 0.1    7.4 ± 0.1     0.306
  PCO2

3  27.0 ± 1.7 27.0 ± 3.0  26.0 ± 3.3     0.756
  PaO2    209.2 ± 114.6    189.5 ± 136.8     150.8 ± 115.1     0.053
  Baseline Cr    1.3 ± 1.4    0.9 ± 0.3    1.4 ± 1.8     0.655
  APACHE Ⅱ  14.9 ± 7.6  17.5 ± 5.2  10.7 ± 6.5 < 0.001

Table 1  Baseline characteristics by saline type

123.4%, n = 19; 3%, n = 12; normal saline/ringer’s lactate (NS/LR), n = 177; 
223.4%, n = 19; 3%, n = 10; NS/LR, n = 111; 323.4%, n = 3; 3%, n = 3; NS/LR, 
n = 83. ICH: Intracerebral hemorrhage; TBI: Traumatic brain injury; SAH: 
Subarachnoid hemorrhage; HCT: Hematocrit; MAP: Mean arterial pres-
sure; APACHE Ⅱ: Admission acute physiology and chronic health evalu-
ation Ⅱ scores.

  Dependent 23.4% vs  3% 23.4% vs  NS/LR 3% vs  NS/LR

  Na+ 0.035 0.016    0.503
  A aGrad 0.370 0.009    0.306
  Apache Ⅱ 0.261 0.005 < 0.001
  GCS v 0.579 0.034     0.019
  GCS m 0.027 0.294 < 0.001
  GCS E 0.028 0.123 < 0.001

Table 2  Pairwise comparisons for those that were significant

NS/LR: Normal saline/ringer’s lactate; APACHE Ⅱ: Admission acute 
physiology and chronic health evaluation Ⅱ scores; GCS: Glasgow coma 
scale.

Na+ and Cr Cl- and Cr

  Population n Corr P  value n Corr P  value
  Overall 230 0.025   0.63 229 0.074   0.16
  Saline type
     23.40%   22 0.037   0.58   22 0.042   0.65
     3%   13 0.256   0.26   13 0.181   0.43
     NS/LR 194 0.026   0.65 194 0.097   0.09
  Diagnosis type
     ICH   89 0.145   0.10   89 0.058   0.55
     Other   53 0.096   0.09   53 0.287 < 0.001
     SAH   50 0.125   0.08   50 0.085   0.28
     Stroke   28 0.187 < 0.001   28 0.185     0.001
     TBI   10 0.447     0.048   10 0.361 0.1

Table 3  Correlations between Cl-, Na+ and Cr

NS/LR: Normal saline/ringer’s lactate; ICH: Intracerebral hemorrhage; 
TBI: Traumatic brain injury; SAH: Subarachnoid hemorrhage.
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ority of  one agent remains a matter of  debate. Not yet 
recruiting at the time of  this manuscript, investigators 
at Massachusetts General Hospital are investigating if  
induced, sustained hypernatremia to a goal of  150-160 
mmol/L following traumatic brain injury will decrease the 
rate of  cerebral edema formation and improve patient 
outcomes[29]. One study, sponsored by Indiana Univer-
sity, currently enrolling is looking at 20% mannitol vs 3% 
saline for the treatment of  intracranial hypertension[30]. 

Mannitol appears to reduce ICP through reducing 
brain water content[31]. However, its use may result in 
kidney injury and rebound edema[8,9]. Increasingly HS 
saline is being used in various formulations either as a 
preventative or acute therapy[12,32]. HS appears to have a 
number of  beneficial effects. In TBI, the use of  23.4% 
NaCl results in ICP reductions and elevations in cerebral 
perfusion pressure with commensurate elevations in 
brain tissue oxygenation[33,34]. These reductions in ICP 
are most notable in patients with the greatest elevations 
in ICP. Further, in cerebral hemorrhages ≥ 30 mL, 
the early use of  HS to target a serum sodium between 
145-155 mmol/L demonstrates both absolute and rela-
tive reductions of  cerebral edema when compared to 
normonatremic patients[32]. 

These effects appear to be the result of  a combi-
nation of  actions including reduction in brain water 
content via osmotic forces, reductions in peripheral 
vascular resistance, and arteriolar vasodilatation with 
improvement in capillary blood flow[12,13,35]. Further, ani-
mal models treated with HS have demonstrated reduced 
aquaporin 4 expression on astrocytes with attenuation of  
brain water content[13]. In addition, increasing evidence 
demonstrates HS possesses immune-modulating proper-
ties via reduction in cytokine production and neutrophil 
activation[36,37]. Finally, animal models have demonstrated 
reductions in neuronal apoptosis. 

Despite the ample experimental evidence, the clini-
cal use of  HS has not demonstrated any survival or 
outcome benefit and is not without risk[12,14]. Hyper-
natremia is associated with insulin resistance, reduced 
hepatic gluconeogenesis and lactate clearance, delirium, 
rhabdomyolysis, and reduced cardiac function[38,39]. Not 
surprisingly, ICU acquired elevations or reductions in se-
rum sodium, dysnatremia, are common in neurosurgical 
and trauma patients, and associated with kidney injury[40]. 
Further, when compared to normonatremic patients, 
dysnatremia is associated with increased disease severity, 
longer length-of-stay, and mortality[40-42]. 

Our group inquired whether the formulation of  sa-
line used affected renal function in the neurocritical care 
population. The question of  IVF formulation affecting 
patient outcome has been debated for some time. Evi-
dence is increasingly suggesting formulation of  saline 
and/or rapid change in serum sodium or chloride may 
adversely affect renal function[15-17]. A study in healthy 
subjects has demonstrated greater natriuresis and sooner 
time to first post-bolus micturition in those receiving LR 
vs NS[43]. Huang et al[16] reported the use of  HS in burn 
patients produced significant increases renal, pulmonary, 

and cardiac failure compared to LR use. Patients receiv-
ing HS had less urine output. Further, the development 
of  renal failure was heralded by a greater initial rise and 
slower subsequent fall in serum sodium levels during 
the first week of  admission. Although this study was in 
burn patients, its findings are provocative. More recently, 
a study evaluating the effects of  a Cl- restrictive vs Cl- 

liberal usage in critical ill patients demonstrated more 
acute kidney injury and greater use of  renal-replacement 
therapy in the Cl- liberal group[44]. Though the popula-
tions of  these studies differ from the neurocritical care 
population, this suggests the formulation of  saline may 
have an effect on renal function. 

With respect to our initial question, does saline type 
affect renal function; we found no such correlation in 
our sample. We found patients receiving HS have higher 
disease severity as assessed by lower GCS and higher 
APACHE Ⅱ scores. Not surprisingly, we found sicker 
patients more frequently received HS in this sample. This 
correlation has been previously reported[15]. This makes 
intuitive sense, with evidence suggesting early use of  HS 
may limit the development of  CE[32]. Similar to the find-
ings of  Aiyagari et al[15], Froelich et al[17] reported adverse 
changes in renal function with serum Na+ > 155 mmol/L. 
This was not associated with the use or formulation of  
HS, a finding noted in our study too. 

Unexpectedly, when we dichotomized by diagnosis, 
we found weak to moderate correlations between ad-
mitting disease and changes in Cr associated with hy-
perchloremia or hypernatremia. This was most noted in 
TBI, stroke, and non-vascular NCCU diagnosis; trends 
were also noted in ICH and SAH too. The explanation 
for this association is uncertain. Previous studies dem-
onstrate correlations to Na+ increase and renal dysfunc-
tion[15,17]. Although patients receiving a continuous HS 
infusion, when compared to a cohort receiving NS, do 
not have a higher risk of  renal dysfunction, a signifi-
cant correlation between sever hypernatremia and renal 
dysfunction does exist[17]. This could however reflect a 
more severe underlying brain injury rather than effect 
of  HS.

Both clinical and experimental literature provides in-
sight as to how Na+ and Cl- could adversely affect renal 
function. HS solutions initially cause renal vasodilata-
tion and increased renal blood flow[45]. It is theorized 
hypernatremia may produce renal injury via intravascular 
dehydration and vasoconstriction[46]. Canine models 
undergoing rapid renal artery sodium elevations dem-
onstrate reduced renal blood flow and glomerular filtra-
tion rate with inhibition of  rennin secretion[47]. Clinical 
studies have demonstrated hypernatremia is associated 
with elevations in creatinine in approximately 10% of  
patients[15]. This noted increase parallels elevations in so-
dium and APACHE Ⅱ scores, and is inversely related to 
admission GCS scores. However, save for sodium values 
> 160 mEq/L hypernatremia is not independently asso-
ciated with mortality[15,17]. 

While direct proof  linking saline-induced hyperchlo-
remia to nephrotoxicity is not available, a strong cir-
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cumstantial case can be made[48]. NS, with 154 mmol/L 
of  chlorine can result in hyperchloremia and an acido-
sis[43,49]. Elevation in chloride can reduce renal blood flow 
and decreases the excretion of  sodium[43,45]. Hyperchlore-
mia appears to cause a renal vasoconstriction specific to 
renal vasculature and independent of  the renal nerve[45]. 
This reduction in renal blood flow could precipitate re-
nal ischemia and reducing glomerular filtration rate[45,50]. 
At the macula densa, Cl- activates tubuloglomerular feed-
back by precipitating afferent arteriolar vasoconstriction 
and decreased glomerular filtration rate[51]. Further, ani-
mal models suggest Cl- increases thromboxane synthesis 
resulting in renal vasoconstriction and reduced renal 
blood flow[52]. 

This single center, retrospective study has a number 
of  limitations. First is the choice of  serum creatinine as 
a biomarker of  renal function. Though regularly used 
to infer kidney health and glomerular filtration, it is at 
best a crude measure of  these. Often creatinine may be 
insensitive to early, deleterious changes in renal function. 
Next, given the time and cost of  collecting retrospec-
tive data, this data represents an interim analysis to see 
if  continued collection of  these variables was warranted. 
As such, its small size and single center nature limit its 
applicability. Other centers with different demograph-
ics or practices may have different outcomes from what 
is represented here. The retrospective design and single 
center location limits what questions can be asked, data 
obtained, and the number of  patients available. Regard-
ing the disease specific correlations, a number of  defi-
ciencies exist. Regarding TBI, this study did not collect 
data on vasopressor use, blood pressure targets, or vol-
ume received, all variables noted to augment renal blood 
flow[53]. Intense sympathetic stimulation alters prosta-
glandin-mediated vasodilatation, resulting in reduced 
glomerular filtration[54]. Data on antecedent medication 
use was not collected. Could prior use of  medications 
such as angiotensin converting enzyme inhibitors, in the 
setting of  rapid changes in serum Na+ and Cl-, result in 
diminished renal blood flow? Finally, after dichotomizing 
by diagnosis, differences in baseline physiologic variables 
was not assessed. Perhaps these correlations occurred in 
patients who were inherently more ill when viewed from 
the perspective of  admitting diagnosis. Despite these limi-
tations, this data is provocative in suggesting the admitting 
disease may affect the physiologic response to a therapy. 

This study adds to the literature demonstrating the 
use of  HS is not inherently injurious to renal physiology. 
Further, we too note the correlation of  injury severity 
to HS use. Finally, our data suggests when viewed from 
the perspective of  admitting diagnosis, HS use may cor-
relate to the development of  kidney injury. However, 
the nature of  this correlation needs further exploration. 
Variables to investigate include rate change of  Na+ and 
Cl-; HS administration times over the course of  disease; 
role of  premorbid medications; and regional differences 
in population makeup. Wide variability exists in the treat-
ment of  cerebral edema among intensivists[55]. With no 
clear “right answer” to the question of  cerebral edema, 

more investigation is needed regarding the risks/ben-
efits of  the treatments available and the patients who 
would be best suited for particular therapies. Prospective 
comparisons of  HS formulation and renal function are 
needed to further assess if  formulation affects outcome 
and cost. Prospective studies are warranted to better de-
fine this association and its effect on outcome.

COMMENTS
Background
The treatment and management of cerebral edema is among the duties of a 
neurointensivist. When and how to treat cerebral edema remain contentious. 
Further, a neurointensivist must remain cognizant of how their neurocentric 
therapies may affect the rest of the patient’s body. 
Research frontiers
Intravenous fluids and hypertonic saline are ubiquitous in the critical care and 
neurocritical care setting. Data has previously demonstrated “not all fluids are 
created equal.” Understanding how the formulation of intravenous fluids may 
affect outcome is critical to providing effective critical care. Discovery of delete-
rious correlations may help generate prospective, hypothesis driven, studies on 
patient or disease specific intravenous fluids aimed at improving outcome.
Innovations and breakthroughs
Prior work has demonstrated that the formulation of hypertonic saline (HS) may 
not affect renal function. However, the relative change of Na+, and presence in 
particular of hypernatremia, may correlate with development of kidney injury 
and worse outcomes. Much of this work was in a mixed critical care or mixed 
neurocritical care population. This study assessed if not only Na+, but if Cl-, HS 
formulation, and disease state played a role. The data here presented suggests 
potential rolls of Cl- and disease state to adverse renal function. These findings 
need to be confirmed by larger, prospective trials. Potentially, such findings 
could form the basis for developing patient or disease specific intravenous 
fluids aimed at reducing cerebral edema and mitigating adverse renal effects. 
Further, if borne out in future studies, better understanding of what interactions 
occur between intravenous fluids, disease state, and comorbidities may allow 
for development of new therapeutic options in neurocritical care. 
Applications
Data presented here, and in the context of literature to date, may suggest to the 
bedside clinician to be judicious with the prescription of HS to patients with cerebral 
edema, to closely monitor renal function, and use Cl- limiting formulations of HS.
Terminology
Cerebral edema is the process whereby injured brain develops increase free 
water by cytotoxic or vasogenic means. Typically, these two pathologies com-
bine in a temporal fashion. Much of the overall change of brain volume is re-
lated to this, a concern in the rigid volume provided within the skull. Potentially, 
cerebral edema may exacerbate inflammation. Hypertonic saline, or HS, are 
intravenous fluids of higher osmolarity aimed at increasing serum sodium. This 
has a multitude of effects including: (1) reducing brain free water and edema; (2) 
reducing aquaporin production and thus water entry into cells preventing/limit-
ing the development of cerebral edema; (3) improving red blood cells malleabil-
ity and ability to travel through injured tissue; and (4) potential mitigating effects 
on inflammation. Creatinine, Cr, is a biomarker of kidney health. Though crude, 
this is a readily available biomarker that can guide the clinicians management 
of a patient.
Peer review
This analysis provides some provocative findings that need a larger study to 
confirm. Further, it summarizes much of the literature on this topic to date.
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cal service to a trauma center. Patients who met any of 
the field trauma triage criteria were considered “triage 
positive”. Hospital data was statistically linked to pre-
hospital records. The primary outcome of defining a 
“major trauma patient” was Injury Severity Score (ISS) 
> 16. 

RESULTS: There were a total of 200 injured patients 
evaluated over a 2 years period who met at least 1 
triage criterion. The number of false positives was 64 
patients (ISS < 16). The PPV was 68%. The sensitivity 
and the negative predictive value could not be evalu-
ated in this study since it only included patients with 
positive Vittel criteria. The criterion of “PH resuscita-
tion” was present for 64 patients (32%), but 10 of 
them had an ISS < 16. This was statistically significant 
in correlation with the severity of the trauma in univari-
ate analysis (OR = 7.2; P  = 0.005; 95%CI: 1.6-31.6). 
However, despite this correlation the overall PPV was 
not significantly increased by the use of the criterion “PH 
resuscitation” (68% vs  67.8%).

CONCLUSION: The criterion of “pre-hospital resuscita-
tion” was statistically significant with the severity of the 
trauma, but did not increase the PPV. The use of “pre-
hospital resuscitation” criterion could be re-considered 
if these results are confirmed by larger studies.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pre-hospital; Triage; Vittel criteria; Injury 
Severity Score; Trauma

Core tip: This is the first evaluation of French Vittel 
criteria for pre hospital triage of trauma. The results of 
this study suggest that the criteria are efficient to se-
lect the severe trauma patients during the pre-hospital 
stage [positive predictive value (PPV) of 68%]. The 
criterion “pre-hospital resuscitation” was significantly 
correlated with the severity of the trauma, but did not 
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Abstract
AIM: To evaluate the performance of the specific 
French Vittel “Pre-Hospital (PH) resuscitation” criteria 
in selecting polytrauma patients during the pre-hospital 
stage and its potential to increase the positive predic-
tive value (PPV) of pre-hospital trauma triage.

METHODS: This was a monocentric prospective cohort 
study of injured adults transported by emergency medi-
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increase the PPV. This criterion, which is the only dif-
ference between French and United Stated pH triage 
criteria, does not procure extra value and compromises 
potential comparisons with multinational cohort studies. 
The use of “pre-hospital resuscitation” criterion should 
be revaluated if these results are confirmed by larger 
studies.

Hornez E, Maurin O, Mayet A, Monchal T, Gonzalez F, Kerebel 
D. French pre-hospital trauma triage criteria: Does the “pre-
hospital resuscitation” criterion provide additional benefit in tri-
age? World J Crit Care Med 2014; 3(3): 68-73  Available from: 
URL: http://www.wjgnet.com/2220-3141/full/v3/i3/68.htm  DOI: 
http://dx.doi.org/10.5492/wjccm.v3.i3.68

INTRODUCTION
The ideal pre-hospital (PH) triage should optimize the re-
sources in a trauma center or in local hospitals by restricting 
over- and undertriage scenarios, thereby limiting undue costs 
and unnecessary geographical constraints for patients and 
families. Since 1987, a regularly updated PH triage scheme 
has been prepared by the American College of  Surgeons 
Committee on Trauma (ACSCOT)[1]. This scheme includes 
mechanism of  injuries and replaces previously ineffective 
scoring such as trauma score[2,3], trauma triage rule[4], CRAM 
scale[5] and the PH index[6]. 

French PH trauma triage criteria were developed dur-
ing the 2002 Emergency Ambulance Service (SAMU) 
conference in Vittel (France), which addressed French 
specific PH care[7]. Triage criteria are classified into 5 
categories and each of  the criteria is sufficient to define 
a severe trauma, indicating the transfer of  the patient 
to a trauma center. The Vittel criteria are similar to the 
ACSCOT classification with an additional criterion: “PH 
resuscitation” which corresponds to the specific manage-
ment provided by the PH emergency physician (PHEP). 

This study aims at evaluating whether the “PH re-
suscitation” criterion increases the positive predictive 
value (PPV) of  Vittel criteria for an adult population. 
The study hypothesis is that the PPV is not increased, 
considering that all of  the PH resuscitation maneuvers 
would be based on vital signs criteria, which are already 
factored into the triage assessment.

MATERIALS AND METHODS
Study design
This monocentric study compares the PH Vittel criteria 
(Table 1) with 2 scores calculated at the end of  the clini-
cal assessment: the Injury Severity Score (ISS) and the 
Trauma Injury Severity Score (TRISS). Polytrauma was 
defined as an ISS > 16. The goal of  the study was to 
evaluate the performance of  Vittel criteria to select poly-
trauma patients during the pre-hospital stage and evalu-
ate any additional benefit with the use of  the specific 
criterion “PH resuscitation”. The data was prospectively 

collected. The protocol was approved by the Institutional 
Review Board.

Patient selection
From December 2008 to January 2010, all trauma pa-
tients were evaluated by the emergency physician in the 
field. The number of  positive Vittel criteria was deter-
mined from the trauma case history including the phone 
report to the emergency department (ED). Patients 
presenting with one positive Vittel criterion were trans-
ported to and managed in a well equipped trauma center 
with an emergency department, intensive care unit, in-
terventional radiology, a burn unit, and multiple surgical 
specialties (digestive, orthopedics, urology, otorhino-
laryngology, plastic/reconstructive, neurosurgery). The 
facility receives an annual patient population of  900000, 
primarily tourists as well as residents of  suburban and 
rural neighborhoods.

Data collected
The pre-defined data sheet utilized was divided into 
2 parts: (1) collected PH stage data: Glasgow coma 
scale, respiratory rate, blood pressure, heart rate, injury 
mechanism, time of  management, Vittel criteria, resus-
citation protocol (IV fluids, oral intubation, venous ac-
cess, drugs); (2) collected ED data: vitals, resuscitation 
protocol, injury profile, surgery, interventional radiology, 
survey, cause of  death. ISS and TRISS were calculated at 
patient discharge.
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  Steps Severity criteria

  1 Vital signs Glasgow coma scale < 13 or
Systolic blood pressure < 90 mmHg or
Saturation O2 < 90%

  2 Evidence of 
  high-energy trauma

Ejection from automobile
Death in same passenger compartment
Falls > 6 m
Victim thrown or crushed
Global assessment of the trauma (aspect of the 
crashed vehicle, vehicle telemetry data consistent 
with high risk of injury, no motorcycle helmet, 
no seat belt)
Blast

  3 Anatomy of injury Penetrating trauma of head, neck thorax, abdo-
men, pelvis, thigh, and arm
Flail chest
Severe burns, smoke inhalation
Pelvic bone fracture
Suspicion of medullar trauma
Amputation proximal to wrist or ankle
Acute ischemia of the limb

  4 Pre-hospital 
  resuscitation

Intubated and mechanically ventilated patients
IV Fluids > 1000 mL (colloids)
Catecholamine 
Anti-shock trousers inflated

  5 Special patient or 
  system considerations 

Age > 65 yr
Heart failure
Respiratory failure
Pregnancy > 12 wk

Table 1  Vittel pre-hospital triage criteria1

1The patient is considered as a severe trauma if he met one of the listed 
criteria and transferred to a trauma center. 



Statistical analysis
A statistical analysis evaluated the performance of  the 
Vittel criteria in selecting patients with an ISS > 16 (Stata 
version 9 software, Stata Corporation). A descriptive 
analysis with the comparison between the subgroups was 
made with ANOVA. The correlation between the vari-
ables utilized the Pearson coefficient. Linear regression, 
univariate and multivariate analysis were used to measure 
the link between Vittel criteria and the ISS and TRISS. 
The significance level of  the study was Ⅲ.

RESULTS
Population
Two hundred trauma patients (using Vittel criteria) were 
included. Characteristics and profiles of  injuries are de-
scribed in Table 2. The median age was 40.4 years (with 
range of  16-96 years) and 78.5% of  patients were male. 
All traumas were high energy (road trauma 71%, seri-
ous falls 15%). The median values of  ISS and TRISS 
were respectively 22 (1-75, EC = 16.1) and 95.8% (2-99, 
EC = 29). As expected, the 2 scores had a high inverse 
correlation (ρ = -0.77). Forty-four percent of  patients 
were hemodynamically unstable, 48.5% had limb trauma, 
head trauma 48.5%, and thoracic trauma 44.5%. The 
most common injury involved trauma of  the extremities 
(48.5%), then head trauma (48.5%), and thoracic trauma 
(44.5%). The severity of  trauma did not vary with gender. 

The elderly patients had a lower TRISS (P = 0.002) but 
with an unchanged ISS (P = 0.118). No mechanism was 
associated with a high ISS. Gunshot-penetrating trauma 
could be associated with a lower TRISS (P = 0.06).

PH stage
All patients were managed by a PHEP on the field. 
The median PH duration was 64.9 min (DS = 41.7 
min, 15-240). This duration was associated with a lower 
TRISS (P = 0.015) but not with a higher ISS (P = 0.075). 
The first PHEP clinical report by phone and the first 
ED categorization of  the patient were highly correlated 
(P = 0.88). 

Analysis of the Vittel criteria
The number of  false positives was 64 patients (ISS < 16 
and at least one positive Vittel criteria). The PPV was 
68%. The PPV was not significantly increased with the 
use of  the criterion “PH resuscitation” (68% vs 67.8%). 
The sensitivity and the negative predictive value could 
not be evaluated in this study since it only included pa-
tients with positive Vittel criteria.

The distribution of  the Vittel criteria is depicted in 
Figure 1. The most frequent criteria were “high energy 
trauma” (84.5%), and “physiological variables” (37%). 
Forty-eight percent of  the patients had only one positive 
criterion; 23%, 23.5% and 3% had respectively 2, 3 and 
4 positive criteria. No patient had 5 positive criteria.

The correlation between the positive Vittel criteria and 
the severity is detailed in Table 3. In univariate analysis, 3 
criteria were associated with severity: “Vital signs” (OR = 
2.8; P = 0.002; 95%CI: 1.4-5.3), “PH resuscitation” (OR 
= 7.2; P = 0.005; 95%CI: 1.6-31.6), and “Special patient 
or system consideration” (OR = 7.2; P = 0.009; OR = 
1.6-31.6). In multivariate analysis, 2 criteria were associated 
with the severity: “vital signs” (OR = 2.4; P = 0.04; 95%CI: 
1.0-5.7) and “Special patient or system consideration” (OR 
= 9.2; P = 0.004; 95%CI: 2.0-41.9). For the entire cohort: 
The more a patient had positive criteria, the more severe 
the trauma (P < 0.0001) and the more the patient needed 
emergency surgery (not statistically significant). For the 
group of  “hemorrhagic patients”: the more a patient had 
positive criteria, the more severe the trauma (not statisti-
cally significant) and the more the patient needed an emer-
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  Mechanism n  (%)

  Motorcycle crash   105 (52.7)
  Car crash     37 (18.5)
  Fall      30 (15.8)
  Pedestrian vs auto 16 (8)
  Gunshot wound      5 (2.5)
  Stab wound   2 (1)
  Other   4 (2)

  Anatomy of injury 
Total n (%) Hemorragic group n (%)

  Number 200 33 (16.5)
  Extremity
     Upper   60 (30) 8 (24)
     Lower      53 (26.5) 9 (28)
  Thorax
     Lung trauma      39 (19.5)                   3 (9)
     Pneumothorax      29 (14.5)  4 (12)
     Hemothorax      21 (10.5)   14 (42.5)
     Head      97 (48.5)   14 (42.5)
     Face      39 (19.5)  4 (12)
  Spine
     Stable      29 (14.5)  4 (12)
     Unstable   8 (4)                   0
  Pelvic bone
     Stable   26 (13)  4 (12)
     Unstable 10 (5)  6 (18)
  Abdomen
     Hemoperitoneum       31 (15.5)   17 (51.5)
     Hemoretroperitoneum    13 (6.5)  6 (18)
     Pneumoperitoneum      3 (1.5) 1 (3)
     Other      3 (1.5) 1 (3)

Table 2  Profile of injury

  Vittel Criteria Univariate analysis Multivariate analysis

OR P 95%CI OR P 95%CI
  Vital signs   2.8 0.002 1.4-5.3 2.4 0.04 1.0-5.7
  Evidence of 
  high-energy trauma

1  0.8 0.5- 2.4 1.2 0.64 0.5-3.1

  Anatomy of injury   0.6  0.2 0.2-1.4 0.5 0.21 0.2-1.5
  Pre-hospital 
  resuscitation

  2.6 0.005 1.3-5.0 1.8 0.18 0.7-4.4

  Special patient or 
  system considerations

  7.2 0.009 1.6-31.6 9.2   0.004 2.0-41.9

Table 3  Correlation between the severity of trauma1 and 
positive Vittel criteria

1ISS > 16.
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gency surgery (significant with regression analysis).

DISCUSSION
This study was intended to evaluate if  the “PH resuscita-
tion” criterion increases the PPV of  Vittel criteria for an 
adult population. The study hypothesis was that the PPV 
is not increased, considering that all of  the PH resuscita-
tion maneuvers would presumably be based on vital sign 
criteria, which would then already be factored into the 
triage assessment. The results suggest that the French 
Vittel criteria are effective in selecting polytrauma pa-
tients (ISS > 16) with a PPV of  68%. The criterion of  
“PH resuscitation” does not improve the performance 
of  the Vittel criteria.

Definition
There is no consensus for the definition of  polytrauma; 
many definitions have been used: ISS > 16[8-12], ISS > 
20[13], ISS > 16 associated with hospital length[14], ISS as-
sociated with resources used[8,15,16]. Other studies define 
polytrauma depending on the resources used[4,17-20]. In 
this study we used the definition of  the ACSCOT (ISS 
> 16). This definition optimizes the cost/efficiency ratio 
of  the trauma centers[21].

Overall Vittel criteria performance
In Westernized countries, severe trauma patients are 
usually identified during the PH stage by triage criteria 
as the “ACSCOT field triage decision scheme”, the last 
version published in 2006. Many studies have since been 
published to evaluate the triage criteria, with varying 
results[8,21-25]. In 2011, Newgard et al[23] published a ma-
jor study about pre-hospital triage. In the study, 122345 
patients were included and 7100 (5.8%) had an ISS > 
16. The pre-hospital triage was done by the paramedics 
using the ACSCOT scheme. The sensitivity was 85% for 
all patients and 79% for patients over 55 years of  age. 
The specificity was 68.7% for all the patients and 75.4% 

for patients older than 55 years. The PPV to identify ma-
jor trauma patients was 71.1%. 

In France, the PH management of  a trauma patient is 
performed by a mobile team including a PHEP.  PHEP field 
management includes Cardio Pulmonary resuscitation with 
oral intubation, PRBC transfusion, chest tube, central ve-
nous access, and/or Fast Assessment Sonogram for Trauma 
exam. Therefore, specific criteria for pre-hospital triage have 
been published in 2002 during the SAMU conference in Vit-
tel[7] and are summarized in table 1. These are very similar to 
those of  the ACSCOT, but also include the additional crite-
rion of  “PH resuscitation”.  As expected, the performance 
of  the Vittel criteria to identify polytrauma is very similar to 
the ACSCOT score (PPV: 68% vs 71.1%). 

Performance of the criterion “PH resuscitation”
In this study, the criterion “PH resuscitation” was met 
by 64 patients (32%) but 10 of  them had an ISS < 16. 
The false positive rate was 15%. This was significantly 
correlated with the severity of  the trauma in univariate 
analysis (OR = 7.2; P = 0.005; 95%CI: 1.6-31.6). How-
ever, despite this correlation, the overall PPV was not 
significantly increased by the use of  the criterion “PH 
resuscitation” (68% vs 67.8%)

Performance of the other criteria
Criterion “Vital signs”: In this study, the criterion “Vital 
signs” was significantly associated with the severity of  
the trauma in univariate analysis (OR = 2.8; P = 0.002; 
95%CI: 1.4-5.3) and multivariate analysis (OR = 2.4; P = 
0.04; 95%CI: 1.0-5.7). The effectiveness of  this criterion 
was already discovered by Wuerz et al[24], in 1996, with a 
low sensitivity (56%) but a high specificity (86%). This 
was associated with 20% mortality rate in the study pub-
lished in 2005 by Hannan et al[26].

Criterion “evidence of  high-energy trauma”: In this 
study, the criterion “evidence of  high-energy trauma” was 
not correlated with the severity of  the trauma in the uni-
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variate or multivariate analysis. Many studies have already 
shown that the mechanism of  trauma is not associated 
with the severity of  trauma[10,13,27,28]. In a study published in 
1986, Lowe et al [27] found an overtriage rate ranging from 
14% to 43% in a cohort of  631 patients. This trend was 
corroborated in 2003 by Santaniello et al[28]. In a series of  
830 patients, only 50% of  the patients sorted by this crite-
rion required surgery or an ICU admission. This criterion 
presents an element of  sensitivity for the PH triage. 

Criterion “anatomy of  injury”: In this study, the cri-
terion ‘anatomy of  injury’ was not correlated with the 
severity of  the trauma. Few studies have specifically ana-
lyzed this criterion: in 1995 Cooper et al[8] found a sensi-
tivity of  40% with a PPV of  22%.

Criterion “Special patient or system considerations”: 
Within the study the criterion “Special patient or system 
considerations” was significantly associated with the 
severity of  the trauma in univariate analysis (OR = 7.2; 
P = 0.009; 95%CI: 1.6-31.6) and multivariate analysis 
(OR = 9.2; P = 0.004; 95%CI: 2.0-41.9), but an accurate 
analysis of  this criterion is difficult due to its variabil-
ity (its contents being extremely PHEP dependent). It 
is however interesting to notice, that the specificity of  
the triage was higher for the patient older than 55 years 
(75.4% vs 64.3%) in the study of  the ACSCOT[23].

Limitations
The limitations of  this study include a lack of  statistical 
power due to the small cohort size. Also, we only in-
cluded patients with one or more positive Vittel criteria, 
therefore we could not adequately assess the sensitivity 
of  the criteria, which is the largest limitation. In addition, 
while the number of  positive criteria was significantly as-
sociated with the severity of  the trauma, this relationship 
did not exist with the subgroup “hemorrhagic patients” 
despite a hemorrhagic lesion being a severity factor in 
trauma, as shown by the higher need of  emergency sur-
gery.  This paradox is probably due to a lack of  statistical 
power due to the small cohort of  hemorrhagic patients (n 
= 33). A larger study size is needed.

Overall, the results of  this study indicate that the 
French Vittel criteria are efficient in selecting severe 
trauma patients during the pre-hospital stage, with a 
PPV of  68%. The criterion “pre-hospital resuscitation” 
was significantly correlated with the severity of  the trau-
ma, but did not increase the PPV. This criterion, which 
is the only difference between the French and the United 
States PH triage criteria, does not provide any added 
benefit, and actually compromises potential compari-
sons with multinational cohort studies. The use of  “pre-
hospital resuscitation” criterion should be re-evaluated if  
these results are confirmed by larger studies. 
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Abstract
Intensive care faces economic challenges. Therefore, 
evidence proving both effectiveness and efficiency, i.e. , 
cost-effectiveness, of delivered care is needed. Today, 
the quality of care is an important issue in the health 
care debate. How do we measure quality of care and 
how accurate and representative is this measurement? 
In the following report, several topics which are used 
for the evaluation of intensive care unit (ICU) perfor-
mance are discussed: (1) The use of general outcome 
prediction models to determine the risk of patients who 
are admitted to ICUs in an increasing variety of case 
mix for the different intensive care units, together with 
three major limitations; (2) As critical care outcomes 
research becomes a more established entity, mortality 
is now only one of many endpoints that are relevant. 
Mortality is a limited outcome when assessing critical 
care performance, while patient interest in quality of 
life outcomes is relevant; and (3) The Quality Indica-
tors Committee of the Society of Critical Care Medicine 
recommended that short-term readmission is a major 
performance indicator of the quality of intensive care 
medicine.
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Core tip: Variations in case mix, intensive care unit 
(ICU) demographics, clinical and non-clinical factors 
not addressed by the present severity of illness scores 
must be quantified to improve the accuracy of future 
prediction models. A completely different benefit using 
health-related quality of life (HrQoL) as a performance 
benchmark could be the follow-up evaluation of the 
patient’s health status after ICU or hospital discharge. 
The moment when outcome research can predict the 
short-term (ICU discharge) QoL of a critically ill patient 
during the first 24 h of ICU admission will give physi-
cians and health care policy makers an up-to-date and 
reliable evaluation of quality of care in the ICU for the 
future.
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INTRODUCTION
The intensive care unit (ICU) is a hospital unit deliver-
ing continuous surveillance and highly specialized care to 
critically ill patients, either medical or surgical. Patients’ 
conditions are life-threatening and require comprehensive 
care[1]. Established approximately five decades ago, the 
ICU is now a fundamental part of  hospital care. It pres-
ents itself  as the knowledge that aims to help patients 
with extended needs of  care and organ support[2]. 

Intensive care faces economic challenges. Therefore, 
evidence proving both effectiveness and efficiency, i.e., 
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cost-effectiveness, of  delivered care is needed. ICUs con-
sume a significant proportion of  health care resources, 
accounting for up to 20% of  a hospital’s cost[3-8]. By 2005, 
critical care medicine costs in the United States were 
estimated to be $81.7 billion, accounting for 4.1% of  
the national health expenditures and 0.66% of  the gross 
domestic product[9]. The United States spends 15% of  
the gross domestic product on health care (9%-11% in 
Germany, France and Canada; 7%-8% in Spain and the 
United Kingdom). Intensive care costs are estimated to 
be increasing throughout the developed world[4,7,10-17]. 

Today, quality of  care is an important issue in the 
health care debate[18]. All countries struggle to optimize 
quality of  care while minimizing costs. Assessment of  
clinical performance is obligatory for the evaluation of  
both the effectiveness and efficiency of  care[19] and there-
fore several questions arise: How do we measure quality 
of  care and how accurate and representative is this mea-
surement?

The goal of  intensive care medicine is to achieve the 
best outcome for critically ill patients and this is usually 
accompanied by the use of  very complex care[2,20]. All pa-
tients carry both an intrinsic (disease-related) and an ex-
trinsic (care-related) risk at the same time[2,21]. There is an 
ever-increasing acknowledgement of  the wide variation in 
the quality of  care across ICUs and its effect on outcome. 
Indicators to evaluate the quality of  care are progressively 
being used and focus on patient outcome[18,22]. Finding a 
solid technique to determine the performance of  single 
ICUs has been a difficult pursuit for the last 30 years[19]. 

OUTCOME PREDICTION MODELS: SHALL 
WE CONTINUE IN THE SAME WAY?
Each new development in critical care treatment over 
the past 30 years has been implemented to improve the 
quality of  care. Therefore, the extrinsic risks that patients 
carry should be as low as possible. Ideally, quality of  care 
performance research should give more information 
about the extrinsic rather than the intrinsic risks. Present-
ly, ICU performance evaluation is becoming increasingly 
difficult because of  the presence of  an increasing variety 
in patient case mix for the different intensive care units. 
Since the development of  prediction mortality models in 
the early 1980s, physicians have tried to normalize certain 
ICU populations through the use of  severity of  illness 
measurements. At the time that a general outcome pre-
diction model (GOPM) was developed, the intrinsic risk 
had been adjusted in such a way that performance mainly 
illuminated the extrinsic risk factors. Most published ap-
proaches concerning the evaluation of  ICU performance 
adopt more or less identical methods: the development 
of  a GOPM and its calibration in a suitable database. 
Such models are then applied to different cohorts of  
ICU patients and the comparison of  the predicted num-
ber of  deaths with the actual number is used as a refer-
ence for the clinical behavior of  the unit[15]. For over 30 
years, outcome research in critical care relied heavily on 

these risk adjustment methods (GOPM) to assess and 
quantify the risk of  patients admitted to ICUs[2]. Using 
several GOPMs, this methodology has become the “gold 
standard” to compare ICUs across different geographical 
areas or within a specific individual nation or other spe-
cific subgroups[19]. Various risk adjustment systems have 
been created or updated and are used in daily practice. 

In the use of  general outcome prediction models, 
several limitations should be considered: (1) Most sys-
tems produce a single estimate, known as the standard-
ized mortality ratio (SMR). A single estimate reflects that 
the performance of  an ICU is steady over the whole 
spectrum of  the severity of  illness[23]. In other words, an 
ICU with a “good” performance (low SMR) is believed 
to be homogeneously good for both low-risk and high-
risk patients; in the same way, an ICU with a “bad” per-
formance (high SMR) is assumed to be uniformly bad. 
However, since performance can vary not only between 
ICUs but also within the same unit across patients and 
doctors, this assumption is likely not true[19]. Several stud-
ies have provided conclusive documentation that the 
clinical performance of  ICUs may vary over the array 
of  severity of  illness[2,19,24-27]; (2) It is unknown whether 
variations in SMR reflect quality of  care or case mix dif-
ferences. Debate continues whether higher than predicted 
mortality (high SMR) is a warning about the quality of  
care or rather reflects a difference of  case mix between 
hospitals[20,28]. In the past, GOPMs have been revised or 
even updated to newer versions to predict expected death 
more accurately. However, many years elapsed before a 
new GOPM version was used. Although the newer third 
and fourth versions of  the APACHE prognostic model 
were developed many years ago[29-31], the APACHE Ⅱ 
score is still one of  the most widely used[9,20,32]; and (3) 
There is no consensus as to which GOPM must be used 
for which type of  ICU (general mixed unit, specialized 
unit, or even in different sub-populations). For critical 
care physicians, there are three overall GOPMs for pre-
dicting overall mortality used for performance evalua-
tions: the APACHE model[29-31,33], the MPM system[34-36] 
and the SAPS model[26,27,37-39]. These scoring systems 
differ in the choice and relative weight given to patient 
characteristics and physiological parameters[18,22]. Quality 
of  care performance evaluation should be done with the 
same and ideally most reliable outcome prediction model 
for each intensive care unit. Because there is no consen-
sus as to which GOPM should be used, they seem to be 
used randomly. Within the Netherlands, since 2008, all 61 
participating ICUs in the NICE registry started using the 
APACHE Ⅳ prognostic model[18].

THE QUALITY OF INTENSIVE CARE 
PERFORMANCE
Until today, one of  the most used ICU performance 
measurements is the SMR[20]. The SMR was developed in 
a period when the evaluation of  quality of  care was done 
exclusively through primary patient outcome (short-term 
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mortality). Some authors evaluated the use of  SMR as an 
indicator of  ICU quality of  care and debated its specific 
relevance[21,40,41]. The SMR value gives insight into the ob-
served mortality compared with the associated predicted 
mortality but it does not give insight into the health status 
of  these patients. 

As critical care outcomes research becomes more 
established, entity mortality is now only one of  many 
endpoints that is relevant and mortality is a limited out-
come evaluation method when assessing critical care 
performance. The health-related quality of  life (HrQoL), 
described as the level to which a patient’s health status 
affects the subjective appraisal of  his or her contentment 
with life, seems to be a better indicator, especially from 
the patient-centered view[42]. ICU and hospital survival 
will always have an important role in the evaluation of  
performance at the moment different units or hospitals 
are being benchmarked. Consequently, in the last decade, 
the QoL has gained great interest when both physicians 
and patients’ relatives mention patient outcome. There-
fore, QoL clearly challenges survival whenever we ad-
dress secondary (long-term) patient outcome. 

Difficulties are being foreseen when using health sta-
tus as a performance benchmark[43] because of  the great 
diversity in intrinsic risk that patients carry in different 
ICUs (i.e., specialized units, general mixed units)[20]. How 
should we use health status as performance benchmark? 
Should we cross-section the mean health status of  a 
given cohort against the general population norm or 
must we compare individual outcome with individual pre-
admission values? The latter will invariably provide more 
patient oriented and thus clinically relevant outcome 
values but also result in an administrative burden. A third 
possibility is to compare such an individual QoL value 
with a predicted individual health status. 

The capability of  calculating a patient’s QoL after 
ICU admission could be useful in many ways. Firstly, it 
could help patients and their relatives to make decisions. 
Secondly, it could help families to prepare themselves 
to care for the patient after hospital discharge. Thirdly, 
it could help critical care physicians to give useful infor-
mation, avoid unrealistic expectations and possibly help 
in making treatment decisions. Fourthly, it could help 
society to realize in which ICUs patients have a good 
prospect of  recovery and give health policy makers and 
insurance companies insight into the needs of  ICUs[42-44]. 

A completely different benefit using HrQoL as a per-
formance benchmark could be the possibility of  follow-
up evaluation of  patients’ health status after ICU or hos-
pital discharge. Post-ICU patients are known to express a 
reduced HrQoL compared to the general population. It 
is still not clear to what extent and how long this reduced 
HrQoL persists, although this effect may be long-last-
ing[45]. Therefore, a continuous survey as part of  regular 
after care for each individual patient would be the ideal 
way to investigate this, providing the possibility of  better 
managing patients in which HrQoL does not increase as 
expected. 

READMISSION TO THE ICU: CAN WE 
PREDICT PATIENTS AT RISK FOR 
READMISSION?
The Quality Indicators Committee of  the Society of  Crit-
ical Care Medicine recommended that readmission within 
48 h is a major performance indicator of  the quality of  
intensive care medicine[46,47]. Readmitted patients are most 
often the sickest in the ICU; therefore, it is an unexpected 
and unfavorable event for the patient and is associated 
with a more severe outcome[48-57]. Moreover, a strategy to 
reduce premature discharges in patients at high risk of  
in-hospital death could result in a reduction of  post-ICU 
mortality (Daly et al[58]: 39% reduction in mortality)[48,57,58]. 
In times of  great pressure on ICU capacity, should we 
not be more careful in deciding which patient may be dis-
charged and who has a greater risk of  readmission? Ide-
ally, such decisions are made on sound criteria rather than 
subjective parameters. In the last 10 years, several authors 
have proven that it is difficult to analyze and predict re-
admission risk for ICU patients in general[49-52]. Various 
authors concluded that patients readmitted to the ICU 
had a higher severity of  illness score at the time of  initial 
ICU discharge compared to single ICU admission pa-
tients[47,50,51,59]. Ideally perhaps, severity of  illness is scored 
on a daily basis and discharge is initiated from these val-
ues. Unfortunately, these severity of  illness scores have 
not been validated after the first 24 h of  ICU admission. 
The Sequential (Sepsis-related) Organ Failure Assess-
ment score (SOFA score) is used to track a patient’s sta-
tus during the admission to the ICU (also validated to be 
used after 24 h). The SOFA score is a scoring system to 
determine the extent of  a person’s organ function or rate 
of  failure[60-63]. This particular score has been validated to 
predict ICU mortality[64]. Nevertheless, the possible as-
sociation with readmission has not been evaluated as yet. 
Currently, there are hardly any systematic studies of  how 
daily severity of  illness score changes from admission to 
initial discharge predict ICU readmission[32,52]. Besides the 
severity of  illness score, there is also an association be-
tween nursing workload and post-ICU mortality[65,66]. The 
Therapeutic Intervention Scoring System (TISS) has been 
widely applied to assess workload and resource allocation 
in intensive care, measuring treatment intensity[67-69]. Con-
sequently, attempts have been made to use TISS scores 
to categorize the level of  care that patients require and 
even to evaluate the care required after ICU discharge[1,68]. 
Several authors have shown an association of  the TISS 
value of  the last ICU day with post-ICU mortality[65,66,69,70] 
and therefore indirectly the association with ICU read-
mission. Smith et al[66] concluded in their research that the 
mean TISS scores in patients readmitted to the ICU were 
significantly higher than in patients who did not require 
readmission[65,66]. 

For a couple of  years, Spanish physicians have shown 
great interest in this topic and developed the Sabadell 
score system, a modification of  the McCabe score[71-73]. 

76 November 4, 2014|Volume 3|Issue 4|WJCCM|www.wjgnet.com

Timmers TK et al . Intensive care performance



REFERENCES
1	 Mälstam J, Lind L. Therapeutic intervention scoring system 

(TISS)--a method for measuring workload and calculating 
costs in the ICU. Acta Anaesthesiol Scand 1992; 36: 758-763 
[PMID: 1466209]

2	 Metnitz PG. From risk assessment to risk management. 
Curr Opin Crit Care 2010; 16: 475-476 [PMID: 20827074 DOI: 
10.1097/MCC.0b013e32833e81ed]

3	 Pronovost PJ, Angus DC, Dorman T, Robinson KA, Drem-
sizov TT, Young TL. Physician staffing patterns and clinical 
outcomes in critically ill patients: a systematic review. JAMA 
2002; 288: 2151-2162 [PMID: 12413375]

4	 Pittoni GM, Scatto A. Economics and outcome in the inten-
sive care unit. Curr Opin Anaesthesiol 2009; 22: 232-236 [PMID: 
19390250 DOI: 10.1097/ACO.0b013e328323f9a8]

5	 Moerer O, Plock E, Mgbor U, Schmid A, Schneider H, Wis-
chnewsky MB, Burchardi H. A German national prevalence 
study on the cost of intensive care: an evaluation from 51 
intensive care units. Crit Care 2007; 11: R69 [PMID: 17594475]

6	 Chalfin DB. Cost-effectiveness analysis in health care. Hosp 
Cost Manag Account 1995; 7: 1-8 [PMID: 10143321]

7	 Zilberberg MD, Luippold RS, Sulsky S, Shorr AF. Prolonged 
acute mechanical ventilation, hospital resource utilization, 
and mortality in the United States. Crit Care Med 2008; 36: 
724-730 [PMID: 18209667 DOI: 10.1097/CCM.0B013E3181653
6F7]

8	 Halpern NA, Bettes L, Greenstein R. Federal and nationwide 
intensive care units and healthcare costs: 1986-1992. Crit Care 
Med 1994; 22: 2001-2007 [PMID: 7988140]

9	 Fakhry SM, Martin B, Al Harakeh H, Norcross ED, Fergu-
son PL. Proportional costs in trauma and acute care surgery 
patients: dominant role of intensive care unit costs. J Am Coll 
Surg 2013; 216: 607-614; discussion 614-616 [PMID: 23415554 
DOI: 10.1016/j.jamcollsurg.2012.12.031]

10	 Halpern NA, Pastores SM, Greenstein RJ. Critical care medi-
cine in the United States 1985-2000: an analysis of bed num-
bers, use, and costs. Crit Care Med 2004; 32: 1254-1259 [PMID: 
15187502]

11	 Halpern NA, Pastores SM. Critical care medicine in the Unit-
ed States 2000-2005: an analysis of bed numbers, occupancy 
rates, payer mix, and costs. Crit Care Med 2010; 38: 65-71 
[PMID: 19730257 DOI: 10.1097/CCM.0b013e3181b090d0]

12	 Halpern NA. Can the costs of critical care be controlled? 
Curr Opin Crit Care 2009; 15: 591-596 [PMID: 19823083 DOI: 
10.1097/MCC.0b013e328332f54f]

13	 Cohen NH. Critical care medicine in the United States: what 
we know, what we do not, and where we go from here. Crit 
Care Med 2010; 38: 304-306 [PMID: 20023473 DOI: 10.1097/
CCM.0b013e3181b4a2b6]

14	 Kahn JM, Angus DC. Reducing the cost of critical care: new 
challenges, new solutions. Am J Respir Crit Care Med 2006; 
174: 1167-1168 [PMID: 17110650]

15	 Vincent JL, Opal SM, Marshall JC. Ten reasons why we 
should NOT use severity scores as entry criteria for clinical 
trials or in our treatment decisions. Crit Care Med 2010; 38: 
283-287 [PMID: 19730252 DOI: 10.1097/CCM.0b013e3181b78
5a2]

16	 OECD library. Organisation for Economics Co-operation 
and Development: Health at a Glance: OECD indicators. 
2005 [DOI: 10.1787/9789264012639-en]

17	 Wunsch H, Angus DC, Harrison DA, Collange O, Fowler R, 
Hoste EA, de Keizer NF, Kersten A, Linde-Zwirble WT, San-
diumenge A, Rowan KM. Variation in critical care services 
across North America and Western Europe. Crit Care Med 
2008; 36: 2787-2793 [PMID: 18766102 DOI: 10.1097/CCM.0b0
13e318186aec8]

18	 Available from: URL: http: //www.NVIC.nl
19	 Moreno RP, Hochrieser H, Metnitz B, Bauer P, Metnitz PG. 

Characterizing the risk profiles of intensive care units. In-

They have validated the relevance of  the Sabadell score 
as a method for classifying patient’s ward survival at dis-
charge from the ICU[74] and even found an association of  
the Sabadell score with ICU readmission. Unfortunately, 
the lack of  reliable predictors of  ICU readmission pre-
vents the clinical efficacy of  this variable. However, this 
information may improve the ability to predict the readi-
ness for discharge for individual patients and improve the 
efficiency of  intensive care units[47]. Would critical care 
physicians have more information about patients’ disease 
status when they use a combination of  several systems 
(TISS, severity of  illness score and Sabadell score) as a 
prediction measurement for ICU discharge readiness? 
This value could also give an indication of  whether the 
patient could be discharged to the normal ward or if  he 
should first be admitted to a step-down unit (high depen-
dency unit). 

Hospital death rates would be particularly useful if  
patients and physicians could use the statistics for a given 
diagnosis to select a hospital that offers the best prospect 
of  survival. If  the data are only partially corrected for 
differences in the health status of  patients they must be 
used with caution[23]. Variations in case mix, ICU demo-
graphics, clinical and non-clinical factors not addressed 
by the present severity of  illness scores must be quanti-
fied to improve the accuracy of  future prediction models. 
If  the variation between ICUs is important, it will impair 
the stability of  the equations used to calculate predicted 
mortality and preclude the use of  indirect standardization 
in the evaluation of  differences between ICUs. These 
GOPMs consider the relationship between performance 
and severity of  illness as constant although performance 
can vary within ICUs according to the level of  severity 
of  illness in patients. Hypothetically, performance should 
be evaluated through the combination of  survival (SMR) 
and the health status (QoL) at the time of  discharge. As 
yet, this combination of  both outcome measurements 
has not been used in a single benchmark value. There-
fore, future research should focus on predicting quality 
of  life together with an accuracy study of  the TISS, se-
verity of  illness and the Sabadell scores to identify and 
weigh the specific variables for readmission. The moment 
when outcome research can predict the short-term (ICU 
discharge) QoL of  a critically ill patient during the first 
24 h of  ICU admission will give physicians and health 
care policy makers an up-to-date and reliable evaluation 
of  quality of  care in the ICU for the future.

ACKNOWLEDGMENTS 
The authors declared that they have no competing inter-
ests. Each author certifies that he has participated suf-
ficiently in the intellectual content, the analysis of  data if  
applicable and the writing of  this work to take public re-
sponsibility for it. Each has reviewed the final version of  
this work, believes it represents valid work and approves 
it for publication. We herewith state that all authors pro-
vided an equal contribution to this study and act in con-
cordance to the “uniform requirements”.

77 November 4, 2014|Volume 3|Issue 4|WJCCM|www.wjgnet.com

Timmers TK et al . Intensive care performance



tensive Care Med 2010; 36: 1207-1212 [PMID: 20306015 DOI: 
10.1007/s00134-010-1852-2]

20	 Timmers TK, Joore HC, Leenen LP. Changes after transfor-
mation from a specialized surgical unit to a general mixed 
intensive care unit. Crit Care Nurs Q 2014; 37: 115-124 [PMID: 
24309465 DOI: 10.1097/CNQ.0000000000000010]

21	 Teres D, Lemeshow S. Why severity models should be 
used with caution. Crit Care Clin 1994; 10: 93-110; discussion 
111-115 [PMID: 8118735]

22	 De Lange DW, Dusseljee J, Brinkman S, van Berkel G, van 
Maanen R, Bosman RJ, Joore H, de Keizer NF, van der Voort 
PHJ, de Waal R, Wesselink RMJ, de Jonge E. Severity of ill-
ness and outcome in ICU patients in the Netherlands: results 
from the NICE registry 2006-2007. Nether J Crit Care 2009; 13: 
16-22

23	 Moreno R, Apolone G. Impact of different customization 
strategies in the performance of a general severity score. Crit 
Care Med 1997; 25: 2001-2008 [PMID: 9403750]

24	 Moreno RP, Bauer P, Metnitz PG. Characterizing perfor-
mance profiles of ICUs. Curr Opin Crit Care 2010; 16: 477-481 
[PMID: 20613499 DOI: 10.1097/MCC.0b013e32833cc925]

25	 Civetta JM. Scoring systems: do we need a different ap-
proach? Crit Care Med 1991; 19: 1460-1461 [PMID: 1959362]

26	 Metnitz PG, Moreno RP, Almeida E, Jordan B, Bauer P, 
Campos RA, Iapichino G, Edbrooke D, Capuzzo M, Le Gall 
JR. SAPS 3--From evaluation of the patient to evaluation 
of the intensive care unit. Part 1: Objectives, methods and 
cohort description. Intensive Care Med 2005; 31: 1336-1344 
[PMID: 16132893]

27	 Moreno RP, Metnitz PG, Almeida E, Jordan B, Bauer P, 
Campos RA, Iapichino G, Edbrooke D, Capuzzo M, Le Gall 
JR. SAPS 3--From evaluation of the patient to evaluation of 
the intensive care unit. Part 2: Development of a prognostic 
model for hospital mortality at ICU admission. Intensive Care 
Med 2005; 31: 1345-1355 [PMID: 16132892]

28	 Green J, Passman LJ, Wintfeld N. Analyzing hospital mor-
tality. The consequences of diversity in patient mix. JAMA 
1991; 265: 1849-1853 [PMID: 1900894]

29	 Knaus WA, Draper EA, Wagner DP, Zimmerman JE. 
APACHE II: a severity of disease classification system. Crit 
Care Med 1985; 13: 818-829 [PMID: 3928249]

30	 Knaus WA, Wagner DP, Draper EA, Zimmerman JE, Bergn-
er M, Bastos PG, Sirio CA, Murphy DJ, Lotring T, Damiano 
A. The APACHE III prognostic system. Risk prediction of 
hospital mortality for critically ill hospitalized adults. Chest 
1991; 100: 1619-1636 [PMID: 1959406]

31	 Zimmerman JE, Kramer AA, McNair DS, Malila FM. Acute 
Physiology and Chronic Health Evaluation (APACHE) IV: 
hospital mortality assessment for today‘s critically ill pa-
tients. Crit Care Med 2006; 34: 1297-1310 [PMID: 16540951]

32	 Cohen NH. The real reasons not to rely on severity scores. 
Crit Care Med 2010; 38: 334-335 [PMID: 20023491 DOI: 
10.1097/CCM.0b013e3181b9d3e4]

33	 Knaus WA, Zimmerman JE, Wagner DP, Draper EA, Law-
rence DE. APACHE-acute physiology and chronic health 
evaluation: a physiologically based classification system. Crit 
Care Med 1981; 9: 591-597 [PMID: 7261642]

34	 Lemeshow S, Teres D, Avrunin JS, Gage RW. Refining inten-
sive care unit outcome prediction by using changing prob-
abilities of mortality. Crit Care Med 1988; 16: 470-477 [PMID: 
3359785]

35	 Lemeshow S, Teres D, Klar J, Avrunin JS, Gehlbach SH, 
Rapoport J. Mortality Probability Models (MPM II) based on 
an international cohort of intensive care unit patients. JAMA 
1993; 270: 2478-2486 [PMID: 8230626]

36	 Higgins TL, Teres D, Copes WS, Nathanson BH, Stark M, 
Kramer AA. Assessing contemporary intensive care unit 
outcome: an updated Mortality Probability Admission 
Model (MPM0-III). Crit Care Med 2007; 35: 827-835 [PMID: 
17255863]

37	 Le Gall JR, Loirat P, Alperovitch A, Glaser P, Granthil C, 
Mathieu D, Mercier P, Thomas R, Villers D. A simplified 
acute physiology score for ICU patients. Crit Care Med 1984; 
12: 975-977 [PMID: 6499483]

38	 Le Gall JR, Lemeshow S, Saulnier F. A new Simplified Acute 
Physiology Score (SAPS II) based on a European/North 
American multicenter study. JAMA 1993; 270: 2957-2963 
[PMID: 8254858]

39	 Le Gall JR, Neumann A, Hemery F, Bleriot JP, Fulgencio JP, 
Garrigues B, Gouzes C, Lepage E, Moine P, Villers D. Mortal-
ity prediction using SAPS II: an update for French intensive 
care units. Crit Care 2005; 9: R645-R652 [PMID: 16280063]

40	 Sherck JP, Shatney CH. ICU scoring systems do not allow 
prediction of patient outcomes or comparison of ICU perfor-
mance. Crit Care Clin 1996; 12: 515-523 [PMID: 8839587]

41	 Boyd O, Grounds M. Can standardized mortality ratio be 
used to compare quality of intensive care unit performance? 
Crit Care Med 1994; 22: 1706-1709 [PMID: 7924389]

42	 Capuzzo M, Moreno RP, Jordan B, Bauer P, Alvisi R, Met-
nitz PG. Predictors of early recovery of health status after 
intensive care. Intensive Care Med 2006; 32: 1832-1838 [PMID: 
16896849]

43	 Valentin A. The importance of risk reduction in critically 
ill patients. Curr Opin Crit Care 2010; 16: 482-486 [PMID: 
20613502 DOI: 10.1097/MCC.0b013e32833cb861]

44	 Angus DC. Caring for the critically ill patient: challenges and 
opportunities. JAMA 2007; 298: 456-458 [PMID: 17652301]

45	 Timmers TK, Verhofstad MH, Moons KG, van Beeck EF, 
Leenen LP. Long-term quality of life after surgical inten-
sive care admission. Arch Surg 2011; 146: 412-418 [PMID: 
21173281 DOI: 10.1001/archsurg.2010.279]

46	 Angus DC. Grappling with intensive care unit quality--does 
the readmission rate tell us anything? Crit Care Med 1998; 26: 
1779-1780 [PMID: 9824061]

47	 Timmers TK, Hulstaert PF, Leenen LP. Patient outcomes 
can be associated with organizational changes: a quality 
improvement case study. Crit Care Nurs Q 2014; 37: 125-134 
[PMID: 24309466 DOI: 10.1097/CNQ.0000000000000011]

48	 Metnitz PG, Fieux F, Jordan B, Lang T, Moreno R, Le Gall 
JR. Critically ill patients readmitted to intensive care units-
-lessons to learn? Intensive Care Med 2003; 29: 241-248 [PMID: 
12594586]

49	 Chen LM, Martin CM, Keenan SP, Sibbald WJ. Patients 
readmitted to the intensive care unit during the same hospi-
talization: clinical features and outcomes. Crit Care Med 1998; 
26: 1834-1841 [PMID: 9824076]

50	 Alban RF, Nisim AA, Ho J, Nishi GK, Shabot MM. Readmis-
sion to surgical intensive care increases severity-adjusted 
patient mortality. J Trauma 2006; 60: 1027-1031 [PMID: 
16688065]

51	 Rosenberg AL, Watts C. Patients readmitted to ICUs*: a sys-
tematic review of risk factors and outcomes. Chest 2000; 118: 
492-502 [PMID: 10936146]

52	 Rosenberg AL, Hofer TP, Hayward RA, Strachan C, Watts 
CM. Who bounces back? Physiologic and other predictors 
of intensive care unit readmission. Crit Care Med 2001; 29: 
511-518 [PMID: 11373413]

53	 Nishi GK, Suh RH, Wilson MT, Cunneen SA, Margulies DR, 
Shabot MM. Analysis of causes and prevention of early read-
mission to surgical intensive care. Am Surg 2003; 69: 913-917 
[PMID: 14570374]

54	 Lee HF, Lin SC, Lu CL, Chen CF, Yen M. Revised Acute 
Physiology and Chronic Health Evaluation score as a pre-
dictor of neurosurgery intensive care unit readmission: a 
case-controlled study. J Crit Care 2010; 25: 294-299 [PMID: 
20189751 DOI: 10.1016/j.jcrc.2009.12.007]

55	 Kaben A, Corrêa F, Reinhart K, Settmacher U, Gummert J, 
Kalff R, Sakr Y. Readmission to a surgical intensive care unit: 
incidence, outcome and risk factors. Crit Care 2008; 12: R123 
[PMID: 18838006 DOI: 10.1186/cc7023]

78 November 4, 2014|Volume 3|Issue 4|WJCCM|www.wjgnet.com

Timmers TK et al . Intensive care performance



56	 Chan KS, Tan CK, Fang CS, Tsai CL, Hou CC, Cheng KC, Lee 
MC. Readmission to the intensive care unit: an indicator that 
reflects the potential risks of morbidity and mortality of sur-
gical patients in the intensive care unit. Surg Today 2009; 39: 
295-299 [PMID: 19319635 DOI: 10.1007/s00595-008-3876-6]

57	 Afessa B, Keegan MT, Hubmayr RD, Naessens JM, Gajic O, 
Long KH, Peters SG. Evaluating the performance of an in-
stitution using an intensive care unit benchmark. Mayo Clin 
Proc 2005; 80: 174-180 [PMID: 15704771]

58	 Daly K, Beale R, Chang RW. Reduction in mortality after in-
appropriate early discharge from intensive care unit: logistic 
regression triage model. BMJ 2001; 322: 1274-1276 [PMID: 
11375229]

59	 Durbin CG, Kopel RF. A case-control study of patients re-
admitted to the intensive care unit. Crit Care Med 1993; 21: 
1547-1553 [PMID: 8403966]

60	 Vincent JL, Moreno R, Takala J, Willatts S, De Mendonça 
A, Bruining H, Reinhart CK, Suter PM, Thijs LG. The SOFA 
(Sepsis-related Organ Failure Assessment) score to describe 
organ dysfunction/failure. On behalf of the Working Group 
on Sepsis-Related Problems of the European Society of In-
tensive Care Medicine. Intensive Care Med 1996; 22: 707-710 
[PMID: 8844239]

61	 Vincent JL, de Mendonça A, Cantraine F, Moreno R, Takala 
J, Suter PM, Sprung CL, Colardyn F, Blecher S. Use of the 
SOFA score to assess the incidence of organ dysfunction/
failure in intensive care units: results of a multicenter, pro-
spective study. Working group on “sepsis-related problems” 
of the European Society of Intensive Care Medicine. Crit Care 
Med 1998; 26: 1793-1800 [PMID: 9824069]

62	 Moreno R, Vincent JL, Matos R, Mendonça A, Cantraine F, 
Thijs L, Takala J, Sprung C, Antonelli M, Bruining H, Wil-
latts S. The use of maximum SOFA score to quantify organ 
dysfunction/failure in intensive care. Results of a prospec-
tive, multicentre study. Working Group on Sepsis related 
Problems of the ESICM. Intensive Care Med 1999; 25: 686-696 
[PMID: 10470572]

63	 de Mendonça A, Vincent JL, Suter PM, Moreno R, Dearden 
NM, Antonelli M, Takala J, Sprung C, Cantraine F. Acute re-
nal failure in the ICU: risk factors and outcome evaluated by 

the SOFA score. Intensive Care Med 2000; 26: 915-921 [PMID: 
10990106]

64	 Ferreira FL, Bota DP, Bross A, Mélot C, Vincent JL. Serial 
evaluation of the SOFA score to predict outcome in critically 
ill patients. JAMA 2001; 286: 1754-1758 [PMID: 11594901]

65	 Moreno R, Miranda DR, Matos R, Fevereiro T. Mortality af-
ter discharge from intensive care: the impact of organ system 
failure and nursing workload use at discharge. Intensive Care 
Med 2001; 27: 999-1004 [PMID: 11497159]

66	 Smith L, Orts CM, O’Neil I, Batchelor AM, Gascoigne AD, 
Baudouin SV. TISS and mortality after discharge from in-
tensive care. Intensive Care Med 1999; 25: 1061-1065 [PMID: 
10551959]

67	 Cullen DJ, Civetta JM, Briggs BA, Ferrara LC. Therapeutic 
intervention scoring system: a method for quantitative com-
parison of patient care. Crit Care Med 1974; 2: 57-60 [PMID: 
4832281]

68	 Keene AR, Cullen DJ. Therapeutic Intervention Scoring 
System: update 1983. Crit Care Med 1983; 11: 1-3 [PMID: 
6848305]

69	 Capuzzo M, Moreno RP, Alvisi R. Admission and discharge 
of critically ill patients. Curr Opin Crit Care 2010; 16: 499-504 
[PMID: 20644469 DOI: 10.1097/MCC.0b013e32833cb874]

70	 Beck DH, McQuillan P, Smith GB. Waiting for the break of 
dawn? The effects of discharge time, discharge TISS scores 
and discharge facility on hospital mortality after intensive 
care. Intensive Care Med 2002; 28: 1287-1293 [PMID: 12209279]

71	 Fernandez R, Baigorri F, Navarro G, Artigas A. A modified 
McCabe score for stratification of patients after intensive care 
unit discharge: the Sabadell score. Crit Care 2006; 10: R179 
[PMID: 17192174]

72	 Sabadell Score. Available from: URL: http: //www.sab-
adellscore.es

73	 McCabe WR, Jackson GG. Gram negative bacteremia: I. Eti-
ology and ecology. Arch Intern Med 1962; 110: 845-847

74	 Fernandez R, Serrano JM, Umaran I, Abizanda R, Carrillo A, 
Lopez-Pueyo MJ, Rascado P, Balerdi B, Suberviola B, Her-
nandez G. Ward mortality after ICU discharge: a multicenter 
validation of the Sabadell score. Intensive Care Med 2010; 36: 
1196-1201 [PMID: 20221748 DOI: 10.1007/s00134-010-1825-5]

P- Reviewer: Pittet V, Wan TTH    S- Editor: Ji FF    
L- Editor: Roemmele A    E- Editor: Liu SQ  

79 November 4, 2014|Volume 3|Issue 4|WJCCM|www.wjgnet.com

Timmers TK et al . Intensive care performance



Focus on peripherally inserted central catheters in critically 
ill patients

Paolo Cotogni, Mauro Pittiruti

Paolo Cotogni, Anesthesiology and Intensive Care, Department 
of Medicine, S. Giovanni Battista Hospital, University of Turin, 
10123 Turin, Italy
Mauro Pittiruti, Department of Surgery, Catholic University 
Hospital, 00168 Rome, Italy
Author contributions: Cotogni P and Pittiruti M developed the 
research question and review design; Cotogni P drafted and final-
ized the manuscript; all authors revised and approved the final 
version.
Correspondence to: Paolo Cotogni, MD, Anesthesiology and 
Intensive Care, Department of Medicine, S. Giovanni Battista 
Hospital, University of Turin, Via Giovanni Giolitti 9, 10123 Tu-
rin, Italy. paolo.cotogni@unito.it
Telephone: +39-011-5171634  Fax: +39-011-6334324
Received: June 16, 2014           Revised: September 25, 2014
Accepted: October 14, 2014
Published online: November 4, 2014

Abstract
Venous access devices are of pivotal importance for an 
increasing number of critically ill patients in a variety 
of disease states and in a variety of clinical settings 
(emergency, intensive care, surgery) and for different 
purposes (fluids or drugs infusions, parenteral nutri-
tion, antibiotic therapy, hemodynamic monitoring, 
procedures of dialysis/apheresis). However, healthcare 
professionals are commonly worried about the possible 
consequences that may result using a central venous 
access device (CVAD) (mainly, bloodstream infections 
and thrombosis), both peripherally inserted central 
catheters (PICCs) and centrally inserted central cath-
eters (CICCs). This review aims to discuss indications, 
insertion techniques, and care of PICCs in critically ill 
patients. PICCs have many advantages over standard 
CICCs. First of all, their insertion is easy and safe -due 
to their placement into peripheral veins of the arm- 
and the advantage of a central location of catheter tip 
suitable for all osmolarity and pH solutions. Using the 
ultrasound-guidance for the PICC insertion, the risk of 
hemothorax and pneumothorax can be avoided, as well 

as the possibility of primary malposition is very low. 
PICC placement is also appropriate to avoid post-proce-
dural hemorrhage in patients with an abnormal coagu-
lative state who need a CVAD. Some limits previously 
ascribed to PICCs (i.e. , low flow rates, difficult central 
venous pressure monitoring, lack of safety for radio-di-
agnostic procedures, single-lumen) have delayed their 
start up in the intensive care units as common practice. 
Though, the recent development of power-injectable 
PICCs overcomes these technical limitations and PICCs 
have started to spread in critical care settings. Two 
important take-home messages may be drawn from 
this review. First, the incidence of complications varies 
depending on venous accesses and healthcare profes-
sionals should be aware of the different clinical perfor-
mance as well as of the different risks associated with 
each type of CVAD (CICCs or PICCs). Second, an inap-
propriate CVAD choice and, particularly, an inadequate 
insertion technique are relevant-and often not recog-
nized-potential risk factors for complications in critically 
ill patients. We strongly believe that all healthcare pro-
fessionals involved in the choice, insertion or manage-
ment of CVADs in critically ill patients should know all 
potential risk factors of complications. This knowledge 
may minimize complications and guarantee longevity 
to the CVAD optimizing the risk/benefit ratio of CVAD 
insertion and use. Proper management of CVADs in 
critical care saves lines and lives. Much evidence from 
the medical literature and from the clinical practice sup-
ports our belief that, compared to CICCs, the so-called 
power-injectable peripherally inserted central catheters 
are a good alternative choice in critical care.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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access devices (CVADs) are key elements of manage-
ment for either adult or pediatric critically ill patients. 
Healthcare professionals are commonly worried about 
complications related to the employ of a CVAD due to 
increasing costs, hospitalization, and mortality. The rate 
of catheter-related complications is often related to an 
out-of-date decision-making of healthcare profession-
als who manage the CVAD. This review may be useful 
for guiding healthcare professionals to choose the right 
device, placement technique, and care of CVADs with 
the aim of reducing the possibility of complications in 
critically ill patients.

Cotogni P, Pittiruti M. Focus on peripherally inserted cen-
tral catheters in critically ill patients. World J Crit Care Med 
2014; 3(4): 80-94  Available from: URL: http://www.wjg-
net.com/2220-3141/full/v3/i4/80.htm  DOI: http://dx.doi.
org/10.5492/wjccm.v3.i4.80

INTRODUCTION
Since the 1970’s, the most appropriate way for safe and 
prolonged administration of  drugs and fluids in hos-
pitalized patients are the central venous access devices 
(CVADs)-typically in the perioperative period and/or in 
the intensive care unit (ICU). In-hospital subjects requir-
ing intravenous (iv) therapies for an extended time should 
be routinely assessed for an adequate and stable CVAD, 
considering the emerging evidence that its early use led 
to higher patient preference and adherence, reduced 
discontinuations in infusion associated to failure of  
CVAD, less catheter-related adverse events (i.e., disloca-
tion and infiltration), conservation of  “venous bed” of  
arms and forearms, reduced consuming-time for nurses 
to repeatedly insert a venous device, and decreased infu-
sion therapy costs, compared with the use of  peripheral 
short-term cannulas[1]. In particular, a CVAD is manda-
tory for a number of  infusions, such as vesicant/irritant 
drugs, solutions with pH lower than 5 and higher than 
9 (e.g., vancomycin, levofloxacin, dopamine) or hyperos-
molar parenteral nutrition (i.e., whose osmolarity exceeds 
800-900 mOsm/L).

The insertion and care of  a CVAD are integral ele-
ments of  management for adult and pediatric hospital-
ized patients. Based on data coming from United States, 
almost five million of  CVADs are annually placed[2]. 
Therefore, no data are available about the exact number 
of  CVAD placement in critically ill patients, but it is re-
alistic to presume that the proportion is relevant, as it is 
widely accepted that critically ill patients require a central 
VAD for the optimal management of  their disease.

However, healthcare professionals (HPs) are com-
monly worried about potential risks related to the pres-
ence of  a CVAD, in particular catheter-related blood-
stream infections (CRBSIs), because of  morbidity, 
mortality, and costs[3]. The most expensive and dangerous 
healthcare-associated infection is CRBSI. In the United 

States it was reported an incidence of  approximately 
80000 CRBSI every year in hospitalized patients and 
almost 50% of  cases occurred in ICU. The number of  
subjects dying each year for CVAD-related sepsis is be-
tween 14000-28000. Each central line sepsis costs $29000 
and increases hospital length of  stay by seven days[4].

The incidence of  CRBSI is often related to an inad-
equate implementation of  proper aseptic policies and 
insufficient training of  the physicians and nurses who 
insert and maintain the CVAD. Moreover, emerging data 
describe other important but often overlooked risk fac-
tors for catheter-related complications (CRCs): the choice 
of  a CVAD that is inappropriate for that clinical situa-
tion; the cannulation of  a vein too small for the CVAD 
needed; the insertion of  CVAD without ultrasound guid-
ance, for instance by “blind” infraclavicular venipuncture 
of  the subclavian vein (SV); inappropriate exit site of  the 
CVAD; routine utilize of  sutures to secure the CVAD; 
failure to recognize the importance of  a right placement 
of  the CVAD tip[5,6], etc.

In recent years, there have been a widespread dis-
semination of  several technological innovations which 
improve the security of  CVADs [ultrasound (US)-guided 
vein puncture, innovative materials, peripherally place-
ment of  CVAD, sutureless materials to secure CVADs], 
as well as novel actions apt to reduce the incidence of  
CRCs [well-defined and accepted procedures (the so-
called “bundles”), meticulous adherence to protocols for 
hand-washing, training programs for HPs, utilize of  ac-
curate antisepsis of  the skin, and so on][7,8].

The present review aims to discuss indications and 
management of  CVADs in adult and pediatric critically 
ill patients; in particular, this review will focus on periph-
erally inserted central catheters (PICCs). We hope that 
this review may be clinically useful for guiding all HPs 
to proper choice, technique of  insertion, and care of  
CVADs so to decrease the incidence of  catheter-related 
complications and draw out the duration of  the CVAD 
in critically ill patients.

CHOICE OF THE VAD
The term central venous catheter has been avoided, since 
it may be ambiguous (PICCs are central venous catheters, 
too) and replaced by centrally inserted central catheters 
(CICCs), as opposed to PICCs, or by “CVAD” (term 
which includes both PICCs and CICCs).

The list of  VADs potentially usable in acutely ill pa-
tients includes midline catheters, CICCs, and PICCs.

Midline catheters and PICCs are commonly regarded 
as “medium term VADs”, while non-tunneled CICCs are 
regarded as “short term VADs”[8]. This review will not 
discuss “long-term CVADs” (tunneled and cuffed central 
devices or totally implantable catheters, i.e., ports), since 
they have no indication in the critical care setting. Pre-
existing long term VADs in critically ill patients should 
not be used in ICU and even removed if  suspected to be 
source of  infection.

Midline are 20-25 cm long non-tunneled venous de-
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vices (polyurethane- or silicone-made), whose diameter 
is generally 3-5 Fr. Midline catheters are placed into ante-
cubital or cephalic veins located in the region of  the arm 
in front of  the elbow (the so-called antecubital area)[9], 
employing the “blind” percutaneous procedure, or pref-
erably by US-guided venipuncture of  arm deep veins[10]. 
Therefore, the tip position of  these VADs is not “central”, 
i.e., is not in superior vena cava (SVC) or in right atrium 
(RA), but in axillary vein (AV) or in SV. A grade B recom-
mendation of  the guidelines states that the Midline has to 
be considered an alternative choice whenever a parenteral 
therapy trough a peripheral vein is planned for a period 
longer than six days[7]. Thus, a use of  midline catheters 
should be preferred because short vein cannulas usually 
lead to an important rate of  infiltration and dislocation 
and ask for a strict surveillance. However, midline cath-
eters have their major limitation in the risk of  peripheral 
venous thrombosis (the so-called “thrombophlebitis”)[11]. 
Moreover, critically ill patients usually require a CVAD 
for infusions of  drugs associated with endothelial dam-
age or hyperosmolar parenteral nutrition or monitoring.

Centrally inserted central catheters are generally 20 to 
30 cm long non-tunneled venous devices (polyurethane-
made) placed in a deep central vein [internal jugular vein 
(IJV), SV, AV, or innominate vein] as well as in the femo-
ral veins (FVs). These VADs are intended for continuous 
use; they are commonly inserted in ICU and non-ICU 
patients and used for a short period of  time (days or 
weeks)[12]. CICCs may have either a single lumen or from 
2 to 5 lumens.

Peripherally inserted central catheters are 50 to 60 
cm long non-tunneled central catheters (silicone- or Ⅱ-
Ⅲ generation polyurethane-made). PICCs are placed via 
a peripheral vein (i.e., basilic vein, brachial vein, or -less 
frequently- cephalic vein) of  the arm. They can be used 
for continuous or intermittent iv fluid and drug adminis-
trations, either in inpatients or outpatients (in ambulatory 
or day-hospital), at home for home parenteral nutrition, 
or in hospice for palliative care for prolonged periods 
of  time[12,13]. Generally, PICCs are inserted by doctors 
or nowadays more frequently by registered nurses at the 
bedside. Currently, they are preferably inserted in a deep 
vein of  the upper midarm by US-guidance. One, two or 
three lumens PICCs are presently available.

Indications for PICCs
Nowadays, PICCs are being increasingly used in critical 
care settings[14] because of  their benefits over CICCs. 
Firstly, their insertion is easy and safe, as it implies punc-
ture and cannulation of  a peripheral vein of  the arm. Us-
ing the US-guidance for the PICC insertion, the risk of  
hemothorax and pneumothorax can be avoided, as well 
as the possibility of  primary malposition is very low[7,15]. 
Also, PICC placement is appropriate to avoid post-pro-
cedural hemorrhage in patients with coagulative disorders 
who need a CVAD[7,8].

At present, PICCs are highly recommended in the 
following clinical conditions: major anatomic abnormali-

ties of  the chest and neck that may lead to difficulties in 
the placement and dressing of  CICCs, tracheostomy and 
decreased platelet count or coagulation abnormalities[7]. 
Some authors suggests that PICCs are also highly recom-
mended in critically ill patients with severe cardiopulmo-
nary problems or severe malnutrition and obesity[15].

The commonly accepted contraindications to PICC 
insertion are: (1) small diameter of  arm veins (basilic or 
brachial) (i.e., < 3-4 mm); (2) femoral access necessary 
because of  a mediastinal syndrome; and (3) particular 
conditions of  the arms (e.g., paresis, local infection of  
the skin, presence of  devices due to orthopedic proce-
dures with a block of  the arm, local severe burns, earlier 
removal of  lymphatic nodes of  the axilla). PICCs are 
also contra-indicated in case of  severe renal impairment 
associated with a potential dialysis indication due to criti-
cal need to preserve the deep veins of  the arms for the 
placement of  an arteriovenous fistula. Further, is manda-
tory a CICC in case of  need of  multiple lumens (i.e., > 3 
lumens). Finally, all CVADs placed as emergency proce-
dure should preferably be CICCs[15].

INSERTION OF THE VAD
Site of insertion
Generally speaking, the choice of  site of  insertion of  the 
most appropriate CVAD should be “patient-oriented”; 
thus, related to his/her previous VAD placements, status 
of  “vascular bed”, anatomy of  deep veins, history of  
coagulation disorders, underlying disease, and, mainly, 
duration and characteristics of  all planned therapies. The 
choice of  the vein for the CVAD is influenced by aspects 
such as the venipuncture method, the likelihood of  CRCs 
(i.e., infectious, thrombotic, and mechanical) and the 
practicability of  proper management of  the exit site of  
the CVAD[7].

Commonly, there are two methods for percutaneous 
insertion of  the CICCs into central veins: (1) by using 
the anatomic landmarks (i.e., the “blind” technique); and 
(2) by the US-guided venipuncture. Using the anatomic 
landmarks, the SV (through an infraclavicular or supra-
clavicular via), the IJV (with different approaches: e.g., low 
lateral, high anterior or posterior, and axial among the 
2 heads of  sternoclavicular muscle), or the FV are the 
veins generally chosen. Comparison between technical 
success and outcome of  CVADs via “blind” cannulation 
of  IJV and SV demonstrated a decrease in adverse events 
associated with the insertion for an jugular approach[16]. 
A retrospective survey of  more than 5400 CVAD inser-
tions showed that the low lateral approach to the IJV (the 
technique of  Jernigan) is the easiest and safest method 
for “blind” cannulation because of  the lowest rate of  
insertion-related adverse events[17].

Adopting US-guided venipuncture, CICCs are in-
serted by supraclavicular approach to the innominate 
vein, the IJV, or the SV; by infraclavicular approach to the 
AV/SV; and into the FV. This latter approach is relatively 
contraindicated unless no other venous access can be 
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to choose an exit site that facilitates the changes of  exit 
site-dressing, like the zone immediately above the clavicle 
(the supraclavicular technique to innominate vein or SV; 
the Jernigan’s method to IJV) or the infraclavicular area 
(AV).

On the left side, the insertion of  CVADs can fre-
quently lead to an increased possibility of  primary mal-
position and thrombosis; for this reason, the insertion on 
the right side is to be preferred. Though, some specific 
clinical (e.g., chest or pulmonary diseases, skin abnormali-
ties) or anatomic conditions (poor US vein view) may 
recommend the use of  one or the contralateral side.

Current guidelines on prevention of  catheter-related 
thrombosis[28,29] recommend the use of  ultrasound, the 
appropriate match of  vein diameter and catheter diam-
eter, the appropriate “central” position of  the tip, and the 
diameter of  CVADs as little as possible[8].

US guidance
In a recent paper, an international panel of  experts de-
fined the US-guided insertion of  a vascular access[26]. 
Summarizing, this definition states that US guidance is 
useful for verifying the location of  an appropriate vascu-
lar access before the needle introduction, as well as for 
real-time US scanning to direct the tip of  the needle all 
the way through the venipuncture (Figures 1 and 2).

There are different evident clinical advantages with 
US vascular imaging; first, it shows a healthy vein before 
VAD insertion[30,31]. Second, the US-guided skin puncture 
increases the chances of  the insertion of  the needle into 
the vein during the initial attempt with the benefit of  
minimizing the possibility of  adverse events[32,33]. Finally, 
US imaging can confirm correct position of  the VAD 
tip[34]. The advantages of  US-guidance are demonstrated 
for both CICCs or PICCs and long-term CVADs (tun-
neled or totally implanted)[35].

Since the late 1990’s, many RCTs and meta-analyses 
have demonstrated the benefits of  the US-guided inser-
tion of  CVADs[36]. Several meta-analyses on this subject 
confirmed that the use of  US guidance is characterized by 
many advantages in comparison to the “blind” technique: 
a reduced incidence of  insertion failure, insertion-related 
adverse events (e.g., pneumothorax and accidental arterial 
puncture), and thus an increased incidence of  successful 
insertion at the primary venipuncture, along with fewer 
CRCs (thrombotic and infectious complications) and of  
costs[37-39]. Therefore, since the beginning of  new mil-
lennium, evidence-based guidelines produced by several 
scientific societies and healthcare organizations[7,29,40-49] 
have strongly recommended the use of  US guidance for 
increasing efficacy and safety of  CVAD insertion in both 
adults and children[7]. Prospective, nonrandomized in-
vestigations have demonstrated that the rate of  catheter-
related thrombosis is reduced avoiding the injury of  the 
wall of  the vein during the placement, as obtained via US-
guided insertion[7].

In summary, evidence and broad consensus suggest 
that US guidance before skin puncture and through the 

obtained because the insertion of  a non-tunneled VAD 
in the FV is related to a higher rate of  complications 
(e.g., thrombosis and contamination at the exit site at the 
groin)[18]. In the case of  VAD placed in the FV, its exit 
site has to be positioned properly distant from the groin 
to reduce the danger of  contamination.

A review published in 2003[19] has suggested that 
choice of  the SV seems to reduce the incidence of  infec-
tions. Nevertheless, although this assertion was attested 
by a randomized controlled trial (RCT) bringing into 
comparison the incidence of  infectious complications 
linked to the choice of  SV or FV[20], it is not available a 
RCT that compares the infectious occurrence related to 
the jugular or subclavian approach. In 2007, a compre-
hensive analysis by Cochrane Collaboration did not find 
satisfactory RCTs regarding SV vs IJV and concluded 
that, to define the best method between the subclavian 
or the jugular approach, it would be necessary to collect 
more data[21]. A prospective analysis in about a thou-
sand oncologic patients[22] showed that all CRCs (i.e., 
immediate complications, catheter malposition, venous 
thrombosis, and long-term morbidity) were significantly 
more recurring in the SV than in the IJV. A recent review 
investigating the risk of  CRBSIs associated with VADs 
placed in the FV evaluated this approach with SV and 
IJV insertion and showed equivalence in the incidence of  
VAD-related infections between the three sites[23].

Although several studies compared complication rate 
associated to the SV, IJV, and FV placements in ICU, 
data are not conclusive. Lorente et al[24] reported in a case 
series of  a thousand critically ill patients, the IJV and 
the FV were related to an increased rate of  infectious 
complications at the catheter exit site; however, there was 
equivalence in reference to CVAD-related bloodstream 
infections[24]. A non-RCT evaluating the SV, IJV, and FV 
exit sites in ICU demonstrated that overall incidence of  
both colonization and infection of  the VAD is not rel-
evant and similar between the three sites, provided that 
optimal VAD management is adopted[25].

All these previous findings are biased by the fact 
that often these studies were carried out in the “pre-
ultrasound” era, when the only choice was between IJV 
(mostly associated with an exit site at mid-neck, particu-
larly unstable and at high risk for contamination) and SV 
(mostly associated with an exit site in the infraclavicu-
lar area): also, the actual diameter of  the vein was not 
known, so that the real risk of  thrombosis could not be 
assessed.

Since most guidelines currently recommend the use of  
ultrasound guided venipuncture[26], the choice is today be-
tween the catheter site in supraclavicular area (puncture of  
SV, IJV, or innominate vein by US guidance) vs the cath-
eter site in infraclavicular area (insertion into the AV by 
US guidance). At mid-neck the catheter exit site should be 
avoided: if  it is in the neck upper part, either a higher pos-
sibility of  colonization or CRBSI, related to the mobiliza-
tion of  the neck, or a greater difficulty with the dressing 
of  the exit site are to be expected[27]. Thus, it is preferable 
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vein cannulation is related to reductions of  insertion-
related adverse events and costs, as well as a more rapid 
placement of  the CVAD[7,30,32,36-38,45,50-53]. Thus, nowadays 
it may be judged unethical to deny the employ of  the US 
guidance[7,54].

It is possible that the ideal venous approach for CVAD 
in the near future will be the US-guided puncture of  the 
axillary vein, which combines the advantages to have an 
“ideal” catheter exit site (i.e., infraclavicular area) and an 
“ideal” complication-free insertion (Figure 3).

Single vs multiple-lumen
The Center for Disease Control and Prevention (CDC) 
guidelines[44] and a RCT[55] stated that comparing multiple 
lumens to single lumen CVAD, the first one showed 
increased incidence of  infections. The issue has been 
also evaluated by a meta-analysis and a review that in-
vestigated both the rate of  colonization and CRBSI in 
multi-lumen and single-lumen CVADs. The meta-analysis 
demonstrated that multi-lumens CVADs are not an inde-
pendent variable for higher colonization and CRBSI[56]. 
The review showed that findings from five randomized 
studies documented that, for each twenty single lumen 
CVADs placed in, one CRBSI that would have taken 
place if  had multiple lumen CVADs been inserted, will 
instead be prevented[57].

When a multi-lumen CVAD is inserted, it is recom-

mended to use one lumen just for parenteral nutrition. In 
fact, if  nutrient emulsions, pharmacological agents, or any 
parenteral infusion of  dissimilar pH get in contact, the 
possibility of  precipitates and, therefore, the risk of  infec-
tious complications, increases. Moreover, lipid contain-
ing parenteral nutrition bags should be infused through 
the largest lumen of  the CVAD, so to reduce the risk of  
lumen obstruction[40]. Obviously, each lumen has to be 
managed with an equal careful awareness to the asepsis. 
Although further studies are necessary in this regard, cur-
rently single lumen CVADs are to be preferred, except if  
a multi-lumen CVAD is necessary for patient care[7].

Stabilization
Different devices are commonly used to secure CVADs 
to the skin: strips, tapes, sutures, and manufactured cathe-
ter-stabilization devices (i.e., sutureless devices) (Figures 4 
and 5); indeed, a fully consideration to sutureless devices 
should be nowadays given[7]. In particular, sutures would 
be better to be avoided because of  the increasing of  the 
incidence of  vein phlebitis and thrombosis (in case of  
PICCs), CRBSIs (in case of  CICCs), and exit site infec-
tion and catheter dislocation (in every CVADs)[58].

Tip position
A crucial relevance has the position of  the tip that must 
be always checked after every placement of  a CVAD. 
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Figure 1  Ultrasound visualization of the internal jugular vein and the 
carotid artery on the right side of the neck. IJV: Internal jugular vein; CA: 
Carotid artery.

IJV

CA

Figure 2  Ultrasound visualization of vessels of right upper arm: the 
brachial artery is the middle of two brachial veins. BA: Brachial artery; BV: 
Brachial veins.

BV

BV

BA

Figure 3  Ultrasound-guided venipuncture of the axillary vein.
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However, there is no widespread agreement between the 
experts regarding the correct position for the tip of  a 
CVAD[59]. Most American recommendations (Association 
for Vascular Access, Food and Drug Administration)[60-62] 
suggest that the tip has to be in the inferior 1/3 of  su-
perior vena cava, while European guidelines[7,46] often 
consider the position of  the tip in the RA (specifically, in 
the upper area) as appropriate. A wide accepted opinion 
is that the optimal site is proximal to the area among SVC 
and RA[63] [i.e., the cavo-atrial junction-(CAJ)] (Figure 6).

Evidence from several prospective studies suggests 
that an inappropriate tip position is one of  the primary 
causes of  CVAD thrombotic complications, as well as 
the principal cause of  catheter failure (mainly, due to 
malfunction) and decreased catheter dwell time. In fact, 
if  catheter tip is in a higher position (i.e., middle third or 
upper third of  the SVC, or in the brachiocephalic, or in 
the IJV, or in the SV), there is an increased risk of  mal-
function[64] and an increased risk of  venous thrombosis if  
compared to a lower position into the superior cava vein 
or close to the CAJ[65]. If  the tip is positioned “too low” 
(right atrium, right ventricle or inferior vena cava), there 
is a risk of  arrhythmias, tricuspid valve dysfunction or le-
sions, and thrombosis[19,66,67]. Malpositions are classified as 
“primary” when malposition occurs during the insertion 

(e.g., catheter tip into the ipsilateral IJV, as well as into the 
opposite brachiocephalic vein/SV/IJV) while as “sec-
ondary” when the catheter tip migrates spontaneously in 
the weeks or months following the insertion. The overall 
incidence of  “primary” malpositions varies from 2% to 
30%. Clinical experience suggests that malposition oc-
curs more frequently when the left veins are chosen for 
CVAD placement.

Indeed, during insertion, some methods may signifi-
cantly reduce the risk of  a catheter being placed too “high” 
or too “low”. The most commonly used “post-procedural” 
method is the standard chest X-ray. This method is ap-
propriate to verify the exact position of  the tip, with few 
false negatives (mainly due to technical problems or X-ray 
artifacts) and very few false positive results (e.g., tip posi-
tion into internal mammary veins and hemiazygos veins). 
However, “post-procedural” diagnosis of  malposition 
requires a further intervention on the CVAD which im-
plies logistical problems and additional costs. Thus, it is 
preferable to adopt a method for checking the position of  
the tip of  the CVAD during the placement itself. During 
catheter insertion, the correct position of  the tip can be 
checked by three different methods: (1) fluoroscopy; (2) 
trans-thoracic or trans-esophageal echocardiography; and 
(3) the electrocardiographic method [intracavitary elec-
trocardiography (EKG)]. Many authors have shown that 
chest X-ray and fluoroscopy are not completely accurate 
in identifying the post-procedural tip location because 
“traditional” radiological landmarks of  the CAJ are not 
reliable[34,68,69].

At present, the EKG method is widely employed in 
Europe (mainly in Germany and Italy) for positioning the 
tip of  VADs[70-73]. The EKG method uses the catheter it-
self  as an intracavitary (endovascular) electrode. If  adopt-
ing the “column of  saline” technique, the method can be 
applied to any type of  CVADs (CICCs, PICCs, dialysis 
catheters, tunneled-cuffed catheters, ports, etc.), both 
with open-ended or closed ended tip. The electrocardio-
graphic methodology presents several important features: 
has the same accuracy of  the fluoroscopy, however, it is 
easier to use, more promptly accessible, more secure and, 
therefore, has a major cost-effectiveness[63,71-76] (Figure 7).
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Figure 4  Stabilization with a sutureless device of a peripherally inserted 
central catheter.

Figure 5  Stabilization with a sutureless device of a centrally inserted cen-
tral catheter.

Figure 6  Post-procedural chest X-ray. The left arrow shows the tip position 
of the peripherally inserted central catheter (PICC) that is at cavo-atrial junction 
(between the superior vena cava and the right atrium). The right arrow shows 
the tracheal carina.

Tracheal carina

Tip of the PICC
at cavo-atrial junction
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CARE OF THE VAD
Care of  the CVAD is a crucial issue in critically ill pa-
tients and its importance is equal to catheter choice or in-
sertion. CVAD care might be judged a simple procedure, 
but if  strict adherence to guidelines recommendations is 
not adopted it can lead to even life-threatening harms[44]. 
In the early years of  CVAD, it was shown that the most 
significant actions to reduce CRBSIs were accurate asep-
tic care during replace of  the dressing and access to the 
catheter reserved only to specially trained nurses[77]. Now-
adays, worldwide registered nurses play a fundamental 
role in evaluating the need of  a VAD in each patient and 
in preserving the functionality of  the device[78]. Moreover, 
in several countries nursing involvement in CVAD man-
agement is highly developed, as specially trained nurses 
choose and insert both peripheral and central catheters.

It should be highlighted that the risk of  CVAD infec-
tion is also dependent (in addition to all other well-known 
factors) on the length of  duration (i.e., cumulative risk 
with each day use). Indeed, the CDC guidelines recom-
mend (Category IA recommendation) the removal of  vas-
cular devices that are not necessary as soon as possible[44].

Specific aspects regarding the care of  the CVADs 
lie outside the aim of  the present publication; however, 
their importance is essential. Detailed recommendations 
are published in literature[43,46], therefore, brief  comments 
about dressing regimens of  vascular access exit site, re-
placement of  administration sets, and catheter flushing 
and locking are reported below.

Dressing of vascular access exit site
Accepted guidelines recommend semi-permeable, ster-
ile, and transparent dressings (e.g., in polyurethane) as a 
cover of  the exit site (see CDC and EPIC guidelines)[40,44]. 
Transparent dressings permit continuously the vision 
of  the exit site and therefore the frequency of  dressing 
change is reduced if  compared to gauzes or other tapes. 
On the other hand, it is preferable to use gauze dressing 
in case of  diaphoretic patients and of  bleeding and ooz-
ing from the exit site of  catheter[44].

Nevertheless, the choice of  dressing is still controver-
sial. Data from a large study about dressing procedures 

of  VADs show that the incidences of  colonization or 
phlebitis of  exit sites covered with transparent ones and 
of  those covered with gauze are almost equal[79]. Two 
meta-analyses have also investigated the CRBSI rate with 
transparent vs gauzes and they found no differences in 
colonization of  skin or catheter tip and bloodstream in-
fections comparing different types of  dressing[80,81].

The CDC guidelines recommend replacing dressings 
of  central lines after 48 h for gauzes (Category Ⅱ) and 
after seven days for transparent ones (Category ⅠB), re-
spectively. Indeed, dressing of  exit site has to be changed 
when it is moist, slackened off, or evidently dirty (Cat-
egory ⅠB)[44].

Less debate exists about the utilize of  sponge dress-
ing impregnated with chlorhexidine (i.e., a polyurethane 
scrap with a hole that permits it to fit in the area of  the 
VAD, whose antibacterial activity persists for 7 d). The 
CDC guidelines recommend the use of  these dressing 
for short term CICCs when the CRBSI rate is still high in 
spite of  adequate “bundles” of  CVAD care (Category Ⅰ
B). Chlorhexidine-impregnated dressings have been suc-
cessfully employed for reducing CRBSI rate. In a large 
RCT in critically ill patients, normal were compared with 
chlorhexidine dressings showing that CRBSI rates were 
decreased[82]. However, a meta-analysis of  8 RCTs stated 
that the use of  dressings with chlorhexidine determines a 
decrease of  colonization but without a CRBSI decrease[83]. 
Although there are few studies investigating the utilize 
of  chlorhexidine-impregnated dressings in children, one 
RCT showed a reduction of  colonization in patients with 
CVADs covered with chlorhexidine dressings vs those 
with normal ones, but no difference in the CRBSI rate. 
For this reason, CDC guidelines indicate to do not use 
the dressings with chlorhexidine in children aged less than 
two months to avoid contact dermatitis in neonates very 
small at birth.

The international guidelines[84] stress the need to check 
regularly the exit site during dressing changes as well as by 
viewing and palpating the unchanged dressing. In case of  
local signs (e.g., tenderness) suggesting the infection of  the 
exit site or clinical signs (e.g., fever suggesting a CRBSI) it 
is mandatory to remove the dressing to allow an accurate 
exit site inspection (Recommendation: category ⅠB).
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Figure 7  The electrocardiographic method (intracavitary electrocardiography). The red arrow shows the maximal height of P-wave detectable when the catheter 
tip is at cavo-atrial junction (intracavitary EKG = red line, lead Ⅱ). The yellow line is the surface EKG (lead Ⅲ). EKG: Electrocardiography.
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Administration set replacement
Meta-analyses and several controlled studies investigated 
the safe and cost-effective interval for routine replace-
ment of  all iv sets (i.e., those for continuous administra-
tion as well as add-on devices and secondary sets). Find-
ings from these studies[85] inspired the CDC guidelines 
to recommend the substitution of  iv sets at least 96 h 
after the beginning of  their utilize (Recommendation: 
category ⅠA). However, new trials suggested that iv sets 
might be utilized in safety for a period up a week whether 
infusions increasing the growth of  pathogens (e.g., blood, 
plasma, platelets or fat emulsions) have not been admin-
istered[86,87]. Conversely, the CDC guidelines recommend 
replacing every tubing utilized to supply blood, plasma, 
platelets or lipids (either included in “all-in-one” bags or 
administered alone) not more than 24 h after the start 
of  the administration (Recommendation: category ⅠB) 
because they have been recognized as factors significantly 
associated with an increased risk of  CRBSIs[88-91].

Catheter flushing and locking
Flushing the catheter is a basic practice necessary to 
maintain the patency of  any CVAD by reducing drug 
precipitates and clot formation inside the lumen[92]. 
Flushing should be done before and after administration 
of  drugs, parenteral nutrition or blood products, after 
obtaining blood samples, and before locking the device. 
10-mL or larger syringes should be preferred, because 
excessive tension or pressure might harm the CVAD. 
Flushing protocols in adult patients usually recommend 
flushing with 10 mL saline in standard conditions (before 
and after each infusion) and 20 mL saline after infusion 
of  blood products, lipids or contrast medium, or after 
blood sampling. Flushing should be performed with the 
so-called push/pause method, i.e., by infusing 2-3 mL at a 
time.

While a few old meta-analyses investigating the ef-
ficacy of  heparin on duration of  catheter patency had 
demonstrated some beneficial effect in the 90s[93-95], a 
more recent review covering a period from 1982 to 2008 
did not found strength of  evidence to affirm that 0.9% 
sodium chloride [i.e., normal saline (NS)] is less effective 
than heparin for flushing CVADs[96]. A recent random-
ized trial compared heparin and normal saline flush solu-
tions for CICC maintenance in critically ill patients[97]. 
This study has confirmed that heparin and normal saline 
flushing solutions have similar rates of  lumen occlu-
sion. According to many guidelines[43,46] if  CVAD is not 
in use for less than 8 h the heparin lock is not necessary. 
The heparin lock might be still be used when specifically 
recommended by manufacturers, in VADs utilized for 
hemapheresis and hemodialysis[98].

In conclusion, an adequate flushing using heparin is 
less essential than locking with NS. Particularly, we stress 
the key role of  flushing both before and after utilize with 
NS for all CVADs, using the so-called pulsating “push/
pause” method associated with a positive pressure tech-
nique.

NEONATES, INFANTS, CHILDREN
A CVAD is often required in the pediatric patient in 
several hospital settings (emergency room, ICU, oncol-
ogy, hematology, surgery, etc.) and for different purposes 
(parenteral nutrition, chemotherapy, antibiotic or other 
drug infusions, hemodynamic monitoring, blood with-
drawal, hemodialysis/hemapheresis procedures, etc.). As 
in adults, CVADs are needed not only because they are a 
stable, reliable route of  fluid and drug administration, but 
also because some solutions-vesicant or frequently cause 
of  injury of  endothelium-must be administrated in high-
flow veins[7,43].

Until few years ago, most CVADs in pediatric patients 
were placed with the surgical cut-down procedure or with 
the traditional landmark technique (i.e., “blind technique”). 
It is now well documented that both techniques have seri-
ous limitations and are potentially associated with severe 
complications[99]. In the past ten years, the availability of  
US guidance for vein cannulation has completely changed 
the decision-making in venous access in pediatrics[100-104]. 
Nevertheless, early it was manifest that the use of  US 
lead to an increased rate of  successful insertion (both on 
the whole and at the initial try), quicker cannulation and a 
reduced rate of  insertion-related adverse events[102,105,106]. 
In recent years, several studies[100-102,107-110] and meta-analy-
ses[38,105,111] compared the “blind” approach to US-guided 
approach in pediatric patients and stated that the latter is 
much more effective and safe. According to the guidelines 
recommendations, US-guided catheter insertion is recom-
mend as the primary method and not as a subsequent 
choice or a “salvage” technique in case of  failure[99].

Indeed, this skill in pediatrics requires a longer train-
ing curve in comparison with that in adult patients[26,99]; 
however, US-guided insertion is recommended to be 
utilized when the operator has gained even a minimal ex-
perience[106]. However, the CVAD insertion in neonates, 
infants, and children is a risky operation, even when car-
ried out with US. Thus, there is a strong recommendation 
for the use of  US also after the procedure to immediately 
identify potentially very dangerous adverse events[106].

A recent paper has described in detail US guidance 
for CVAD insertion in pediatrics[99]. Hereafter, we briefly 
described the advantage of  US guidance in the different 
venous access. US-guided venipuncture may be utilized 
for all VAD insertions in the venous system of: neck (i.e., 
IJV and external JV); thorax (supraclavicular or infracla-
vicular area; i.e., brachio-cephalic and subclavian vein); 
mid-arm (i.e., axillary and cephalic vein; basilic vein and 
brachial veins); and groin (i.e., femoral and saphenous 
vein).

Puncture of  the IJV in neonates is still challenging 
and nowadays there are no evidence-based recommenda-
tions; however, experts suggest that could be useful to 
employ US for venipuncture consistently, in everyday 
practice as well in difficult patients, since US allow loca-
tion of  the vein before the skin puncture and therefore 
constantly increases the probability of  successful CVAD 
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insertion at the first attempt[26,99].
Usually, US allows the visualization of  the subclavian 

vein all along its course (i.e., from clavicle to brachio-
cephalic vein)[112]. Two methods are accepted for needle 
passing: infraclavicular[113] (i.e., passing below the clavicle) 
and supraclavicular[114] (i.e., above the bone). The infra-
clavicular approach (Figure 8) offers a wider vision of  the 
SV and, obviously, a catheter exit in the infraclavicular 
area. The second approach offers perfect needle visu-
alization that is not hampered by the clavicle. In small 
children, particular attention is needed to visualize the 
nervous plexus (i.e., brachial)[44].

In infants, US visualization of  veins at the groin (i.e., 
femoral) is usually arduous because in this area the ana-
tomic elements are noticeably less US-detectable in com-
parison with the neck area[115,116]. The skin puncture for 
catheter insertion into the FV has to be performed near 
to inguinal ligament; specifically, the FV lies medial to the 
common femoral artery). A compression of  the low area 
of  the abdomen can be employed to make easy the veni-
puncture; a thrombosis of  the iliac vein may be supposed 
every time there is no increasing in size[115].

Peripheral venous cannulas are commonly inserted 
in neonates and children[106]; however, easily may hap-
pen that the superficial venous system becomes no more 
utilizable or an unfeasible venous access is expected. In 
this case, an US-guided catheter insertion in deeper non 
visible veins has to be the chosen method[117]; even if, the 
US visualization of  the veins might be complicated due 
to vein squeeze by the probe[26].

Instead, in the deep veins of  the mid-arm (i.e., brachi-
al veins and basilic vein) PICCs may be inserted using US 
(Figure 9). However, PICCs can be inserted at mid-arm 
only if  the veins of  the child are of  adequate diameter 
(at least ≥ 3 mm). PICCs (≥ 3 Fr) are different from 
the epicutaneo-caval VADs (1-2.7 Fr) which are usually 
inserted in the superficial veins of  neonates. These de-
vices are characterized by very small flow, impossibility 
of  blood withdrawal, and high risk of  mechanical com-
plications; their insertion may be facilitated by the use of  
devices which adopt the Near InfraRed technology, ideal 
for the visualization of  superficial veins.

HEMODIALYSIS CATHETERS
The central venous catheter is a very common access 
in patients who require the hemodialysis treatment. If  
it necessary to perform an acute hemodialysis, a non-
tunneled and non-cuffed VAD is usually inserted. These 
catheters are mainly inserted in hospitalized patients with 
acute renal failure, as well as for a brief  period in patients 
already in chronic hemodialysis that present a failure of  
their long-term catheters.

VAD complications are the main cause of  hospitaliza-
tion in chronic hemodialysis patients. In particular, central 
vein stenosis is not an uncommon problem in patients on 
hemodialysis. Earlier studies reported that subclavian vein 
stenosis occurs in 15% to 50% of  chronic hemodialysis 
patients[118]. Therefore, the CDC guidelines recommend 
(Category ⅠA)[44] that acute hemodialysis catheters have 
to be inserted in the IJV or FV due to the increased pos-
sibility of  thrombosis and stenosis for catheters inserted 
into the SV[119].

In the authors’ opinion, the risk of  venous stenosis 
after subclavian inserted lines is mostly related to the 
size of  the catheter and to the possible occurrence of  a 
catheter-related thrombosis of  the SV (since the stenosis 
is often the final fibrotic consequence of  a severe oc-
clusive thrombosis with only partial recanalization). In 
our institution, subclavian stenosis is quite rare, since we 
avoid the placement of  large bore dialysis catheter via the 
subclavian route [i.e., we follow the recommendations of  
the kidney dialysis outcomes quality initiative guidelines 
for dialysis access][120] and we do our best efforts to insert 
catheters in veins with inner diameter at least three times 
the outer diameter of  the catheter (of  course, this is pos-
sible only with a consistent use of  US for a pre-puncture 
evaluation of  the vein).

Additionally, some chronic hemodialysis patients 
may present acutely ill with an indwelling central access 
devices, such us pre-existing tunneled-cuffed catheters, 
whereas these devices are the actual source of  illness. In 
these cases, if  infection suspect, it is enormously impor-
tant to remove these devices as soon as possible. In fact, 
some of  these tunneled-cuffed accesses can be removed 
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Figure 8  A neonate in intensive care unit with a centrally inserted central 
catheter.

Figure 9  A children in intensive care unit with a peripherally inserted cen-
tral catheter.

Cotogni P et al . PICCs in critically ill patients



at bedside[121].
Finally, the need for dialysis or hemapheresis in the 

adult critically ill patient is still an absolute indication to 
a CICC, as no double lumen PICC appears to be useful 
in this regard. Specific aspects of  hemodialysis catheters 
are beyond the scope of  this review, since PICCs have 
little or no role in this regard. We refer the reader to a 
comprehensive review on the subject of  hemodialysis 
catheters[122].

STRENGTHS AND LIMITATIONS OF 
PICCS
In 1996, the first case series of  PICCs inserted in critical-
ly ill patients was described[123]. However, some technical 
limitations have limited the introduction of  PICCs into 
daily practice in the ICU because of  critically ill patients 
have special needs (e.g., high flow rates of  iv infusions; 
simultaneous administration of  potentially incompatible 
drugs; hemodynamic monitoring). 

In the past, valved PICCs have been widely used. 
They were provided with pressure-sensitive valves to 
avoid the blood backflow, either distal (close-ended sili-
con catheters with Groshong valve) or proximal (open-
ended polyurethane catheters with pressure safety valve 
or SOLO valve). More recently, non-valved polyurethane 
PICCs are becoming increasingly popular also the in criti-
cal care setting. In particular, power-injectable open-end-
ed non-valved polyurethane PICCs are preferred in criti-
cally ill patients, since they are ideal for delivering high 
flows (up to 300 mL/min). Moreover, because are open-
ended non-valved catheters, these PICCs may be used to 
monitor central venous pressure (CVP) as well as ScvO2 

(central venous oxygen saturation)[124]. Currently, are avail-
able both single-lumen (3-5 Fr) and multi-lumen [double 
lumen (4-5 Fr) and triple lumen (6 Fr)] power-injectable 
PICCs. These PICCs have the additional advantage of  
tolerating high-pressure injection (up to 300-350 PSI) 
of  contrast media during radiological procedures, while 
silicone-made VADs are resistant just about to 50-60 PSI, 
as standard polyurethane-made VADs up to 100 PSI.

The choice of  the material of  (silicone vs polyure-
thane PICCs) has been a matter of  debate. For long time, 
the silicone has been regarded has more favorable than 
polyurethane in terms of  biocompatibility and risk of  ve-
nous thrombosis[125]. Though, more recent investigations 
have failed to detect any significant difference between 
silicone and new polyurethanes in terms of  risk of  infec-
tion, risk of  thrombosis, or expected dwell time. On the 
other hand, those polyurethane-made are more preferred 
than those silicone-made thanks to some characteristics 
that greatly enhance infusion flow and decrease the rate 
of  dislodgement or fracture of  the catheter, such as high 
resistance to rupture, ample inner diameter, and thin 
wall. This is particularly true for last generation of  ultra-
resistant polyurethane power-injectable PICCs.

Pump-driven iv infusions may be administered with-
out particular problems through both silicone- and poly-

urethane-made PICCs, specially using catheters whose 
diameter is 4 Fr or larger. However, polyurethane-made 
PICCs are related to a lower incidence of  rupture rather 
than silicone-made PICCs[126]. Moreover, ultra-resistant 
polyurethane-made power-injectable catheters seems to 
reduce the rate of  occlusion and dislocation more than 
silicon and standard polyurethane PICCs[127].

Conflicting results about the incidence of  CRCs were 
reported for PICCs in hospitalized patients (principally, 
in critically ill patients). Two studies in ICU patients with 
PICCs, one regarding standard ones[128] and another pow-
er-injectable ones (three-lumen 6 Fr )[129] have described a 
high incidence of  symptomatic PICC-related thrombosis. 
Conversely, two other studies in patients with power-
injectable PICCs have found a lesser rate of  thrombosis 
(≤ 5%)[15,130]. Chopra et al[131] in a recent meta-analysis 
reported a high incidence of  PICC-related thrombosis. 
However, the results of  this meta-analysis are difficult to 
accept because are based on a mixed pool of  studies on 
PICCs of  different materials, as well as PICCs inserted 
both with blind technique and US guidance.

Comparison between CICCs and PICCs
Since the 1970’s, in critically ill patients CICCs are insert-
ed in central veins (IJV, SV, axillary, and innominate) for 
short duration therapy. In the last decade, some authors 
have proposed PICCs in place of  CICCs also in criti-
cally ill patients. In fact, PICCs present many theoretical 
advantages-previously reported in this review-for any 
hospitalized patient but more relevant in the ICU setting.

Even though this matter is still questionable[3,132], 
PICCs are generally judged to be less risky for CRBSI, 
compared with CICCs, which may be an important ad-
vantage in ICU patients. This advantage is probably due 
to the exit site of  PICCs, less prone to contamination 
if  compared to the exit sites of  CICCs; specifically, the 
number of  bacteria is lower in the skin of  upper arms 
than in the infraclavicular and neck skin[2,40]. Moreover, 
placement at the upper mid-arm presents the important 
benefit of  removing secretions (nasal, oral, endotracheal) 
from catheter exit site[2,40]; though, such hypothesis has 
not yet been proven by RCTs[40]. Finally, a more favorable 
care of  the catheter exit site is obtained by placing PICCs 
at the upper mid-arm[27]. Indeed, accepted guidelines sug-
gest that PICC may be taken into account as the first op-
tion in tracheostomy patients[7].

In a large trial on CVADs in critically ill patients, 
CICCs were related to a relevant higher incidence of  
CRBSIs compared to PICCs[133]. Three recent papers in 
ICU patients reported a CRBSI rate equal to zero[15,129,134]. 
The hypothesis regarding a lower risk of  CRBSI with 
PICCs than CICCs should be demonstrated by appro-
priately designed RCTs[135]. With regards to critically ill 
patients, at present there are not available evidence-based 
data showing clear advantages of  PICCs vs CICCs, or 
viceversa.

Summarizing, the rate of  VAD-related complications, 
as well the expected dwell time of  a CVAD (CICC or 
PICC) depend on several factors: right ratio between vein 
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and catheter diameter, technique of  insertion (US guid-
ance vs blind technique), proper tip position, appropriate 
exit site location, catheter securement technique (suture-
less devices vs sutures), patient’s compliance, and, last but 
not least, the competence of  nurses in the maintenance 
policies.

CONCLUSION
Two important take-home messages may be drawn from 
this review. First, the incidence of  CRCs is different be-
tween different CVADs and physicians should be aware 
of  the different clinical performance as well as of  the dif-
ferent risks associated with each type of  CVAD (CICCs 
or PICCs). Second, an inappropriate CVAD choice and, 
particularly, an inadequate insertion technique are rel-
evant -and often not recognized- potential risk factors for 
complications in critically ill patients.

We strongly believe that all health-care profession-
als involved in the choice, insertion or management of  
CVADs in critically ill patients should know all potential 
risk factors of  CRCs. This knowledge may yield to mini-
mize complications and guarantee longevity to the CVAD 
optimizing the risk/benefit ratio of  CVAD insertion and 
use. Summarizing, the proper care of  CVADs in critical 
care save lines and save lives.

In conclusion, much evidence from the medical litera-
ture and from the clinical practice supports the belief  that 
polyurethane-made power-injectable PICCs may be con-
sidered a convincing choice in critical care. Certainly, RCTs 
comparing CICCs with PICCs are mandatory for recom-
mendations on CVAD choice in critically ill patients.
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Abstract 
For more than 50 years, hypotonic fluids (crystalloids) 
have been the standard for maintenance fluid used in 
children. In the last decade, several studies have evalu-
ated the risk of hyponatremia associated with the use 
of hypotonic vs  isotonic fluids, which has lead to an 
intense debate. Children undergoing surgery have sev-
eral stimuli for release of antidiuretic hormone, which 
controls renal water handling, including pain, nausea, 
vomiting, narcotic use and blood loss. The body’s pri-
mary defense against the development of hyponatre-
mia is the ability of the kidneys to excrete free water 
and dilute urine. Increased levels of antidiuretic hor-
mone can result in hyponatremia, defined as a plasma 
sodium level < 136 mmol/L, which causes cells to draw 
in excess water and swell. This manifests as central 
nervous system symptoms such as lethargy, irritability 
and seizures. The risk for symptomatic hyponatremia is 
higher in children than in adults. It represents an emer-
gency condition, and early diagnosis, prompt treatment 
and close monitoring are essential to reduce morbidity 
and mortality. The widespread use of hypotonic fluids 
in children undergoing surgery is a matter of concern 
and more focus on this topic is urgently needed. In this 
paper, we review the literature and describe the impact 
of perioperative hyponatremia in children. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Children; Fluid; Hyponatremia; Pediatric; 
Perioperative

Core tip: Hospital-acquired hyponatremia is common, 
particularly among children undergoing surgery. These 
children tend to develop hyponatremic encephalopathy 
at higher serum sodium concentrations than adults and 
they have a poorer prognosis. As the risk is increased 
by the use of hypotonic fluids, intraoperative fluids for 
children should be isotonic. Symptomatic hyponatremia 
should be corrected with 3% sodium chloride and close 
monitoring of the patient and serum sodium level is 
mandatory to prevent brain herniation and neurologic 
damage from cerebral ischemia.

Andersen C, Afshari A. Impact of perioperative hyponatre-
mia in children: A narrative review. World J Crit Care Med 
2014; 3(4): 95-101  Available from: URL: http://www.wjg-
net.com/2220-3141/full/v3/i4/95.htm  DOI: http://dx.doi.
org/10.5492/wjccm.v3.i4.95

INTRODUCTION
The overall goal of  perioperative fluid management is 
to ensure adequate perfusion of  tissue by administering 
maintenance fluids including electrolytes and glucose to 
replace preoperative fluid deficits and ongoing losses. 
Preoperative fluid status in children is affected by various 
factors, and a deficit is often due to prolonged fasting, 
dehydration (from diarrhea, vomiting and fever), bleed-
ing and increased levels of  stress. Inadequate fluid man-
agement may cause reduced cardiac output and oxygen 
delivery to damaged tissue, which is associated with an 
increased rate of  postoperative complications[1]. On the 
other hand, overhydration can have equally severe conse-
quences, such as acidosis, coagulation deficits and periph-

REVIEW

World Journal of
Critical Care MedicineW J C C M

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5492/wjccm.v3.i4.95

World J Crit Care Med  2014 November 4; 3(4): 95-101
ISSN 2220-3141 (online)

© 2014 Baishideng Publishing Group Inc. All rights reserved.

95 November 4, 2014|Volume 3|Issue 4|WJCCM|www.wjgnet.com



eral and pulmonary edema[2-5]. 
Children undergoing surgery are at a higher risk for 

developing hyponatremia, defined as a plasma sodium 
level < 136 mmol/L, which causes cells to draw in excess 
water and swell. Accumulating evidence indicates that 
among those with a serum sodium < 125 mmol/L, more 
than 50% develop hyponatremic encephalopathy and 
are at a risk for seizure, respiratory failure and ultimately 
death[6-9]. Thus, correct perioperative fluid management 
is essential to avoid perioperative hyponatremia. This 
review discusses the recent evidence concerning this im-
portant and often neglected clinical condition in children.

MAINTENANCE FLUID IN CHILDREN
The calculation of  maintenance fluid in children is based 
on Holliday and Segar’s recommendations from 1957[10]. 
They described the physiologic deficits that result from 
fluid lost from the skin, respiratory tract, and urine, 
equivalent to approximately 100 mL/100 kcal metabo-
lized per day. Their calculations have since evolved into 
the widely used “4-2-1 rule” (Table 1)[11,12]. However, this 
formula provides only for water maintenance, and does 
not consider correction of  deficits or replacement of  
continuous, abnormal water loss. In 1975, Furman et al[13] 
suggested calculating the preoperative deficits by multi-
plying the hourly rate by the number of  hours the patient 
was nil per os. Furthermore, they proposed replacing half  
of  this deficit during the first hour of  surgery, followed 
by administration of  the other half  over the next two 
hours. This method was simplified in 1986 by Berry[14] 
who proposed delivering a bolus of  a 0.9% normal saline 
solution to otherwise healthy children over the first hour 
of  surgery. Berry concluded that children three years 
of  age and younger should receive 25 mL/kg, whereas 
children four years and older should receive 15 mL/kg. 
These methods were based on the assumption that the 
patients had been under nil per os for at least 6-8 h, though 
recent liberalization of  fasting requirements may have de-
creased preoperative water loss[15-17]. 

PERIOPERATIVE HYPONATREMIA IN 
CHILDREN
Hyponatremia is the most common electrolyte abnormal-
ity found in hospitalized children[18,19]. The body’s primary 
mechanism to prevent hyponatremia is the generation of  

dilute urine and excretion of  free water by the kidneys. 
Renal water handling is generally controlled via antidiuret-
ic hormone[20], the release of  which is stimulated by pain, 
nausea, vomiting, narcotic use and blood loss, among 
others (Table 2), which are experienced by many children 
undergoing surgery[21,22]. Antidiuretic hormone can pro-
mote hyponatremia by increasing the permeability of  col-
lecting duct cells in the kidney, leading to the retention of  
free water. Subsequent influx of  water into the brain via 
glial cell swelling can lead to cerebral edema, brain stem 
herniation and death[23-33]. 

Pediatric patients are more prone to symptomatic 
hyponatremia[34-38], which is mainly manifested as central 
nervous system symptoms, including lethargy, irritability, 
muscle weakness, seizures and coma or even death, in the 
most severe cases[39-42]. Furthermore, children undergo-
ing surgery are also more likely to develop hyponatremic 
encephalopathy at higher serum sodium concentra-
tions than adults, with an estimated mortality of  8%[6]. 
Symptoms of  hyponatremic encephalopathy are often 
unspecific and may appear as headache, nausea, vomit-
ing and fatigue, which can easily be mistaken for normal 
symptoms after surgery and general anesthesia[24,43-47], 
but can rapidly progress to seizures, respiratory arrest 
and ultimately death or a permanent vegetative state as a 
complication of  severe cerebral edema[48]. The associated 
poorer prognosis is probably due to a combination of  
physical and physiologic differences between adults and 
children[49,50]. Children have a higher brain:skull size ratio, 
as their brains reach adult size by six years of  age, which 
is ten years before their skulls attain their final dimen-
sions. One should keep in mind that in older adults, there 
is a progressive loss of  brain volume whilst the volume 
inside the skull remains constant. 

Critically ill children, and those in need of  postopera-
tive admission to intensive care units, are particularly at 
an increased risk for hyponatremia[51-57]. Hyponatremia in 
these children can be caused by normo- or hypervolemic 
conditions caused by heart failure, such as iatrogenic-in-
duced hyponatremia (secondary to excessive water and/
or salt insufficiency), renal insufficiency or a syndrome 
of  inappropriate antidiuretic hormone secretion[58], or by 
hypovolemia from extra-renal volume loss (gastric, diar-
rhea, burn wounds, interstitial leakage), renal loss (polyuria 
after acute kidney failure, adrenocortical insufficiency) or 
excessive use of  diuretics. Children with neurologic dis-
eases, younger children with intracranial neoplasms, and 
those with hydrocephalus are also more prone to hypona-
tremia, which can be more complicated[59-67]. In a recent 
study, hyponatremic children with intracranial neoplasms 
had a five-fold increased risk of  moderate or severe dis-
ability based on their Pediatric Cerebral Performance 
Category score at discharge, with hyponatremia indepen-
dently associated with worse neurologic outcome despite 
adjustment for age and tumor factors[68]. The same group 
also found an increased risk of  postoperative hypona-
tremia after neurosurgery among children that was inde-
pendent of  the preoperative degree of  hyponatremia[69]. 

Andersen C et al . Perioperative hyponatremia in children

96 November 4, 2014|Volume 3|Issue 4|WJCCM|www.wjgnet.com

Table 1  The 4-2-1 formula for maintenance fluids in ch
ildren[10,11]

Weight Daily fluid requirements Hourly fluid requirements

3-10 kg 100 mL/kg 4 mL/kg per hour
11-20 kg 1000 mL + 50 mL for every 

kilogram > 10
40 mL/h + 2 mL/h for every 

kilogram > 10
> 20 kg 1500 mL + 20 mL for every 

kilogram > 20
60 mL/h + 1 mL/h for every 

kilogram > 20



However, there was a greater variation in serum sodium 
levels among the children with the most severe preopera-
tive hyponatremia. Additionally, obstructive hydrocepha-
lus and < 3.5 years of  age were identified as significant 
independent risk factors for severe hyponatremia among 
those affected. 

The risk for hospital-acquired hyponatremia and hy-
ponatremic encephalopathy have been related to the use 
of  hypotonic intravenous solutions[6,70-77]. Wang et al[78] 
found a significantly higher risk for hyponatremia and 
severe hyponatremia among pediatric patients adminis-
tered hypotonic solutions compared with isotonic fluids 
in a systematic review of  ten randomized clinical trials 
involving 855 subjects. Hyponatremia is also a concern in 
neonates, as intravenous hypotonic and free water intake 
of  more than 6.5 mL/kg per hour during surgery reduces 
the number of  postoperative plasma sodium measure-
ments > 4 mmol/L[79,80]. Additionally, there was an ad-
verse association between large (8-13 mmol/L) and very 
large (> 13 mmol/L) changes in serum sodium levels in 
the first few weeks of  life and the risk of  impaired func-
tional outcomes at two years of  age, with neuromotor 

impairments in particular. 

CORRECTION OF HYPONATREMIA
To prevent brain herniation and neurologic damage from 
cerebral ischemia, cases of  symptomatic hyponatremia 
require urgent correction of  sodium levels to 4-6 mmol/L 
with 3% sodium chloride[48,81-86]. The rate of  correction 
does not need to be restricted in patients with true acute 
hyponatremia, and modulation of  excessive corrections is 
not indicated[87]. However, limits for correction are war-
ranted if  there is any uncertainty as to whether the hypo-
natremia is chronic or acute. It should be noted that cor-
rection of  hypokalemia will also contribute to an increase 
in the serum sodium concentration. In the absence of  
severe or moderately severe symptoms, there is often suf-
ficient time for diagnostic assessment and cause-specific 
treatment. Although children with severe hyponatremia 
need urgent, frequent and prolonged monitoring because 
of  the risk of  repeated sodium changes[69], correction 
with hypertonic saline is not indicated in asymptomatic 
cases[88,89].
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Table 2  Stimuli associated with increased antidiuretic hormone production (adapted from Bailey et al [15]) 

Hemodynamic
   Hypotension
   Hypovolemia Blood loss, diarrhea, diuretics, vomiting, renal salt wasting, hypoaldosteronism, burns, polyuria
   Hypervolemia Nephrotic syndrome, cirrhosis, heart failure, hypoalbuminemia, iatrogenic-induced hyponatremia, 

excessive water intake
Non-hemodynamic
   Central nervous system disturbances Meningitis, encephalitis, brain abscess, head injury, hypoxic brain injury, stroke
   Pulmonary diseases Asthma, pneumonia, chronic obstructive pulmonary disease, tuberculosis, empyema, bronchiolitis, acute 

respiratory failure
   Cancer Lung cancer (especially small-cell lung cancer), brain tumor, leukemia, lymphoma, pancreatic cancer, 

prostate cancer, ovarian cancer, neuroendocrine tumor, squamous cell carcinoma 
   Medications Selective serotonin reuptake inhibitors, morphine, carbamazepine, cyclophosphamide, vincristine, 

desmopressin
   Other Pain, stress, nausea, emesis, postoperative state, cortisol deficiency

Table 3  Most commonly available crystalloid and human albumin solutions in Europe

Fluid Na+ K+ Cl- Lactate Acetate Glucose Osmolarity Tonicity

(mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) monohydrate (g/L) (mOsm/L) (to plasma)
Isotonic NaCl    154    0 154 0 0   0 308 (iso-osmolar) Isotonic
Ringer’s lactate    130    4 109        28 0   0 270 (iso-osmolar) Isotonic
Ringer’s acetate    130    4 110 0         30   0 270 (iso-osmolar) Isotonic
Darrow-glucose “SAD”      31    9   26        14 0 55     360 (hyperosmolar) Hypotonic
Human albumin 5% 130-160 < 3     0 0 0   0     330 (hyperosmolar) Isotonic
Human albumin 20% 100-160 < 3     0 0 0   0     300 (hyperosmolar) Hypertonic
Glucosalin 2:1
(Glucose 3.3%/NaCl 0.3%)

     51    0   51 0 0 33 287 (iso-osmolar) Hypotonic

Glucose 2.5%/NaCl 0.45%      77    0   77 0 0 25 293 (iso-osmolar) Hypotonic
Glucose 4%/NaCl 0.18%      31    0   31 0 0 40 284 (iso-osmolar) Hypotonic
Glucose 5%/NaCl 0.45%      77    0   77 0 0 50     432 (hyperosmolar) Hypotonic
Glucose 4.6%/NaCl 0.9%    154    0 154 0 0 46     561 (hyperosmolar) Isotonic
Glucose 9.1%/NaCl 0.9%    154    0 154 0 0 91     813 (hyperosmolar) Isotonic
Glucolyte
(Glucose 5%/NaCl 0.3%/KCl 
0.15%)

     51  20   71 0 0 50     420 (hyperosmolar) Hypotonic
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CONCLUSION
As the use of  hypotonic fluids is related to a higher risk 
of  hyponatremia compared with isotonic fluids[90-93], it 
is difficult to justify their widespread use as a standard 
maintenance fluid in children during surgery. An ideal 
intraoperative fluid should have a tonicity and sodium 
concentration close to the physiologic range[94]. To avoid 
lipolysis, hypoglycemia, or hyperglycemia, 1.0%-2.5% 
glucose (rather than 5%) should be used and should also 
include metabolic anions (i.e., acetate, lactate or malate) 
as bicarbonate precursors to prevent hyperchloremic 
acidosis. Most children need 2-3 mEq/kg per 24 h of  
sodium chloride, and the target serum sodium is between 
135-140 mmol/L. 

Monitoring of  serum sodium levels in patients main-
tained by fluid infusion is critical, and certainly in children 
undergoing surgery as they are more vulnerable to hypo-
natremia than adults. Indeed, close monitoring is manda-
tory in symptomatic cases of  hyponatremia, as they can 
rapidly progress to hyponatremic encephalopathy[95-100]. 
This complex problem remains an ongoing clinical chal-
lenge and deserves more attention by clinicians, not only 
in an academic context, but in clinical settings where 
there is ample evidence to support fluid therapy strategies 
that can reduce the risk of  serious consequences for chil-
dren. Additionally, the medical industry and researchers 
should increase their efforts to develop more appropriate 
and balanced intravenous solutions for children of  vari-
ous ages and conditions, due to the diverse availability of  
solutions across geographical regions (Table 3).
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Abstract 
Invasive candidiasis (IC) bears a high risk of morbidity 
and mortality in the intensive care units (ICU). With the 
current advances in critical care and the use of wide-
spectrum antibiotics, invasive fungal infections (IFIs) 
and IC in particular, have turned into a growing con-
cern in the ICU. Further to blood cultures, some auxil-
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iary laboratory tests and biomarkers are developed to 
enable an earlier detection of infection, however these 
test are neither consistently available nor validated in 
our setting. On the other hand, patients’ clinical status 
and local epidemiology data may justify the empiric 
antifungal approach using the proper antifungal option. 
The clinical approach to the management of IC in fe-
brile, non-neutropenic critically ill patients has been de-
fined in available international guidelines; nevertheless 
such recommendations need to be customized when 
applied to our local practice. Over the past three years, 
Iranian experts from intensive care and infectious dis-
eases disciplines have tried to draw a consensus on the 
management of IFI with a particular focus on IC in the 
ICU. The established IFI-clinical forum (IFI-CF), com-
prising the scientific leaders in the field, has recently 
come up with and updated recommendation on the 
same (June 2014). The purpose of this review is to put 
together literature insights and Iranian experts’ opinion 
at the IFI-CF, to propose an updated practical overview 
on recommended approaches for the management of 
IC in the ICU.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Invasive candidiasis; Intensive care unit; 
IFI-clinical forum; Recommendations; Iran

Core tip: The present consensus statement has at-
tempted to summarize the practical highlights regard-
ing the management of Invasive Candidiasis (IC) in 
critical care setting. This easy-to-follow clinical path-
way is expected to be not only of interest but also of 
clinical use for those who deal with the management 
of invasive fungal infections in hospital setting and 
especially the intensive care units. The focus of this 
paper is the concept of timely management of IC in 
critically ill patients.

Elhoufi A, Ahmadi A, Asnaashari AMH, Davarpanah MA, Far-
zanegan Bidgoli B, Moradi Moghaddam O, Torabi-Nami M, Ab-
basi S, El-Sobky M, Ghaziani A, Jarrahzadeh MH, Shahrami R, 
Shirazian F, Soltani F, Yazdinejad H, Zand F. Invasive candidiasis 
in critical care setting, updated recommendations from “Inva-
sive Fungal Infections-Clinical Forum”, Iran. World J Crit Care 
Med 2014; 3(4): 102-112  Available from: URL: http://www.
wjgnet.com/2220-3141/full/v3/i4/102.htm  DOI: http://dx.doi.
org/10.5492/wjccm.v3.i4.102

INTRODUCTION
Despite the remarkable progress in the diagnostic and 
therapeutic approaches, infections continue to be a critical 
challenge in the intensive care units (ICUs) worldwide[1]. 
The use of  wide-spectrum antibiotics, advanced care in 
the ICU and improved knowledge on fungal infections 
have potentially led to an increased incidence of  invasive 
fungal infections (IFIs) especially in critically ill and im-

munosuppressed patients[2-4]. IFIs are shown to be often 
hard to diagnose and treat in critical care setting[4]. Timely 
management of  IFIs based on risk stratification and 
empirical approach is shown to be of  meaningful clinical 
benefit, meanwhile dependence on the culture results and 
relying on fungal biomarkers may delay clinical decisions 
and lead to potential complications, morbidity and mor-
tality in such patients[5,6]. There are risk prediction models 
which suggest empirical approach for patients who are 
supposed to significantly benefit from empirical antifun-
gal therapy[7,8]. Despite the validated clinical impact of  
applying IFIs’ predictive tools such as Candida Score[9,10], 
many clinicians seem not to be consistently using them in 
routine practice[11]. This report is based on the commu-
nicated insights and position statements within the IFI-
clinical forum comprising an Iranian panel of  intensive 
care experts. The present article summarizes a literature 
review on the role of  IFIs in mortality and morbidity in 
critical care setting, experts’ panel inputs as well as up-
dates on the local consensus and international guidelines 
with regard to the management of  invasive candidiasis 
(IC) in ICU patients. 

THE UNMET NEED WHICH PROMPTED AN 
“IFI-CLINICAL FORUM” ESTABLISHMENT
In compliance with the international guidelines on the 
management of  IC in ICU, a group of  Iranian experts 
in the fields of  intensive care and infectious disease con-
solidated a consensus as a simple algorithmic approach in 
the management of  IC in critical care setting in 2013[12]. 
This was primarily rooting in an earlier local consensus 
on the same, published in 2011; while the first report was 
predominantly based upon the infectious disease experts’ 
opinion[13]. Pursuant to the above publications, an IFI-
Clinical Forum (IFI-CF) comprising Iranian critical care 
experts and infectious disease specialists was established 
in 2014. The IFI-CF was formed to pursue clinical re-
search, idea exchange and regular updates and recom-
mendations with regard to optimal management of  IFIs. 
The forum attempts to improve the current situation in 
the diagnosis and management of  IC in critical care units 
by means of  continued education, research and promot-
ing evidence-based practice.

To reach the above, field experts from different uni-
versities across Iran attended a round table discussion 
on 26-27 June 2014. Discussions in this clinical forum 
revolved around updated epidemiologic insights on IC 
in ICU, the related diagnostic challenges, therapeutic ap-
proaches and proper antifungal options in ICU-admitted 
patients afflicted with IC.

The meeting objectives, established as part of  the 
planning process, were used to guide development of  
meeting content and activities. Following two days of  sci-
entific debates, reviewing evidence and case discussions, 
the panel could unanimously draw an updated recom-
mendation for the management of  IC in the ICU. This 
meeting and similar future ones will hopefully allow opti-
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mizing models of  patient care with regard to IFIs in ICU 
through an inter-professional influence. 

Materializing the above perspective is believed to de-
pend upon five tenets including: 1-classifying the critically 
ill patients’ risk for IFIs, 2-defining a timely and reason-
able approach for treating IFIs in ICU-admitted patients, 
3-developing center-based algorithms for diagnosis, treat-
ment and surveillance of  ICU patients with high risk of  
IFIs, as epidemiology may differ center by center, 4-de-
termining advantages and disadvantages of  antifungal op-
tions when used in the ICU and 5-optimizing antifungal 
treatment paradigm in our local setting for ICU patients 
who are at increased risk or clinical suspicion for IFIs.

LITERATURE REVIEW, PARTICIPANTS 
AND GROUP CONSENSUS
A systematic literature search in PubMed, Scopus, Co-
chrane and Google Scholar databases (1990-2014) was 
conducted using the combination of  our keywords in-
cluding invasive fungal infections, ICU, diagnosis, treat-
ment approach, antifungal therapy and recommenda-
tions. Following the cross-check, documents describing 
the significance of  IFIs in ICU and recommendations 
for diagnosis and treatment approaches were isolated for 
review and discussions. Most recent guidelines[12,14-17] and 
relevant papers were circulated among all IFI-CF attend-
ees one month prior to the meeting. 

The IFI-CF delegates discussed the available evi-
dence, shortcomings and clinical challenges in the man-
agement of  IFIs and particularly IC in ICU-admitted 
patients. Each delegate was invited based on his/her 
expertise in the management of  IC and other fungal 
infections in critical care setting. All experts actively par-
ticipated during the plenary talks, problem-based round 
table discussions and case studies over a 2-d interactive 
discussion forum. Through a point-to-point systematic 
approach and discussions on key issues such as: 1-local 
epidemiology of  IFIs, 2-preferred diagnostic and thera-
peutic approaches, 3-implication of  risk prediction tools 
and 4-optimized antifungal therapy, the available evidence 
as well as participants’ inputs/responses were compiled 
to draw a clinical pathway. 

EPIDEMIOLOGIC INSIGHTS ON INVASIVE 
CANDIDIASIS; A GLOBAL AND LOCAL 
PROBLEM ON THE RISE 
The current advances in critical care and the advent of  
broad-spectrum antibiotics not only have resulted in 
patients’ longer survival but also in increasing the inci-
dence of  opportunistic infections such as IFIs over the 
past decade[18]. Currently, IFIs constitute a clinical issue 
on the rise in the ICUs both in the developing and de-
veloped world[19,20]. Predisposing factors such as patients’ 
complicated medical or surgical status, invasive bedside 
procedure and wide administration of  antibiotics have 

contributed to increased rate of  IFIs, mainly IC and 
invasive aspergillosis (IA), in the ICU[21-23]. Candidemia is 
thus far known to be the most prevalent fungal infection 
afflicting ICU patients[23]. According to an elegant survey 
which was carried out in over 1000 ICUs in more than 
70 countries, almost one fifth of  the isolated pathogens 
in ICU patients were found to be fungi[24]. Based on the 
same report, Candida species (spp.) were almost 10 times 
more isolated than aspergillosis and known to be linked 
with a high mortality and increased hospital length of  
stay (LoS) as well as medical care cost[24]. Since most of  
the diagnostic tests lack proper specificity and the culture 
result normally requires a long time, diagnosis of  IFIs 
and IC in particular remains a challenge. Cumulating evi-
dence suggest that institution of  appropriate antifungal 
therapy upon initial clinical suspicion of  IFIs is crucial 
for a positive outcome[8].

The increasing risk of  IFIs in ICU, as well as the crit-
icality of  the timely decision making on treatment with 
the most proper options, have turned IFIs’ management 
to a difficult task for intensivists. While the incidence of  
IFIs in immunocompromised hosts such as transplanted 
patients, those with hematologic malignancies or human 
immunodeficiency virus is significant, this report focuses 
on IFIs in non-neutropenic critically ill ICU-admitted 
patients. Candida spp. are considered the fourth most 
common blood stream infection (BSI) isolated from 
ICU-admitted patients in the West[25]. Where Candida 
albicans (C. albicans) has long been regarded as the most 
prevalent candida type, the relatively recent emergence 
of  non-albicans species such as fluconazole-resistant 
Candida krusei (C. krusei) and Candida glabrata (C. glabrata) 
has turned into a challenge[20,25]. Recent data suggests an 
increased incidence of  non-albicans Candida species. As 
such, C. glabrata and Candida parapsilosis (C. parapsilosis) are 
now ranked as second in the Northern Europe and the 
United States[26,27], and in Latin America and Southern 
Europe[28,29], respectively. Some predisposing factors in-
cluding central venous catheters (CVC), total parenteral 
nutrition (TPN), and prior azole exposure are proposed 
to result in the emergence of  non-albicans Candida spe-
cies. Previous exposure to azole is particularly linked to 
isolation of  C. krusei and C. glabrata[30]. 

Based on our practice, the incidence of  Candidemia, 
and other fungal infections in Iran seem to be on a steep 
rise. A local epidemiological survey on IFIs in ICU and 
transplant wards in Iran suggested C. albicans, Penicillium 
spp., Aspergillus niger, and Cladosporium spp. as the most 
dominant isolates[31]. According to this report, envi-
ronmental fungal contamination was found to be more 
prominent in ICU and the length of  hospital stay in 
critical care setting was strongly associated with the colo-
nization of  fungi.

Another local epidemiology research on IFIs in 
pediatric patients with advanced kidney disease under-
going peritoneal dialysis and adults with kidney trans-
plantation showed the significant impact of  Candidemia 
on mortality and morbidity[32]. Furthermore, based on a 
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main febrile despite adequate antibiotic therapy and are 
characterized as high risk[7,8,11]. 

RISK STRATIFICATION TOOLS AND 
PREDICTIVE MODELS; PATH TO A 
TIMELY APPROACH
Prompt diagnosis and management of  IC should be 
sought as it leads to a significant decline in human and 
cost burden in the ICU[26,27]. Potential risk factors for IC 
are compiled into risk prediction models. The proper use 
of  these models in clinical practice would help clinicians 
identify the high-risk patients who significantly benefit 
from timely treatment against IC[10,11,44]. Meanwhile, the 
positive auxiliary tests such as BDG and/or PCR may 
further add to the accuracy of  the risk prediction tools 
for IC[43,45,46]. Some of  these validated tools include the 
Candida Score[9,47] and Ostrosky-Zeichner[23] model. Cal-
culating the candida score assists a risk-factor-based pre-
diction of  IC depending on the presence or absence of  
four independent risk factors in febrile non-neutropenic 
critically-ill patients. These risk factors are severe sepsis (2 
points), TPN (1 point), multifocal colonization (1 point), 
and surgery (1 point). The candida score of  ≥ 3 is shown 
to predict IC with a sensitivity and a specificity of  81% 
and 74%, respectively[9]. These “risk factors” which are 
proposed as Candida Prediction Rules have been reported 
in many other studies[47-53]. In addition to Leon’s Candida 
Score[47] and the Ostrosky-Zeichner[23] model, other mod-
els such as Agvald-Ohman et al[48], Pittet et al[49], Hermsen 
et al[51], Paphitou et al[52], and Dupont et al[53] tried to es-
tablish similar frameworks putting together risk factors 
which contribute to IC while assigning separate relative 
risk scores for each variable. There is a visible overlap in 
considered risk factors among these models. Several dif-
ferences in these studies make it difficult to draw a gener-
ally applicable conclusion. Figure 1 summarizes these risk 
prediction models with risk factors in common amongst 
them. According to these models, the most commonly 
considered risk factors such as TPN, use of  wide-spec-
trum antibiotics, CVC, recent gastrointestinal (GI) sur-
gery, use of  steroids, dialysis and sepsis are regarded as the 
most significant contributors to IC in critical care units. 
Although fungal colonization is known to be linked with 
the development of  Candidemia, based on more recent in-
vestigations, only a small proportion of  colonized patients 
(3%-25%) are found to develop invasive candidiasis[48,54]. 

Some of  the important differences in IC risk predic-
tion models which are outlined in Figure 1 include the 
heterogeneity in the examined populations, non-similarity 
in the underlying disease severity, incidence of  IC in 
centers where the investigations were carried out and the 
study end-points. It should be noted that most models 
were defined in surgical ICU populations[23,48,49,51-53]. 

Intra-abdominal infections secondary to intestinal 
perforations and anastomotic leakage are also among the 
risk factors in patients who tend to mostly benefit from 

multi-center analysis on the prevalence of  deep-seated 
mycosis in immunocompromised hosts in Tehran, Iran, 
Candida spp. were isolated in almost 70% of  IFIs cas-
es[33]. Of  note, non-albicans spp. comprised almost one 
third of  the Candida infections suggesting a possible 
clinical challenge with fluconazole-resistant Candida spe-
cies[31-34]. The current state of  our local epidemiologic 
insights on IFIs are in line with those of  international 
reports[19,20,35-37]. Further research is needed to draw a 
clearer map about the incidence of  IC and IA and the 
related subspecies in ICUs of  different hospitals, cities 
and provinces all around Iran. There is an urgent need 
for institutions to set tight nosocomial IFIs surveillance 
and protective measures including hand hygiene and 
aseptic techniques especially upon bedside intensive 
care interventions.

DIAGNOSTIC CHALLENGES OF INVASIVE 
CANDIDIASIS IN THE INTENSIVE CARE 
UNIT
The diagnosis of  IC can be either definitive or probable. 
The definitive diagnosis is based upon identification of  
Candida in the blood or its histological characterization 
in tissue[12]. However, in almost half  of  the instances, 
specimen may reveal false-negative results and the tissue 
may not be available in critical care setting. Moreover, 
awaiting culture results requires much time and defers 
the clinical decision making. Further to culture and tis-
sue examination, some auxiliary testing methods and 
biomarkers such as 1-3 beta-D-Glucan (BDG) and pan-
fungal polymerase chain reaction (PCR) may suggest 
probable IC when positive[38-40]. 

The BDG test detects beta-D-glucan which is an im-
portant constituent of  the cell wall of  pathogenic fungi. 
This test may however be a subject to a notable false-posi-
tive results in patients who receive albumin, immunoglobu-
lins and beta lactams as well as those who are on hemodi-
alysis with cellulose membrane[39]. Furthermore, the test is 
incapable to differentiate between Candida and Aspergillus, 
and remains inconclusive for Zygomycetes and Cryptococcal in-
fection[39,41]. To indicate the probability of  invasive candidi-
asis based on such a test, a single positive test lacks enough 
sensitivity thus serial measurements may be required. PCR 
which detects fungal nucleic acid is found to have a high 
sensitivity and specificity[42]. Although it is shown to be a 
highly promising tool in the diagnosis of  IFIs, it is neither 
available nor validated in many settings and its exact use in 
clinic is questionable[38,43].

Given the time-consuming nature of  all the afore-
mentioned laboratory tests, and considering the critical 
time span for initialization of  the therapy, the diagnosis 
of  IC in ICU remains a challenge. Over the past decade 
some risk prediction models have put forward a pathway 
to identify patients at increased risk for IFIs. Evidence 
has suggested clinical benefits of  empirical antifungal 
therapy in non-neutropenic critically-ill patients who re-
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timely antifungal therapy for IC[23]. Fluconazole (FCZ) 
has been the most abundant antifungal regimen used to 
treat IC. However the critical concern is the imprudent 
and wide usage of  FCZ which has resulted in an in-
creased resistance and the shift to non-albicans species[55]. 
Considering the emergence of  different Candida species 
rather than C. albicans, a more justified approach should 
be sought to: 1-ensure the timely treatment of  IC and 
2-cover fluconazole-resistant Candida species.

APPROACH TO INVASIVE CANDIDIASIS 
IN INTENSIVE CARE UNIT
Treatment approaches towards IC in the ICU comprise pro-
phylaxis, empirical-, preemptive- and targeted-therapy[56]. 

Prophylaxis, which is done to prevent IFIs develop-
ment, is characterized as the use of  antifungals in high-
risk subjects in whom no sign or symptom of  infection is 

so far documented. While FCZ is the main regimen used 
for this purpose, echinocandins (ECH) have recently 
been field tested with successful results[57].

On the other hand, initiation of  antifungal agents in 
the presence of  multiple risk factors and positive bio-
markers such as BDG or PCR or other paraclinical find-
ings is referred to as the pre-emptive treatment[56]. 

The time of  treatment initiation is a key factor for the 
favorable outcome of  IC[56,58]. According to several in-
vestigations[58-60], delayed antimicrobial therapy for more 
than 24 to 48 h negatively affects mortality. As such, in 
critically-ill or hemodynamically-unstable patients, late 
antifungal therapy may potentially predict death. There-
fore, upon clinical suspicion for Candidemia, blood cul-
tures need to be obtained and the treatment should to be 
administered without proof  of  IC based on the culture 
result[17]. This is generally referred to as the empirical 
approach. Prolonged length of  stay in the ICU, surgery, 
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(Multifocal colonization, surgery 
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sepsis, TPN)
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Pittet et al [49] Dupont et al [53]

Agvald-Ohman et al [48]

León et al [47]

Ostrosky-Zeichner et al [50]
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Figure 1  Risk prediction models for invasive candidiasis in critically ill patients with overlapping contributing factors. Factors which are common in several 
risk-prediction models appear to bear a higher relative risk for IC. Given the heterogeneity in study designs and populations, these models can hardly be merged 
to represent a single paradigm, however their common contributing factors appear to be of higher predictive value for IC prediction. So far, the most widely applied 
predictive tool for IC is the Leon’s Candida Score followed by the Ostrosky-Zeichner’s model. ABx: Antibiotic; CCI: Candida colonization index; CVC: Central venous 
catheter; GI: Gastrointestinal; ICU: Intensive care unit; TPN: Total parenteral nutrition; LoS: Length of stay.
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Guideline First choice First alternative Second alternative

ECCMID[15] ECH VCZ, L-AMB FCZ
European experts opinion[16] FCZ (stable patients and susceptible isolates)

ECH (severe sepsis, micafungin last choice)
L-AmB

IDSA[14] FCZ (stable patients, azole naive)
ECH (critically ill, Severe sepsis, recent azole exposure)

AmB or L-AmB VCZ

Canadian practice guideline for invasive 
candidiasis in adults[17]

FCZ (stable patients, azole naïve)
ECH (stable or unstable patients, recent azole exposure, 

avoid in C. parapsilosis)

AmB or L-AmB

Consensus statement from the Iranian 
panel of experts[12]

FCZ (stable, No prior azole exposure, when hospital 
epidemiology indicates low incidence of NAC Spp.)

ECH (hemodynamic instability, Fluconazole resistance)

VCZ, AmB or L-AmB (if 
available), considering the 

tolerability and cost vs utility

multi-focal Candida colonization, sepsis, the use of  TPN 
and/or wide-spectrum antibiotics are the key risk factors 
which warrant the empirical use of  antifungals[14,56]. These 
are the risk factors considered in the “Candida Score”[47].

According to the latest international guidelines[14-17], 
the appropriate empirical antifungal choice greatly de-
pends upon the local resistance patterns, likelihood of  
the presence of  non-albicans species, hemodynamic sta-
tus and criticality of  the illness, prior exposure to azoles, 
pharmacodynamics and pharmacokinetics as well as the 
potential adverse effects of  the selected antifungal, and 
last but not least, availability and cost of  the treatment.  

Based on the current guidelines, FCZ, ECH, ampho-
tericin B (AmB) or its lipid formulations [Liposomal Am-
photericin B (L-AmB)] and voriconazole (VCZ) are the 
recommended options while the first two are considered 
as the preferred choices in many instances. When the pa-
tient is hemodynamically unstable or has a prior exposure 
to FCZ with a high probability of  non-albicans candida 
isolation (i.e., or C. glabrata or C. krusei), echinochandins 
(e.g., Caspofungin) are the preferred options[14,16]. AmB 
or L-AmB remain as alternative choices[14,17]. According 
to the Infectious Disease Society of  America guideline, 
echinocandins should be taken as the first option in 
hemodynamically-unstable critically-ill patients[14]. More-
over, the most recent Canadian guideline contains similar 
recommendations about the critically-ill[17]. Caspofungin 
(CFG) is the only available echinocandin in our practice. 
De-escalation from CFG to FCZ is warranted in case of  
favorable clinical response and sterilization of  blood cul-
tures[12]. Based on the same guidelines, FCZ is suggested 
in hemodynamically stable cases without FCZ exposure 
over the last 30 d[14,15], meanwhile CFG is an equally sug-
gested alternative[14,16,17]. Identification of  local and gen-
eral resistance patterns in our ICUs at different provinces 
would assist Iranian physicians to take more evidence-
based decisions in their daily practice of  IFIs manage-
ment especially in the vulnerable critically-ill patients. In 
case of  catheter-related BSI, an antifungal choice with 
activity against biofilm (e.g., CFG or AmB) should be 
considered. CVCs should be removed at earliest. Gener-

ally, when the treatment is started, serial blood cultures 
should be taken to ensure blood sterilization. Treatment 
duration is 14 d after the negative blood culture[14,17].

Recommendations from the current international guide-
lines are summarized in Table 1. Table 2 demonstrates the 
dosing recommendations for the preferred options. 

THE PANEL’S POSITION ON THE 
MANAGEMENT OF IC IN CRITICALLY-ILL 
PATIENTS
The current consensus roots in the earlier position state-
ment from the Iranian experts in IFI-CF[12]. This report 
is considered as an updated recommendation for local 
practitioners who are involved in the management of  
IC critically-ill patients. Considering the limitations such 
as lack of  availability or validity of  fungal biomarker 
tests, narrow antifungal options and cost utility issue in 
our local practice, a customized format of  international 
guidelines clinical pathway was drawn and agreed by the 
experts’ panel. There is less focus on fungal biomarkers 
in this algorithm compared to the earlier consensus from 
the Iranian experts. Furthermore; prophylaxis, empirical, 
pre-emptive and targeted approaches are separately high-
lighted. The suggested clinical pathway is illustrated in 
Figure 2. 

Some other issues including the importance of  cath-
eter removal, fundoscopic examination, frequency of  
blood cultures after the initiation of  antifungal therapy, 
the possibility to draw a pathway for the patients with-
out clinical response, and the subtype-specific antifungal 
therapy were also addressed by the panel. Below are some 
recommendations with regard to the above issues: (1) 
With respect to the clinical manifestations of  suspected 
IFIs in the ICU and routine clinical evaluations, fundo-
scopic examination needs to be done by an intensivist. 
However, this examination has a low negative predictive 
value against IFIs and treatment should be based on a 
wider risk stratification and assessment; (2) In case of  a 
documented IFI, catheter removal becomes mandatory 
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Table 1  Recommended treatment options for invasive candidiasis in adult non-neutropenic critically-ill patients based on the current 
international and local practice guidelines/consensus statements

ECCMID: European Congress of Clinical Microbiology and Infectious Diseases; ECH: Echinocandins; VCZ: Voriconazole; AmB: Amphotericin B; L-AmB: 
Liposomal Amphotericin B; FCZ: Fluconazole; IDSA: Infectious Disease Society of America; NAC: Non-albicans Candida. 
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Figure 2  Management of invasive candidiasis in critical care setting. An updated consensus from the Iranian experts at invasive fungal infection-clinical forum. For 
justification and referencing see “diagnostic challenges of invasive candidiasis in the intensive care unit” and “approach to invasive candidiasis in intensive care unit” in the 
present report. IC: Invasive candidiasis; ICU: Invasive fungal infection; AmB: Amphotericin B; L-AmB: Liposomal Amphotericin B; IFIs: Invasive fungal infections.

Febrile, non-neutropenic ICU-admitted patients with high clinical 
suspicion for IC, based on the “Candida Score”
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Recommended treatment Candidemia
 (non-neutropenic 
patients, moderate 
to severe illness)

Candidemia
(neutropenic patients)

Candida 
glabrata

Candida 
parapsilosis

Solid organ 
transplant 
recipients 

(prophylaxis) 

ICU prophylaxis
 (high risk 

patients only)

Caspofungin 70 mg iv loading 
dose, then 50 mg/d 

per iv

70 mg iv loading dose, then 
50 mg/d per iv

70 mg iv loading 
dose, then 50 
mg/d per iv

Micafungin 100 mg/d per iv 100 mg/d per iv 100 mg/d per iv
Anidulafungin 200 mg/iv loading 

dose; then 100 mg/d 
per iv

200 mg/iv loading dose; then 
100 mg/d per iv

200 mg/iv loading 
dose; then 100  
mg/d per iv

Fluconazole 800 mg iv 
loading, then 
400 mg/d per 

iv or PO

200-400 mg/d 
iv or PO for 

7-14 d

400 mg/d per iv 
or PO

(Alternative regimen)
Fluconazole

800 mg iv loading, 
then 400 mg/d per iv 

or PO

800 mg iv loading, then 400 
mg/d per iv or PO

(Alternative regimen)
Voriconazole if mold coverage 
is desired

6 mg/kg per iv q12h for 2 
doses; then 4 mg/kg iv q12h 

or 200 mg PO q12h
(Alternative regimen)
Fluconazole or Voriconazole

With susceptibility 
testing

(Alternative regimen)
Echinocandins

If already 
responding to 

therapy
(Alternative regimen)
Liposomal Amphotericin B

1-2 mg/kg 
iv/d for 7-14 d

Table 2  Recommended therapy with proper dosing in invasive candidiasis based on the current practice guidelines and consensus 
statements[12,14-16]

ICU: Intensive care unit; PO: Per Os (Oral administration); iv: Intravenous.

since eradicating the infection without removing the de-
vice looks unlikely. The challenge will arise in the context 
of  suspected IFIs in the presence of  permanent catheters, 
pace makers, implantable cardioverter defibrillator or car-
diac resynchronization therapy, etc. where some expert rec-
ommend a “device salvage trial” for successful outcome. 
Taken together, the general recommendation is to remove 
catheters the soonest possible; (3) The duration of  an-
tifungal therapy depends mainly on both response to 
treatment and status of  blood culture at the beginning of  
IFI therapy. Normally, 72 to 96 h of  treatment duration 
is adopted with a repeated blood culture after IFI therapy 
was started. The treatment will usually be stopped after 
14 d since the first negative blood culture. If  the therapy 
was started empirically (no positive blood culture), the 
duration of  therapy is 14 d provided the patient’s condi-
tion is improving on treatment. Repeated blood culture 
will prove whether the fungal infection is resolved; (4) 
Drawing a clinical pathway for non-responding patients 
may be difficult but still possible. Lack of  response may 
be due to an alternative diagnosis, either non-fungal or 
additional microbial infections which have not been 
properly covered in the current therapy. Either way, a 
review has to be done to detect the possible source of  
infection and necessary investigations including standard 
blood cultures, non-culture based assessments, if  avail-
able, and possible imaging studies such as high-resolution 
computed tomography and advanced ultrasound should 
be considered to diagnose a possibly-disseminated IFIs 

or resistant organisms not fully sensitive to the current 
therapy. In challenging, non-responding IFI cases, the 
treatment should be adjusted with the possibility of  
combination antifungal therapy. Finally, lack of  response 
may be due to inappropriate source control including 
devices, foreign bodies, and surgically-accessible factors 
like collections which require appropriate interventions. 
One should always bear in mind that the lack of  response 
may be due to non-infectious causes which also need to 
be well-explored; and (5) Based on the risk and severity 
assessment, empirical approach allows the timely man-
agement of  IFIs. According to the evidence highlighted 
in this report, moderate- to high-risk patients for severe 
infections require echinocandins. Streamlining depends 
on response and the culture results. Meanwhile, mild in-
fections in stable patients can still be treated with FCZ. 
Suspected Aspergillus requires VCZ, whereas the emerg-
ing and rare fungal infections would still require AmB. 
Furthermore, the possibility of  combination antifungal 
therapy should be considered.

CONCLUSION
IC is a serious clinical condition with a notable risk of  
death in critically-ill patients when not treated properly. 
Increased awareness and practical insights through share 
of  experience as well as adherence to international and 
local guidelines are key elements of  success in the man-
agement of  IC in the ICU.
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According to the panel’s opinion, LoS in the ICU 
and total days on mechanical ventilation, the presence 
of  CVC/TPN, dialysis catheters, use of  broad spectrum 
antibiotics, sepsis, presence of  GI surgery, burn and 
high Acute Physiology and Chronic Health Evaluation 
II Score (> 16)[61] were considered as main risk factors 
justifying the empirical antifungal therapy against IC in 
febrile, non-neutropenic critically-ill patients admitted to 
the ICU.

The entire panel admitted that lack of  experience and 
insufficient awareness is the main cause for delayed initia-
tion of  antifungal therapy in critically-ill patients. Mean-
while half  of  the participants believed that the paucity of  
diagnostic tools and inconsistent availability of  the thera-
peutic options are crucial obstacles in parallel. All experts 
agreed that holding well-planned educational programs 
and fostering scientific activities within our IFI-CF will 
be a road to increase awareness and better practice with 
regard to the management of  IFIs in critical care setting.

Upon conclusion, experts at the IFI-CF decided to 
continue holding regular meetings at institutional level 
in order to educate junior ICU staff  and increase their 
awareness on the management of  IC in the ICU. 

The IFI-CF became determined to conduct biannual 
meetings to share experience and update local guidelines 
on IFIs management as required. In addition, utilizing 
the already established consensus, the experts agreed to 
pursue preparing printed protocols in each ICU in order 
to make it easier for the juniors to follow and implement.
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