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The Protective Effect of Dextromethorphan on Lipopolysaccharide-
induced Lung Injury in Rats

H. Chang*, J.J. Ru?, C.T. Chong?, L.S. Chung;

'Tri-Service General Hospital - Taipei/TW, “National Defense Medical Center -
Taipei/TW

Purpose:

Acute lung injury (ALI) includes the impairment of the alveolar-capillary barrier, with the
accumulation of protein rich fluid and influx of inflammatory cells into the alveolar
airspace, and associates with pulmonary cells damage. Dextromethorphan (DM), a
non-competitive N-methyl -D-aspartate receptor antagonist, is widely used anti-tussive
drug. DM has been reported to exert anti-inflammatory effect against tissue injury in
endotoxemia rats. The aim of this study was to investigate the effects of the DM on
LPS-induced lung injury, and further elucidated the involved mechanism.

Materials and Methods:

We used intratracheal (i.t.) instillation lipopolysaccharide (LPS)-induced AL in rats, and
evaluated the prevention effects of DM. Rats were given intraperitioneal injections of
DM (20,50 mg/kg) 1 h before intra-tracheal injection of LPS (2mg/kg) and sacrifice at 6
hour later. We use ELISA and myeloperoxidase activity to determine that DM
significantly suppressed pro-inflammatory cytokines (tumor necrosis
factor-alpha,interleukin-1p and interleukin-6) and free radicals (hydrogen peroxide) in
bronchoalveolar lavage fluid (BALF). NF-kB translocation and nitrotyrosine was
assessed by immunofluorescence and immunohistochemical. The ER stress protein
expression was assessed by western blotting.

Results:

DM significantly attenuated the symptoms of ALI, reflected by attenuation of Wet/dry
ratio of the lungs, protein concentration and number of total WBC counts in
bronchoalveolar lavage fluid (BALF) accompanied with the lung pathological changes. In
addition, DM significantly decreased myeloperoxidase activity and the levels of
superoxide and nitrite/nimate in lung tissue, and alleviated LPS-induced the production of
tumor necrosis factor-receptor alpha (TNF-a), interleukin (IL)-6, IL-1p, macrophage
inflammatory protein-2 in BALF, as well as cyclooxygenase-2 and inducible nitric oxide
synthase expression. Furthermore, the increased phosphorylation level of NF-«B p65 in
ALLI was inhibited by DM. In addition, DM significantly diminished ROS formation and
inhibited INOS, XBP1, ASK1, p38, CHOP, caspase-3 gene expression but upregulated
HO-1, GRP78 expression in lung tissue, accompanied by reduced apoptosis.
Conclusion:

DM exerts a beneficial effect in LPS-induced lung injury through decrease of
proinflammatory mediators formation, but enhancement of GRP78 gene expression,
subsequently leading to attenuation of apoptosis. Additionally, DM diminished ER
stress-medicated CHOP induction and caspase-3 activation, but upregulated GRP78
expression in lung tissue.
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LUNG CANCER

MOLECULAR CHARACTERIZATION

Wang R, HuH, Pan Y, Li Y, Ye T, Li C, Luo X, Wang L, Li
H, Zhang Y, Li F, Lu Y, Lu Q, Xu J, Garfield D, Shen L, Ji
H, Pao W, Sun Y, Chen H. RET Fusions Define a Unique
Molecular and Clinicopathologic Subtype of Non-Small-
Cell Lung Cancer. J Clin Oncol. 2012 Dec 10;30(35):4352-9.

Summary

The discovery of “driver kinases” in lung cancer has revolu-
tionized our understanding and therapy of lung cancer. This
is further reinforced with the identification of a new fusion
gene in lung cancer, RET fusions. RET (rearranged during
transfection) is a receptor tyrosine kinase involved in cell
proliferation, neuronal navigation, cell migration and cell
differentiation. RET activation occurs in multiple endocrine
neoplasia type 2 (medullar thyroid cancer, pheochromocy-
toma, and hyperparathyroidism). This study of 936 NSCLCs
n a Chinese population identifies the clinical characteris-
tics of NSCLC that have this fusion. RET fusions occurred
only in adeno- or adeno-squamous carcinomas with a
prevalence of 1.7%. Clinically, patients were predominantly
never smokers, younger, and had small primary lesions but
typically had advanced disease (N2) when compared to
adenocarcinomas without RET fusions. The cancers were
poorly differentiated and had no other driver mutations. A
RET fusion predicted worse relapse free survival than an
EGFR or ALK mutation (20.9m vs. 28.4m vs. 26.9m respec-
tively) but was better than a KRAS mutation (12.3m). Due
to the small cohort size the survival differences were not
statistically significant.

Comments

. This study adds to known driver kinases in lung cancer.

. This work continues to support the differences in clinical
phenotype, mechanisms of tumor development, and tar-
geted therapies between lung cancers in smokers versus
non-smokers.

. The clinical phenotype seen with RET fusions is younger,
never-smoker, adenocarcinoma histology, and exclu-

sive of other driver mutations, but predictive of a more

aggressive pathologic phenotype (N2 disease).

There are clear differences in ethnic background associ-

ated with the frequency of driver mutations in lung can-

cer and the frequency of this mutation in a Caucasian
population needs to be defined.

Therapy targeting RET fusions with crizotinib is possible

and its efficacy in these cancers needs to be explored.
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Jeffrey A. Kern, MD
National Jewish Health
Department of Medicine
Denver, CO

PLEURAL DISEASE

Davies HE, Mishra EK, Kahan BC, Wrightson JM, Stanton
AE, Guhan A, Davies CW, Grayez J, Harrison R, Prasad A,
Crosthwaite N, Lee YC, Davies RJ, Miller RF, Rahman NM.
Effect of an Indwelling Pleural Catheter vs. Chest Tube
and Talc Pleurodesis for Relieving Dyspnea in Patients
with Malignant Pleural Effusion: the TIME2 Randomized
Controlled Trial. JAMA. 2012 Jun 13;307(22):2383-9.

Summary

The Second Therapeutic Intervention in Malignant Effusion
Trial was an unblinded randomized controlled trial that
directly compared indwelling pleural catheter (IPC) vs.
chest tube and talc pleurodesis (CT) in 106 patients with
malignant pleural effusion (breast, lung, mesothelioma,
other). At 42 days after intervention there was no difference
in dyspnea between the two groups, though there was
significant improvement from baseline. Chest pain, 1-year
survival, and global quality of life were also not significantly
different. However, at 6 months there was a clinically and
statistically significant difference in dyspnea favoring the
IPC group. A larger, though not significant, proportion of
IPC patients were admitted for drain related complications,
but spent less time in the hospital than the CT group. There
were more adverse events in the IPC group (40% vs. 13%)
but there was no difference in serious adverse events. Of
the CT group, 22% required further pleural procedures
vs. 6% of the IPC group. 57% of the IPC group had their
catheter removed and fluid recurred in 3 patients giving an
overall spontaneous pleurodesis rate of 51%.

Comments
1. This is the first randomized prospective trial comparing
IPCs with CT and talc slurry pleurodesis.

2. Both approaches are equivalent in relieving dyspnea as

initial symptom relief for malignant pleural effusions.

3. Though not powered to directly test secondary out-
comes, IPC had a significant improvement in dyspnea at
6 months, a significant reduction in further pleural inter-
ventions needed over 12 months, fewer hospital days,
but more drain related complications.

. Treatment choice should be guided by a patient’s con-
cerns about hospitalization, home care, and potential
adverse events.

N
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RISK STRATIFICATION

Kratz JR, He J, Van Den Eeden SK, Zhu ZH, Gao W, Pham
PT, Mulvihill MS, Ziaei F, Zhang H, Su B, Zhi X, Quesenberry
CP, Habel LA, Deng Q, Wang Z, Zhou J, Li H, Huang MC,
Yeh CC, Segal MR, Ray MR, Jones KD, Raz DJ, Xu Z, Jahan
TM, Berryman D, He B, Mann MJ, Jablons DM. A Practical
Molecular Assay to Predict Survival in Resected Non-
Squamous, Non-Small-Cell Lung Cancer: Development
and International Validation Studies. Lancet. 2012 Mar
3;379(9818):823-32.

Summary

Adjuvant therapy in Stage | lung cancer has not shown a
survival benefit perhaps due to heterogeneity of patients
with or without occult disease. Gene signatures to identify
a “high-risk” subgroup have been reported, but are limited
due to a need for fresh tissue, lack of independent labora-
tory and blinded validation, single institution accrual, and
limited ethnic groups. In this study the authors developed
an expression signature of 14 genes that assigned a lung
cancer mortality risk using RNA extracted from formalin-
fixed, paraffin embedded, non-squamous cell lung cancer
tissue (NSqCLC). Based on their risk score, patients were
broken into three groups of differing mortality (high, inter-
mediate, low). This signature was validated in an indepen-
dent laboratory using a community cohort of 433 Stage |
(Kaiser Permanente Northern California) and 1006 Stage
I-lll NSqCLC patients (China Clinical Trials Consortium).
The signature predicted 5-year lung cancer specific sur-
vival in the community cohort (Stage |, 84.6%, 70.32%
and 63.3%) and all stages of the Chinese cohort; Stage
I= 83.0%, 67.7%, 64.6%, Stage Il 54.2%, 45.8%, 38.1%,
and Stage Ill 53.3%, 43.3%, 24.0%. The high risk category
had a HR of 2.37 (1.63-3.43, P<0.001) and the intermediate
group had a HR of 1.60 (1.03-2.49, P=0.0354).

Comments

1. This is the first gene expression signature using RNA
extracted from FFPE tissue, with testing performed in
an independent CLIA certified laboratory, and validated
in large cohorts of differing ethnic backgrounds for lung
cancer prognosis.

. Similar findings within a diverse ethnic background sug-
gest that there are fundamental elements that can char-
acterize NSqCLC independently of a particular genetic
makeup.

3.The genes used in the prognostic algorithm fit with our

understanding of the biology of lung cancer, especially

adenocarcinomas.

Tests like this may provide guidance, especially in low

stage disease, as to who may benefit from adjuvant

therapy.

. Prospective validation is needed.

N

>

(2]

SQUAMOUS CELL CARCINOMA PATHOGENESIS

Rogers, Kristen [corrected to Rodgers, Kristen]. Cancer
Genome Atlas Research Network. Comprehensive
Genomic Characterization of Squamous Cell Lung
Cancers. Nature. 2012 Sep 27;489(7417):519-25. Erratum
in: Nature. 2012 Nov 8;491(7423):288.

Summary

Mutations in the epidermal growth factor receptor and
fusions involving anaplastic lymphoma kinase have led to
new treatment options for patients with lung adenocarci-
nomas. Our understanding of the mutational landscape in
squamous cell carcinomas (SCC) is not as developed. This
study begins to fill that knowledge gap. Tumor samples
were obtained from 178 patients with untreated stage
I-IV SCC. Comparison germline DNA was obtained from
“normal® lung tissue resected at surgery or from peripheral
blood nucleated cells. Using a number of different plat-
forms the investigators identified;

1.0On average, 228 potentially significant exon mutations
per tumor.

. An average somatic mutation rate of 8.1 mutations/Mb
which is significantly higher than what is seen in many
other cancers; breast=1.0/Mb, ovarian=2.1/Mb, colorec-
tal 3.2/Mb.

. Gene mutations that were identified made biologic sense

and included TP53, CDKN2A, PTEN, PIIK3CA, KEAP1,

MLL2, HLA-A, NFE21.2, NOTCH1, RB1 with secondary

analyses identifying HRAS, EGFR, BRAF, APC.

Many of the mutations could be drivers of important
pathways; oxidative stress response (34%), squamous

differentiation (44%).

By matching the identified mutations to available FDA

approved targeted therapeutic agents, or agents in clini-

cal trials, 64% of the cases had a potentially targetable
gene for therapy.

n

w

i

o

Comments

1. Lung SCC is characterized by a high mutation rate.

2. There appears to be a common dysfunction in cell cycle

control, response to oxidative stress, apoptotic signaling

and squamous cell differentiation in SCC.

An alteration in HLA-A that would lead to loss-of-function

was identified which is the first time such a change has

been reported in lung cancer and may represent a way
that tumor cells escape immune detection.

.EGFR and KRAS mutations were rare, unlike adenocar-
cinomas, while FGFR alterations were common making
SCC genetic alterations similar to head and neck carci-
nomas.

. These studies do not address function of the mutations
and whether they are “driver mutations” that could be
targeted with clinical effect as with EGFR and ALK in lung
adenocarcinomas.

w
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ACUTE RESPIRATORY DISTRESS SYNDROME (ARDS)

NEW DEFINITION OF ARDS

~=DS Definition Task Force, Ranieri VM, Rubenfeld GD,
“nompson BT, Ferguson ND, Caldwell E, Fan E, Camporota
- Slutsky AS. Acute Respiratory Distress Syndrome:
The Berlin Definition. JAMA. 2012 Jun 20;307(23):2526-33.

Summary
~=DS is a syndrome defined by consensus, prior to this
.olication by the 1994 American-European Consensus
“onference (AJRCCM 1994). In 2011, a group of investi-
zztors assembled in Berlin to re-consider the definition of
~=DS. A draft definition was proposed and subsequently
=.zluated using data from nearly 4,500 patients enrolled in
- nical research studies. The new definition preserves the
nce of the prior definition: specifically, the acute onset
Pa02/FiO2 ratio < 300 and bilateral radiographic opac-
thought to be due primarily to non-cardiac causes. It
="nes three classes of ARDS: mild (P/F ratio 200-300),
oderate (P/F ratio 100-200), and severe (P/F ratio < 100)
=~c eliminates the term “acute lung injury.” In addition, it
oulates that patients with mild ARDS must have their P/F
o measured while on either PEEP or CPAP of at least 5
-~ water, and those with moderate or severe ARDS must
ntubated and have their P/F ratio measured on at least
EP of 5. It defines “acute onset” as onset within one
==« of a known clinical insult or development of symp-
“=ms. It recommends objective assessment of cardiac
“_nction using echocardiography if a known clinical risk
~=ztor for ARDS is not present.

v

Comments
The new “Berlin definition” of ARDS preserves the central
“zatures of the prior AECC definition while clarifying sev-
=ral aspects of the diagnostic criteria, including timing,
“ndings on chest imaging, and the origin of the edema.
e new definition makes explicit the clinical observation
nat ARDS often co-exists with hydrostatic pulmonary

dema by requiring only that respiratory failure is not fully

xplained by cardiac failure or fluid overload.
Nhile radiographic severity, low respiratory compliance,
nigh positive end-expiratory pressure, and high minute
ventilation were initially proposed as part of the new defi-
nition of severe ARDS, analysis of patient data revealed
that they did not contribute additional predictive value to
ne P/F ratio, and these criteria were therefore discarded.

- The Berlin definition had a modestly improved predic-
tve value for mortality compared to the AECC defini-
ton (area under the receiver operating curve 0.58 vs

Carolyn S. Galfee, MD, MAS

University of California, San Francisco
Division of Pulmonary and Critical Care,
Departments of Medicine and Anesthesia
San Francisco, CA

0.54, p<0.001); however, as the authors emphasize, this
improvement is not likely to be clinically significant, and
the definition is not intended for use as a predictive tool.

5. The Berlin definition does not address classification of
patients with an ARDS-like clinical syndrome who are not
mechanically ventilated, which may limit its applicability
to early or incipient ARDS and to clinical and research
use in resource-limited settings.

HIGH-FREQUENCY OSCILLATORY VENTILATION

Ferguson ND, Cook DJ, Guyatt GH, Mehta S, Hand L, Austin
P. Zhou Q, Matte A, Walter SD, Lamontagne F, Granton JT,
Arabi YM, Arroliga AC, Stewart TE, Slutsky AS, Meade
MO; the OSCILLATE Trial Investigators and the Canadian
Critical Care Trials Group. High-Frequency Oscillation in
Early Acute Respiratory Distress Syndrome. N Eng/ J
Med. 2013 Jan 22. [Epub ahead of print]

Summary

High-frequency oscillatory ventilation (HFOV) is a mode of
mechanical ventilation that uses very small tidal volumes
of 1-2 cc/kg delivered at a relatively high mean airway
pressure and an extremely rapid rate (3-15 breaths/sec-
ond), with the goal of optimizing alveolar recruitment while
minimizing repetitive alveolar opening and closing. Several
small studies suggested that treatment of adult patients
with ARDS with HFOV might improve clinical outcomes;
however, many of these studies were conducted prior to
the era of lung-protective ventilation. The OSCILLATE trial
randomized patients with moderate or severe ARDS (P/F
ratio < 200 on an FiO2 of >0.5) within 72 hours of onset of
ARDS to either HFOV or a conventional ventilation group
(pressure control ventilation, tidal volume target 6 mi/kg,
plateau pressure < 35 cm water, relatively high levels of
PEEP). Both groups underwent a recruitment maneuver at
baseline. The trial was terminated on the recommendation
of the Data Safety Monitoring Committee after 548 patients
had been randomized. In-hospital mortality, the primary
outcome of the study, was 47% in the HFOV group,
compared with 35% in the control group (relative risk of
death with HFOV compared to control, 1.33; p=0.005).
There was no evidence that the treatment effect differed
in patients with more severe ARDS. Patients treated with
HFOV required vasopressors and neuromuscular blockade
more frequently than those in the control group; the HFOV
patients also required higher doses of midazolam.
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Young D, Lamb S, Shah S, Mackenzie |, Tunnicliffe W, Lall
R, Rowan K, Cuthbertson BH; the OSCAR Study Group.
High-Frequency Oscillation for Acute Respiratory
Distress Syndrome. N Eng/ J Med. 2013 Jan 22. [Epub
ahead of print]

Summary

Like the OSCILLATE trial, the OSCAR trial randomized
patients with moderate to severe ARDS to either HFOV or a
conventional ventilation strategy. Eligibility criteria included
a P/F ratio of < 200 on PEEP of > 5 cm water and the expec-
tation that the patient would require at least 2 more days
of mechanical ventilation. The study protocol encouraged
but did not mandate ventilation for patients in the control
arm with pressure controlled ventilation, using a goal tidal
volume of 6-8 ml/kg and conventional levels of PEEP. The
trial enrolled 795 patients (target sample size 802 patients).
Mortality at 30 days was 41.7% in the HFOV group and
41.1% in the conventional ventilation group (p=0.85). There
was no difference in ventilator-free days between the two
groups. As in the OSCILLATE trial, use of neuromuscular
blockade was more prevalent in the HFOV group; likewise,
there was a trend towards a longer duration of sedative
usage in the HFOV group (8.5 + 6.9 days in conventional
ventilation vs. 9.4 + 7.2 days in HFOV, p=0.07). In contrast
to the OSCILLATE trial, there was no significant difference
between the groups in the duration of usage of vasopres-
sors or inotropes. Other differences between the two stud-
ies included the use of a different mechanical ventilator and
slightly different protocols to deliver HFOV and the lack of a
recruitment maneuver in this trial. No subgroup analysis by
severity was reported.

Comments
1. Taken together, these two studies indicate that the rou-
tine use of HFOV in patients with moderate to severe
ARDS is not beneficial and may in fact be harmful.

. The negative effects of HFOV may be due to high
intra-thoracic pressures, which may have caused more
ventilator-associated lung injury and resulted in higher
vasopressor and/or fluid resuscitation requirements, and/
or the requirement for increased use of sedatives and
neuromuscular blockade.

3.The mean airway pressures in HFOV-treated patients
were generally higher in the OSCILLATE trial compared
to the OSCAR trial, as a result of the design of the venti-
lation protocols, which may partially explain some of the
differences in these two trials.

. The control arm in both trials was treated with a ventila-
tor strategy that differed in some ways from the protocol
initially proven effective in the landmark ARDS Network
low tidal volume study.

n

b=

ACUTE RESPIRATORY DISTRESS SYNDROME (ARDS)

LONG-TERM OUTCOMES

Needham DM, Colantuoni E, Mendez-Tellez PA, Dinglas
VD, Sevransky JE, Dennison Himmelfarb CR, Desai SV,
Shanholtz C, Brower RG, Pronovost PJ. Lung Protective
Mechanical Ventilation and Two Year Survival in Patients
with Acute Lung Injury: Prospective Cohort Study. BMJ.
2012 Apr 5;344:e2124.

Summary

Mortality in the months to years after hospital discharge
is high among critical care survivors, including among
patients with ARDS. Interventions that improve short-term
outcomes (e.g. 28-day survival) may not translate into
long-term survival benefit. This observational study of 485
ARDS patients (P/F ratio < 300) enrolled at four academic
centers between 2004-2007 determined the association
between ventilation with a low tidal volume strategy and
mortality at 2 years after ARDS onset. Ventilator settings
were captured twice per day for all patients. Only 41% of
ventilator settings were classified as “adherent to lung pro-
tective ventilation” (tidal volume < 6.5 mi/kg predicted body
weight, and plateau pressure < 30 cm water), and 37% of
patients had no ventilator settings compatible with low tidal
volume ventilation. Mortality at 2 years after ARDS onset
was 64% and was independently associated with age, co-
morbidities, number of organ failures, and fluid balance,
among other factors. After adjusting for other predictors of
survival, the risk of death over two years decreased by 3%
for each additional ventilator setting adherent to lung pro-
tective settings (p=0.002). The risk of two-year mortality for
patients ventilated with a mean tidal volume of > 8.5 ml/kg
was nearly double that of patients ventilated with a mean
tidal volume of < 6.5 ml/kg, adjusted for other predictors
(hazard ratio 1.97; 95% CI 1.23-3.16; p=0.004).

Comments

1. Despite widespread consensus that a lung protective
strategy is the optimal approach to ventilating patients
with ARDS, many patients with ARDS were not venti-
lated according to the low tidal volume protocol that was
demonstrated to be effective several years prior to this
observational study.

2. The survival benefit associated with lower tidal volumes

in this study appears durable; however, lung protective

ventilation in this study could also be a marker for other

quality process of care variables that influence patient

outcomes.

The study did not assess whether the survival benefit of

lower tidal volume ventilation accrues only during hospi-

talization or increases after discharge.

. More efforts to disseminate and facilitate implementation

of the findings of landmark clinical trials in critical care

are needed.

w
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ACUTE RESPIRATORY DISTRESS SYNDROME (ARDS)

MOUSE MODELS OF INFLAMMATORY DISEASE

Seok J, Warren HS, Cuenca AG et al. Genomic Responses
in Mouse Models Poorly Mimic Human Inflammatory
Diseases. Proc Nat Acad Sci 2013 Feb 11 [Epub ahead
of print]

Summary

Nhile many novel therapeutics have successfully treated
“RDS, sepsis, and other severe inflammatory conditions
~ mouse models, very few novel therapeutic agents have
<=monstrated success in human clinical trials of similar
-onditions. This provocative new study suggests that one
-zason for the negative results of so many clinical trials
< the lack of similarity between mouse models and the
~_man conditions they are trying to model. The authors
-ompared gene expression patterns in peripheral blood
= kocytes from patients with trauma, severe burns, or
=«perimental endotoxemia to those from the correspond-
~3 mouse models, using C57BL/6 mice. Gene expression
-nanges were extremely similar in humans with trauma
-ompared to humans with severe burns, and moder-
=-2ly similar in humans with experimental endotoxemia; in
-sntrast, gene expression changes were only marginally
-~rrelated between humans and mouse models for each
-sndition. This finding was consistent in both more global
ses of changes in gene expression and analysis of
: fic pathways. The authors also analyzed gene expres-
- 5~ data from publicly available datasets of patients with
-z0sis and/or ARDS and corresponding mouse models,

=n similar findings.

Comments
Tris article challenges one of the fundamental approach-
=s to identifying new therapies for severe inflammatory
<tates, including sepsis and ARDS, by suggesting that
~ouse models of these diseases may often be poor sub-
sttutes for the human conditions.
~ne study focused only on leukocyte gene expression
-nanges and did not address differences in protein prod-
_cts, gene expression in target organs, or other metrics
-f pathophysiologic similarity.

e sample size for human endotoxemia and for the
~ouse models of disease was small, and further replica-
- on will be needed.

_ Tris study underscores the need for additional experi-
~ental and clinical human studies designed to illuminate
-2 biology of severe inflammatory conditions, including
ARDS.

OTHER ARTICLES OF INTEREST

==n T. Weber-Carstens S, Goldmann A, Miiller T, Staudinger T,
=derlau J, Muellenbach R, Dembinski R, Graf BM, Wewalka
' onilipp A, Wernecke KD, Lubnow M, Slutsky AS. Lower Tidal
Jolume Strategy (=3 ml/kg) Combined with Extracorporeal
-0(2) Removal versus ‘Conventional’ Protective Ventilation

(6 mi/kg) in Severe ARDS : The Prospective Randomized
Xtravent-Study. Intensive Care Med. 2013 Jan 10. [Epub ahead
of print]

Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM,
Sevransky JE, Sprung CL, Douglas IS, Jaeschke R, Osborn T™M,
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Committee; Pediatric Subgroup. Surviving Sepsis Campaign:
International Guidelines for Management of Severe Sepsis
and Septic Shock. 2012, Crit Care Med. 2013 Feb;41(2):580-637.
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Duration in Patients Requiring Prolonged Mechanical
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