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Abstract

Acute kidney injury (AKI) is a common and serious
complication in critically ill patients. The mortality rate
remains high despite improved renal replacement tech-
niques. A possible cause of the high mortality rate is
that intensive care unit patients tend to be older and
more debilitated than before. Pathophysiological factors
associated with AKI are also implicated in the failure of
other organs, indicating that AKI is often part of a mul-
tiple organ failure syndrome. Until recently, there was
a lack of consensus as to the best definition, character-
ization, and evaluation of acute renal failure. This lack
of a standard definition has been a major impediment
to progress in clinical and basic research. The introduc-
tion of the risk, injury, failure, loss, and end-stage kid-
ney disease criteria and the modified version proposed
by the Acute Kidney Injury Network have increased the
conceptual understanding of AKI syndrome, and these
criteria have been successfully tested in clinical stud-
ies. This article reviews current findings concerning the
application of these criteria for assessing epidemiology
and predicting outcome in specific homogeneous criti-
cally ill patient groups.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Acute kidney injury (AKI) is well recognized for its im-
pact on intensive care unit (ICU) patient outcomes' ™, In
an international survey, more than 200 different defini-
tions of AKI were reported”. The numerous definitions
cause clinical confusion and complicate data compari-
son™. The risk of renal failure, injury to the kidney,
failure of kidney function, loss of kidney function, and
end-stage renal failure (RIFLE) criteria was published by
the Acute Dialysis Quality Initiative group in 2004, in an
attempt to standardize AKI research. Tt classified AKI
into three categories (risk, injury, and failure) according
to the status of serum creatinine (SCr) and urine output
(UO) (Table 1).

In 2007, the Acute Kidney Injury Network (AKIN)
group proposed a modified version of the RIFLE cri-
teria. In AKIN stage-1 (analogous to RIFLE-Risk), a
smaller change within 48 h in SCr of over 0.3 mg/dL (=
26.2 umol/L) was suggested as the threshold for AKI

April 4,2012 | Volume1 | Issue?2 |



(Table 1). Additionally, patients receiving renal replace-
ment therapy were re-classified as AKIN stage-3 (RIFLE-
Failure). Finally, the loss and end-stage kidney disease
categories were eliminated in the AKIN classification!”.

To date, the use of the consensus definitions of AKI
(RIFLE and AKIN) in the literature has increased sub-
stantially®. Both classifications have been proven to be
useful for diagnosing and classifying the severity of AKI
in critical patients. This study reviews their use and vali-
dation in specific diagnostic groups.

PATIENTS ON EXTRACORPOREAL
MEMBRANE OXYGENATION

Extracorporeal membrane oxygenation (ECMO) is ef-
fective in treating severe, reversible myocardial dysfunc-
tion (e.g., myocarditis, cardiomyopathy, or postoperative
cardiogenic shock) and for providing a bridge to another
treatment modality. AKI developing during ECMO is
associated with very poor outcome™" possibly due to ac-

cumulated extravascular fluid causing interstitial overload,
impaired oxygen transport through tissues, and subse-
quent organ dysfunction, particularly of the heart, lungs,
and brain" "%

Lin et al” retrospectively applied the RIFLE criteria to
evaluate forty-six critically ill patients treated by ECMO,
most of whom had postcardiotomy cardiogenic shock.
The RIFLE was determined only during the first day of
ECMO support. A progressive and significant increase in
mortality was associated with increasing RIFLE catego-
ries among all patients.

The authors further retrospectively reviewed the
medical records of seventy-eight critical ill patients on
ECMO support[m]. The RIFLE criteria classified 78.2%
of the patients as having AKI. Multivariate analysis indi-
cated that acute physiology, age, chronic health evaluation
(APACHE) IV and RIFLE classification had independent
prognostic significance.

Chen ef a/"” retrospectively evaluated the outcomes of
102 patients treated with ECMO and identified the rela-
tionship between prognosis and AKIN scores obtained at
pre-ECMO support (AKINO-h), and at 24 h (AKIN24-h)
and 48 h (AKIN48-h) post-ECMO support. The overall
mortality rate was 57.8%. The AKINO-h, AKIN24-h, and
AKIN48-h scoring systems also had excellent discrimi-
nation power according to analysis of areas under the
receiver operating characteristic curves (AUROC). Fur-
thermore, multiple logistic regression analysis indicated
that AKIN48-h, age, and Glasgow Coma Scale score on
the first day of ICU admission were independent risk fac-
tors for hospital mortality. During ECMO support, the
AKIN48-h scoring system proved to be a reproducible
evaluation tool with excellent prognostic abilities for these
patients.

CRITICALLY ILL CIRRHOTIC PATIENTS

A feature of liver cirrhosis is the disturbed systemic cit-
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culation characterized by marked arterial vasodilatation
occurring principally in the splanchnic circulation. These
disturbances may reduce total peripheral vascular resis-
tance and arterial pressure and cause a secondary increase
in cardiac output. These abnormalities can cause major
cirthotic complications such as severe liver damage with
jaundice, coagulopathy, hepatic encephalopathy, hepa-
torenal syndrome, hepatocardiac syndrome, and hepato-
pulmonary syndrome. Renal failure is the most clinically
relevant of these conditions as its appearance generally
indicates very poor prognosis' .

As demonstrated in a previous prospective study per-
formed by Jenq ez al'”, the predictors of RIFLE criteria
and sequential organ failure assessment (SOFA) score
were independently associated with hospital mortality
in 134 cirrhotic patients admitted to the ICU. Progres-
sive and significantly elevated mortality correlated with
increasing RIFLE criteria severity among all patients. The
RIFLE criteria classified 60.4% of ICU cirrhotic patients
with varying severity of AKI.

In order to identify specific predictors of hospital
mortality in critically ill cirrhotic patients with AKI,
Fang et al™ evaluated 111 critically ill cirrhotic patients
with AKI (RIFLE-R, I, or F) or a rise in SCr level over
1.5 mg/dL (132.6 umol/L) using prospectively collected
data. Mean arterial pressure (MAP), serum bilirubin, acute
respiratory failure, and sepsis on the first day in ICU were
significantly related to prognosis. The best Youden index
yielded cutoff points of 80 for MAP (in mmHg) and 80
for serum bilirubin (in pmol/L) (or 4.7 mg/dL), and indi-
cated acute respiratory failure and sepsis. A simple model
for mortality is developed on the basis of these four read-
ily available parameters on day 1 of ICU admission. The
new score (MBRS score: MAP + bilirubin + respiratory
failure + sepsis) displays an excellent AUROC (0.898 £
0.031, P < 0.001). The mortality rate exceeds 90% when
the MBRS score is 2 or higher.

Morteovert, Tu et al” prospectively evaluated 202 con-
secutive cirrhotic patients admitted to the ICU during a
2-year period and revealed AKIN, SOFA and the model
for end-stage liver disease (MELD) scotes showing good
discriminative power in predicting hospital mortality in
cirrhotic patients admitted to the ICU. The AKIN scor-
ing system proved to be a reproducible evaluation tool
with excellent prognostic abilities for these patients.

SEVERE SEPSIS AND SEPTIC SHOCK

The high incidence of sepsis and associated mortality risk
in ICU patients are constant concerns™", Sepsis is also a
well-known risk factor for AKI; 35%-50% of AKI cases
in ICUs are attributable to sepsisll&zz’m. Severe sepsis and
septic shock are defined according to modified the Amet-
ican College of Chest Physicians and Society of Critical
Care Medicine consensus criteria". Patients with proven
or suspected infection, two or more systemic inflamma-
tory response syndrome criteria and an infection-induced
organ dysfunction are classified as having severe sepsis.

April 4,2012 | Volume1 | Issue?2 |
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Table 1 Risk of renal failure, injury to the kidney, failure of kidney function, loss of kidney function, and end-stage renal failure

and Acute Kidney Injury Network classification schemes for acute kidney injury

GFR criteria

Urine output criteria

RIFLE (an acute rise in SCr over 7d)

UO < 0.5 mL/kg per hour x 6 h
UO < 0.5 mL/kg per hour x 12 h
UO < 0.3 mL/kg per hour x 24 h
or anuria x 12 h

Same as RIFLE

Risk Increase in SCr = 1.5 x baseline or decrease in GFR = 25%
Injury Increase in SCr = 2.0 x baseline or decrease in GFR = 50%
Failure Increase in SCr = 3.0 x baseline or SCr = 4.0 mg/dL (354 umol/L)
or decrease in GFR = 75%
Loss Complete loss of kidney function >4 wk
ESKD End stage renal disease (> 3 mo)
AKIN (an acute rise in SCr within 48 h)
Stage 1 Same as RIFLE-Risk plus increase in SCr = 0.3 mg/dL (= 26.4 umol/L)
Stage 2 Same as RIFLE-Injury
Stage 3 Same as RIFLE-Failure plus initiation of RRT

AKIN: Acute Kidney Injury Network; ESKD: End-stage kidney disease; GFR: Glomerular filtration rate rate; RIFLE: Risk of renal failure, injury to the
kidney, failure of kidney function, loss of kidney function, and end-stage renal failure; RRT: Renal replacement therapy; SCr: Serum creatitine; UO: Urine

output.

Septic shock is diagnosed when the systolic arterial blood
pressure remains < 90 mmHg or shows a reduction of
> 40 mmHg from baseline, despite adequate volume
resuscitation, in the absence of other causes for hypoten-
sion™.

Chen et ai*” studied a total of 121 sepsis patients
admitted to the ICU using prospectively collected data.
Mortality of these patients was significantly increased
as RIFLE score increased. Septic shock, RIFLE criteria,
and number of organ system failures on the first day of
ICU admission were independent predictors of hospital
mortality according to multiple logistic regression analy-
sis. The RIFLE criteria classified 56.2% of ICU septic
patients with varying severity of AKI. Excluding patients
who died within 6 mo, the percentage of AKI patients
who achieved full recovery of renal function was very
high (85%). Of the few studies reporting renal recovery
in AKI patients, most indicated that patients usually re-
cover adequate renal function””",

Although RIFLE classification was independently
predictive of mortality, the leading causes of death asso-
ciated with AKI were non-renal complications, typically
those related to multi-organ dysfunction. During septic
shock, global tissue hypoxia caused by imbalance between
systemic oxygen delivery and oxygen demand resulted
in renal tubular necrosis, multiple organ failure, and in-

creased mortality™.

ACUTE RESPIRATORY DISTRESS
SYNDROME

Acute respiratory distress syndrome (ARDS) is common-
ly diagnosed in ICUs and is frequently associated with
AKI. The clinical definition of ARDS is the acute onset
of bilateral pulmonary infiltrates, a ratio of arterial partial
pressure of oxygen (PaO2) to fraction of inspired oxygen
(FiO2) of =< 200 mmHg, and pulmonary artery occlusion
pressure < 18 mmHg or no evidence of left atrial hy-
pertensionml. Numerous risk factors, such as pneumonia,

K

TR
Raishideng®

WJCCM | www.wjgnet.com

42

sepsis, and aspiration, are associated with ARDS onset.
Although recent reports reveal improving mortality rates
in ARDS patients”””", morbidity and mortality are still
high.

Using retrospectively collected data, Lin ez al’ eatlier
reported that a maximum RIFLE (RIFLEmax) score on
ICU days 1 and 3 and on the day of open lung biopsy
(OLB) improves the accuracy of outcome prediction in
ARDS patients undergoing OLB. To compare the pre-
dictive value of outcome scoring systems (APACHE 1V,
earlier APACHE models, SOFA, RIFLE criteria, Acute
Lung Injury score) the authors further retrospectively
abstracted data from the medical records of 135 critically
ill ARDS patients””. Overall mortality rate was 65%. For-
ward conditional logistic regression identified APACHE
1V, alveolar-arterial O2 tension difference, age, sepsis, and
RIFLEmax score on ICU days 1 and 3 to be independent
predictors of hospital mortality. The APACHE IV score
and RIFLEmax score were predictors of hospital mortal-
ity in ARDS patients, with APACHE 1V demonstrating
good prognostic accuracy.

The ARDS patient group represented a population
with a high risk of AKI. Clearly, significant crosstalk oc-
curs between the lung and other organs. Ischemia/repet-
fusion injury to the kidney increases pulmonary vascular
permeability™*, Furthermore, ventilator-associated lung
injury causes AKI in animal models™. Regarding the ef-
fect of ARDS on the kidney, mechanical ventilation can
induce acute tubular necrosis leading to AKI®, 1In ad-
dition, the harmful effects of mechanical ventilation are
exacerbated by comorbidities. Renal blood flow is further
compromised by a reduced cardiac output, resulting from
a high intrathoracic pressure. Moreover, the impact of
biotrauma is not limited to the lungs and may cause a
systemic inflammatory reaction. Sepsis may increase the
severity of these effects. This series of events probably
reflects a multifactorial process that can eventually cause
AKI.

Of note, intra-abdominal pressure (IAP) has recently
been included in the consensus statement as the possible

April 4,2012 | Volume1 | Issue?2 |



missing link explaining deterioration of renal function
in critically ill patients[38’39]. IAP is an independent risk
factor for AKI development and may also explain the
cardiorenal syndrome™ ™. Dalfino ez a/* put IAP into
relation with RIFLE criteria by showing intra-abdominal
hypertension to be an independent predictive factor of
acute renal failure, defined as failure class of RIFLE cri-

. [4546
terla[ : ].

COMPARISON OF AKIN AND RIFLE

CRITERIA IN GENERAL ICU

The few studies”* that have compared the AKIN and
RIFLE criteria have revealed no substantial differences.
Chang et al® retrospectively investigated 291 critically ill
patients and compared performance of the RIFLE and
AKIN criteria for diagnosing and classifying AKI and for
predicting hospital mortality. Overall mortality rate was
60.8%. Increased mortality was progressive and signifi-
cant based on the severity of AKIN and RIFLE criteria.
The AKIN and RIFLE scoring systems displayed good
AUROC (0.720 + 0.030, P = 0.001; 0.738 £ 0.030, P =
0.001, respectively). Compared with RIFLE criteria, this
study indicated that the AKIN classification does not im-
prove the sensitivity and accuracy of outcome prediction
in critically ill patients.

REVIEW OF CLINICAL LITERATURE ON
AKI AS DEFINED BY THE RIFLE AND
AKIN CRITERIA

Ricci ez al™ published a systematic review of 24 studies.
The majority of the studies looked at patients in general
or specialized ICU. Most studies were retrospective in de-
sign, and used only the creatinine/GFR ctitetion. In only
12% of the analyzed population were the creatinine and
UO criteria used together. The analysis of pooled data
showed a stepwise increase in relative risk for death with
increasing AKI severity (Risk, 2.40; Injury, 4.15; Failure,
6.37, with respect to non-AKI patients) b,

Generally speaking, studies that have used the AKIN
criteria rather than the RIFLE criteria did not seem to
show any improvement in the sensitivity, robustness and
predictive ability in the definition and classification of
AKI™. The RIFLE and AKIN criteria can detect AKI
with high sensitivity and high specificity and describe
different severity levels that aim to predict the prognosis
of affected patients. They are easy to use in a variety of
clinical and research settings, but have several limitations.
Both utilize an increase in SCr level from a hypothetical
baseline value and a decrease in UQ, but these surrogate
markers of renal impairment manifest relatively late after
injury has occurred and do not consider the nature or site
of the kidney injury. New biomarkers such as neutrophil
gelatinase-associated lipocalin, interleukin-18, kidney in-
jury molecule-1 and cystatin C have shown promise for
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early diagnosis and prediction of the prognosis of AKI.
As more data become available, they could be incorpo-
rated into improved definitions or criteria for AKI in the

futqu[SLSﬂ

CONCLUSION

The RIFLE and AKIN criteria have increased the con-
ceptual understanding of AKI syndrome. They have
been successfully tested in clinical studies and used to
predict the prognosis of critical patients with AKI. Com-
pared with RIFLE criteria, AKIN criteria do not improve
the sensitivity and ability to predict outcome in critically
ill patients according to present data.
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Cardiac arrest is a major cause of unexpected death in
developed countries, and patients with cardiac arrest
generally have a poor prognosis. Despite the use of
conventional cardiopulmonary resuscitation (CPR), few INTRODUCTION
patients could achieve return of spontaneous circula-
tion (ROSC). Even if ROSC was achieved, some patients
showed re-arrest and many survivors were unable to
fully resume their former lifestyles because of severe
neurological deficits. Safar et a/ reported the effective-
ness of emergency cardiopulmonary bypass in an ani- )
mal model and discussed the possibility of employing methods were rediscovered rathe.r than developed from
cardiopulmonary bypass as a CPR method. Because of scrs.itch %&]d were used for resuscitation of ca?dmc arrest
progress in medical engineering, the system of veno- patients” . However, few patients could achieve return
arterial extracorporeal membrane oxygenation (ECMO)  ©f spontaneous circulation (ROSC) with conventional
became small and portable, and it became easy to cardiopulmonary resuscitation (CPR). Moreover, despite
perform circulatory support in cardiac arrest or shock  achicving ROSC, some patients showed re-arrest and
patients. Extracorporeal cardiopulmonary resuscitation ~ many survivors wete unable to fully resume their former
(ECPR) has been reported to be superior to conven- lifestyles because of severe neurological deficits.
tional CPR in in-hospital cardiac arrest patients. Veno- Pretto et al” and Safar ef al” reported the effectiveness
arterial ECMO is generally performed in emergency  of emergency cardiopulmonary bypass for CPR in an
settings and it can be used to perform ECPR in patients ~ animal model, and discussed the possibility of employ-
with out-of-hospital cardiac arrest. Although there is no  ing cardiopulmonary bypass as a CPR method. However,
sufficient evidence to support the efficacy of ECPR in the system used for extracorporeal assist circulation was
patients with out-of-hospital cardiac arrest, encourag- cumbersome and not easily available; therefore, it was
ing results have been obtained in small case series. only used for experimental methods. Recent progress

Cardiac arrest is a major cause of unexpected death in
developed countries, and patients with cardiac arrest gen-
erally have a poor prognosis“’zl. In 1960, artificial ventila-
tion (mouth-to-mouth), chest compression, and electrical
defibrillation were integrated into clinical practice. These
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in medical engineering has enabled the development of
centrifugal pumps, membrane oxygenators, and thin wall
cannulae, which provide easy percutaneous cannulation
of the femoral artery and vein. Therefore the cardio-
pulmonary bypass system has now become small and
portable and circulatory support can be easily provided
to cardiac arrest or shock patients. In 1983, Phillips e# al”
performed extracorporeal cardiopulmonary resuscitation
(ECPR) using a system comprising thin wall cannulae that
enable percutaneous cannulation and a centrifugal pump
in 5 patients, of whom 3 patients survived. In 1989, the
International Resuscitation Research Center began clinical
studies and reported favorable results: 40 of 187 patients
(21%) survived”. Veno-arterial extracorporeal membrane
oxygenation (ECMO), also known as percutaneous cat-
diopulmonary bypass, emergency cardiopulmonary by-
pass, portable cardiopulmonary bypass, or percutaneous
cardiopulmonary support, provide rapid temporal circula-
tory assistance to patients with shock or cardiac arrest.
Martin ez al” reported that percutaneous cardiopulmonary
bypass could be initiated in emergency department. Veno-
arterial ECMO 1is performed in emergency departments
and can be used for performing ECPR in patients with
out-of-hospital cardiac arrest” ", Recently, Chen ¢z a/'*"
reported that ECPR is superior to conventional CPR in
in-hospital cardiac arrest patients. Although there is no
sufficient evidence to support the efficacy of ECPR in
out-of-hospital cardiac arrest patients, encouraging results
have been obtained in small case series ™'Y, The recently
published CPR guidelines recommend ECPR for patients
with limited catdiac arrest that may be caused by acciden-
tal hypothermia or drug toxicity! ™', Further studies are
necessary to assess the efficacy and feasibility of ECPR in
out-of-hospital cardiac arrest patients.

ECMO SYSTEMS

The ECMO system comprises a centrifugal pump, a
membrane oxygenator, a heat exchanger, and bypass
cannulae (Figure 1A). A membrane oxygenator oxygen-
ates the blood. To rapidly establish circulatory support,
the system should be portable. The centrifugal pump
for ECMO is small compared with that used in cardio-
pulmonary bypass for cardiovascular surgery. The veno-
arterial ECMO circuit extends from the cannula (inserted
from the femoral vein) in the right atrium to the femoral
artery and facilitates artificial blood circulation. Arfitifical
oxygenation ziz an oxygenator is necessary, because pul-
monary blood circulation is bypassed.

Both roller and centrifugal pumps are used in cardio-
pulmonary bypass, while only the centrifugal pump is used
in veno-arterial ECMO. The roller pump is simple and
blood flow is proportional to the number of rounds. The
roller pump creates aspiration pressure strong enough to
cause haemolysis or air aspiration if the amount of blood
aspirated by the venous cannula is insufficient.

The venous blood aspirated by the venous cannula
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from the right atrium was oxygenated and returned to the
femoral artery in veno-arterial ECMO.

Percutaneous cannulation petformed by the widely
known Seldinger technique facilitates initiation of veno-
arterial ECMO. Arterial cannulae measuring 15-17 French
and venous cannulae measuring 17-19 French are usu-
ally used. The centrifugal pump pressure is lost largely in
these cannulae. If the cannulae are not sufficiently large,
haemolysis tends to be severe.

INCLUSION CRITERIA FOR ECPR

Because ECPR is expensive and requires substantial man-
power, ECPR cannot be performed for all cardiac arrest
patients. Furthermore, the inclusion criteria for ECPR
differ in each institution. For example, ECPR has low-
grade recommendation in the resuscitation guidelines.
The inclusion criteria of ECPR in our hospital are as fol-
lows: age of 18-74 years, ventricular fibrillation on elec-
trocardiography during CPR, estimated interval of less
than 15 min from the patient’s collapse to initiation of re-
suscitation, presumed cardiac origin or pulmonary embo-
lism as the cause of the arrest, and ROSC not achievable
within 20 min of conventional CPR by medical person-
nel. Patients were excluded if they had a terminal illness
preceding the arrest and acute aortic dissection with peri-
cardial effusion observed on echocardiography“oj.

ECPR PROCEDURES

The ECPR procedure may be different in each institution
because of the use of different software and hardware.
The following is the ECPR procedure in Hiroshima City
Asa Hospital. The cardiologists and medical engineers
there have been trained to set up the ECMO systems
within 10 min in all cases. In cases of out-of-hospital car-
diac arrest, the physician who receives the telephone call
from the out-of-hospital emergency medical personnel
evaluates the indication for ECPR and its appropriateness
for the patient. The cardiology team prepares for ad-
vanced cardiac life support, alerts the catheter laboratory,
and prepatres the ECMO system before patient arrival. If
ECPR is considered appropriate for an out-of-hospital
cardiac arrest patient who had not achieved ROSC on
arrival to the hospital, advanced cardiac life support is
continued according to the guidelines. If ROSC could not
be achieved after a second dose of epinephrine, the pa-
tient is administered continuous chest compressions and
transferred to the catheter laboratory. The femoral vein
and artery are percutaneously cannulated to achieve extra-
corporeal circulation, and circulatory support is initiated
in the catheter laboratory. A similar system of transfer to
the catheter laboratory is used to establish ECMO for in-
hospital cardiac arrest patients if advanced cardiac life
support fails. After following these protocols, emergency
coronaty angiography, percutaneous coronary interven-
tion (PCI), emergency pulmonary angiography, IABP, pul-
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Figure 1 Scheme and picture of the extracorporeal membrane oxygenation system. A: Scheme; B: Picture.

monary angiography and/or placement of a pulmonary
artery catheter were performed if necessary, and patients
are transferred from the catheter laboratory to the coro-
nary care unit for further intensive care (Figure 1B). Com-
puted tomography is performed during patient transfer
from the catheter laboratory to the coronary care unit. In
haemodynamically stable comatose patients treated with
ECMO, TABP and/or drugs, mild hypothermia is induced
by rapid injection of cold saline, surface cooling, using
a heat exchanger attached to the ECMO citcuit, and/or
direct blood cooling by a coil attached to a citcuit for
continuous haemodiafiltration" """, The ECMO circuit
is usually primed with cold saline and the heat exchanger
can rapidly induced the target temperature of 32-34 C in
cardiac arrest patients.

SUBSEQUENT THERAPEUTIC
INTERVENTIONS

Chest compression can be ceased after veno-arterial
ECMO and pump flow are deemed appropriate. Veno-
arterial ECMO allows minimum brain and coronary flow.
However, it only provides circulatory support and cannot
treat the cause of cardiac arrest: the different causes of
cardiac arrest, such as acute coronary syndrome, pulmo-
nary embolism, accidental hypothermia, drug intoxica-
tion, and electrolytes disordet, require separate attention.
As described above, primary PCI for acute myocardial
infarction improves the clinical outcomes. Hence, emer-
gency coronary angiography should be performed in car-
diac arrest patients without any obvious external cause of
cardiac arrest'”.

Therapeutic hypothermia can improve the clinical
outcome in out-of-hospital cardiac arrest patients with
ventricular fibrillation, and a similar efficacy is anticipated
in in-hospital cardiac arrest patients and cardiac arrest pa-
tients whose initial recorded rhythm was non-shockable.
Before the initiation of ECMO, rapid injection of cold
saline may be feasible and effective™", The ECMO cit-
cuit should therefore be primed with cold saline. After
the initiation of ECMO, a heat exchanger can rapidly in-
duce mild hypothermia.
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WEANING FROM ECMO

If cardiac function shows improvement, pump flow
should be decreased to reduce the left ventricular after-
load and risk of haemolysis. If pump flow is decreased
to 1.5 L/min and left ventricular ejection time is more
than 200 msec, weaning from ECMO should be consid-
ered. After additional heparin is administered, the circuit
should be clamped for 10 min, and vital signs such as
heart rate, blood pressure, pulmonary artery pressure, ox-
ygen saturation, and presence of lethal arrhythmia should
be observed. If the above parameters appear abnormal,
the circuit should be declamped and circulatory support
should be immediately restarted. If the above parameters
are within the tolerance levels and there is no lethal ar-
rhythmia, the patient can be weaned from ECMO. The
cannulae can be removed surgically or by manual com-
pression. Although surgical removal is safe and reliable,
we stop bleeding by manual compression without a low
incidence of hematoma because the cannulae became
thinner compared to previously used cannulae. If the
patient develop refractory shock again after the surgical
removal of cannulae, ECMO should be restarted. Re-
cannulation may present some difficulty for patients with
severe peripheral artery disease.

FUTURE DIRECTIONS
The feasibility and efficacy of ECPR for in-hospital car-

diac arrest patients have been reportedmj. However, the
feasibility, safety, efficacy, and cost-effectiveness of ECPR
for out-of-hospital cardiac arrest patients remain unclear.
Further studies are necessary to assess these factors.
The rate of favorable recovery remains low in refractory
cardiac arrest patients despite being treated with ECPR.
Therefore, other novel ideas, methods, or procedures are
necessary to enable cardiac arrest patients to resume their
former lifestyles.
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Abstract

To review possible mechanisms and therapeutics for
acute lung injury (ALI) and acute respiratory distress
syndrome (ARDS). ALI/ARDS causes high mortality.
The risk factors include head injury, intracranial dis-
orders, sepsis, infections and others. Investigations
have indicated the detrimental role of nitric oxide (NO)
through the inducible NO synthase (iNOS). The possible
therapeutic regimen includes extracorporeal membrane
oxygenation, prone position, fluid and hemodynamic
management and permissive hypercapnic acidosis efc.
Other pharmacological treatments are anti-inflamma-
tory and/or antimicrobial agents, inhalation of NO, glu-
cocorticoids, surfactant therapy and agents facilitating
lung water resolution and ion transports. B-adrenergic
agonists are able to accelerate lung fluid and ion re-
moval and to stimulate surfactant secretion. In con-
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scious rats, regular exercise training alleviates the
endotoxin-induced ALI. Propofol and N-acetylcysteine
exert protective effect on the ALI induced by endotoxin.
Insulin possesses anti-inflammatory effect. Pentobarbi-
tal is capable of reducing the endotoxin-induced ALI. In
addition, nicotinamide or niacinamide abrogates the ALI
caused by ischemia/reperfusion or endotoxemia. This
review includes historical retrospective of ALI/ARDS,
the neurogenic pulmonary edema due to head injury,
the detrimental role of NO, the risk factors, and the
possible pathogenetic mechanisms as well as therapeu-
tic regimen for ALI/ARDS.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Acute respiratory distress syndrome (ARDS), the most
devastating form of acute lung injury (ALI), is a serious
clinical disorder with high mortality (30%-60%)". The
risk factors for ARDS include septicemia, acid aspiration,
infection, traumatic injury, fat embolism, ischemia/re-
perfusion”™, and other causes”"”. Our cardiopulmonary
laboratory has carried out experimental studies and clini-
cal investigations on ALI and ARDS since 1973P121418,
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The purposes of this review article are: (1) to describe in
brief the historical retrospective of ARDS and ALIL (2)
to draw attention to an important clinical issue of neu-
rogenic ALI; (3) to present the experimental studies and
clinical_investigations from our laboratory from 1973 to
2008; (4) to elucidate the functional role of nitric oxide
(NO) and other mediators involved in the pathogenesis
of ARDS/ALI; (5) To define the risk factors for ARDS
and ALI; and (0) to discuss the pathogenetic mechanisms
and therapeutic regimen for ARDS/ALL

HISTORICAL RETROSPECTIVE OF
PULMONARY EDEMA, ACUTE LUNG
INJURY AND ACUTE RESPIRATORY

DISTRESS SYNDROME

In 1967, Ashbaugh and colleagues first described 12
adults with respiratory distress syndrome including cya-

nosis, reduced lung compliance, and diffuse infiltrates
evident on chest radiographm]. The initial term of this
disorder was “adult respiratory distress syndrome”™”.,
This entity is now termed “ARDS”, since it does occur in
children?. Early reports used “pulmonary edema (PE)”
because the edematous lesions in the lungs[z‘%’m. ARDS is

. . .. 1,3,28-30
now recognized as an important clinical problem[ 1

NEUROGENIC PULMONARY EDEMA-A
DRAMATIC PE OR ALI FOLLOWING
HEAD INJURY

Cushing” investigated the changes in arterial pressure
(AP), heart rate (HR) and respiration in response to an
increased intracranial pressure in anesthetized dogs. The

Cushingm’m responses including systemic hypertension,
bradycardia and irregular respiration (dyspnea and ap-
nea) have been used as signs of intracranial hypertension
(ICH). Later studies have elucidated and described the
hemodynamic consequences and cardiovascular compli-
cations of ICH"*". Tn anesthetized dogs, we employed
total heart bypass and found that ICH resulted in con-
striction of the systemic and pulmonary resistance and
capacitance vessels™. Spectral analysis of the aortic pres-
sure and flow revealed that ICH caused hemodynamic
changes of the steady and pulsatile components. ICH not
only increased the AP and total peripheral resistance, but
also elevated the arterial impedance, pulse wave reflection
and ventricular work with a reduction in arterial compli-
ance". Evaluation of the HR variability indicated that
ICH was associated with augmented sympathetic and
attenuated parasympathetic drive™. The most serious
cardiopulmonary sequelae is fatal PE associated with hy-
P Weissman ez al*” in 1939 presented
a comprehensive survey in patients with intracranial hem-

pertensive crisis

orrhage. He reported that various degrees of lung edema
and congestion were found in 70% of 686 cases with
intracranial hemorrhage. Mild lung congestion was found
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Figure 1 The gross inspection of the lung following cerebral compression
in anesthetized rats. The normal lung in a rat without cerebral compression
appears pink color and small size (left); Severe pulmonary edema and hemor-
rhage occur after cerebral compression. The lung is swollen and dark red in
color (right).

in only 2% of 200 control cases without intracranial le-
sions. In this report, he also mentioned that Moutier in
1918 was indeed the first to notice severe lung edema in
a patient after gunshot injury to the head. In addition, he
noted that Hess in 1934 reported several cases of PE in
patients with brain tumor, epilepsy and lesions in medul-
la. Richards ez ai™ in 1963 reported fatal PE in 46 cases
of 88 patients with brain injury. The most severe cases
were found in patients with brain stem distortion, hemot-
rhage and infarction. Subsequent clinical observations”*""
confirmed the occurrence of severe PE in patients with
intracranial disorders. Jourdan e# al™ revealed that acute
PE could dramatically complicate brain injury in four
child cases. Today, this serious clinical problem has been
overlooked by most clinicians because: (1) Attention on
the brain problem always supercedes the lung condition;
and (2) The dramatic, fulminating and fatal outcomes of-
ten result in sudden death before any emergent interven-
tion"!.

Experimental evidence of pulmonary hypertension
followed by edema formation due to ICH was demon-
strated in guinea pigs and dogs[24’43]. Similar observations
were described in other animal species including rabbits,
monkeys and chimpanzees” ***, These studies mainly
confirmed that PE could be induced in animals follow-
ing ICH. Little information was provided with respect
to the pathogenetic mechanisms of the neurogenic PE.
In 1973, we began our extensive studies on the neural
and hemodynamic mechanisms of neurogenic PE in
anesthetized rats. A rapid mass impact into the cranium
or distension of a balloon installed intracranially caused
systemic hypertension. Subsequently, the insult produced
severe pulmonary changes in 3-5 min after cerebral com-
pression (CC). The lungs showed dark-red discoloration,
and were swollen and globular in appearance. This was
evidence of gross hemorrhage. The lung weight (LW)
was increased 3 to 4-fold the normal value (Figure 1). On
microscopic examination, the normal configuration of
alveolar structure was obscured. There were air spaces
filled with red blood cells and exudate. The petivascular
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Figure 2 Schematical representation of the neural and hemodynamic
mechanisms involved in the pulmonary edema and hemorrhage following
cerebral compression. The hypothalamic “pulmonary edemagenic center’
and vagal pathway are not important. Activation of the medullary sympathetic
mechanism causes vasoconsriction of the systemic resistance and capacitance
vessels, resulting in blood shift from the systemic to pulmonary circulation. A
dramatic decrease in the left ventricular output produces pulmonary volume
loading. Subsequently, puimonary arterial and venous hypertension ensue, and
finally, severe lung edema and hemorrhage.

space was distended. Electron-microscopic examination
revealed marked stretching of the capillary endothelial
cells. Disruption of the entire capillary wall with leakage
of red cells from the vessel lumen to the interstitium was
observed. In comparison with the other animal studies,
our findings presented the most drastic lung changes in
terms of rapid onset and severity*'?. With respect to the
central nervous system that is responsible for the pulmo-
nary sequelae following CC, activation of a “hypothalamic
PE genetic center” has been implicated to be involved in
the centrogenic PE™. In our early studies'*"”, we found
that a midcollicular decerebration did not affect the cen-
trogenic PE, suggesting that neural structures above the
medulla oblongata were not involved in the genesis of
CC-induced PE. Later studies demonstrated that sympa-
thetic overactivation leading to systemic vasoconstriction
was the major culprit for PE of centrogenic origin. Com-
plicated hemodynamic measurements and heart bypass
design were employed to elucidate the hemodynamic
events. Relevant studies revealed that ICH caused vaso-
constriction of resistance and capacitance vessels in the
systemic and pulmonary circulation. Shift of blood from
the systemic vascular beds to the lung was the major
cause of pressure and volume loading in the pulmonary
circulation™*” (Figure 2). The hemodynamic alterations
have elaborated the classic Cushing”"* responses includ-
ing systemic hypertension, bradycardia and intermittent
apnea.

In support of the blood volume shift from the sys-
temic to pulmonary circulation, we used a scintiphoto-
graphic method to demonstrate increased lung blood vol-
ume™. The scintiphotographic study was performed by
intravenous injection of a specific isotope, indium-113m.
The radioactive isotope forms a large molecular complex
with plasma transferrin and is evenly distributed inside
the circulatory system. The lungs normally showed little
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Figure 3 The isolated perfused lung in situ preparation. A roller pump pro-
vides constant flow. The pulmonary arterial pressure (PAP) and venous pres-
sure (PVP) are monitored by pressure transducers. The change in body weight
is determined by a balance platform. The increase in body weight reflects the
lung weight gain.

radioactivity. After CC, an increased radioactivity in the
lung was evident, indicating blood accumulation in the
pulmonary circulation. Regional sympathectomy demon-
strated that the splanchnic beds were the major site of
vasoconstriction. Direct sympathetic vasoconstriction in
the pulmonary circulation only contributed in part to the
centrogenic PEM,

EXPERIMENTAL STUDIES AND CLINICAL
INVESTIGATIONS ON ALI/ARDS IN OUR
LABORATORY

In the early 1990s, our laboratory collaborated with clini-
cians in the Chest Medicine, Tti-Service General Hospital,
Taipei, Taiwan. Many basic and clinical investigators were
trained in the laboratory to study on the mechanisms
of PE, ALI and ARDS caused by various challenges
and disorders, such as phorbol myristate acetate (PMA),
platelets, air embolism, ischemia/reperfusion and other
challenges. We developed an isolated rat’s lung model that
was perfused with constant flow and left i» sitn (Figure 3).
The lungs were not needed to remove from the body. In
the prepatration, the LW to body weight ratio, LW gain,
microvascular permeability, protein concentration in bron-
choalveolar lavage, tracer dye leakage, pulmonary arterial
and venous pressure and pulmonary vascular resistance
could be measured or calculated. Furthermore, biochemi-
cal factors and inflammatory cytokines were determined.
We have used this preparation in many studies for more
than 20 years™™'""",

In these studies, isolated lung preparation was used
alone or in combination with the whole rodent model.
The main findings were that cyclooxygenase products of
arachidonic acid such as thromboxane Azwas involved
in the ALI and pulmonary hypertension caused by PMA,
air embolism and platelets” ?. Furthermore, we found
that L-arginine and inhaled NO enhanced the lung injury
caused by air embolism, while blockade of NO synthase
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(NOS) with N*-nitro-L-arginine methyl ester (L-NAME)
attenuated the ALI". The results suggest that NO is det-
rimental to the lung in air embolism.

Hypoxia-induced pulmonary vasoconstriction has
been a well-known physiological phenomenon. The
physiological significance is that capillary blood flow to
hypoxic alveoli can be reduced, and the blood flow is
thus diverted to oxygenated alveoli. It has been specu-
lated that inadequate NO formation is responsible for
the increased vascular tone, pulmonary vasoconstriction
and hypertension"””. This contention was challenged by
a study in our 7 situ lung preparation[‘w. A detector probe
for NO was placed in the pulmonary vein and lung tissue
in isolated perfused rat’s lungs. Real-time NO monitoring
revealed that NO release was increased accompanied by
pulmonary arterial hypertension following ventilatory hy-
poxia. Pretreatment with L-arginine potentiated the NO
release and reduced the pulmonary hypertension, while
L-NAME produced the opposite effects. These findings
suggest that continuous NO release from the lung main-
tains pulmonary arterial pressure (PAP) and that insuffi-
cient NO formation is not the cause of hypoxia-induced
pulmonary hypertension. In this connection, studies from
our laboratory!™™ also contest the early consensus that
impairment of endothelial function and NO formation is
the cause of hypertension due to reduction of the vaso-
dilatory effect of NO""™,

Recent experimental studies have investigated the
role of NO, free radicals and proinflammatory cytokines
in the endotoxin-induced pathophysiological and bio-
chemical changes and the associated ALI. Septicemia
or endotoxin shock is one of the major causes of death
in the United States and other countries”* ™. Activation
of inducible NO synthase (iNOS) to produce a large
amount of NO accounts for the systemic hypotension,
hyperreactiveness to vasoconstrictors and finally multiple
organ failure in endotoxin shock!”™. We found that
administration of endotoxin [lipopolysaccharide (LPS)]
induced ALI with increases in NO, iNOS, tumor necrosis
factor-o. (TNF-q) and interleukin-13 (IL-1p). The find-
ings suggest that NO/iNOS and proinflammatory cyto-
kines are involved in the sepsis-induced AL,

Our research team used the isolated perfused lung
model to reveal that the lung was the major source of
NO production following endotoxemia®™!. NO produc-
tion mediated by the iNOS system, is toxic to the endo-
thelium in the pulmonary microvasculature in isolated
perfused lungs subjected to ischemia/ reperfusionm. Ad-
ministration of red blood cells and hemoglobin into the
isolated lung as well as static inflation attenuated the ALI
following hypoxia or ischemia/ reperfusion{q’sﬂ.

We have recently advanced our studies on clinical are-
na®'"**" In patients with Japanese B encephalitis, viral de-
struction of the depressor area in the medulla oblongata
causes central sympathetic activation, whereas rupture of
intracranial mycotic aneurysms results in increased intra-
cranial pressure. The hemodynamic mechanism of ALI
or ARDS in these two disorders may operate through the
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similar sequences as proposed by our previous reports,
which related to the ALI caused by ICH"*", We also
revealed ARDS in cases of lymphangitis in breast carci-
noma and fat embolism. Blockade of lymphatics, capillar-
ies, and venules in breast cancer with lymphangitis caused
ALIL In cases of ALI associated with fat embolism, we
found that ALI could not be solely attributed to fatty
embolic blockade of venous and lymphatic drainage. Sev-
eral mediators, such as cyclic guanosine monophosphate,
5-hydroxytryptamine (serotonin), NO and cytokines
might play a contributing role. Kao and coworkers stud-
ied 8 patients who died of fat embolism syndrome (FES)
with ARDS"". Together with the previous report of 6
cases™, we had the largest group (a total of 14 patients)
of autopsy cases with FES and ARDS. These cases were
admitted because of long bone fracture (fracture of
tibia, femur, combined fracture and fracture of multiple
pelvic bones). The chest radiograph revealed clear lung
on admission. Subjects developed signs of respiratory
distress and progressive loss of consciousness. Chest
X-ray showed lung infiltration. Gross inspection revealed
diffuse petechial rashes over the skin. Systemic hypoten-
sion and bradycardia ensued. Tachypnea, cyanosis, and
cardiac arrest developed. Arterial blood pH and PaO2
were decreased, whereas an increase in PaCO2 was ob-
served. Despite intensive care and treatment, the patients
expired within 3 h after the crush injury. Before death,
measurement of PAP disclosed a high PAP. Biochemical
determination further indicates that NO, methyl guani-
dine (an indicator of hydroxyl radicals), phospholipase A2
are involved in the ARDS due to FES.

During the summers from 2001-2003, we encoun-
tered a total of 48 children suffering from hand, foot,
and mouth discasc™. Chest radiography on admission
revealed clear lung. However, 21 of these children devel-
oped severe dyspnea, hyperglycemia, leukocytosis, and
decreased blood oxygen tension. AP and HR fluctuation
ensued. Spectral analysis of the AP and HR variabilities
showed elevations in sympathetic activity at the onset
of respiratory stress. Thereafter, parasympathetic drive
increased with declines in AP and HR. These children
died within 4 h after the onset of ARDS. Before death,
chest radiography revealed severe lung infiltration. Similar
to Japanese B encephalitis, destruction of the medul-
lary depressor area caused initial sympathetic activation.
Reverse-transcriptase polymerase chain reaction (RT-
PCR) found marked iNOS mRNA expression in the lung
parenchyma, suggesting iNOS may also be involved in
the pathogenesis of ARDS in patients with enterovirus
71 infection.

Furthermore, we have reported ARDS in patients
with leptospirosisw. In leptospirosis-induced ARDS,
histochemical stain demonstrated spirochaetes bacteria
in the alveolar space. The pathology included alveolar
hemorrhage, myocarditis, portal inflammation and inter-
stitial nephritis. Antigen retrieval immunohistochemical
stain disclosed iNOS expression in the alveolar type 1
cells, myocardium, hepatocytes and renal tubules. Spectral
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analysis of AP and HR vatiabilities indicated decreased
sympathetic drive with increased parasympathetic activity.
The changes in autonomic functions led to severe hy-
potension and bradycardia. Biochemical determinations
suggested multiple organ damage. The pathogenesis of
lung and organ injury might also involve iNOS and NO
R subjects with scrub typhus, Orientia
tsutsugamushi infection caused alveolar injury. Marked

production

INOS expression was found in the alveolar macrophages
with increase in plasma nitrate/nitrite, suggesting that
NO production from the alveolar macrophages accounts
for the ALI™. The victim from rabies was a woman bit-
ten by a wild dog. In addition to sign of hydrophobia, hy-
poxia, hypercapnia, hyperglycemia and increased plasma
nitrate/nitrite were observed. The woman died of alveo-
lar hemorrhage shortly after admission™. Recently, we
encountered five cases with long-term malignancy. These
subjects displayed signs of respiratory distress following
an episode of hypercalcemia. Two cases died of ARDS
after the plasma calcium was increased above 6 mmol/L
(unpublished data). Holmes e# al™, reported a case who
died of ARDS following a hypercalcemia crisis caused
by a parathyroid adenoma. We conducted animal experi-
ments in whole rodent and isolated perfused rat’s lungs.
Our results indicated that hypercalcemia (calcium con-
centration > 5 mmol/L) caused severe ALI in conscious
rats and isolated lungs. Immunohistochemical staining
showed iINOS activity in the alveolar macrophages and
epithelial cells. RT-PCR found marked increase in iNOS
mRNA expression in lung parenchyma. Hypercalcemia
also increased plasma nitrate/nitrite, methyl guanidine,
proinflammatory cytokines and procalcitonin. Pretreat-
ment with calcitonin or L-N° (1-iminoethyl)-lysine (L-Nil,
an iINOS inhibitor) attenuated the hypercalcemia-induced
changes. We proposed that hypercalcemia produced a
sepsis-like syndrome. The ALI caused by hypercalcemia
may involve NO and iNOS™!,

THE DETRIMENTAL ROLE iNOS-
GENERATED NO IN ALI/ARDS

The aforementioned animal studies and clinical observa-
tions indicated that NO production through the iNOS
may be involved in the lung injury due to various causes.

Our research team demonstrated that endotoxemia pro-
duced in anesthetized rats by intravenous administration
of LPS (endotoxin) provoked systemic hypotension,
endothelial damage and ALI accompanied by increased
plasma nitrate/nitrite and expression of iNOS mRNA,
TNF-a and IL-1f. The LPS-induced changes were abol-
ished by nonspecific and iNOS-specific iNOS) inhibitors
such as N*-monomethyl-L-arginine, L-NAME, amino-
guanine and dexamethasone”™. This study suggested
that NO/iNOS, TNF-¢ and IL-1B were involved in the
endotoxemia-induced ALI. Generation of NO by the
activated neutrophil caused alveolar injury from smoke
inhalation®®. Many laboratories using specific iNOS in-
hibitors and/or INOS-knockout animals have supported
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the contention that NO/iNOS is responsible for the
oxidative stress and endothelial damage in the ARDS/
ALI caused by endotoxin, ozone exposure, carrageenan
treatment, acute hypoxia, bleomycin administration, acid
aspiration and other challengesm’w%l. Our laboratory
further provided evidence to suggest that the NO/iINOS
system is involved in the pathogenesis of ALI caused by
air embolism!", fat embolism"*”""", ischemia/reperfu-
sion” oleic acid”, and PMA™". In these recent studies,
various insults caused increase in nitrate/nitrite in plasma
or lung perfusate, upregulation of iNOS mRNA in lung
parenchyma accompanied with elevation of proinflam-
matory cytokines such as TNF-q, IL-1 and IL-6. Lin
et al"" have suggested that an increase in iNOS mRNA
triggers the release of proinflammatory cytokines in sep-
tic and conscious rats. The inflammatory responses re-
sults in multiple organ damage including ALI. Inhibition
of iINOS with S-methylisothiourea or L—NG—(iminoethyl)—
lysine (I.-Nil) attenuated the inflammatory changes, re-
lease of NO and cytokines, thereby preventing the organ
dysfunction and ALI",

RISK FACTORS AND PATHOGENETIC
MECHANISMS

In animal experimentations and clinical investigations, the
tisk factors causing ALI/ARDS include head injury, IC

14,15,23,25.27,39,42,47 - [7,13,56,58,63,64,68,87,89,92,94,102 :
H' ! sis! | and infec-

. Pulmonary embolic disorders such as fat
10,52,71,80,103,104]

. . 1
and air embolism are less common causes' .

. [4-8,13,30,80-83
tions

Ischemia/reperfusion lung injury may develop as a con-
sequence of several pulmonary disorders such as pulmo-
nary artery thromboendarterectomy, thrombolysis after
pulmonary embolism and lung transplantation[g’m’67’105'107‘.
Gastric aspiration occurs frequently in surgical patients
under anesthesia and other causes such as blunt tho-
racic trauma, impaired glottis competency, and preg-
nancy"™""", Tt is one of the major causes of ARDS"™,
Intratracheal instillation of hydrochloric acid or gastric
particles has been employed as experimental model of
ALI"™ M 10 addition, amphetamine and oleic acid
have been employed for the induction of AL,
PMA (12-O-tetradecanoyl-phorbol-13-acetate), an es-
ter derivative from croton oil has been used to induce
AL Experiments 7z vivo and in vitro have dem-
onstrated that PMA is a strong neutrophil activator' ",
Activation and recruitment of neutrophils that lead to re-
lease of neutrophil elastase and other mediators may play
an initial role in the pathogenesis of AL,

The oleic acid-induced ALI has several clinical im-
plications. First, the blood level of oleic acid was signifi-
cantly elevated in patients with ARDS"™ Second, the
proportion of oleic acid incorporated into surfactant
phospholipids was also increased in patients with ARDS
and sepsis“27’128]. These observations suggest that serum
level of oleic acid may be a predictor or prognostic fac-
tor for ARDS!" %', Early study focused on the potential

toxic effects of high oxygen fractions on inspired air!™,
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Ventilator-induced ALI was attributed to the deleterious
effects on capillary stress due to alveolar overdistension.
Cyclic opening and closing of atelectatic alveoli during
mechanical ventilation might exacerbate lung injury by
damaging alveoli. Recent evidence indicated that overdis-
tension coupled with repeated collapse and reopening of
alveoli initiated an inflammatory cascade of proinflam-
matory cytokines release!**"*"",

In spite of the risk factors and causes, the patho-
physiology of ARDS/ALI is generally considered to be
initiated by formation of alveolar edema (even hemor-
rhage) that is enriched with protein, inflammatory cells or
red blood cells. After damage of alveolar-capillary barrier,
impairment of gas exchange occurs, with decrease in lung
compliance and increases in dispersion of ventilation and
perfusion and intrapulmonary shunt. Hypoxia, reduc-
tion in arterial oxygen pressure to fraction of oxygen in
inspired air (PaO2/FiOz), and hypercapnia ensued despite
ventilation with high oxygen“’3’28’30’l3zj. In addition to the
potential toxic effects of NO and free radicals, certain
chemokines, cytokines, neutrophil elastase, myeloperoxi-
dase and malondialdehyde have been shown to be asso-
ciated with several types of ARDS/ ALTO#2A35] pp o
balance between proinflaimmatory and anti-inflammatory
mediators is regulated by transcriptional factors mainly
nuclear factor-kB™. Pulmonary fluid clearance and ion
transport are important factors to determine the extent
of lung edema. Regulator factors include cystic fibrosis
transmembrane conductance regulators, sodium- and
potassium-activated adenosine triphophatase, protein ki-
nases, aclenylate cyclase, and cyclic adenosine monophos-
phatep’81’137’138].

POSSIBLE THERAPEUTIC REGIMEN

The treatment of ARDS/ALI is difficult and complex.
Several review articles and monographs have addressed
the issue of possible therapeutic regimen. The modalities
include extracorporeal membrane oxygenation, prone
position, mechanical ventilation with appropriate tidal
volume and respiratory pressure, fluid and hemody-

namic management and permissive hypetcapnic acido-
5 H219-150]

Other pharmacological treatments are anti-inflamma-
tory and/or antimicrobial agents to control infection and
to abrogate sepsis, adequate nutrition, surfactant therapy,
inhalation of NO and vasodilators, glucocorticoids and
nonsteroid anti-inflammatory drugs, and agents that ac-
celerate lung water resolution and ion transports'™>" ",
Although most animal studies on these pharmacological
options showed favorable results, the effectiveness and
outcomes in clinical studies or trials were conﬂicting[l’lz’zzl.

[-adrenergic agnoists to facilitate water removal and
ion transport have been shown to be promising. These
agents may also stimulate secretion of surfactant and
have no serious side effects. There were several reports
on the pharmacological and molecular actions of 3 ago-
nists, surfactant, vascular endothelial growth factor and
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related molecules as well as angiotensin-converting en-
[155,156]
zyme .

NONPHARMACOLOGICAL AND
PHARMACOLOGICAL TREATMENTS FOR
ALI AND ARDS FROM RECENT STUDIES
IN OUR LABORATORY

In addition to the experimental studies and clinical in-
vestigations on the pathogenesis of ALI/ARDS, out
laboratory has carried out several experimentations on the

therapeutic regimen for this serious disorder. In conscious
rats, regular exercise training attenuates septic responses
such as systemic hypotension, increases in plasma nitrate/
nitrite, methyl guanidine, blood urea nitrogen, creatinine,
amylase, lipase, asparate aminotransferase, alanine amino-
transferase, creatine phosphokinase, lactic dehydrogenase,
TNF-q, and IL-1B. Exercise training also abrogates the
cardiac, hepatic and pulmonary injuries caused by endo-
toxemia®. Insulin exerts anti-inflammatory effects on
the ALI and associated biochemical changes following
intravenous administration of LPS'™. Propofol (2, 6-di-
isopropylphenol) has been commonly used for sedation
in critically ill patientsﬂm. This anesthetic has rapid onset,
short duration and rapid elimination'”™". Propofol protects
the anesthetized rats from ALI caused by endotoxin'™. In
conscious rats, oleic acid results in sepsis-like responses
including ALIL, inflammatory reactions and increased in
neutrophil-derived factors (neutrophil elastase, myeloper-
oxidase and malondialdehyde), nitrate/nittite, methyl gua-
nidine, and inflammatory cytokines. It depresses the sodi-
um-and potassium-activated ATPase, but upregulates the
INOS mRNA expression. Pretreatment and posttreatment
with propofol alleviates or reverses the oleic acid-induced
lung pathology and associated biochemical changesw()l.
Pentobarbital, an anesthetic agent commonly used in
experimental studies and a hyponotics for patients. This
agent improves the pulmonary and other organ functions
following LPS administration. It also increases the sur-
vival rate®. A later study by Yang e al"™ further revealed
that pentobarbital suppressed the expression of TNF-q,
which might result from decrease in the activities of
nuclear factor-kB and activator protein 1 and reduction
in expression of P38 mitogen-activated protein kinase.
In vivo examination of cytotoxic effects of LPS disclosed
that LPS caused multiple organ dysfunctions. These
changes were attenuated by pentobarbital. Pentobarbital
also reduced the cell aptosis caused by deforoxamine-
induced hypoxia. Nicotinamide or niacinamide (com-
pound of soluble B complex) abrogates the ALI caused
by ischemic/reperfusion or endotoxin by mechanism
through inhibition on poly (ADP-ribose) synthase and
subsequent suppression of iNOS. NO, free radicals and
proinflammatory cytokines with restoration of adenosine
triphosphate'”"”
cytoprotective agent with scavenging action on reactive

1 N-acetylcysteine, an antioxidant and

oxygen species and inhibitory effects on proinflammatory
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cytokines ameliorated organ dysfunctions due to sepsis
in conscious rats"™"", In a similar endotoxin-induced
ALI model, we found that N-acetylcysteine improved
the LPS-induced systemic hypotension and leukocytope-
nia. It also reduced the extent of ALI as evidenced by
reductions in LW changes, exhaled NO and lung pathol-
ogy. In addition, N-acetylcysteine diminished the LPS-
induced increases in nitrate/nitrite, TNF-q, and IL—lB[“].
In isolated lungs, N-acetylcysteine attenuated the ALI
caused by PMA™. In a most recent study, we reported
that posttreatment with N-acetylcysteine prevented the
ALI caused by fat embolism™. Collectively, the results
of our studies favored N-acetylcysteine as a therapeutic
agent for ALI/ARDS. The conflicting results and prac-
tice guidelines from clinical studies in the recommenda-
tion of N-acetylcysteine in critically ill patients' '™ were
commented and analyzed by Molnar"®. The clinical
adaptation of results from animal studies requires further
investigations.

CONCLUSION

ARDS or ALI is a serious clinical problem with high
mortality. The tisk factors leading to ALI/ARDS include
head injury, intracranial disorders, sepsis and infections.
Pulmonary embolic disorders such as fat and air em-
bolism are less common causes. Ischemia/reperfusion
lung injury may develop as a consequence of several pul-

monary disorders such as lung transplantation. Gastric
aspiration occurs frequently in several conditions such as
anesthesia, trauma and pregnancy. The ventilator-induced
ALI has been attributed to the deleterious effects on
capillary stress due to alveolar overdistension. In experi-
mental studies, PMA and oleic acid have been employed
to induce ALL

The pathogenesis of ALI/ARDS is complex. Expeti-
mental studies and clinical investigations from our and
other laboratories have indicated the detrimental role of
NO through the iNOS. Activation and recruitment of
neutrophils that lead to release of neutrophil elastase,
myeloperoxidase, malondialdehyde and proinflammatory
cytokines may play an initial role in the pathogenesis of
ALI/ARDS.

The possible therapeutic regimen for ALI/ARDS
include extracorporeal membrane oxygenation, prone
position, fluid and hemodynamic management and per-
missive hypercapnic acidosis ez. Other pharmacological
treatments are anti-inflammatory and/or antimicrobial
agents, inhalation of NO, glucocorticoids, surfactant
therapy and agents that facilitate lung water resolution
and ion transports. Adrenergic 3 agonists are able to
accelerate lung fluid and ion removal and to stimulate
surfactant secretion. There are reports on the actions of
vascular endothelial growth factor and related molecules
as well as angiotensin-converting enzyme.

Our laboratory has reported experimental studies
on the effectiveness of several regimen for ALI/ARDS.
In conscious rats, regular exercise training alleviates the
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endotoxin-induced ALI Propofol and N-acetylcysteine
exert protective effect on the ALI caused by endotoxin,
oleic acid and PMA. We have also provided evidence that
insulin possesses anti-inflammatory effect. Pentobarbital
is capable of reducing the endotoxin-induced ALI and
associated changes. In addition, nicotinamide or niacina-
mide (soluble B complex) abrogates the ALI caused by
ischemia/reperfusion or endotoxemia. These nonphat-
macological and pharmacological therapeutic strategies
require further investigations for clinical application.
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put onto our website accepted manuscripts. Authors should follow
the relevant guidelines for the care and use of laboratory animals
of their institution or national animal welfare committee. For the
sake of transpatency in regard to the performance and reporting of
clinical trials, we endorse the policy of the ICMJE to refuse to pub-
lish papers on clinical trial results if the trial was not recorded in a
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored
by the United States National Library of Medicine and we encour-
age all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified. A
letter of recommendation from each authot’s organization should
be provided with the contributed article to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, photo-
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained dur-
ing mailing,

Online submissions

Manuscripts should be submitted through the Online Submission
System at: http://www.wignet.com/esps/. Authors are highly rec-
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encountering problems with the Online Submission System may
send an email describing the problem to wjicem@wijgnet.com, ot by
telephone: +86-10-85381891. If you submit your manusctipt on-
line, do not make a postal contribution. Repeated online submission
for the same manusctipt is strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must be
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
gins. Style should conform to our house format. Required informa-
tion for each of the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words should be
provided.

Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete
name of institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of Pathology, Chengde
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George
Sgourakis, Department of General, Visceral, and Transplantation
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical
Department, Korgialenio-Benakio Red Cross Hospital, Athens
15451, Greece

Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L. contributed equally
to this work; Wang CL, Liang I, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang I and Fu JF wrote the paper.

Supportive foundations: The complete name and number of sup-
portive foundations should be provided, e.g. Supported by National
Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title, af-
filiation, the complete name of institution, city, postcode, province,
country, and email. All the letters in the email should be in lower
case. A space interval should be inserted between country name and
email address. For example, Montgomery Bissell, MD, Professor of
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of California, Box 0538, San Francisco, CA 94143, United States.
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381891 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
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acknowledged in each manuscript, and reviewers of articles which
were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in IWJCCM, review-
ers of accepted manuscripts will be announced by publishing the
name, title/position and institution of the reviewer in the footnote
accompanying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shang-
hai, Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong
University, Shanghai, China; Professor Xin-Wei Han, Department
of Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract

There are unstructured abstracts (no less than 256 words) and
structured abstracts (no less than 480). The specific requirements
for structured abstracts ate as follows:

An informative, structured abstracts of no less than 480 words
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no
more than 20 words): Only the purpose should be included. Please
write the aim as the form of “To investigate/study/...; MATERI-
ALS AND METHODS (no less than 140 words); RESULTS (no
less than 294 words): You should present P values where appropri-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g. 6.92 + 3.86 »s 3.61 = 1.67, P < 0.001; CONCLUSION (no
more than 26 words).

Key words
Please list 5-10 key wotds, selected mainly from Index Medicus, which
reflect the content of the study.

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both. The main text format of these sections, editorial,
topic highlight, case report, letters to the editors, can be found at:
http:/ /www.wignet.com/2220-3141/g_info_20100725072755.htm.

1llustrations

Figures should be numbered as 1, 2, 3, ex., and mentioned cleatly
in the main text. Provide a brief title for each figure on a sepa-
rate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wijgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1 Pathological changes in atrophic gastritis after treat-
ment. A: ..;B: . Gy D s Bl Fr o Ge e It is our principle
to publish high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, ¢#., and mentioned
cleatly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any

April 4,2012 | Volume1 | Issue?2 |



Instructions to authors

footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. *P <
0.05,°P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other seties of P values, ‘P < 0.05 and ‘P < 0.01 are used.
A third series of Pvalues can be expressed as “P < 0.05 and ‘P < 0.01.
Other notes in tables or under illustrations should be expressed as
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numerals) in the upper left corner. In a multi-curve illustration, each
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