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Abstract

Recent advances in the detection of acute kidney injury
(AKI) afford the possibility of early intervention. Pro-
teomics and genomics have identified many markers of
tubular cell injury, some of which are manifest in the
urine. One trial has used novel injury biomarkers to
recruit patients to an intervention prior to an elevation
in plasma creatinine. This trial and other recent stud-
ies have shown that the use of biomarkers of injury
will depend on the time the patient presents following
insult to the kidney, the likely cause of that insult, and
the pre-injury renal function of that patient. The defi-
nition of AKI is likely to change in the near future to
include a measure of injury. We anticipate novel thera-
pies becoming available following successful trials that
utilize the methodology of early intervention following
an elevated injury biomarker.
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INTRODUCTION

Critical care medicine has responded impressively over
the last few decades to the challenges of acute lung
injury, cardiac arrest, and sepsis, but not so well to the
challenge of acute kidney injury (AKI). Recent consen-
sus definitions have helped establish the incidence to be
about 35% to 70% in the intensive care unit (ICU)", yet
other than renal replacement therapy (RRT) there are no
established treatments.

AKI has several etiologies including renal ischemia,
nephrotoxic injury, and AKI complicating sepsis, which
complicate detection and treatment. Almost inevitably
diagnosis is only at the late stages of the disease, or ret-
rospectively. This is because of the reliance on serum
creatinine as a marker of glomerular filtration rate (GFR).

Creatinine is formed from creatine in the muscles, at
a constant rate, and with a molecular weight of 113 Da is
freely filtered at the glomerulus. When kidney function is
normal the rate of production of creatinine is matched
by the rate of renal excretion. If GFR decreases, plasma
creatinine slowly increases to a new steady state con-

June 4, 2012 | Volume1 | Issue 3 |
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centration that reflects the new GFR. At normal GFR
the half-life of creatinine is about 4 h. This increases as
GFR decreases, thus only after 24-72 h (3 to 5 half lives
with lower GFR) will a new steady state concentration be
reached. The current consensus definition of AKI [risk,
injury, failure, loss, end-stage (RIFLE) [31]’ of AKI requires
at least a 50% increase in plasma creatinine. This results
from at least a 33.3% rapid decline in GFR". The delay
in a measurable increase in plasma creatinine is further
exacerbated by accuracy of plasma creatinine measure-
ments; nephrologists typically look for changes of at least
10% before accepting these. Additionally, the practice of
fluid administration in the ICU dilutes creatinine concen-
tration®. Figure 1 illustrates a delayed increase in plasma
creatinine following a decrease in GFR (estimated by a 4-h
creatinine clearance) of a patient from the EARLYARF
trial®.

Inevitably, delayed diagnosis means delayed treatment.
In the case of AKI the clinician’s options are limited.
They may minimize harm by withdrawing nephrotoxins,
and may attempt to replace or increase circulating volume
by fluid-loading, or, in worst case, initiate RRT. Recent
evidence suggests that fluid-loading (rather than a neutral
fluid-balance) may be detrimental rather than suppottive,
potentially reducing options further. Delayed diagnosis
may also contribute to the failure of many interventions
that were promising under experimental conditions in
animals'.

Recent advances in proteomics and genomics have
breathed new life into the quest for successful treatment
of AKI. The search for specific and sensitive injury bio-
markers has become a global focus of the nephrology
and critical care communities. The paradigm is quite sim-
ple; following insult to the kidney a molecule is released
into the urine or plasma where it is detected and treat-
ment initiated before, or soon after a decrease in GFR.
There has been considerable success in identifying can-
didate biomarkers”'?. In this review we explore whether
these new biomarkers will supplant or merely support
creatinine in the ICU.

The patient undergoes an immediate decline in GFR
(4-h-creatinine clearance; open circles) of 38% in 24 h.
The increase in plasma creatinine (closed circles) is not
detectable until 48 h and peaks as a 46% increase only at
72 h. The subsequent decline in plasma creatinine sug-
gestive of recovery is also delayed compared with the
increase in creatinine clearance 24 h eatlier. Error bars are
t+ 10% indicating measurement uncertainty (Figure 1).

THE EARLY INTERVENTION PARADIGM

The EARLYARF study was the first trial to employ kid-
ney injury biomarkers of AKI to recruit patients to the
intervention arm of a randomized control trial of a novel
intervention”, Described as a “glimpse of the future”!™’
this trial illustrates the challenges faced by this new para-
digm.

On entry to the ICU, at 12, 24 h, and then daily for 7 d

>
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Figure 1 Delayed diagnosis. ICU: Intensive care unit.

the urine of at risk patients were monitored for elevated
concentrations of the brush border enzymes alkaline
phosphatase (AP) and y-glutamyl-transpeptidase (GGT).
These biomarkers were chosen on the basis of a pilot
study which had shown them to be highly sensitive and
specific for AKI" and because they could be measured
in a hospital diagnostic lab with rapid turnaround. Since
the inception of the EARLYARF trial in 2005 a number
of other biomarkers, discussed below, have proven to
hold out greater promise as eatly injury biomarkers, some
of which have now entered commercial production and
could be used for future early intervention trials. AP and
GGT were normalized to urinary creatinine concentra-
tion to account for variation in water reabsorption and,
in order to avoid false positives, the product GGT X AP
> 46.3 was used to recruit patients to an intervention of
either two doses of high dose erythropoietin (500 U/kg)
or placebo (normal saline) 24 h apart. Erythropoietin
was chosen for its anti-apoptotic property and follow-
ing success in animal studies in ischaemic/repurfusion
injury"*". The primary outcome was the difference in
the mean relative average value of creatinine (RAVC) of
the two groups. The RAVC is the average plasma creati-
nine increase from baseline as a percentage of baseline
creatinine"”. The difference in the mean RAVC between
control and treatment groups is more sensitive to small
differences in renal function than a categorical marker
such as RIFLE"*"",

Lessons on use of early biomarkers

The EARLYARF trial did not show Erythropoietin to be
an effective early intervention in AKI, however, it did not
preclude this possibility. This is because of the limited
utility shown by GGT X AP as a recruitment tool. Whilst
GGT x AP > 46.3 did select patients with more severe
illness and at greater risk of AKI, needing RRT, and
death from the general ICU population there was still a
considerable risk of AKI in those not triaged. Analysis
of the time profile of GGT X AP taken from a putative
time of insult (determined retrospectively) showed that
GGT X AP is most likely to be elevated in the first 12 h
following insult. For many patients entering the ICU the
putative time of insult was more than 12 h earlier, par-

June 4, 2012 | Volume1 | Issue 3 |



ticularly in the case of progressive diseases such as sepsis.
An analysis of the timing of the first dose of the study
drug showed that it was administered a median 12.9 h
following putative insult, outside the experimentally de-
termined optimal treatment window of within 6 h of in-
jury for erythropoietin'. Thus, the first lesson is that in-
jury biomatkers have a temporal window of opportunity
following injury in which they are diagnostic. If the time
from insult is unknown a negative biomarker is not nec-
essarily indicative of no-injury or no change in function.
Given the relative short duration of elevation of some of
these biomarkers the second lesson is that repeated mea-
sures of biomarkers about 3-6 h apart will be necessary
to avoid false negatives by missing the temporal window
of opportunity.

In addition to AP and GGT four other urinaty in-
jury biomarkers were measured, namely: kidney injury
molecule-1, neutrophil-gelatinase-associated-lipocalin
(NGAL), interleukin-18 and cystatin C (CysC). Each
demonstrated a unique temporal proﬁle“g]. Furthermore,
as had been demonstrated with NGAL"", the diagnostic
performance was shown to depend on the underlying
baseline (normal) renal function. Optimal diagnostic abil-
ity for each biomarker depended on the combination of
both time from insult and pre-injury renal function. For
example, CysC was diagnostic of AKI when measured 6
to 12 h from insult in those with estimated baseline GFR
(eGFR) of 90 to 120 mL/min with an area under the
receiver operator curve, AUC, of 0.89 (95% CI: 0.70-1),
but was not diagnostic of those with lower eGFR during
the same time period. The third lesson is that biomark-
ers must be chosen according to each patient’s pre-injury
renal function.

There have been a proliferation of studies identifying
potential AKI biomarkers in addition to those already
described, including liver-fatty acid binding proteinm, al-
bumin®, netrin® (123
and [32—rnicroglobulinp4]. There are several recent reviews

, o- and m-glutathione-S-transferase

which cover the potential of several biomarkers to be
early markers of AKI and describe their pathophysiol-
ogy[ﬂ’u’zs’zﬂ. The most studied of biomarkers is plasma
and urinary NGAL. A meta-analysis of 19 clinical studies
involving more than 2500 patients resulted in an overall
AUC of 0.82 (0.73-0.89) for diagnosis of AKI. The AUC
in critically ill patients was lower, 0.73 (0.62-0.83)". The
AUC for prediction of RRT was 0.78 (0.65-0.92). This
performance is good without being spectacular, however,
as the authors report, it is similar to the AUC range for
troponin detection of myocardial infraction during its
clinical implementation.

AKI injury biomarkers have been assessed almost ex-
clusively on the basis of their ability to detect or predict a
rise in plasma creatinine. This injury-function method is
potentially misleading. It assumes that a change in func-
tion that results in an observable change in plasma cre-
atinine is more important than an increase in injury bio-
markers per-se. This remains to be seen. The subcategory
of biomarker positive/creatinine negative patients has
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received scant attention. Only one study has addressed
this directly. Haase e# 2/ analysed plasma and urinary
NGAL data from 10 studies and concluded that NGAL-
positive/creatinine-negative patients were more likely to
require RRT, more likely to die in hospital and had longer
lengths of ICU and hospital stay than NGAL-negative/
creatinine-negative patients. This illustrates the potential
for an injury biomarker to stand alone from creatinine as
a marker of AKI. In this study patients with both an el-
evated NGAL and elevated creatinine were more likely to
require RRT or die in hospital than those with only bio-
marker elevated. The fourth lesson is that future diagno-
sis will involve biomatkers of both injury and function.
Before this goal can be realized appropriate cutpoints for
the various AKI injury biomarkers must be determined.

Injury biomarkers may loosely be classified as pre-
formed, such as brush border-enzymes AP and GGT, or
induced (upregulated) through some injury mechanism,
such as KIM-1 from tubular epithelial cells during the
process of dedifferentiation and re—proliferation[zg’j’o].
Biomarkers pre-formed in the plasma (e.g., CysC and
albumin) or absorbed into the plasma following tubu-
lar injury (e.g,, NGAL) may also be present in the urine
due to failure of the tubular transport mechanisms to
reabsorb them from the tubular fluid™". Potentially, an
improved understanding of disease pathways may lead to
utilization of biomarkers according to suspected cause of
injury rather than the one biomarker fits all approach of
the EARLYAREF trial. The recent work of the Predictive
Safety Testing Consortium on pre-clinical nephrotoxic
biomarkers is revealing in this respect, as not all biomark-
ers responded to all nephrotoxins. For example, urinary
CysC and P2-microglobulin were elevated for Purco-
mycin and Doxorubin but not Cisplatin or Gentamicin
whereas Clusterin was elevated for all these toxins™. The
fifth lesson is that a panel of biomarkers that respond to
the range of possible different AKI causes of patients
entering intensive care will be required to capture all
cases.

We have argued that the removal of a change in GFR
(leaving only a change in the surrogate plasma creatinine)
from the AKIN consensus definition of AKI was a mis-
take”¥. Short duration creatinine clearance potentially
provides an earlier indicator of GFR than plasma creati-
nine (Figure 1) and new technologies are under develop-
ment which may lead to a direct, near real-time, measure
of GFR. We have reviewed these recently™. For exam-
ple, a device attached to a patient’s arm, the ambulatory
renal monitor (ARM) measures the decay of *™Te-DTPA
for up to 24 h following a single injection. A change in
GFR could be detected within 5-10 min”>. A second
technique involves two fluorescent markers, one cleared
by the kidney and one not. The ratio between these
markers when observed with imaging of blood vessels
in the skin of rats provided a measure of GFRP™. The
sixth lesson is that rapid measures of GIFR may provide
an adjunct to injury biomarkers for the early detection of

AKI.
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Table 1 Possible future modes of diagnosing acute kidney injury

AKI diagnosis Timing Staging Examples

Injury biomarkers Within 0-12 h of injury and Cutpoints of concentrations Urinary NGAL, cystain C, IL-18, KIM-1,
every 3to6 h GGT, L-FABP, Plasma NGAL

Functional measurements Any time following injury Change from a baseline 4 h creatinine clearance, ARM urine output

Surrogates of function 12 hto 7 d post injury Change from a baseline Plasma creatinine, plasma cystatin C

NGAL: Neutrophil-gelatinase-associated-lipocalin; IL-18: Interleukin-18; KIM-1: Kidney injury molecule-1; GGT: y-glutamyl-transpeptidase; L-FABP: Liver-
fatty acid binding protein; ARM: Ambulatory renal monitor; AKI: Acute kidney injury.

Estimate
baseline GFR

Patient entry to
ED or ICU

Estimate time
from insult

Estimate possible
cause of AKI

Select
biomarker
panel

Measure

More than 12 h
from insult?

Is a biomarker
elevated?

‘ Initiate treatment ‘

Monitor function and
for further injury

%7

%

Initiate RRT,
or recovery,

or death

Figure 2 Potential algorithm for utilizing an acute kidney injury injury biomarker on arrival in the emergency or intensive care unit. ICU: Intensive care unit;
RRT: Renal replacement therapy; GFR: Glomerular filtration rate; AKI: Acute kidney injury.

Plasma CysC has been proposed as an alternative sur-
rogate of GFR to plasma creatinine. CysC is a low molec-
ular weight protein, 13.3 kDa, produced at a constant rate
and freely filtered through the glomerulus[39]. Unlike cre-
atinine it is reabsorbed in the proximal tubule by megalin-
facilitated endocytosis[31]. CysC has one-third the volume
of distribution of creatinine meaning that any loss of
renal function will be reflected by a more rapid rise in
plasma CysC than plasma creatinine. Herget-Rosenthal
et al*” first demonstrated the potential of plasma CysC
in the ICU. In a group of 44 patients the mean time to
an increase of 50% in CysC was 1.5 * 0.6 d eatlier than
the mean time to an increase of 50% in creatinine. In the
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larger EARLYAREF trial the difference in time for each
individual was calculated resulting in a mean difference
of 5.8 + 13 h™*. While these differences appear mod-
est, sampling was still 12 to 24 h apart and investigations
with more frequent measurement will determine if CysC
may detect loss of GFR on shorter time scales. Because
it is likely to respond to changes in GFR more quickly
than creatinine, sampling of CysC is likely to need to be
more frequent to observe these changes. CysC also has
the advantage that it is less influenced by muscle mass
(and hence, sex and age) than plasma creatinine, however
it is influenced by thyroid dysfunction, some cancers

L 2 .
and glucocort1c01ds[ ) The assumption of a constant
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production rate of CysC has yet to be investigated in the
critically ill. Any switch to CysC would involve considet-
able expense, partly because of the more complex assay
methods and also because to be effective it would need
to become widely measured outside of the ICU as well.
The final lesson is that plasma CysC has the potential to
supplant creatinine as a surrogate measure of renal func-
tion, although there is insufficient evidence to justify the
expenditure of replacing creatinine.

FUTURE PERSPECTIVE

AKI will be diagnosed using multiple definitions incor-
porating injury biomarkers, functional measurement, and
surrogates of function (Table 1). The earliest diagnosis
will be by either an elevated injury biomarker or a change
in a functional measure of GFR. Injury biomarkers will
be measured on arrival in an emergency department of
ICU. One elevated biomarker (e.g., 2 times above the
normal upper limit"*”) may be sufficient to diagnose AKI.
However, the absence of an elevated injury biomarker
would not exclude the possibility of AKI because of the
possibility that the time between the injury and the mea-
surement is outside of the window of opportunity for
that biomarker. As with the use of troponins to monitor
for myocardial infarction, repeated measurements of
AKI injury biomarkers a few hours apart will be neces-
sary. A measurement of function, either through a brief
creatinine clearance, possible now, or a device such as the
ARM monitor in the future, may be used to aid diagnosis.
However, definitive diagnosis will only be possible if a
baseline GFR has been measured (e.g., ptior to surgery)
or can be estimated with reasonable accuracy. For many
critically ill patients the value of monitoring function will
be as an ecarly indication of hospital acquired AKI and
will continue to be important for deciding when to initi-
ate RRT. Urine output will continue to be used, although
recent evidence suggests that it is often associated with
physiological changes other than AKTH, Surrogate mark-
ers of function, particularly creatinine, which are the
current primary tool for diagnosing AKI will still have a
place, but because they are a very much later diagnosis
their value will be limited to when the window for the
particular injury biomarkers has been missed, and when
the first plasma surrogate measurement is within the
normal range. Increases in the plasma surrogate would
suggest an earlier loss of function. Figure 2 is a possible
algorithm for implementation of injury biomarker of

AKI in the ICU.

CONCLUSION

Novel injury biomarkers will soon be incorporated into

the definition of AKI alongside current surrogates of re-
nal function. These biomarkers will change practice in the
ICU once efficacious eatly intervention treatments are
discovered. These will require randomized control trials
which utilize the trial methodology of the EARLYARF
trial, namely recruitment following elevation of an injury
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biomarker. Plasma creatinine will continue to play a role
as a functional marker until replaced by a more respon-
sive functional marker such as plasma CysC or a rapid
measure of GFR.
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Abstract

Sepsis is one of the leading worldwide causes of mor-
bidity and mortality in critically-ill patients. Prediction
of outcome in patients with sepsis requires repeated
clinical interpretation of the patients’ conditions, clinical
assessment of tissue hypoxia and the use of severity
scoring systems, because the prognostic categorization
accuracy of severity scoring indices alone, is relatively
poor. Generally, such categorization depends on the
severity of the septic state, ranging from systemic
inflammatory response to septic shock. Now, there is
no gold standard for the clinical assessment of tissue
hypoxia which can be achieved by both global and
regional oxygen extractabilities, added to prognostic
pro-inflammatory mediators. Because the technology
used to identify the genetic make-up of the human be-
ing is rapidly advancing, the structure of 30 000 genes
which make-up the human DNA bank is now known.
This would allow easy prognostic categorization of
critically-ill patients including those suffering from
sepsis. The present review spots lights on the main
severity scoring systems used for outcome prediction
in septic patients. For morbidity prediction, it discusses
the Multiple Organ Dysfunction score, the sequential
organ failure assessment score, and the logistic organ
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dysfunction score. For mortality/survival prediction,
it discusses the Acute Physiology and Chronic Health
Evaluation scores, the Therapeutic Intervention Scor-
ing System, the Simplified acute physiology score and
the Mortality Probability Models. An ideal severity scor-
ing system for prognostic categorization of patients
with systemic sepsis is far from being reached. Scoring
systems should be used with repeated clinical interpre-
tation of the patients’ conditions, and the assessment
of tissue hypoxia in order to attain satisfactory discrim-
inative performance and calibration power.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Prognostic categorization of the intensive care unit
(ICU) patients with systemic sepsis may be tried through
sequential clinical interpretations, assessment of tissue
hypoxia and the use of severity scoring systems. The
major prognostic value of scoring systems is mainly to
compare the effectiveness of ICU services in different
centers or over time. So, to determine patient outcome
both the clinical interpretation of patients, the assess-
ment of tissue hypoxia, and the scoring systems are to-
gether needed.
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Table 1 Mortality in various degrees of severity of sepsis

Diagnosis Number (1100) Deaths (%)
Nil 421 101 (24.0)
SIRS 573 152 (26.5)
Sepsis 50 18 (36.0)
Severe sepsis 23 12 (52.2)
Septic shock 33 27 (81.8)

SIRS: Systemic inflammatory response syndrome.

In 1991 experts from a variety of disciplines met
for a Consensus Conference and proposed definitions
for sepsis as follows: systemic inflammatory response
syndrome (SIRS): It denotes the systemic inflammatory
response to a wide vatiety of severe critical insults, mani-
fested by two or more of the following conditions: tem-
perature > 38 C or < 36 C, heart rate > 90 beats/min,
respiratory rate > 20 breaths/min or PaCO:z < 32 mmHg,
and white blood counts > 12 000/mlL, < 4/L, or > 10%
immature forms. Sepsis: It denotes the systemic inflam-
matory response to infection. Severe Sepsis: It denotes
sepsis or SIRS associated with organ dysfunction, hypo-
perfusion or hypotension.

Hypotension and hypoperfusion abnormalities may
include lactic acidosis, oliguria or acute alteration in men-
tal status. Systolic blood pressure < 90 mmHg or a reduc-
tion of 40 mmHg from the baseline in the absence of
other causes of hypotension notify severe sepsis or SIRS.
It is usually corrected by fluid loading. Septic Shock: It
denotes sepsis or SIRS induced hypotension not correct-
ed by fluid loading and needing inotropic and/or vaso-
pressor support. Perfusion abnormalities to many organs
characterize the shock state. Multiple organ dysfunction
(MOD) Syndrome: It represents altered organ functions
in an acutely-ill patient to the extent that homeostasis
cannot be maintained without intervention.

It has been shown that the systemic inflammatory
response to severe infection evolves in stages, from sep-
sis to severe sepsis to septic shock, with corresponding
increase in the proportion of patients with positive blood
cultures, end-organ failure, and crude mortalitym.

Severe sepsis and septic shock are major reasons for
ICU admission. In critically-ill patients in the ICU, who
are already compromised because of co-existing seri-
ous co-morbidities, septic shock may be associated with
higher mortalitym. In septic patients, the number of or-
gan systems with impaired function is important because
it correlates with clinical patient outcome'.

Sepsis is one of the leading causes of morbidity and
mortality worldwide today. It is estimated that there are
approximately 700 000 cases of severe sepsis annually in
USA and around 400 000 patients die every year as a re-
sult of sepsis in both USA and Europe. The incidence of
the various degrees of severity of sepsis is not well known
but a relatively small Italian study which looked at 1100
ICU admissions as early as 2001, found the followingm

(Table 1):
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CLINICAL ASSESSMENT OF TISSUE
HYPOXIA IN SEPSIS

Tissue hypoxia is defined as a decrease in the partial
pressure of oxygen in a given tissue or as a condition in
which the cells of a tissue have abnormal oxygen utiliza-
tion such that the tissue is experiencing anaerobic me-
tabolism.

Global oxygen consumption/body oxygen delivery
relationship

The relationship between whole body oxygen delivery
(DO2) and oxygen consumption (VO2) in human sepsis
has been extensively studied but remains controversial.
The pathological supply dependency is an evidence of
occult tissue hypoxia and has been associated with an
increased incidence of MODS and poor outcomes in
patients with sepsism. Support for this belief comes from
some clinical investigators who have demonstrated im-
proved outcomes in patients with septic shock by phar-
macologically augmenting systemic oxygenation to supra-
normal levels”®. However, other investigators thought
that these clinical studies should be criticized because of
methodological error from mathematical coupling be-
cause DOz and VO2 were calculated from a common set
of measured variables; cardiac output and arterial oxygen
content”. The author of the present review could not
report significant reduction in mortality in septic patients
managed by using the supra-normal hemodynamic ap-
proach"”,

However, it may be prudent to think that indices of
supra-normal oxygenation for management of patients
with sepsis may be used for their prognostic categoriza-
tion. Patients who can attain supra-normal values have
decreased morbidity and mortality, mostly due to better
physiological reserves. Based on this, it may be concluded
that global VO2/DO: relationship based on good oxygen
extractability potentiality may denote that the oxygen
extraction ratio is an excellent parameter for prognostic
categorization of patients with sepsis.

Mixed venous oxygen saturation (SvO2) determi-
nation by pulmonary artery catheterization is a flow-
weighted average of venous effluent from all perfused
vascular beds. A decrease in SvO2 can be caused by a
decrease in DOz and/or an increase in VO2. An increased
value in septic patients denotes tissue hypoxia and its im-
provement by normal or supra-normal pharmacological
interventional therapy may be used as a good prognostic
marker'”.

Metabolic lactic acidosis development is one of the
most important abnormalities of tissue hypoxia due to
the production of hypoxic global lactate during sepsis
or septic shock. Plasma lactate has been shown to be a
good prognostic indicator of hypo-perfusion in critical-
ly-ill patients. Plasma lactate is easy to measure, and lac-
tate clearance can be followed sequentially to assess the
prognosis of the response of septic patients to therapy.
The more the decrease in pH and the higher the value
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of base deficit, the more serious the condition of the
septic patient is.

Prognostic markers: Procalcitonin (PCT) and pro-
inflammatory mediators such as tumour necrosis factor-a
(I'NF-av), interleukin (IL)-1f and IL-6 are important clin-
ical prognostic markers in patients with systemic sepsis'' .

There has been strong correlation between serum
concentrations of pro-inflammatory mediators and
scores of severity of illness' . In spite of this, most of
these mediators are not established for clinical decision
making due to their short half-life"”.

Casey ¢t al'” designed a biologic score for applica-
tion in septic patients. It included levels of endotoxin,
IL-1B, TNF-a and IL-6. It proved a strong correlation
with mortality in septic patients. However, the same goal
could be achieved by estimation of blood lactate level as
an easier and cheaper test.

Nylen et al presented the first evidence that PCT, one
of the best prognostic markers of sepsism]
be a sepsis mediator and could have an integral role in the
inflammatory process and its prognostic categorization.

It has been shown that 7 vitro and in vivo induction of
cytokines leads to the rapid release of PCT which has a
long half-life"™"?,

Ugarte ¢f al” showed that PCT concentration on the
first day of the diagnosis of sepsis, severe sepsis or septic
shock was significantly higher in non-survivors than in
survivors. Proving a strong correlation between PCT and
survival of septic patients.

Using stepwise discriminant analysis, PCT was proved
to be the best single predictor of outcome in patients
with systemic sepsis, as it allocated survivors in 95.8%
and non-survivors in 83.3% of patients, with an overall
prediction accuracy of 80%".

There has been recent reports of altered outcome
in sepsis due to the release of lipo-polysaccharide bind-
ing protein, bacterial permeability inducing protein, and
other key proteins which may result in altered disease
susceptibility and severity: as heat shock protein 70 and
nitric oxide synthase™’

It has long been appreciated that many patients with
sepsis demonstrate defects in coagulation and fibrinolytic
systems. These are manifested as anti-thrombin III, pro-
tein C, and Protein S and the consumption of fibrinogen,
together with the appearance of disseminated intravas-
cular coagulation. More recently, there has been a report
of a randomized multicenter trial which has examined
the use of a novel human activated protein C during the
management of patients with severe sepsis”™. A total of
1690 patients with severe sepsis were enrolled into the
study; 850 patients received the protein C preparation and
840 received placebo. The mortality rate was decreased
from 30.83% in the control group to 24.71% in the active
treatment group, an effect which was statistically signifi-
cant. This report may clearly have major implication for
the prognostic categorization and management of pa-
tients with systemic sepsis.

, may actually
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The general interest in genetics culminated in the
publication of the findings of the human genome project
which appeared in February 2001 issue of Nasure. The
precise structure of 30 000 genes which make up the hu-
man DNA bank is now known and can be downloaded
from the USA National Human Genome Project Inter-
net Site. Such knowledge will prove useful because it will
increase the understanding of the etiology and pathology
of many disease processes. Because the technology used
to identify the genetic make-up of individual patients is
now advancing so rapidly, it will soon be possible to iden-
tify more markers in patients and will allow prognostic
stratification of septic patients for future trials of new

therapeutic approaches[zﬂ.

Regional VO:/DO: relationship

The technique of gastric or sigmoid tonometry measures
intramucosal pH (Phi) by allowing the equilibration of
CO2 pressures between fluid or air-filled balloon and
the interstitial fluid of the mucosa. Measurement of gut
intramucosal COz2 can be also achieved through air intro-
duced directly into the gut (balloonless air tonometry),
which equilibrates with the interstitial fluid of the mucosa
and is then aspirated from the stomach™., Measurement
of CO:z content of fluid aspirated from the stomach has
been also described by Mohsenifar ¢z a/*”. Both later
methods avoid the use of commercial expensive tonom-
etry catheters costing § 200 each™,

Phi may decrease due to changes in blood flow to the
stomach or sigmoid mucosa due to splanchnic ischemia
in shocked patients. Phi appears to be useful for prognos-
tic categorization of ICU patients with systemic sepsis
based on serial measurements . The author of the pres-
ent review has shown that Phi values were significantly
lower in septic patients with MODS on admission to the
ICU than in patients with no organ dysfunction"”

Global vs regional VO2/DO: relationship

Assessment of both global and regional VO2/DO: rela-
tionships can combine both sides of the coin in prognos-
tic categorization of ICU patients with systemic sepsis.
However, there is no gold standard for the detection of
tissue hypoxia. There are no specific clinical signs and
no clearcut threshold for any single laboratory test. But
a multitude of tests combined with sequential clinical
evaluations of septic patients may be the best way for
their prognostic categorization in the ICU. So, manage-
ment of patients with severe sepsis or septic shock may
be through haemodynamic-oriented or splanchnic-di-
rected therapy added to sequential repeated clinical inter-
pretations. This is a gold standard for both therapy and
prognostic categorization of ICU patients with systemic
sepsis.

SEVERITY SCORING SYSTEMS IN ICU
SEPTIC PATIENTS

Severity scoring systems provide numerical scores that
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Table 2 Multiple organ dysfunction score

Organ system Score

0 1 2 3 4
Respiratory PaO:/FiO2 >300 226-300 151-225 76-150 <75
Renal creatinine (umol/L) <100 101-200 201-350 251-500 > 500
Hepatic bilirubin (umol/L) <20 21-60 61-120 121-240 > 240
Cardiovascular PAR' <10.0 10.1-15 15.1-20 20.1-30 >30.0
Cardiovascular HR (beats/min) <120 120-140 > 140 Dopamine >3 mg/g per min Lactate >5 mmoL/L
Hematologic platelet count (/L) >120 81-120 51-80 21-50 <20
Neurologic Glasgow coma score 15 13-14 10-12 79 <6

'Pressure-adjusted heart rate (PAR): Product of the heart rate multiplied by the ratio of the right atrial pressure to the mean arterial pressure.

Table 3 Sequential organ failure assessment score

Organ system Score
0 1 2 3 4
Respiratory PaOz/FiOz > 400 < 400 < 300 < 200 < 100
Renal creatinine (umol/L) <110 110-170 171-299 300-440 urine output > 440 urine output <
<500 mL/d 200 mL/d

Hepatic bilirubin (umol/L) <20 20-32 33-101 102-204 > 240
Cardiovascular hypotension No hypotension MAP < Dopamine < 5' Dopamine > 5' or Dopamine > 15 or

70 mmHg Dobutamine epinephrine < 0.1' or epinephrine > 0.1' or

(any dose) norepinephrine < 0.1' ~ norepinephrine > 0.1"

Hemotologic platelet count (/mL) >150 <150 <100 <50 <20
Neurologic Glasgow coma score 15 13-14 10-12 6-9 <6

!Adrenergic agents administered for at least 1 h (doses given are in ug/kg per minute).

describe the impact of patients’ illnesses on their physi-
ological reserves.

Most of the severity scoring systems include assess-
ment of major organ system functions. A prolonged pe-
riod of hypoperfusion of critical organ beds, such as the
liver, the brain, the heart, and the gastro-intestinal tract,
may give rise to MOD and failure, which is associated
with a high rate of morbidity and mortality™. It has been
shown that the pattern and evolution of organ system
dysfunction over the first 3 d of sepsis is significantly re-
lated to 30 d mortality.

Two main types of scoring systems have been de-
veloped for use in ICU patients: those that focus on
describing morbidity as it evolves; organ dysfunction
systems, and those that focus on a single end point, sur-
vival or mortality””. So, severity scoring systems are usu-
ally designed to help in the prognostic categorization of
critically-ill patients as regards their morbidity or survival.

Morbidity prediction systems

Morbidity prediction systems include a large number of
scoring trials by different authors, based on advanced
statistical efforts for different populations of critically-
ill patients at various centers. We chose to concentrate
on three scoring systems that proved useful for clinical
applications, namely, the MOD score, the sequential
organ failure assessment (SOFA) score, and the logistic
organ dysfunction (LOD) score. However, other scoring
systems may prove useful and an ideal prediction scoring
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system has not been reached yet. It should be noted that
these systems do not replace serial clinical interpretations
of the septic patients.

The MOD score: The MOD scoring system was devel-
oped by Marshall ez a/" in 1995 (Table 2).

It included six key organ systems and a score of zero
to four was given to each organ according to function (zero
being normal function and four being the most severe
dysfunction), with a maximum score of 24. A mortality
rate of 25% was obsetrved for patients with a score of 9-12,
50% for a score of 13-16, 75% for a score of 17-20 and
100% for a score > 20. The detailed analysis of the results
of daily scoring demonstrated the prognostic insights
gained by adopting this system"”

A revision™ of this score has abandoned the car-
diovascular parameter (pressure-adjusted heart rate) in
favour of a mixed cardiovascular parameter (Table 3) as
follows: 0 = heart rate < 120 beat/min; 1 = heart rate >
120 and < 140 beat/min; 2 = heart rate > 140 beat/min;
3 = need for inotrope: (dopamine > 3 pg/kg per mi-
nute), and 4 = lactate > 5 mmoL/L. The Revised MOD
scoring system proved to be of value, because pressure
adjusted heart rate cannot be measured in a significant
proportion of ICU patients due to the absence of central
venous monitoring. In fact, approximately one half of
the patients in the original Marshall ¢z a/" study could not
have a cardiovascular component calculated.

It is recommended that the MOD score and its Re-
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Table 4 Logistic organ dysfunction score

Moemen ME. Categorization of ICU Sepsis

Organ system

LOD points

Increasing severity/decreasing values

Organ dysfunction free Increasing severity/increasing values

5 3 0 1 3 5
Neurologic Glasgow coma score 3-5 6-8 9-13 14-15
Cardiovascular heart rate (min) <30o0r <40 40-69 70-89 30-139 = 140 or
240-269
Systolic blood pressure (mmHg) 90-239 =270
Renal
Serum urea (g/L) <6 6-9.9 10-19.9 =20
Serum urea nitrogen (mmol) <6 6-9.9 or 10-19.9 or =20
106-140 =141 or = 10
Creatinine (umol) <106
Urine output (I/d) <05 0.5-0.74 0.75-9.99
Pulmonary PaO2/FiO2 on MV <150 =150 No ventilation, no
or CPAP PaO:z (kPa)/FiO2 (<19.9) (=19.9) IPAP or no CPAP
Hematologic
White blood cell count (x 10°/L) <1.0 1.0-2.4 or < 50 2.5-49.9 =50.0
Plateltes (x 10°/L) =50
Hepatic bilirubin (umol/L) <342 =342
Prothrombin time, seconds (<2.5%) <3(=25%) >3

above standard (% of standard)

IPAP: Inspiratory positive airway pressure; CPAP: Continuous positive airway pressure; LOD: Logistic organ dysfunction.

vised form should be measured at the same point in time
every day (first morning values). The use of measure-
ments at one particular time avoids capturing momentary
physiological changes unrelated to patient condition.

In a small study, Jacobs ¢ @/*" compared daily MOD
scores to daily Acute Physiology and Chronic Health
Evaluation (APACHE) 1l scores in 39 septic-shock pa-
tients from one Saudi Arabian ICU. The authors found
that the maximum MOD scote and the maximum change
in the score from admission, both discriminated (the abil-
ity to predict mortality in one individual patient) very well
between survivors and non survivors, whereas APACHE
I score did not.

To summarize, the MOD score and its revised form
can be used to represent organ dysfunction at baseline
and during ICU stay. They can also significantly contrib-
ute to the prediction of hospital or ICU mortality.

The SOFA score: The SOFA score (Table 3) was devel-
oped in 1994 during a Consensus Conference organized
by the European Society of Intensive Care and Emer-
gency Medicine, in an attempt to provide a means of de-
scribing the degree of organ failure over time in individu-
als and groups of ICU septic patients.

It was initially termed the Sepsis-related Organ Failure
Assessment score, but it has been realized that it could be
applied to non-septic patients as well.

It includes scores for six organ systems where a score
of zero is given for normal function and a score of four
is given for the most abnormal one. The worst values on
each day are recorded and organ function total score can
thus be monitored over time"’.

Vincent ez a/™” in 1998 working on “sepsis-related”
problems published the first evaluation of the SOFA
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score. They found that infected patients had more severe
organ dysfunctions compared to those without infec-
tion. Antonelli ez 2/’ in 1999 proved that the mean total
maximum SOFA score was significantly higher for non-
survivors than survivors denoting a high discriminative
power (the ability to predict mortality in an individual
patient). Because the total maximum SOFA score can
be easily calculated daily for the patient, no restriction
based on the patients’ ICU length of stay is necessary. So,
increasing organ dysfunction as measured by the SOFA
score consistently correlates with increasing mortality.
The SOFA score is also a reliable measure of organ dys-
function at ICU admission.

There were some eatly published studies that have
since examined the utility and accuracy of the SOFA
score, which proved that maximum SOFA score and in-
creasing SOFA score are highly prognostic for stratifica-
tion of critically ill patients including septic patients® >,

The LOD score: The LOD score (Table 4) was devel-
oped in 1996 using multiple logistic regression applied
to selected variables from a large database of ICU pa-
tients™. The score consists of six organ systems and 12
variables with a maximum of 22 scoring points. If no
organ dysfunction is present the score is zero, rising to a
maximum of five as the worst severity organ dysfunction.

For maximum dysfunction of the pulmonary and
hematologic systems, a maximum of three points can be
given for the most severe levels of dysfunction and for
the liver, the most severe dysfunction only receives one
point. The variables had been recorded as the worst value
of each organ dysfunction in the first 24 h of ICU admis-
sion. A reference table converts the score to a probability
of hospital mortality, the relationship being sigmoid. The
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Table 5 Acute physiology score in Acute Physiology and Chronic Health Evaluation II

Physiological variable

High abnormal range

Low abnormal range

4 3 2 1 0 1 2 3 4
Temperature-rectal (C ) =41 39-40.9 38.5-38.9 36-38.4 34-35.9 32-33.9 30-31.9 <299
Mean arterial pressure (mmHg) =160 130-159 110-129 70-109 50-69 <49
Heart rate (ventricular response) =180 140-179 110-139 70-109 50-69 40-54 <39
Respiratory rate (non-ventilated =50 35-49 25-34 12-24 10-11 6-9 <5
or ventilated)
Oxygenation
A-a DOz (mmHg)

Fi02= 0.5 = 500 350-499 200-349 <200

Record

A-a DOz (mmHg)

FiO:2 < 0.5 record only PaO: PO:2>70  PO: (6-70) PO:2 (55-60) PO2<55
Arterial pH =77 7.6-7.69 7.5-759  7.33-7.49 7.25-7.32 7.15-7.24 <715
Serum sodium (mmol/L) =180 160-179 155-159 150-154 130-149 120-129 111-119 <715
Serum potassium (mmol/L) =7 6-6.9 5.5-5.9 3.5-54 3-34 2.5-2.9 SRS
Serum creatinine (10 mg/L) =35 2-34 1.5-1.9 0.6-1.4 <0.6
(double point score for acute
renal failure)

Hematocrit (%) =60 50-59.9 46-49.9 30-45.9 20-29.9 <20
White blood count (total/mm’) =40 20-39.9 15-19.9 3-14.9 1-2.9 <1
(in 1000)

GCS: score = 15 minus actual

GCs

Total APS: Sum of the 12

individual variable points

Serum HCO:s (venous-mmol/L) 252 41-51.9 32-40.9 22-31.9 18-21.9 15-17.9 <15

(not preferred, use if no ABG)

GCS: Glasgow coma score; APS: Acute physiology score .

scotre can thus discriminate between survivors and non-
survivors.

The LOD score aims to achieve similar goals to the
MOD score, namely, to quantitatively and qualitatively de-
scribe organ dysfunction. The goal is to provide a tool that
can itself provide a useful outcome measure (e.g, improve-
ment/resolution of organ dysfunction) rather than merely
predicting mortality. Though, not originally described as a
serial measure, it appears that the LOD score may hold the
most promise for patient outcome in the future’".

Mortality/survival prediction systems

Mortality/survival prediction scoring systems include a
large number of scoring trials by different authors, based
on advanced statistical efforts including equations for dif-
ferent populations of critically-ill patients. We chose to
concentrate on important examples which are useful for
clinical prognostic stratification of mortality/survival of
patients namely; the APACHE scores, the therapeutic in-
tervention scoring system, the simplified acute physiology
score (APS) and the mortality probability models. How-
ever, other scoring systems may prove useful and an ideal
scoring system for mortality/survival prediction has not
been reached yet. It should be noted that these systems
do not replace serial clinical interpretations of the septic
patients.

The APACHE scoring systems
The APACHE 1I scoting system was developed by Knaus
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et al”™ in 1985 as a refinement of the original APACHE
score. It consists of: APS, Age points, and Chronic Health
points. The reduced number of physiological variables of
APS from 34 in the original APACHE to 12 in APACHE
I was achieved by a multivariate analysis. The total phys-
iological derangement score is the sum of the individual
scores (0-4) for each variable, except the Glasgow coma
scale (GCS) where the score is 15 min the GCS. The
most deranged value in the first 24 h of ICU admission
is used as the scoring for each variable (Table 5). The
total physiological derangement score is added to a score
of age (0 to 6) and a chronic health score for patients
with severe organ insufficiency (2 to 5 dependent upon
admission status) as shown in Table 5 and Figure 1. The
number of disease groups was 56. The total APACHE I
score ranges between zero and 71 points. Points of 25 or
less denote less than 50% mortality while points of 35 or
more denote more than 80% mortality. However, some
investigators have used APACHE II scoring over time to
assess the prognosis of individual patients.

Generally, data of the APACHE 1I score are com-
puted through the following equation to deliver the final
risk of hospital mortality:

(R/1-R) =-3.517 + (APACHE 1II X 0.146 + S + D)

where: R = Risk of hospital death, S = Risk imposed
by emergency surgery, and D = Risk imposed by specific
disease.

Under the APACHE 1II system, the predicted indi-

vidual death rate is based on a decision criterion of 0.50.
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Temperature : sodium
® o Ooc (mmol/L)
Systolic B/P Potassium
{mm Hg): {mmol /L)
?:;t?‘I;r;.BIP Creatinine
Acute Renal
E‘;r:?_: pats Failure O
' (definition)
Respiratory
Rate (/m): HCT (%)
Altitude above
sea level: 0 WI![;s (x10%/
@) Feet O Mater mm® )
Glasgow Coma
Fio2 (%): Score
{calculate)
PH: AGE
PO2: Chronic Organ Failure: (definition)
PCO2: None M

HCO3 {(mmol/L):

APACHE Score

Figure 1 Calculator of Acute Physiology and Chronic Health Evaluation
II scoring system.

Any patient with an estimated risk of death greater than
0.50 is simply expected to die.

Although the APACHE 1I score provides valuable in-
formation about the severity of illness of patient groups,
they provide little information about the severity of ill-
ness of individual patients””. For example, an APACHE
II score of 20 does not tell whether the patient has
severe renal failure or acute respiratory failure, whereas
analysis of component scores of an organ dysfunction
score as SOFA will provide an accurate description of
the patients’ disease status. This does not mean that ot-
gan dysfunction scores as the SOFA score should replace
APACHE 1I score but that the two scores can provide
different information and may be used to complement
cach other”.

In 1991, Knaus e /™ published a further refine-
ment to their severity of illness scoring system termed
APACHE 1II (Table 6). Turning first to the APS, they
added some variables and eliminated some parameters.
Additional weights were assigned to the extremes of
physiological measures. For example, the risk associated
with extremely high readings is different from that asso-
ciated with equally low readings. GCS variables were also
refined. The authors also re-weighted age and detived an
extended chronic health co-morbidity score.The num-
ber of disease groups was increased to 94.The APS in
APACHE 1l ranged between zero and 252 points while
the total score reached 299 points by adding 24 points for
age and 23 points for chronic health evaluation.

The equation of hospital prediction mortality by
APACHE 1III differed from that of APACHE II and
included a risk of location denoting the condition of
transference of the patient from a previous locality, as
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such: R/1-R = (APACHE 1II Score X 0.053) + Risk of
emergency Surgery + Risk of specific disease category +
Risk of patient location.

Similar to APACHE 1I score, the predicted death rate
of the APACHE 1II score is based on a decision criterion
of 0.50 with predicted mortality if R exceeds 0.50.

Independent validation of APACHE 1II has been
undertaken by a number of studies™ ", which proved
acceptable discrimination performance (the ability to
predict mortality in individuals as measured by the area
under a receiver operating characteristic curve) and inad-
equate calibration power (the ability to predict mortality
in a large population as measured by a goodness-of-fit
test).

A critical prognostic importance of APACHE I,
may be based on the premise that the changes in APS
would reflect the patient response to therapy. The daily
APS component of the risk equation would be given by
the formula:

Daily risk = day 1 APS + current day APS + change
in APS since yesterday

Day 1 APS is a significant predictor of hospital mor-
tality, but its relative influence decreases dramatically over
time. The current day APS, as the most important single
factor, should be measured retrospectively as scoring val-
ues are the most deranged in any 24 h period.

When the daily risk is added to the remaining patient
variables included in the APACHE 1II scote, the coeffi-
cients of each variable were established resulting in equa-
tions for d 1-7 of ICU admission. Research is going on
to extend the model beyond day 7.

Changes in protocols and practices within ICUs
prompted a full review and updating of all the mortal-
ity APACHE III equations”™ by using the same variables
as APACHE 1l with added new variables: mechanical
ventilation, thrombolysis, impact of sedation on GCS,
together with rescaling of GCS and oxygenation index.
Updating used the largest group of patients ever used for
APACHE equations modeling care from 104 ICUs in 45
hospitals, with a total of 131 618 observations. The two
used statistical techniques were logistic and linear regres-
sions. The result was a new version called APACHE V™",
whose calculator is shown in Figure 2.

In addition, there were several changes made for the
modeling process used in APACHE III. The first in-
volved the laboratory values that were previously consid-
ered as “normal”. That is, if a measurement was missing,
then the value of the previous day was carried forward.
If the previous day value was also missing, then the value
from 2 d back was carried forward, ez. the second change
excluded patients transferred from another ICU, because
extensive clinical interventions and life support before
ICU admission biases the prognostic implications of the
first ICU day physiologic measures. The third change was
measurement of previous length of hospital stay (LOS)
as a continuous rather than an integer value. Previous
LOS was defined as the square root of (ICU admis-
sion date/time-Hospital admission date/time). Fourth,
to more precisely determine the impact of neurological
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Table 6 Acute physiology score in Acute Physiology and Chronic Health Evaluation II scoring system

Parameter Value range Points Parameter Value range Points
Core temperature (C) 0-32.9 20 Plasma bilirubin (umol/L) 0-34 0
33.0-33.4 16 35-51 5
33.5-33.9 13 52-85 6
34.0-34.9 8 86-135 8
35.0-35.9 2 136 plus 16
36.0-36.9 0
40 or more 4
Heart (r/min) 0-39 8 Urine volume (mL/24 h) 0-399 15
40-49 5 400-599 3
50-99 0 600-899 7
100-109 1 900-1499 5
110-119 5 1500-1999 4
120-139 7 2000-3999 0
140-154 13 4000 plus 1
155 or more 17
Mean blood pressure (mmHg) 0-39 2 Plasma Creatinine 0-43 3
40-59 15 (umol/L) 44-132 0
60-69 7 (if no acute renal failure) 133-171 2
70-79 6 or in ARF 172 or more 7
80-99 0 (< 410 mL urine vol/24 h)
100-119 4
120-129 7 0-132 0
130-139 9 133 or more 10
140 or more 10
Respiratory (r/min) 0-5 17 Arterial PO2 (kPa) 0-6.66 15
(zero points for 6-12/min 6-11 8 (Inspired O2 < 50%) 6.67-9.32 5
rate if on ventilation) 12-13 7 or alveolar/arterial PO2 9.33-10.6 2
14-24 0 difference kPa 10.7 plus 0
25-34 6 (Pa-PaO2)
35-39 9 (Inspired Oz > 50%) 0-13.2 0
40-49 11 13.3-33.2 7
50 or more 18 33.3-46.5 9
46.6-66.6 11
66.7 and over 14
White cell count (x 10°/L) 0-0.9 19 Age (yr) 0-44
1.0-2.9 5) 45-59 5
3.0-19.9 0 60-64 11
20.0-24.9 1 65-69 13
25 or more 4 70-74 17
75 or more 24
Haematocrit (%) 0-49.9 0 Chronic health evaluation Cirrhosis 4
50 or more 3 (do not score in elective Immunosuppression 10
surgery patients) Leukaemia 10
Multiple myeloma 10
Plasma sodium (mmol/L) 0-119 3 Metastaic cancer 11
120-134 2 Lymphoma 13
135-154 0 Hepatic failure 16
155 or more 4 AIDS 23
Plasma albumin (g/L) 0-19 11 Neurological score Use matrix 0-48
20-44 0
45 or more 4
Acid base status Use matrix 0-12

derangement, a variable was added indicating whether a
GCS could not be assessed due to sedation. The most
important change involved the new categorization of
disease groups. Based on the frequency of selected di-
agnosis and their mortality rate, the existing 94 groups
were expanded to 116"
the equations included the addition of new variables, the
recalling of previous LOS, and increasing the number of
disease groups from 94 to 116.

The APACHE systems are the only validated ICU

. However, the major changes to
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risk adjustment models that provide performance infor-
mation about 2 separate outcomes of care; mortality and
ICU LOS, the APACHE IV model is the most recent
version. Researches are enthusiastic nowad to discontinue
the use of APACHE 1I and I and move to the more
contemporary and accurate APACHE 1V, now that both
the score and the two predictions are in public™.

The Therapeutic Intervention scoring system
The Therapeutic Intervention scoring system was devel-
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v

+ Enter the lowest and the highest values for the physiologic parameter
+ Use the worse values during the 24 hour period

Select the Unit:

Lowest Highest

" Conventional Units ** International Units sn
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Calculator

APACHE is & registered trademark of Cerner Corporstion, Kensas City, Missouri, USA

Temperature {}
e Hc B Sodium (mmol/L)
Systolic B/P (mm Hg): Glucose
Diastolic B/P (mm Hg): Creatinine
Heart Rate (/m): BUN
Respiratory Rate (/m): }’.,'Ii'fz — Output
Altitude above sea
Ii"" o Albumin
*t Feet®:  Meter
Fio2 (%): Bilirubin
PH: HCT (%)
PO2: WBC (210°/ mm*)
PCO2:
Glasgow Coma Score
Check only if unable to obtain GCS due to Meds, anesthesia, orsedation
Eve Opening ‘Werbal Response Motor Response
- > obeys
** converses & onented .
°  spontaneous - * localizes pain
- °° converses & dsoriented -
* to speech - . " withdraws (flexion)
“" iappropriate -
© to pain -~ © decorticate  (flexion) rgidity
- ** incomprehensible
- absent - decersbrate (extension) rigidty
- absent -
° absent
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Glasgow Coma Score=

Age (years)
Chronic Health Condition

CRF/HD (used for APS) [

AIDS [

Hepatic Failure [

Lymphoma I
ICU Admission Information

Admitted from:
Pre ICU LOS {days)

Emergency Surgery

Metastatic Cancer
Leukemia/Multiple Myeloma
Immunosuppression

Cirrhosis

Other -

W

r

Readmission

Ventilated at any time (first 24 hrs)

Admitting Diagnosis

| Monenuct avsitatie

Thrombaolytic

If Dx Acute MI: Therapy:

Reset
APACHE 1Y Score
APS Score
Logit
APACHE Disease Mapping Code

Predicted Mortality Rate

T

Predicted ICU LOS

Programmed by Mazen Kherallah, MD, FCCP

Figure 2 Calculator of Acute Physiology and Chronic Health Evaluation IV scoring system.

oped by Cullen ¢ a/™ in 1974 as the earliest severity scor-
ing system. It is composed of 76 monitoring and thera-
peutic parameters. Each modality is assigned a weighted
score, ranging from 1 to 4, depending on the intensity of
intervention. For example, a peripheral v line or a uri-
nary catheter is assigned one point. A central venous line
or two petipheral /v catheters are assigned two points. A
central 7 line for hyperalimentation or the application of
a chest tube is assigned three points. A pulmonary artery
catheter for vaso-active drug infusion is assigned four
points. Each modality is assigned to one of three catego-
ries: active therapy, ICU monitoring or standard floor care.
Points are totaled and TISS score is obtained by a calcula-
tor (Figure 3). Patients can be then stratified into one of
four classes based on the number of TISS points. TISS
is based on the premise that, regardless of the diagnosis,
the amount of therapy based on the amount of monitor-
ing reflects the degree of physiological impairment. The
TISS does not predict outcome on patient admission to
the ICU. However, trends of the score over the first three
d in ICU correlate well with survival. If the TISS points
do not improve at the third day, the likelihood of death
increases. So, it discriminates between survivors in whom
the score falls progressively and non-survivors in whom
the score remains static. Moreover, the TISS can identify
those patients who require monitoring only.
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The TISS is used most frequently in conjunction with
the APACHE systems. So, Both together can be used
to evaluate concordance between severity of illness and
quantity of needed therapy. Either the TISS alone or in
conjunction with the APACHE scoring systems can be
used for prognostic categorization of patients with sys-
temic sepsis.

Simplified APS

In 1984, Le Gall ¢ a/*, published the Simplified Acute
Physiology Score. It was designed to overcome some of
the problems of APS of the APACHE systems. The au-
thors selected the 13 “most easily measured” physiologi-
cal variables available in 90% of patients from a previous
survey employing the APS that they had conducted.
SAPS scores these variables (0-4) in an identical manner
to the APS of the APACHE 1I system, adds a score for
age (0-4) and replaces respiratory rate or the P(A-a) O2
which is difficult to measure with a fixed score of 3 for
patients receiving mechanical ventilation or CPAP. The
most abnormal values from the first 24 h of ICU admis-
sion are taken as the total scoring value. Le Gall ¢# al*?
concluded that SAPS performed at least as well if not
better than APS of the APACHE system but was more
useful as it was much simpler. They stressed that SAPS
1s applicable to a wide range of pathologies but that its
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(Therapeutic Intervention Scoring System - Update 1983)

4 points

a. Cardiac arrest andfor countershock within past 48 h Oyes One
b. Controlled ventilation with or without PEEP Cyes Ono
c. Controlled ventilation with intermittent or continuous muscle Oyes Ono
relaxants

d. Balloon tamponade of varices COyes Oneo
e. Continuous arterial infusion CyesOno
f. Pulmonary artery catheter Cyes Ono
4. Atrial and/or ventricular pacing Cyes Ono
h. Hemodialysis in unstable patient OyesOno
i. Peritoneal dialysis Oyes Ono
j. Induced hypothermia Oyes Ono
k. Pressure-activated blood infusion Oyes Ono
|. G-suit. Oyes Ono
m. Intracranial pressure monitating COyes Oneo
n. Platelet transfusion Cyes Ono
0. |ABP (Intra Aortic Balloon Pressure) OyesOno
p. Emergency operative procedures (within past 24 h) OyesOno
q. Lavage of acute Gl bleeding OyesOno
r. Emergency endoscopy or bronchoscopy Oyes Ono
s. Vasoactive drug infusion (> 1 drug) Oyes Ono

Figure 3 Calculator of Therapeuti Intervension scoring system.

Type of admission Chronic diseases Glasgow Coma Scale
| || E El
o o s
Age Syst. Blood Pressure Heart rate
El | El | El
[ [ [
If MV or CPAP/| .

Temperature Pa02FEI02(mmHg) Urine output

o [T — [e”
Serum Urea or BUN WBC Potassium

El El [ El
o [ 5
Sodium HCO3 Bilirubin
El E | S

[ o [
SAPS I

[
Predicted
Mortali

E Logit = =
|°_ Logit = -7,7631+0,0737*(SAPS I)+0,9971*In((SAPS
n+1)

Predicted Mortality =e®®j{1 +etam)
ckar |

Figure 4 Calculator of Simplified Acute Physiology scoring system I .

predictive value and performance can only be applied to
groups of patients, not to individual patients.

In 1993, Le Gall ef ai*” published a refined version of
their original SAPS termed SAPS II whose calculator is
shown in Figure 4, and the variables were 17 (12 physi-
ological, age, type of admission and 3 chronic health di-
agnosis).

The main advantage of SAPS II over APACHE 1II
is the ability to accurately predict mortality in stratified
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3 points

a. Central iv hyperalimentation (includes renal, cardiac,

hepatic failure fluid) Oyes Ono
b. Pacemaker on standby COyes Cno
c. Chest tubes Cyes Cno
d. IMV or assisted ventilation Cyes Cno
e. CPAP Cyes Cno
f Concentrated K* infusion via central catheter Cyes Cno
g. Nasotracheal or orotracheal intubation Cyes Cno
h. Blind intratracheal suctioning Cyes Cno
i. Complex metabolic balance (frequent intake and output) | Cyes O no
j. Multiple ABG, bleeding, and/or STAT studies (> 4 shift) | Cyes Ono
k. Frequent infusion of blood products (>5 units /24 h) COyes Ono
|. Bolus iv medication {(nonscheduled) Cyes Ono
m. Wasoactive drug infusion (1 drug) Cyes Ono
n. Continuous antiarrythmia infusions Cyes Cno
o. Cardiaversion far arrythmia ( not defibrillation). Cyes Cno
p. Hypothermia blanket Cyes Cno
q. Arerial line Cyes Cno
r. Acute digitalization - within 48 h Cyes Cno
s. Measurement of cardiac output by any method Cyes Cno
t. Active diuresis for fluid overload or cerebral edema Cyes Ono

groups of patients without recourse to defining a single
diagnosis, which is only possible in a minority of patients.

It is clear that SAPS II can be useful for prognostic
stratification for groups of critically ill patients including
those with systemic sepsis. It can also be useful for guid-
ing therapy, comparing the management of these patients
overtime and comparing ICU performance of groups of
patients in different ICU’s.

The SAPS I score varies between zero and 163
points: 116 points for physiological variables, 17 points
for age and 30 points for previous diagnosis.

SAPS 1III assesses 12 physiological variables: at the
first 24 h of ICU admission as SAPS II, and includes
weighing for pre-admission health status and age. It has
been poorly studied, with the exception of some formal
analysis of data accuracy in the original publication and
external validation studies"**".

The mortality probability models

In 1985, Lemeshow ¢z a/™” published their first attempt
at an outcome prediction model. They actually developed
four models: MPMo (probability of death from data col-
lected at ICU admission), MPMas (probability of death
from data collected at 24 h), MPMus (probability of death
from data collected at 48 h) and MPMor (probability of
death “overtime” based on MPMo and the change in
probability between MPMo and MPM24, and between
MPMz4 and MPMas). Patients whose probability of mor-
tality started high and remained high, or increased by >
10% had a very high actual mortality. It deserves men-
tioning that for ICU triage purposes, MPMo is the most
valid model at present.
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(Mortality Probability Models)

Variables {Help)

Medical or unscheduled surgery admission
Metastatic neoplasm

Cirrhosis

v

Chronic renal insufficiency
C.P.R. prior to admission
Coma (Glasgow 3-5) (Help)
Heart Rate > = 150

Systolic Blood Pressure < =90 mmHg
Acute renal insufficiency
Cardiac dysrhythmia
Cerebrovascular incident
Gastrointestinal bleeding
Intracranial mass effect
Mechanical ventilation

Age 0
Predicted Death rate :
0

Figure 5 Calculator of mortality probability model.

In common with APACHE and SAPS systems, MPM
had low sensitivity (ability to predict those patients who
are going to die) but high specificity (ability to predict
those patients who are going to live).

Lemeshow ¢ al’" published a revision of their MPM
termed MPM II. They employed a near identical method
to that they had used in developing their original MPM. The
authors initially developed MPM [lo and MPM I 24, decid-
ing to temporatily abandon the MPMais and MPM or of the
original model. MPM Il o was determined by 15 variables.
Lemshow e¢f a/”” in 1994, found that patients alive but
still requiring to be on ICU at 24 h differed markedly
from those who had either died or been discharged. They
emphasized that MPM Il 24, including 13 variables, is a
companion model to MPM Ilo and represents a differ-
ent population of patients. The authors argue that this
approach exposes one of the main weaknesses of the
APACHE and SAPS models, which take the worst data
from the first 24 h of ICU admission, and failed to dif-
ferentiate between the two originally observed popula-
tions.

The following year, Lemeshow ez a/” published two
further models based upon their data set, MPM Il 4 and
MPM Il 7. Both these models use the same 13 variables
as MPM Il 2. They pointed out that the probability of
death changes with time, while an APACHE or SAPS
score is only valid at 24 h of ICU admission. They also
emphasized that an ICU patient whose condition failed
to improve day after day, was in fact deteriorating and
had an increasing risk of death. This well recognized
clinical phenomenon is accurately modeled over the first
72 h of their ICU stay by MPM 1. The same could not
be said for sequential APACHE 1 scoring, The authors
described an on-going process to develop MPM I mod-
els for successive time points beyond 72 h. (MPM 1I or).
Figure 5 shows the calculator of the MPM.
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Values (1 if yes, 0 otherwise | Beta

0.03057

Logit=0 |
Logit = Sum ( values * beta) + age * 0.03057 5.46836
Predicted death rate = (e-°9%) / (1 + e°3%)
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Limitations of scoring systems

Data-base still continues about the accuracy of scor-
ing systems, their efficiency in assessing the severity of
illness, and whether they have a prognostic role in the
estimation of illness outcome. Additionally, these tools
have to be validated in the population in question before
they are adopted for outcome prediction and decision-
rnaking[53].

The most important potential limitation of scoring
systems is the inappropriate interpretation of the score.
Clinicians must be aware that the probability of in-
hospital mortality based on a particular score relates to a
similar group of patients and not to an individual patient.
This is important to understand before attempting to use
scoring systems in clinical practice. So, although it can
be useful to know the predicted mortality of a group of
patients with a similar score, we cannot be sure which
patients will die and which will survive. A well calibrated
model, applied to an individual patient, may for example
predict a hospital mortality of 46% for this patient, which
just means that for a group of 100 patients with a similar
severity of illness, 46 patients are predicted to die, but it
makes no statement if the individual patient is included
in the 46% who will die or in the 54% that will survive.
Consequently, scoring systems should not be used to
make predictions for individual cases. Conversely, scoring
systems can appropriately be used to assist the clinical
decision making as they do allow an objective assessment
of a patient’s severity of illness, and therefore reflect the
likelihood of mortality in a similar cohort of patients.
Opverall, they should be considered as a fact to assist the
clinician.

OVERVIEW
It is now about 30 years since the original APACHE
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study was published. Tens of thousands of patients have
been studied and mortality prediction models and prog-
nostic categorization morbidity models developed on
universal ICU critically ill patients.

Severity scoring systems are usually designed to
predict morbidity or mortality in critically- ill patients.
Examples of general scoring systems are APACHE 1II;
SAPS 1T and MPM II. Examples of organ dysfunction
scoring systems are MODS, SOFA and LODS. Examples
of specific severity scoring systems include Acute Pan-
creatitis and Acute Lung Injury scores. Biological scores
include measurements of serum lactate and PHi. Exam-
ples of overtime or dynamic severity scoring systems are
APACHE I, MPM2472 and intermediate TISS.

Because general severity scoring systems are devel-
oped and validated using admission data from large ICU
populations, they are most fitted to predict mortality for
groups of ICU patients rather than predicting mortality
for individual patients. They are used for determining
ICU proficiency (in quality assurance) and treatment effi-
cacy (in clinical practice). Decisions regarding ICU triage
are often more dependent on values than probabilities
and so, these systems should not determine the utility or
futility of ICU for individuals.

Even if a severity scoring index could perfectly pre-
dict the mortality of a septic patient from admission data,
one should be cautious, because death cannot actually
be predicted except just before its occurrence and by
that time, there would be little to be gained. By contrast,
early prediction of death might be more useful to design
patient management. It would be likely to be associated
with a greater risk of a false positive result.

Outcome estimates may influence the clinical manage-
ment. The clinical awareness of the treating physician of
a poor outcome for his/her patient may tempt him/her
to give less than optimal therapy or to prevent ventilating
him or even to withdraw active therapy. To date, however,
it is almost impossible to find documented evidence of
change in medical practice that have resulted from appli-
cation of different prognostic scoring systems”’. There
is clearly no “best” severity scoring model, and the pet-
formance of such models varies both with time and with
the population under study, and so should be petiodically
addressed. For this, severity scoring systems should be
used in conjunction with sequential patient clinical inter-
pretation and clinical assessment of tissue hypoxia for
prognostic categorization of critically-ill patients in gen-
eral and septic patients in particular.
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Abstract

Although it has been more than 165 years since the
first introduction of modern anesthesia to the clinic,
there is surprisingly little understanding about the ex-
act mechanisms by which general anesthetics induce
unconsciousness. As a result, we do not know how
general anesthetics produce anesthesia at different
levels. The main handicap to understanding the mech-
anisms of general anesthesia is the diversity of chemi-
cally unrelated compounds including diethyl ether and
halogenated hydrocarbons, gases nitrous oxide, ket-
amine, propofol, benzodiazepines and etomidate, as
well as alcohols and barbiturates. Does this imply that
general anesthesia is caused by many different mecha-
nisms? Until nhow, many receptors, molecular targets
and neuronal transmission pathways have been shown
to contribute to mechanisms of general anesthesia.
Among these molecular targets, ion channels are the
most likely candidates for general anesthesia, in partic-
ular y-aminobutyric acid type A, potassium and sodium
channels, as well as ion channels mediated by various
neuronal transmitters like acetylcholine, amino acids
amino-3-hydroxy-5-methyl-4-isoxazolpropionic acid or
N-methyl-D-aspartate. In addition, recent studies have
demonstrated the involvement in general anesthesia of
other ion channels with distinct gating properties such
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as hyperpolarization-activated, cyclic- nucleotide-gated
channels. The main aim of the present review is to
summarize some aspects of current knowledge of the
effects of general anesthetics on various ion channels.
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INTRODUCTION

The start of modern anesthesia, through the use of
inhaled volatile anesthetics 150 years ago, dramatically
revolutionized modern medicine. Dentist Dr. Horace
Wells used nitrous oxide for a public demonstration of
its powers of intoxication. Another dentist, William Mor-
ton, took up Wells’ idea of a gaseous anesthetic, together
with the suggestion from Chatles Jackson to use ether, to
perform a widely known public demonstration of ether
anesthesia on 16 October, 1846.

The structural diversity of general anesthetics, from
simple chemically inert gases to complex barbiturates, has
baffled anesthesiologists, and ideas about how these anes-
thetics might work have been correspondingly confused.
In the early stages, the notion that anesthetics worked
“nonspecifically” by dissolving in the lipid bi-layer por-
tions dominated. Although this simple idea could explain
the structural diversity of general anesthetics, it is now
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generally accepted that anesthetics act by binding directly
to sensitive target proteins.

Until now, many receptors, molecular targets and
neuronal transmission pathways have been shown to
contribute to general anesthesia. Among these molecular
targets, ion channels are the predominant candidates for
general anesthetic effect, in particular y-aminobutyric
acid type A (GABAA), potassium and sodium channels
and ion channels activated by acetylcholine, amino-3-
hydroxy-5-methyl-4-isoxazolpropionic acid or N-methyl-
D-aspartate. In addition, some other ion channels such
as hyperpolarization activated cyclic nucleotide (HCN)
channels are also involved in general anesthesia (Table 1).

The main aim of the present review is to summarize
some aspects of current knowledge about the function
of general anesthetics at different ion channels.

GABAA RECEPTORS AND GENERAL
ANESTHESIA

Structure and function of the GABAA receptor

The GABAA receptor is composed of five different
subunits (o1-6, B1-3, y1-3, 8, ¢, ¢, m and p1-3) which are
encoded by at least 19 mammalian genes, with additional
diversity arising in certain regions"’. In most GABAA re-
ceptors, the most common combination of subunits is a,
B, and vy, with a ratio of 2:2:1 although the y subunit may
be replaced by & or e subunits, particularly in brain re-
gions, as shown in Figure 1. These GABAA receptor sub-
units are densely packed in the cortex, and receptors with
the y2 subunit comprise more than 40% of all GABAA
receptors in the brain”,

The GABA system is the main inhibitory neurotrans-
mitter pathway in the CNS of mammalian brain, and
one-third of all synapses are GABAergicm. The GABA
system induces inhibition of the central nervous system
by generating fast, transient inhibitory postsynaptic cur-
rents. Activation of GABAA receptors decreases excit-
ability of the neurons by an influx of chloride, hyperpo-
larization of the membrane, and shunting of excitatory
input. This synaptic inhibition of the GABA system
maintains neuronal communication and induces precise

timing of action potentials and synchronization of neu-
ronal populations[4’5]. For many years, enhancement of
fast inhibition at synapses was widely regarded as the
dominate mechanism underlying the effects of many
GABAergic drugs.

The a1 and B2 subunit-containing GABAA receptors
in the cortex are thought to contribute to the sedative ac-
tions of several inhaled anesthetics. Some studies of tool
drugs indicate the important role of GABA receptors
and its subunits in the anesthetic effect. Tonic current in
the thalamic VB neurons may contribute to the sedative
action of 4,5,6,7-tetrahydroisoxazolo(5,4-c)pyridin-3-
ol (THIP). Although THIP is not commonly used as an
anesthetic, it promotes slow wave sleep and produces an-
algesic, sedative, hypnotic actions and ataxic propertiesm.
GABAA receptors that contain the a4 and & subunit
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Figure 1 Structure and function of y- aminobutyric acid type A receptor.
A: y- aminobutyric acid type A (GABAA) receptors commonly contain two o
subunits, two B subunits and one y subunit. Chloride influx through the pore
could hyperpolarize the postsynaptic membrane; B: Left: Extra-membrane
region of GABAA receptor. The binding sites for GABA are located between o
and B subunits and the binding site for benzodiazepines is located between y
and o subunits; Right: Trans-membrane region of GABAA receptor. Four trans-
membrane segments form the o subunit. It has been shown that the trans-
membrane segment of B subunit is the binding site for propofol and etomidate.
This binding site is close to a binding site for volatile anesthetics; C: Activation
of the GABAA receptor could increase conductance of the postsynaptic mem-
brane and alter the potential of the membrane because of influx of chloridion.
Synaptic receptors could detect GABA at mmol concentration to produce fast
inhibitory postsynaptic potentials (IPSPs), and extra-synaptic receptors that
detect GABA at umol concentrations to produce slower IPSPs.

appear to conttibute to the sedation effects of THIP. At
low concentrations, THIP strongly potentiates the activ-
ity of GABAA receptors containing the 8 subunit, and
enhances a tonic conductance generated by q48 GABAA
receptorsm. Rotarod performance and spontaneous loco-
motor activity were unimpaired by THIP in o4 subunit
knock-out mice, which suggests that a48 subunit con-
taining GABAA receptors are necessary for the sedative
and ataxic effects of THIP. THIP enhanced the tonic but
not the phasic GABAA receptor currents in VB neurons,
and had no effect on nRT neurons. Since the sedative
actions of THIP were absent in a4 knock-out mice, it is

likely that the tonic current mediated by a4p28 GABAA
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receptors in VB neurons contributes to anesthetic seda-
tion.

Actions of general anesthetics on GABAA receptors
The enhancement of GABA-activated chloride currents
is the main effect of some intravenous general anesthetic
such as propofol and etomidate, decreasing neuronal
activity by producing hyperpolarization of the neuronal
membrane. This is in agreement with the finding that
etomidate-mediated sedation also depends on GABAA
receptors containing the (32 subunit™"", although the spe-
cific contribution of thalamic 32 subunits to this effect is
uncertain. Propofol and etomidate also enhance function
of GABAA receptors to produce immobility!" . Tn con-
trast, gaseous general anesthetics such as xenon, nitrous
oxide, cyclopropane as well as ketamine have minimal or
no effect on GABAA receptor subtypesm’lg].

Compared to other general anesthetics, volatile an-
esthetics show low potency to a variety of receptors at
clinical concentrations'”. As a result, the determination
of the specific sites of effect of volatile anesthetics is a
challenge. In addition, behavioral evaluation with volatile
anesthetics has some obvious practical difficulties. Even
with these handicaps, it has been demonstrated by some
carefully designed studies that isoflurane anesthesia is me-
diated by GABAA receptors. Volatile anesthetics at clini-
cal concentrations could activate GABAA receptors both
in vitro and 7n vivo, using heterologous expression systems
and the postsynaptic membrane, respectively{zo’zﬂ. The
depressive effects of isoflurane, enflurane and halothane
on rat neocortical neuron activity were studied using 7
vivo recordings of spontaneous action-potential firing and
in vitro recordings from isolated cortical networks. Seda-
tive concentrations of isoflurane, enflurane and halo-
thane similarly reduced the firing of spontaneous action
potentials 7z vivo and 7n vitro by approximately 50%. This
reduction in neuronal firing strongly correlated with an
increase in GABAergic synaptic inhibition. Anesthetics
prolonged the time course of GABAA receptor-mediat-
ed spontaneous IPSCs from pyramidal neurons in organ
cortical cultures with no effect on their frequency or peak
amplitude.

At the spinal level the role of inhibitory GABAA
receptors on anesthetics actions has been extensively
studied. With the evaluation of motor response, MAC
of volatile anesthetics was more significantly affected
by spinal injections of glycine receptor antagonists than
GABAA receptor antagonists[zz].

For many years, the binding site of GABAA receptor
for volatile anesthetics is still unclear. The binding site for
volatile anesthetics on the GABAA receptor was deter-
mined to be a binding pocket for volatile anesthetics, by
complementary site directed mutagenesis, using general
anesthetics of varying molecular size™. With the finding
of a binding pocket for general anesthetics, the long-held
assumption that general anesthetics worked by a nonspe-
cific mechanism was overturned. Dramatic progress has
been made in dissecting the behavioral effects of general

K

Gz
Raishideng®

WJCCM | www.wjgnet.com

82

anesthetics, in particular the subunit combination of
GABAA receptors, on anesthetic effect. GABAA recep-
tors containing the a12y2 subunits are enriched at syn-
aptic sites throughout the brain®. This suggests that the
enhancement of synaptic activity within the cortex could
be responsible for anesthetic sedation. The contribution
of the cortex to the sedative properties of inhaled an-
esthetics was studied by Hentschke and colleagues[z‘ﬂ. In
recent studies, an anesthetic binding cavity for volatile an-
esthetics has been identified, critically involving in the ol
subunit™”’, Rudolph ez al™, reported that animal behav-
ioral patterns induced by benzodiazepine were moderated
by a point mutation on the mouse al GABAA subunit.
At the same time, barbiturates directly activate and in-
hibit GABAA receptors by means of positive allosteric
modulation depending on their concentration at the re-
ceptor. In addition, a mutation in the GABAA a subunit
was identified that abolishes the action of barbiturates,
although, the potentiating by etomidate on GABAA
receptors was not affected. Furthermore, enhancement
of GABAA mediated transmissions was also affected by
alcohol, indicating an important role of alcohol in medi-
ating its intoxicating effects™

The biophysical profile of GABA receptors and
their sensitivity to general anesthetics can be dramati-
cally altered by subunit composition™. Using chimerical
channel construction, Mihic and colleagues discovered a
domain, relevant for mediating the effect of volatile an-
esthetics and etomidate™, but not propofol”. Two key
amino acids in GABAA receptor subunits were found to
be involved in their interaction with volatile anesthetics.
These amino residues may contribute to the molecular
binding pockets for general anesthetics”. According to
important studies, two amino acids in the o1 subunit are
the most critical points for general anesthetic effect™,
Serine 270 is in the trans-membrane segment and while
Alanine 291 is near the extracellular regions. For GABAA
receptors, replacing Ser 270 with larger amino acid resi-
dues in the o1 subunit resulted in a decrease of sensitiv-
ity to volatile anesthetics®" while replacement with
smaller residues resulted in the opposite effect™. Also,
replacing the a1 Ser270 residue with histidine resulted
in recombinant heteromeric GABAA receptors that
were insensitive to isoflurane”™. However, an additional
change to the GABAA receptors, introduced by the ol
(Ser270His) mutation, complicated the interpretation of
receptor pharmacology”. This problem was addressed
by introducing an additional mutation into the ol sub-
unit, whereby the leucine residue at position 277 was
replaced with alanine. This double knock-in mutation, o1
(Ser270His, Leu277Ala), restored normal sensitivity to
GABA™. These mutations laid the foundation for gener-
ating knock-in mice that were partially insensitive to iso-
flurane. Mice with a double knock-in mutation were used
to explain the interaction between GABAA receptors
containing ol subunits to isoflurane anesthesia”’. Some
studies demonstrated that double-mutant mice expressing
the al (Ser270His, Leu277Ala) subunit was less sensitive
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to isoflurane, compared to wild-type controls, indicating
the important role of ol subunit in the hypnotic effect
of isoflurane. Interestingly, according to the tail clamp
test, the immobilizing effect of isoflurane was not af-
fected in these double-mutant mice. Using cued and con-
textual fear conditioning, the amnesic effect of isoflurane
was also unaffected in the al (Ser270His, Leu277Ala)
mice, comparing to wild-type control, indicating that this
subunit is not critical for amnesia induced by isoflurane.
This last finding is in contrast to previous work using
mouse mutants in which the ol subunit was knocked
out either globally or in the forebrain alone™. In other
studies with the o1 subunit knock-out mice, the amnesic
effect induced by isoflurane was impaired, indicating the
role of o1 subunit in isoflurane amnesia. At the same
time, the  subunit of GABAA receptors is also impor-
tant to the binding site of volatile anesthetics, as well as
for the behavioral effects of volatile anesthetics”™. In
addition, on the B3 subunit when the asparagine residue
at position 265 was replaced with methionine or the me-
thionine at position 286 with tryptophan, GABA current
potentiated by enflurane was reduced”™. With B3 (Asn-
265Met) knock-in mice, isoflurane is slightly less effect
at inhibiting the righting reflex in 33 (Asn265Met) mice,
suggesting the role of the 33 subunit in isoflurane hyp-
nosis. The immobility induced by isoflurane, however, is
significantly impaired in these knock-in mice, as measured
by hind limb or tail clamp withdrawal reflex. Additionally,
in B3 (Asn265Met) mice, heart rate and core temperature
were decreased less by isoflurane™, indicating the role of
the 33 subunit in the effect of isoflurane on circulation.
Therefore, neuronal depressive effect and cardiovascular
effects induced by volatile anesthetics might be mediated
by distinct GABAA receptor subunits””.

Knock-in mutant mice have been used to determine
the GABAA subunits responsible for the sedative and
hypnotic actions of etomidate. Some studies indicate that
amnesic effect induced by etomidate might contribute to
the a5 GABAA receptors in hippocampal region, while
the sedative effect of etomidate might be due to other
GABAA receptor isoforms. GABAA receptors with some
structural modifications (the asparagine at position 265 in
the B2 or B3 subunits was replaced with serine or methio-
nine, respectively) were insensitive to etomidate 7 vitro™".
Etomidate showed low efficacy in reducing spontaneous
loco-motor activity in 2 (Asn265Ser) knock-in mice, in-
dicating that GABAA receptors with the B2 subunit were
important for the sedative effect of etomidate'”.

In other studies, sedative property of diazepam has
been demonstrated to be mediated by the ol subunit of
GABAA receptors. With some different features from
general anesthetics, diazepam produces a sedative effect.
GABAA receptors which contained a histidine to argi-
nine mutation at position 101 of the al subunit were in-
sensitive to diazepam 7 vitro™. Behavioral tests indicated
that the sedative effect induced by diazepam were elimi-
nated in knock-in mice that expressed the o1 (His101Arg)
mutation®™.,
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Some other types of GABAA receptors, such as the
extra junction GABAA receptors, could be activated by
GABA at very low concentrations. Junction GABAA
receptors are widely expressed in important brain regions
including the hippocampus, thalamus, cortex and cer-
ebellum. Currents mediated by these junctions GABAA
receptors are affected by volatile anesthetics at low con-

. 38
centrations”™.

Neuroprotection of anesthetics involve in action of
GABA receptors

Recent studies have shown that general anesthetics could
produce significant neural protection and/or induce a
preconditioning effect against ischemia/reperfusion in-
duced injury. Propofol, a potent antioxidant, has been re-
ported to have neural protective effects, reducing cerebral
blood flow and intracranial pressure. Many studies have
indicated that propofol pretreatment significantly im-
proves post-resuscitation recovery of neuronal functions.
Recent studies have suggested that during the process of
resuscitation, the effect of GABAA changes from inhibi-
tory to excitatory, through a mechanism that is closely
associated with activation of microglia and down regula-
tion of the K'-CI transporter. It has been demonstrated
that propofol might protect the neurons by inhibiting the
transition of GABAergic inhibition into excitation during
resuscitation.

POTASSIUM CHANNELS AND GENERAL

ANESTHESIA

Structure and function of potassium channels
Mammalian K* channel subunits contain two, four or
six/seven transmembrane segments, as shown in Figure 2.
Members of the two and six/seven transmembrane seg-
ments classes are characterized by the presence of a single
pore-forming (P) domain, whereas the more recently dis-
covered four transmembrane segment subunits contain
two P domains that are arranged in tandem" . Back-
ground K" channels are transmembrane K -selective ionic
pores that are constitutively open at rest and are central to
neural function. Background K" channels and their regula-
tion by membrane-receptor-coupled second messengers, as
well as pharmacological agents, are therefore important in
tuning neuronal resting membrane potential, action poten-
tial duration, membrane input resistance and, consequently,
regulating transmitter release ",

Background K" channels are composed of Kop chan-
nel subunits, previously called KCNKx subunits, or tan-
demly arranged P domains in weak inwardly rectifying K"
channel (TWIK) subunits. Two-pore-domain K* (Kzp)
channel subunits are made up of four transmembrane
segments and two pore-forming domains that are ar-
ranged in tandem and function as either homo-or het-
erodimeric channels. This structural motif is associated
with unusual gating properties, including background
channel activity and sensitivity to membrane stretch. In
one-pore-domain K" (Kir) channels, four matching P
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Figure 2 The trans-membrane structures and subunit formulation of the potassium channels and phylogenetic tree of Kzr channels in humans. A: The
trans-membrane structures and subunit formulation of the potassium channels. BK channels (background) are made up of four a.-subunits and the four 3 subunits.
Structures of Kir or Kare channels are the simplest. Their subunit has two trans-membrane segments connected by a pore loop. Four subunits form a functional chan-
nel pore. Kzr channels are made of a tetrameric pore made up of two subunits. Subunits of Kv channels have six trans-membrane regions and trans-membrane do-
main S4 acts as the voltage sensor; B: Phylogenetic tree of Kzr channels from humans. The chromosomal localization, nomenclature and functional properties of each
subunit are indicated. Different colors indicate the functional subgroups. TASK1: TWIK-related acid-sensitive K'; Kzp: Two-pore-domain K.

loops are assembled in homo- or heterotetramers (all
subunits have a similar P domain sequence, which con-
tains the residues GYG or GFG), whereas in the dimeric
Kop channels, the first pore (P1) and P2 domains have
different sequences as exemplified by TWIK1 or TWIK-
related acid-sensitive K 1 (TASK1)"*", Many Kor chan-
nels have a phenylalanine or a leucine in the GXG motif
(where X represents any amino acid) of the selectivity
filter in the P2 domain instead of a tyrosinel40’41’461. There-
fore, in Kop channels, the pore is predicted to have a two-
fold symmetry rather than the classical four-fold arrange-
ment of other K™ channels. Although the selectivity of
Kzp channels for K™ over Na" is high [permeability ratio
(Pxa/Px) < 0.03], these structural differences suggest a
more varied permeation and gating compared with Kip
channels™. Kzr channels, including TASK1 and TWIK-
related K 1 (TREKI), present an instantaneous current
component and a second time-dependent component in
response to depolarizationw’m. Furthermore, TREK1
shows a strong outward rectification in a symmetrical K"
gradient instead of the linear current to voltage relation-
ship predicted by the GHK equation™", The outward
rectification of TREKT is attributed to an external Mg2+
block, which is present at negative membrane potentials,
and to an intrinsic voltage- dependent mechanism™".,
Transfection of TREK1 (either splice variant) in HEK
cells surprisingly produces two populations of channels
with different single-channel conductance (about 40 pS
and 100 pS in a symmetrical K™ gradient)”". Therefore,
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Kop channels diverge from the constant-field GHK cur-
rent formulation and are characterized by complex per-
meation and gating mechanisms'”.

Recent i vivo studies have demonstrated that TREK1,
the most thoroughly studied Kop channel, has a key role
in the cellular mechanisms of neuronal protection, an-
esthesia, pain and depressionm]. Mechano-gated and
acid-activated TREK1 and TREK2 are the hypothetical
functional homologues of the Aplysia S-type background
K" channel™. Recently, genetic inactivation of TREK1
in the mouse has revealed the potential involvement of
this Kor channel in a range of neuronal disease states,
including pain, ischemia, epilepsy and depression[%’s”.
Human TREKI1 is highly expressed in the brain, where it
is particularly abundant in y-aminobutyric acid-containing
interneurons of the caudate nucleus and putamenlSSJ.
TREKI1 is also expressed in the prefrontal cortex, hip-
pocampus, hypothalamus, midbrain serotonergic neurons
and sensory neurons of the dorsal root ganglialﬁ’wﬁ”.
TREKTI is a signal integrator responding to a wide range
of physiological and pathological inputs.

Actions of general anesthetics on potassium channels

Kop channels are modulated by a vatiety of cellular lipids
and pharmacological agents, including polyunsaturated
fatty acids and volatile general anesthetics. Franks ez al®
identified isoflurane-activated a potassium current in
specific neurons of the freshwater snail Lymnaea stagnalis.
This current had the characteristics of a leak ot back-
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Table 1 The effects of general anesthetics on ion channels

Volatile anesthetics

Intravenous anesthetics

Halothane Isoflurane  Enflurane Ether

Ethanol

Propofol Etomidate = Ketamine Phentobarbital Benzodiazepine

GABAA
halp1
halp2
halp1y2
halp2y2

NMDA -- -- -- -

AMPA /Kainate
GluR1 -- -

GluR3 - -- -
GluR2 +3 - --
GluR6

K
Kv -
TREK

HCN -

+

Na -

+ +

g

+ + + o+
+ o+ o+ o+
+ + + o+

4

+ + = + +

g
S

g
o

+: Effect of agonist; --: Effect of antagonist; GABAA: y-aminobutyric acid type A.

ground K" channel because it lacked voltage-dependent
activation, was non-inactivating and passed currents
closely as predicted by the Goldman-Hodgkin-Katz equa-
tion for ion conduction through a passive, K -selective
pore. The Lymnea stagnalis IKAn channel, which has bio-
physical properties very close to the TREK-1 channel, is
activated in a range of volatile anesthetic concentrations
corresponding to those needed to produce anesthesia in
this mollusc™. Tt was therefore important to establish
whether the same close relationship between drug effica-
cy and anesthetic properties would hold true for humans.
Most of the experiments have used mouse TREK-1, for
which there is abundant biophysical information™"""
However, cloned human TREK-1 channel, which like the
mouse TREK-1, was also expressed abundantly in brain
and had the same biophysical properties and sensitivity
to arachidonic acid and polyunsaturated fatty acids. The
effect of anesthetics on this channel was examined with
exactly the same techniques that were used for the Lymnea
channel®’. At half-maximal concentrations of volatile an-
esthetics used in human general anesthesia™ (chloroform,
0.79 mmol, halothane, 0.21 mmol, isoflurane, 0.31 mmol),
the human TREK-1 channel was markedly activated.
Subsequently, a unique family of K subunits with two
pore-lining sequences (Kop channels) was discovered that
had a wide phylogenetic range and was activated by vola-
tile anesthetics at clinically relevant concentrations® ",
Activation of these background K" channels in response
to volatile anesthetics results in hyperpolarization and
silencing of neuronal activity'™*”, Members of the fam-
ily can also be activated by xenon® and nitrous oxide'”,
and differentially activated by isoflurane stereoisomers'”!
C-terminal regions were critical for anesthetic activation
in both TASK and TREK channels. Thus both TREK
and TASK are possibly important target sites for these
agentsm. Whole-cell patch-clamp experiments showed
that chloroform strongly and reversibly activates TREK-1
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expression in transfected cells, and this activation was
dose dependent, whereas it depressed TASK only slightly
and did not affect TRAAK. Chloroform induced a typi-
cal TREK-1 background current, characterized by out-
ward rectification that reversed at the predicted value for
Ek+. Chloroform reversibly and reproducibly hyperpolar-
ized COS cells expressing TREK-1. Both TREK-1 and
TASK, but not TRAAK, were opened by halothane. Hal-
othane-induced TASK current had outward rectification
and reversed at the predicted value for Ex+. The effects
of halothane on TASK were rapid and completely revers-
ible. Isoflurane, like halothane, activated both TREK-1
and TASK channels without altering TRAAK conduc-
tance. Like chloroform, diethyl ether opened TREK-1
and did not affect TRAAK, whereas it decreased TASK
activity.

In excised outside-out patches, activation by volatile
anesthetics was not mediated by second-messenger path-
ways®L A 48-pS TREK-1 channel was opened reversibly
and in a dose-dependent manner by halothane. No chan-
nel activity was observed in the absence of anesthetic,
suggesting that halothane converts inactive channels
into active ones. The current-voltage (I -V) curve of
the chloroform-sensitive current in an outside-out patch
showed the outward rectification previously observed in
whole-cell recordings. In the inside-out patch configura-
tion, halothane reversibly opened a 12-pS TASK channel.
Without anesthetic, a single TASK channel opened and
addition of halothane induced the opening of a second
channel, which closed again after washout.

Residues in TREK-1 and TASK proteins that are
involved in activation by chloroform and halothane
were identified using deletions and chimeras. A dele-
tion of the first 42 amino acids in the amino N-terminal
region of TREK-1 affected neither anesthetic-induced
nor basal channel opening, suggesting that the amino
terminus is not important for anesthetic-induced activa-
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tion. In contrast, deletion of the last 48 amino acids in
the C-terminal region of TREK-1 (TR322) completely
suppressed responses to both chloroform and halothane,
although it did not affect the basal channel activity. Fus-
ing the C-terminal region of TASK to TR324 did not
affect basal activity or restore activation by anesthetics.
Further deletion of the C-terminal 72 amino acids in
TREK-1 completely abolished both basal and anesthetic-
stimulated channel activity. Fusing the C-terminal portion
of TASK to TR298 restored basal but not anesthetic-
stimulated channel activity. These results demonstrate
that anesthetic-mediated TREK-1 opening depends criti-
cally on the C-terminal 48 amino acids of the channel,
Deletion of the last 147 amino acids in the C-terminal re-
gion of TASK did not alter halothane sensitivity, whereas
further deletion abolished both basal and halothane
induced channel activation. When the C-terminal portion
of TREK-1 was fused to TASK, basal but not halothane-
induced activity was recovered. These results imply that
the region of TASK located between residues 242 and
248 confers sensitivity to halothane!™. Fusion of the last
48 amino acids of TREK-1 to TASK does not confer
sensitivity to chloroform. Moreover, fusion of the last
78 residues of TREK-1 to the anesthetic-resistant chan-
nel TRAAK provided no sensitivity to halothane or to
chloroform, although the chimera had a prominent basal
activity. Introducing the C-terminal portion of TREK-1
has been shown to be essential for both chloroform and
halothane. This suggests that the C-terminal region is
not the only structural element that confers chloroform
sensitivity to TREK-1. Inhalational anesthetics have been
proposed to act by binding directly to critical sites on tar-
get neuronal proteins'”"!, The requirement of segments of
the protein sequences situated at the C-terminal of both
TREK-1 and TASK for their sensitivity to halothane and
chloroform is an indication that anesthetics may bind
directly to the channels themselves. However, the pos-
sibility remains that these anesthetics bind elsewhere on
TASK and TREK-1, and that the identified portions of
the C-terminal simply transduce these effects.

Evidence from Kor knock-out mice has further impli-
cated these channels in the mechanism of action of vola-
tile anesthetics. TREK-1 knockout mice were tesistant to
the effects of volatile anesthetics as determined by the
standard MAC assay[sﬂ. Knock-out mice in which other
members of Kor channel family have been inactivated
(TASK-1 and TASK-3) also show some resistance to the
anesthetizing action of volatile anesthetics.

Additional studies with multiple Kzr knock-outs will
be needed to understand their full importance. Kv chan-
nels were first isolated from mutant Drosophila that dis-
played an abnormal ‘shaking’ reaction upon exposure to
ether™, The Shaker phenotype arose from inactivation
of a voltage-gated K channel gene, but iz vitro studies of
the effects of anesthetics on this channel family found
them to be inhibited at supra-clinical anesthetic concen-
trations”. Other potential K" channel targets include
voltage-gated K" channels (Kv) and ATP-activated K"
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channels (Karp). However, administration of Kare chan-
nel blocking drugs into the neuro-axis did not change
isoflurane MAC™. Thus, the primary focus of the an-
esthetic mechanism involving K" channels remains on
background K channels.

Some potassium channels are known to play benefi-
cial roles in general anesthesia, cardioprotection and neu-
ro-protection. Kep channels are thought to regulate mem-
brane excitability. In CNS, the TREK channels could be
activated by membrane stretch, temperature and H'. Tt
has been shown that TREK channels could be activated
by some polyunsaturated fatty acids and volatile general
anesthetics which lead to neuro-protective effect. Accord-
ing to a recent study with knockout animals, TREK-1
channels might play an important role in the general an-
esthetic effect of volatile anesthetics such as halothane,
providing an explanation for the neuro-protective effect
of general anesthetics.

Potassium channels have been thought to regulate
potential in the mitochondrial membrane, respiration
rhythmic generation and ion homeostasis. For neuro-
protective effects, some potassium channels have been
identified in the inner mitochondrial membrane: the Kare
channel, the BK (Caz+) channel (large conductance Ca™*
regulated K channels), the voltage-gated K+ channel
1.3 (Kvi3) channel, as well as the TASK-3 channel. It has
been demonstrated that potassium influx to the brain mi-
tochondria by the Kare channel or the BK channel could
produce neuro-protective effects on neuron survival un-
der ischemia.

GLUTAMATERGIC ION CHANNELS

Structure and function of glutamatergic ion channels

Glutamate transporters, also called excitatory amino acid
transporters, bind and take up extracellular glutamate, a
major excitatory neurotransmitter, and regulate glutama-

tergic neurotransmission in synapses. Glutamatergic neu-
rotransmission can be activated by three distinct families
of ligand-gated ion channels: AMPA, kainate and NMDA
receptors. Among these ligand-gated ion channels, the
NMDA receptor is most important and well-established
class.

NMDA is an important chemical molecule (ligand)
that selectively acts on the glutamate NMDA recep-
tor (NMDAR). It has been widely demonstrated that
NMDARs are important for basic brain function and
play a critical role in learning and cognition, memory, and
the development of central nervous system hyperactive
states. Various chemicals belonging to many drug families
have been demonstrated to be NMDAR antagonists.

Actions of general anesthetics on glutamatergic ion
channels

Anesthesia, although its exact mechanism is still unclear,
is thought to be induced by enhancement of inhibitory
neurotransmission or inhibition of excitatory neuro-
transmission. Block of AMPA receptors can decrease
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MAC of halothane by 60%"*"", Some gaseous anesthet-
ics such as cyclopropane, xenon and nitrous oxide, as
well as the intravenous anesthetic ketamine have been
shown to reduce excitatory or glutamate mediated syn-
aptic transmission by blocking NMDA receptors on the
postsynaptic membrane*'¥, Tn addition, both urethane
and enflurane have been found to inhibit excitatory flow
in NMDA-expressing Xenopus Oocytes by acting with
NMDA receptors’™”. Hollmann e a/*" demonstrated
the reversible dose-dependent inhibition of recombinant
NMDA receptors by various volatile anesthetics including
isoflurane, sevoflurane and desflurane. These 7 vitro stud-
ies indicate a postsynaptic role of glutamate receptors in
general anesthesia. Volatile anesthetics may also reduce
the excitatory glutamatergic transmission by presynaptic
inhibition™. However, some studies with knockout mice
have failed to find an obvious role of NMDA receptors
on anesthetics actions i vivd™ .

Although MAC is believed to predominantly reflect
nocuous reaction at the spinal cord level, results suggests
that pharmacologic blockade of glutamatergic neuro-
transmission is sufficient to result in deep anesthesia.
Further, the effect of combinations of NMDA and
AMPA receptor antagonists on halothane MAC is con-
sistent with an 7z vivo physiological interaction between
the NMDA and AMPA receptors[gﬂ. With the use of the
NMDA antagonist magnesium sulfate during general
anesthesia for shockwave lithotripsy, a magnesium bolus
and infusion can be utilized to reduce analgesic require-
ments"™.

A theory of anesthesia involving NMDA receptors
has been presented, consisting of four hypotheses[gﬂ: 1)
The formation of transient higher-order, self-referential
mental representations contribute to the states of con-
sciousness. As a result, the brain’s representational activ-
ity falls below a critical threshold may lead to loss of
consciousness; (2) Higher-order mental representations
are initiated by neural cell assemblies; (3) the activation of
the NMDA receptor channel complex is involved in the
formation of such cell assemblies. The activation of this
receptor determines the rate at which such assemblies are
generated; and (4) Modification of NMDA-dependent
processes is the final common pathway of anesthetic ef-
fect. Therefore, the agents which directly inactivate the
NMDA synapse obviously have anesthetic potential;
while the agents that do not directly affect the NMDA
synapse will also exert an anesthetic effect if they inhibit
NMDA-dependent processesm. For example, halothane
anesthesia changes the balance between NMDA medi-
ated cholinergic and GABAergic influences on dopamine
release and metabolism. Differential sensitivity to halo-
thane of NMDA receptors expressed by the neurons
mediating these modulatory influences, or loss of specific
NMDA receptor populations through voltage-dependent
Mg2+ block under anesthesia, could undetlie these obser-
vations™.

The molecular action of xenon and isoflurane in
inhibiting NMDA receptors occurs by binding to the
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Figure 3 The structure of Hyperpolarization activated cyclic nucleotide
channels. Hyperpolarization activated cyclic nucleotide (HCN) channels are
made of four subunits. Each subunit contained six trans-membrane segments
and S4 acts as the voltage sensor. The pore and filter for ion selection is
between S5 and S6. The C-terminal of the HCN channel domain includes the
cyclic nucleotide-binding domain (bottom). The domain of the C-linker consists
of six a-helices.

glycine co-agonist site™. This finding may lead to the de-

sign of new anaesthetics, as some clinically well-tolerated
neuronal protective compounds are also known to bind
to this site.

HCN CHANNELS

Structure and function of HCN channels

HCN gated channels conduct HCN current (Ir or In),
that contributes to multiple membrane properties gov-
erning cellular excitabilitypo’qzj. Since its first description in
1979 extensive work on the If current has amply dem-
onstrated its role in the generation and neurotransmitter-
induced modulation of pacemaker activity in the heart”¥
(Figure 3).

HCN currents are encoded by the four member hy-
perpolarization activated, cyclic nucleotide-regulated gene
family (HCN1-4) with a single channel being composed
of a homomeric or heteromeric assembly of four HCN
subunits™. Cloning of four isoforms of HCN channels
in the late 1990s showed theit correlation to native HCN
channels. HCN channels are unevenly distributed on
the cell membrane; for example, HCNT1 is preferentially
expressed on distal dendritic membranes of pyramidal
cells in the cortex and hippocampus. Comparison of the
properties of native pacemaker channels with those of
HCN channels has provided information concerning the
composition and molecular features of native channels
in different cardiac regions. In addition, HCN channels
conduct a cationic current Ir that contributes to auto-
rhythmicity in both the brain and heart. Consistently,
dendritic In current density and amplitude increases as
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one moves farther away from the soma”™". Dendritic
In normalizes temporal summation””””"" disconnects
somatic and dendritic spike initiation zones””, and prob-
ably limits the development of long-term potential™",
For example, dendritic expression of HCN1 normalizes
somatic voltage responses and spike output in hippocam-
pal and cortical neurons. It was reported previously that
HCN2 is predominantly expressed in dendritic spines in
reticular thalamic nucleus (RTN) neurons, but the func-
tional impact of HCN2 expression remains unknown.

HCN2 and HCN4 are the two major isoforms pres-
ent in the thalamic RTN"" but the relative contribution
of the two isoforms to In in RTN neurons is unknown.
Somatic In in RTN neurons is small even at hyperpolar-
ized membrane potentials" '™, HCN2 is the major
isoform generating In in RTN because HCN2 deletion
abolishes In and reproduces the effects of the HCN
channel blocker ZD7288 (4-cthylphenylamino-1, 2-di-
methyl-6- methylamino- pyrimidinium chloride). Func-
tional expression of HCN2 in RTN constrains intrinsic
excitability and ionotropic glutamate receptor-mediated
synaptic integration, thereby reducing spike-dependent
GABAergic output. Co-localization of HCN2 channels
and the AMPA receptor GluR4 subunit is evident in the
spines of RTN neurons, thus providing a structural basis
for an interaction between intrinsic and synaptic conduc-
tance!"”.

The relevance of Ir to pacemaker generation and
modulation makes channels a natural target for drugs
aiming to control heart rate pharmacologically. Agents
which act by selective inhibition of Ir have been devel-
oped to reduce heart rate, and these drugs have a high
potential for treatment of diseases where heart rate
reduction is beneficial, such as angina and heart failure.
Devices which are able to replace electronic pacemak-
ers and are based on the delivery of a cellular source
of pacemaker channels to non-pacing tissue (biological
pacemakers) are likely to be developed in the near future
for use in therapies for diseases of heart thythm"",

Actions of general anesthetics on HCN channels

In the central nervous system, the inhibition of HCN
channels by general anesthetics has been suggested to
contribute to their anesthesia actions. Inhibition of ho-
momeric HCN1 channels is mediated by anesthetic asso-
ciation with the membrane embedded channel cote, a do-
main that is highly conserved between this isoform and
the relatively insensitive HCN2 and 4 subunits. Modeling
of the equilibrium and kinetic behavior of HCN1 chan-
nels in the absence and presence of anesthetic reveals
that gating is best described by models wherein closed
and open states communicate by a voltage-independent
reaction with no significant equilibrium occupancy of a
deactivated open state at non-permissive voltages. Pro-
pofol modifies gating by preferentially associating with
closed-resting and closed-activated states but a low af-
finity interaction with the activated open state shapes the
effect of the drug under physiological conditions. The
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mechanism of HCN channel gating provides a frame-
work that will facilitate development of propofol deri-
vates that have altered pharmacological properties and
therapeutic potentials.

Activation of native Ir pacemaker channels and
channels formed on heterologous expression of some
isoforms of their pore forming HCN subunits, is inhib-
ited by the intravenous general anesthetic propofol (2,
6-diisopropylphenol). Decoupling of HCN channel gat-
ing from cAMP and internal protons reveals that changes
in these second messengers are neither necessary nor
sufficient to account for the actions of propofol. Thus,
propofol slows and hyperpolarizes activation of HCN1
channels but it has only weak or no effect on HCN2 and
HCN4""""! whereas halothane hyperpolarizes HCN1
but suppresses that maximal current carried by HCN2
channels""""". The voltage dependence of Iractivation is
regulated by cAMP"™, internal protons (H")""” and sev-
eral signaling lipidsm}ml. The molecular basis by which
lipid messengers alter channel function have not been
established. Interestingly, in the case of halothane, HCN
isoform selectivity is dependent on the activation status
of the cAMP gating ring such that the responses of
HCN1 and HCN2 channels are essentially identical when
cAMP levels are high or the inhibitory effects of the
gating ring are eliminated by deletion"'”. Studies on the
effects of propofol on recombinant HCN1, HCN2, and
HCN4 channels found that the drug inhibits and slows
activation of all three channels at clinically relevant con-
centrations. In Oocytes expression studies, HCN1 chan-
nel activation was most sensitive to slowing by propofol.
HCNT1 channels also showed a marked hyperpolarizing
shift, induced by propofol, in the voltage dependence
of activation and accelerated deactivation. Furthermore,
propofol reduced heart rate in an isolated guinea pig
heart preparation over the same range of concentrations.
These data suggest that propofol modulation of HCN
channel gating is an important molecular mechanism
that can contribute to the depression of central nervous
system function and also lead to bradyarrhythmias in pa-
tients receiving propofol during surgical anesthesia.

Conventional HCN1 knockout mice were used to
test directly the contributions of specific HCN subunits
to the effects of isoflurane, an inhalational anesthetic,
on membrane and integrative properties of motor and
cortical pyramidal neurons 7 vitro. Compared with wild-
type mice, residual It from knockout animals was smaller
in amplitude and presented with HCN2-like properties.
Isoflurane increased temporal summation of excitatory
postsynaptic potentials (EPSPs) in cortical neurons from
wild-type mice, an effect predicted by simulation of
anesthetic-induced dendritic Ir inhibition. Accordingly,
anesthetic-induced EPSP summation was not observed
in cortical cells from HCN1 knockout mice. In wild-
type mice, the enhanced synaptic summation observed
with low concentrations of isoflurane contributed to a
net increase in cortical neuron excitability. HCN chan-
nel subunits have been shown to account for distinct
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anesthetic effects on neuronal membrane properties and
synaptic integration. Inhibition of HCN1 by anesthetics
in cortical neurons has been shown to contribute to the
synaptically-mediated slow-wave cortical synchronization

that accompanies anesthetic-induced hypnosis[m].

Na® CHANNELS AND GENERAL
ANESTHESIA

Structure and function of Na* channels

Voltage-gated Na" channels have received short shrift as
possible anesthetic targets, mainly because early reports
failed to demonstrate their significant effects in myelin-
ated axons. However, recently a variety of evidence sup-
ports a role for sodium channels in general anesthesia.

The sodium channel family has nine homologous
pore-forming a-subunits and these subunits show dis-
tinct cellular and sub-cellular distribution, depending on
different species and tissues''". The pore forming com-
ponent of sodium channels is a 260 kDa glycoprotein
a-subunit, with large intracellular N- and C-terminal. Four
internally homologous repeated domains are contained
in this subunit (1 -IV) and over 50% of the sequence of
these domains has been identified. It has been demon-
strated that six segments (51-S6) are contained in each
domain and that they form transmembrane o-helices. In
addition, four integral membrane glycoprotein subunits
have been identified. Generally, the a-subunit is sufficient
for the basic functions of sodium channels while expres-
sion of B-subunits regulates inactivation and shifts volt-
age dependence in the direction of more negative poten-
tials. Their modular structures allow interactions between
multiple regions of the channel to regulate gating, rapid
channel opening and closure.

Functional domains of sodium channels have been
identified by many potent toxins"", For example, the
dinoflagellate toxin (saxitoxin) and the puffer fish poison
(tetrodotoxin, TTX) bind to the a-subunit of sodium
channel on an extracellular site. For TTX-sensitive so-
dium channels, Na" permeability is strongly blocked by
these toxins with high potency. In contrast, for TTX-
insensitive sodium channels, it is evident that the affinity
of TTX to these channels is 200-fold lower. Some lipid
soluble steroids, such as veratridine and the frog skin tox-
in (batrachotoxin) as well as the plant alkaloids (aconitine),
bind to the q-subunit of sodium channels on another
extracellular site. With a high affinity for the open state
of sodium channels, these steroids slow inactivation of
sodium channels, resulting in an agonist effect to the ion
channels.

Actions of general anesthetics on sodium channels

Voltage-gated sodium channels are regulated by the
membrane potential and lead to the passive flux of Na"
into or out of the cell. In most excitable cells and tissues
such as nerve, muscle and heart, voltage-gated sodium
channels account for the rapid depolarization of action
potential[m]. The pharmacological profile as well as ion
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selectivity of the sodium channel has been explained by a
dynamic model of receptor gating. As described by mod-
ulated receptor gating, a variety of drugs, such as local an-
esthetics, class 1 anti-arrhythmic drugs, and class I anti-
epileptic drugs, have shown voltage-dependent and
frequency-dependent block of sodium channels. Accord-
ing to this model, these properties are conferred by dif-
ferent drug affinities for the various functional states of
the channel (resting, open, inactivated). The evidence that
mammalian voltage-gated sodium channels are sensitive
to general anesthetics at clinically relevant concentra-
tions comes from careful analysis of anesthetic effects on
heterologously expressed sodium channels. It has been
demonstrated that one neuronal isoform (Navl.2) is in-
hibited by various potent volatile anesthetics by a voltage-
independent block of peak current and a hyperpolarizing
shift in the steady-state inactivation' . In addition, many
volatile anesthetics, especially isoflurane, have been dem-
onstrated to inhibit multiple mammalian sodium channel
isoforms"™ including Na. 1.2 Nav1.4 and Nav1.6"""*,
Nav1.5" and Na.1.8. Although early studies suggested
that the peripheral tetrodotoxin-resistant isoform Nav1.8,
expressed in amphibian Oocytes, was resistant to inhaled
anesthetics'*, more focused reports in neurons indi-
cate that Nav1.8 is significantly inhibited by isoflurane at
concentrations similat to those that inhibit most other
isoforms'”. Potent volatile anesthetics also inhibit native
Na" channels in isolated nerve terminals'*"*" as well as
dorsal root ganglion neurons"”’. In contrast, xenon has
been found to have no obvious effect on Na”, Ca™", or
K" channels in isolated cardiomyocytes“zsj. However, re-
cent studies suggest that xenon can in fact block neuronal
sodium channels at clinically relevant concentrations.

Generally, two principal mechanisms contribute to
the inhibition of Na' channel by volatile anesthetics.
These are voltage-independent block of peak currents
and enhanced inactivation due to a hyperpolarizing shift
in the voltage dependence of steady-state fast inactiva-
tion. There are significant differences between isoforms
in the contributions of each mechanism to overall inhibi-
tion'"*""*". Volatile anesthetics, but not non-immobilizers,
also inhibit native neuronal and nerve terminal Na' chan-
nels, supporting the notion that depression of synaptic
neurotransmitter release occurs by Na' channel block-
ing“zo’lm. A recent study demonstrated that NaChBac, a
prokaryotic homologue of voltage-gated Na' channels, is
also inhibited by volatile anesthetics'”. Anesthetic inter-
actions with NaChBac might ultimately allow co-crystal-
lization with anesthetic for three-dimensional structure
determinations by X-ray crystallography, as achieved for
voltage-gated K channels, to determine the site of inter-
action of anesthetics with a voltage-gated ion channel. It
is also intriguing that the binding sites for anesthetics on
ion channels exist in prokaryotic homologues, indicating
a remarkable evolutionary conservation.

Voltage-gated Na' channels have been demonstrated
to be insensitive to general anesthetics in eatly studies on
myelinated axons. However, smaller diameter unmyelinat-
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ed fibers and nerve terminals are found to be sensitive to
Na" channel block and do not possess the considerable
reserve of conduction seen in myelinated nerves. Many
studies summarized eatlier demonstrate that inhaled an-
esthetics partially impair Na' channel function at MAC
(minimum alveolar concentration). Moreover, a variety of
evidence supports a role for sodium channels in general
anesthesia 2 vivg, for example the increase in cerebrospi-
nal fluid Na" concentration increases MAC of halothane
(equivalent to EDs) in rats"™. Intravenous administra-
tion of the Na' channel blocker lidocaine reduces MAC
for several volatile anesthetics in ratsml], and intravenous
or intrathecal infusions of riluzole, a potent inhibitor of
Na" channels and glutamate release, decrease isoflurane
MAC in rats'*?. Finally, intrathecal but not intraventricu-
lar administration of veratridine, a toxin that maintains
Na' channels in their open state, increases the MAC
for isoflurane in rats. Collectively, these results point
to anesthetic inhibition of Na™ channels as a plausible
mechanism for the mediation of immobility produced by
inhaled anesthetics.

REFERENCES

1 Macdonald RL, Olsen RW. GABAA receptor channels. Annu
Rev Neurosci 1994; 17: 569-602

2 McKernan RM, Whiting PJ. Which GABAA-receptor sub-
types really occur in the brain? Trends Neurosci 1996; 19:
139-143

3 Bloom FE, Iversen LL. Localizing 3H-GABA in nerve termi-
nals of rat cerebral cortex by electron microscopic autoradi-
ography. Nature 1971; 229: 628-630

4 Cobb SR, Buhl EH, Halasy K, Paulsen O, Somogyi P. Syn-
chronization of neuronal activity in hippocampus by indi-
vidual GABAergic interneurons. Nature 1995; 378: 75-78

5  Pouille F, Scanziani M. Enforcement of temporal fidelity in
pyramidal cells by somatic feed-forward inhibition. Science
2001; 293: 1159-1163

6 Krogsgaard-Larsen P, Frglund B, Liljefors T, Ebert B.
GABA(A) agonists and partial agonists: THIP (Gaboxadol)
as a non-opioid analgesic and a novel type of hypnotic. Bio-
chem Pharmacol 2004; 68: 1573-1580

7 Brown N, Kerby ], Bonnert TP, Whiting PJ, Wafford KA.
Pharmacological characterization of a novel cell line express-
ing human alpha(4)beta(3)delta GABA(A) receptors. Br |
Pharmacol 2002; 136: 965-974

8 Chandra D, Jia F, Liang ], Peng Z, Suryanarayanan A, Wer-
ner DF, Spigelman I, Houser CR, Olsen RW, Harrison NL,
Homanics GE. GABAA receptor alpha 4 subunits mediate
extrasynaptic inhibition in thalamus and dentate gyrus and
the action of gaboxadol. Proc Natl Acad Sci USA 2006; 103:
15230-15235

9 Reynolds DS, Rosahl TW, Cirone J, O'Meara GF, Haythorn-

thwaite A, Newman R], Myers ], Sur C, Howell O, Rutter

AR, Atack ], Macaulay AJ, Hadingham KL, Hutson PH,

Belelli D, Lambert JJ, Dawson GR, McKernan R, Whiting PJ,

Wafford KA. Sedation and anesthesia mediated by distinct

GABA(A) receptor isoforms. | Neurosci 2003; 23: 8608-8617

Jurd R, Arras M, Lambert S, Drexler B, Siegwart R, Crestani

F, Zaugg M, Vogt KE, Ledermann B, Antkowiak B, Rudolph

U. General anesthetic actions in vivo strongly attenuated by

a point mutation in the GABA(A) receptor beta3 subunit.

FASEB ] 2003; 17: 250-252

Krasowski MD, Jenkins A, Flood P, Kung AY, Hopfinger

AJ, Harrison NL. General anesthetic potencies of a series of

10

11

(49

TR
Raishideng®

WJCCM | www.wjgnet.com

90

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

propofol analogs correlate with potency for potentiation of
gamma-aminobutyric acid (GABA) current at the GABA(A)
receptor but not with lipid solubility. | Pharmacol Exp Ther
2001; 297: 338-351

Tomlin SL, Jenkins A, Lieb WR, Franks NP. Stereoselective
effects of etomidate optical isomers on gamma-aminobutyric
acid type A receptors and animals. Anesthesiology 1998; 88:
708-717

Hales TG, Lambert J]. The actions of propofol on inhibitory
amino acid receptors of bovine adrenomedullary chromaffin
cells and rodent central neurones. Br | Pharmacol 1991; 104:
619-628

Franks NP, Dickinson R, de Sousa SL, Hall AC, Lieb WR.
How does xenon produce anaesthesia? Nature 1998; 396: 324
Jevtovié-Todorovi¢ V, Todorovi¢ SM, Mennerick S, Powell S,
Dikranian K, Benshoff N, Zorumski CF, Olney JW. Nitrous
oxide (laughing gas) is an NMDA antagonist, neuroprotec-
tant and neurotoxin. Nat Med 1998; 4: 460-463

Raines DE, Claycomb R]J, Scheller M, Forman SA. Nonhalo-
genated alkane anesthetics fail to potentiate agonist actions
on two ligand-gated ion channels. Anesthesiology 2001; 95:
470-477

Zeilhofer HU, Swandulla D, Geisslinger G, Brune K. Dif-
ferential effects of ketamine enantiomers on NMDA recep-
tor currents in cultured neurons. Eur | Pharmacol 1992; 213:
155-158

Flood P, Krasowski MD. Intravenous anesthetics differen-
tially modulate ligand-gated ion channels. Anesthesiology
2000; 92: 1418-1425

Campagna JA, Miller KW, Forman SA. Mechanisms of
actions of inhaled anesthetics. N Engl | Med 2003; 348:
2110-2124

Harrison NL, Kugler JL, Jones MV, Greenblatt EP, Pritchett
DB. Positive modulation of human gamma-aminobutyric
acid type A and glycine receptors by the inhalation anes-
thetic isoflurane. Mol Pharmacol 1993; 44: 628-632

Krasowski MD, Harrison NL. General anaesthetic actions
on ligand-gated ion channels. Cell Mol Life Sci 1999; 55:
1278-1303

Sonner JM, Antognini JF, Dutton RC, Flood P, Gray AT,
Harris RA, Homanics GE, Kendig J, Orser B, Raines DE,
Rampil IJ, Trudell ], Vissel B, Eger EI. Inhaled anesthetics
and immobility: mechanisms, mysteries, and minimum alve-
olar anesthetic concentration. Anesth Analg 2003; 97: 718-740
Jenkins A, Greenblatt EP, Faulkner HJ, Bertaccini E, Light
A, Lin A, Andreasen A, Viner A, Trudell JR, Harrison NL.
Evidence for a common binding cavity for three general
anesthetics within the GABAA receptor. | Neurosci 2001; 21:
RC136

Farrant M, Nusser Z. Variations on an inhibitory theme:
phasic and tonic activation of GABA(A) receptors. Nat Rev
Neurosci 2005; 6: 215-229

Hentschke H, Schwarz C, Antkowiak B. Neocortex is the
major target of sedative concentrations of volatile anaesthet-
ics: strong depression of firing rates and increase of GABAA
receptor-mediated inhibition. Eur ] Neurosci 2005; 21: 93-102
Koltchine VV, Finn SE, Jenkins A, Nikolaeva N, Lin A, Har-
rison NL. Agonist gating and isoflurane potentiation in the
human gamma-aminobutyric acid type A receptor deter-
mined by the volume of a second transmembrane domain
residue. Mol Pharmacol 1999; 56: 1087-1093

Mihic SJ, Ye Q, Wick MJ, Koltchine VV, Krasowski MD,
Finn SE, Mascia MP, Valenzuela CF, Hanson KK, Greenblatt
EP, Harris RA, Harrison NL. Sites of alcohol and volatile an-
aesthetic action on GABA(A) and glycine receptors. Nature
1997; 389: 385-389

Rudolph U, Crestani F, Benke D, Briinig I, Benson JA, Frit-
schy JM, Martin JR, Bluethmann H, Mohler H. Benzodiaz-
epine actions mediated by specific gamma-aminobutyric
acid(A) receptor subtypes. Nature 1999; 401: 796-800

June 4,2012 | Volume1 | Issue 3 |



29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Borghese CM, Werner DF, Topf N, Baron NV, Henderson
LA, Boehm SL, Blednov YA, Saad A, Dai S, Pearce RA, Har-
ris RA, Homanics GE, Harrison NL. An isoflurane- and alco-
hol-insensitive mutant GABA(A) receptor alpha(1) subunit
with near-normal apparent affinity for GABA: characteriza-
tion in heterologous systems and production of knockin
mice. | Pharmacol Exp Ther 2006; 319: 208-218

Barnard EA, Skolnick P, Olsen RW, Mohler H, Sieghart W,
Biggio G, Braestrup C, Bateson AN, Langer SZ. Interna-
tional Union of Pharmacology. XV. Subtypes of gamma-
aminobutyric acidA receptors: classification on the basis of
subunit structure and receptor function. Pharmacol Rev 1998;
50: 291-313

Nishikawa K, Jenkins A, Paraskevakis I, Harrison NL. Vola-
tile anesthetic actions on the GABAA receptors: contrasting
effects of alpha 1(S270) and beta 2(N265) point mutations.
Neuropharmacology 2002; 42: 337-345

Hall AC, Rowan KC, Stevens R], Kelley JC, Harrison NL.
The effects of isoflurane on desensitized wild-type and alpha
1(S270H) gamma-aminobutyric acid type A receptors. Anesth
Analg 2004; 98: 1297-1304, table of contents

Sonner JM, Werner DF, Elsen FP, Xing Y, Liao M, Harris RA,
Harrison NL, Fanselow MS, Eger EI, Homanics GE. Effect of
isoflurane and other potent inhaled anesthetics on minimum
alveolar concentration, learning, and the righting reflex in
mice engineered to express alphal gamma-aminobutyric
acid type A receptors unresponsive to isoflurane. Anesthesiol-
ogy 2007; 106: 107-113

Sonner JM, Cascio M, Xing Y, Fanselow MS, Kralic JE, Mor-
row AL, Korpi ER, Hardy S, Sloat B, Eger EI, Homanics GE.
Alpha 1 subunit-containing GABA type A receptors in fore-
brain contribute to the effect of inhaled anesthetics on condi-
tioned fear. Mol Pharmacol 2005; 68: 61-68

Siegwart R, Jurd R, Rudolph U. Molecular determi-
nants for the action of general anesthetics at recombinant
alpha(2)beta(3)gamma(2)gamma-aminobutyric acid(A) re-
ceptors. | Neurochem 2002; 80: 140-148

Lambert S, Arras M, Vogt KE, Rudolph U. Isoflurane-
induced surgical tolerance mediated only in part by beta3-
containing GABA(A) receptors. Eur | Pharmacol 2005; 516:
23-27

Zeller A, Arras M, Jurd R, Rudolph U. Mapping the contri-
bution of beta3-containing GABAA receptors to volatile and
intravenous general anesthetic actions. BMC Pharmacol 2007;
7:2

Orser BA. Lifting the fog around anesthesia. Sci Am 2007;
296: 54-61

Patel AJ, Honoré E. Properties and modulation of mammali-
an 2P domain K+ channels. Trends Neurosci 2001; 24: 339-346
Lesage F, Lazdunski M. Molecular and functional properties
of two-pore-domain potassium channels. Am | Physiol Renal
Physiol 2000; 279: F793-F801

Goldstein SA, Bockenhauer D, O’Kelly I, Zilberberg N.
Potassium leak channels and the KCNK family of two-P-
domain subunits. Nat Rev Neurosci 2001; 2: 175-184

Talley EM, Sirois JE, Lei Q, Bayliss DA. Two-pore-Domain
(KCNK) potassium channels: dynamic roles in neuronal
function. Neuroscientist 2003; 9: 46-56

Kim D. Fatty acid-sensitive two-pore domain K+ channels.
Trends Pharmacol Sci 2003; 24: 648-654

Castellucci V, Kandel ER. Presynaptic facilitation as a mech-
anism for behavioral sensitization in Aplysia. Science 1976;
194: 1176-1178

Franks NP, Lieb WR. Volatile general anaesthetics activate a
novel neuronal K+ current. Nature 1988; 333: 662-664
O’Connell AD, Morton MJ, Hunter M. Two-pore domain
K+ channels-molecular sensors. Biochim Biophys Acta 2002;
1566: 152-161

Lopes CM, Gallagher PG, Buck ME, Butler MH, Goldstein
SA. Proton block and voltage gating are potassium-depen-

(49

TR
Raishideng®

WJCCM | www.wjgnet.com

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

Zhou C et a/. General anesthesia and ion channels

dent in the cardiac leak channel Kenk3. | Biol Chem 2000; 275:
16969-16978

Chemin J, Patel AJ, Duprat F, Lauritzen I, Lazdunski M,
Honoré E. A phospholipid sensor controls mechanogating of
the K+ channel TREK-1. EMBO ] 2005; 24: 44-53
Bockenhauer D, Zilberberg N, Goldstein SA. KCNK2: re-
versible conversion of a hippocampal potassium leak into a
voltage-dependent channel. Nat Neurosci 2001; 4: 486-491
Maingret F, Honoré E, Lazdunski M, Patel AJ. Molecular ba-
sis of the voltage-dependent gating of TREK-1, a mechano-
sensitive K(+) channel. Biochem Biophys Res Commun 2002;
292: 339-346

Xian Tao Li V, Zuzarte M, Putzke C, Preisig-Miiller R, Is-
enberg G, Daut J. The stretch-activated potassium channel
TREK-1 in rat cardiac ventricular muscle. Cardiovasc Res
2006; 69: 86-97

Patel AJ, Honoré E. Anesthetic-sensitive 2P domain K+
channels. Anesthesiology 2001; 95: 1013-1021

Honoré E. The neuronal background K2P channels: focus on
TREK1. Nat Rev Neurosci 2007; 8: 251-261

Patel AJ, Honoré E, Maingret F, Lesage F, Fink M, Duprat
F, Lazdunski M. A mammalian two pore domain mechano-
gated S-like K+ channel. EMBO ] 1998; 17: 4283-4290
Heurteaux C, Lucas G, Guy N, El Yacoubi M, Thiimmler S,
Peng XD, Noble F, Blondeau N, Widmann C, Borsotto M,
Gobbi G, Vaugeois JM, Debonnel G, Lazdunski M. Dele-
tion of the background potassium channel TREK-1 results
in a depression-resistant phenotype. Nat Neurosci 2006; 9:
1134-1141

Alloui A, Zimmermann K, Mamet J, Duprat F, Noél ], Che-
min J, Guy N, Blondeau N, Voilley N, Rubat-Coudert C,
Borsotto M, Romey G, Heurteaux C, Reeh P, Eschalier A,
Lazdunski M. TREK-1, a K+ channel involved in polymodal
pain perception. EMBO ] 2006; 25: 2368-2376

Heurteaux C, Guy N, Laigle C, Blondeau N, Duprat F,
Mazzuca M, Lang-Lazdunski L, Widmann C, Zanzouri M,
Romey G, Lazdunski M. TREK-1, a K+ channel involved in
neuroprotection and general anesthesia. EMBO ] 2004; 23:
2684-2695

Hervieu GJ, Cluderay JE, Gray CW, Green PJ, Ranson JL,
Randall AD, Meadows H]J. Distribution and expression of
TREK-1, a two-pore-domain potassium channel, in the adult
rat CNS. Neuroscience 2001; 103: 899-919

Medhurst AD, Rennie G, Chapman CG, Meadows H, Duck-
worth MD, Kelsell RE, Gloger II, Pangalos MN. Distribution
analysis of human two pore domain potassium channels in
tissues of the central nervous system and periphery. Brain
Res Mol Brain Res 2001; 86: 101-114

Fink M, Duprat F, Lesage F, Reyes R, Romey G, Heurteaux
C, Lazdunski M. Cloning, functional expression and brain
localization of a novel unconventional outward rectifier K+
channel. EMBO ] 1996; 15: 6854-6862

Talley EM, Solorzano G, Lei Q, Kim D, Bayliss DA. Cns
distribution of members of the two-pore-domain (KCNK)
potassium channel family. ] Neurosci 2001; 21: 7491-7505
Franks NP, Lieb WR. Stereospecific effects of inhalational
general anesthetic optical isomers on nerve ion channels. Sci-
ence 1991; 254: 427-430

Lopes CM, Franks NP, Lieb WR. Actions of general anaes-
thetics and arachidonic pathway inhibitors on K+ currents
activated by volatile anaesthetics and FMRFamide in mol-
luscan neurones. Br | Pharmacol 1998; 125: 309-318

Patel AJ, Honoré E, Lesage F, Fink M, Romey G, Lazdunski
M. Inhalational anesthetics activate two-pore-domain back-
ground K+ channels. Nat Neurosci 1999; 2: 422-426

Gray AT, Winegar BD, Leonoudakis D], Forsayeth JR, Yost
CS. TOK1 is a volatile anesthetic stimulated K+ channel. An-
esthesiology 1998; 88: 1076-1084

Gray AT, Zhao BB, Kindler CH, Winegar BD, Mazurek MJ,
Xu J, Chavez RA, Forsayeth JR, Yost CS. Volatile anesthetics

June 4,2012 | Volume1 | Issue 3 |



67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

Zhou C et a/. General anesthesia and ion channels

activate the human tandem pore domain baseline K+ chan-
nel KCNKS5. Anesthesiology 2000; 92: 1722-1730

Winegar BD, Owen DF, Yost CS, Forsayeth JR, Mayeri E.
Volatile general anesthetics produce hyperpolarization of
Aplysia neurons by activation of a discrete population of
baseline potassium channels. Anesthesiology 1996; 85: 889-900
Gruss M, Bushell TJ, Bright DP, Lieb WR, Mathie A, Franks
NP. Two-pore-domain K+ channels are a novel target for the
anesthetic gases xenon, nitrous oxide, and cyclopropane. Mol
Pharmacol 2004; 65: 443-452

Mathie A, Veale EL. Therapeutic potential of neuronal two-
pore domain potassium-channel modulators. Curr Opin In-
vestig Drugs 2007; 8: 555-562

Liu C, Au JD, Zou HL, Cotten JF, Yost CS. Potent activation
of the human tandem pore domain K channel TRESK with
clinical concentrations of volatile anesthetics. Anesth Analg
2004; 99: 1715-122, table of contents

Franks NP, Lieb WR. Molecular and cellular mechanisms of
general anaesthesia. Nature 1994; 367: 607-614

Papazian DM, Schwarz TL, Tempel BL, Jan YN, Jan LY.
Cloning of genomic and complementary DNA from Shaker,
a putative potassium channel gene from Drosophila. Science
1987; 237: 749-753

Haydon DA, Urban BW. The actions of some general anaes-
thetics on the potassium current of the squid giant axon. |
Physiol 1986; 373: 311-327

Friederich P, Urban BW. Interaction of intravenous anesthet-
ics with human neuronal potassium currents in relation to
clinical concentrations. Anesthesiology 1999; 91: 1853-1860
Zucker JR. ATP-sensitive potassium channel agonists do
not alter MAC for isoflurane in rats. Anesthesiology 1992; 76:
560-563

McFarlane C, Warner DS, Todd MM, Nordholm L. AMPA
receptor competitive antagonism reduces halothane MAC in
rats. Anesthesiology 1992; 77: 1165-1170

Minami K, Wick M], Stern-Bach Y, Dildy-Mayfield JE,
Brozowski SJ, Gonzales EL, Trudell JR, Harris RA. Sites of
volatile anesthetic action on kainate (Glutamate receptor 6)
receptors. | Biol Chem 1998; 273: 8248-8255

Hara K, Harris RA. The anesthetic mechanism of urethane:
the effects on neurotransmitter-gated ion channels. Anesth
Analg 2002; 94: 313-38, table of contents

Lin LH, Chen LL, Harris RA. Enflurane inhibits NMDA,
AMPA, and kainate-induced currents in Xenopus oocytes
expressing mouse and human brain mRNA. FASEB ] 1993; 7:
479-485

Hollmann MW, Liu HT, Hoenemann CW, Liu WH, Durieux
ME. Modulation of NMDA receptor function by ketamine
and magnesium. Part II: interactions with volatile anesthet-
ics. Anesth Analg 2001; 92: 1182-1191

Maclver MB, Mikulec AA, Amagasu SM, Monroe FA. Vola-
tile anesthetics depress glutamate transmission via presyn-
aptic actions. Anesthesiology 1996; 85: 823-834

Joo DT, Gong D, Sonner JM, Jia Z, MacDonald JF, Eger EI,
Orser BA. Blockade of AMPA receptors and volatile an-
esthetics: reduced anesthetic requirements in GluR2 null
mutant mice for loss of the righting reflex and antinocicep-
tion but not minimum alveolar concentration. Anesthesiology
2001; 94: 478-488

Sonner JM, Vissel B, Royle G, Maurer A, Gong D, Baron NV,
Harrison N, Fanselow M, Eger EI The effect of three inhaled
anesthetics in mice harboring mutations in the GluR6 (kain-
ate) receptor gene. Anesth Analg 2005; 101: 143-18, table of
contents

Sato Y, Kobayashi E, Murayama T, Mishina M, Seo N. Ef-
fect of N-methyl-D-aspartate receptor epsilonl subunit gene
disruption of the action of general anesthetic drugs in mice.
Anesthesiology 2005; 102: 557-561

McFarlane C, Warner DS, Dexter F. Interactions between
NMDA and AMPA glutamate receptor antagonists during

K

Gz
Raishideng®

WJCCM | www.wjgnet.com

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

halothane anesthesia in the rat. Neuropharmacology 1995; 34:
659-663

Kaymak C, Yilmaz E, Basar H, Ozcakir S, Apan A, Batislam
E. Use of the NMDA antagonist magnesium sulfate during
monitored anesthesia care for shockwave lithotripsy. | En-
dourol 2007; 21: 145-150

Flohr H, Glade U, Motzko D. The role of the NMDA synapse
in general anesthesia. Toxicol Lett 1998; 100-101: 23-29
Whitehead KJ, Rose S, Jenner P. Halothane anesthesia af-
fects NMDA-stimulated cholinergic and GABAergic modu-
lation of striatal dopamine efflux and metabolism in the rat
in vivo. Neurochem Res 2004; 29: 835-842

Dickinson R, Peterson BK, Banks P, Simillis C, Martin JC,
Valenzuela CA, Maze M, Franks NP. Competitive inhibition
at the glycine site of the N-methyl-D-aspartate receptor by
the anesthetics xenon and isoflurane: evidence from molecu-
lar modeling and electrophysiology. Anesthesiology 2007; 107:
756-767

Pape HC. Queer current and pacemaker: the hyperpolariza-
tion-activated cation current in neurons. Annu Rev Physiol
1996; 58: 299-327

Gauss R, Seifert R. Pacemaker oscillations in heart and brain:
a key role for hyperpolarization-activated cation channels.
Chronobiol Int 2000; 17: 453-469

Robinson RB, Siegelbaum SA. Hyperpolarization-activated
cation currents: from molecules to physiological function.
Annu Rev Physiol 2003; 65: 453-480

Brown HF, DiFrancesco D, Noble SJ. How does adrenaline
accelerate the heart? Nature 1979; 280: 235-236

DiFrancesco D. Pacemaker mechanisms in cardiac tissue.
Annu Rev Physiol 1993; 55: 455-472

Magee JC. Dendritic Ih normalizes temporal summation in
hippocampal CA1 neurons Nat Neurosci 1999; 2: 848
Williams SR, Stuart GJ. Site independence of EPSP time
course is mediated by dendritic I(h) in neocortical pyramidal
neurons. | Neurophysiol 2000; 83: 3177-3182

Berger T, Larkum ME, Liischer HR. High I(h) channel den-
sity in the distal apical dendrite of layer V pyramidal cells
increases bidirectional attenuation of EPSPs. | Neurophysiol
2001; 85: 855-868

Kole MH, Hallermann S, Stuart GJ. Single Ih channels in py-
ramidal neuron dendrites: properties, distribution, and im-
Ppact on action potential output. | Neurosci 2006; 26: 1677-1687
Stuart G, Spruston N. Determinants of voltage attenuation
in neocortical pyramidal neuron dendrites. ] Neurosci 1998;
18: 3501-3510

Koch U, Grothe B. Hyperpolarization-activated current (Ih)
in the inferior colliculus: distribution and contribution to
temporal processing. | Neurophysiol 2003; 90: 3679-3687
Nolan MF, Malleret G, Dudman JT, Buhl DL, Santoro B,
Gibbs E, Vronskaya S, Buzsaki G, Siegelbaum SA, Kandel
ER, Morozov A. A behavioral role for dendritic integration:
HCNT1 channels constrain spatial memory and plasticity at
inputs to distal dendrites of CA1 pyramidal neurons. Cell
2004; 119: 719-732

Notomi T, Shigemoto R. Immunohistochemical localization
of Ih channel subunits, HCN1-4, in the rat brain. | Comp Neu-
rol 2004; 471: 241-276

Abbas SY, Ying SW, Goldstein PA. Compartmental distribu-
tion of hyperpolarization-activated cyclic-nucleotide-gated
channel 2 and hyperpolarization-activated cyclic-nucleotide-
gated channel 4 in thalamic reticular and thalamocortical
relay neurons. Neuroscience 2006; 141: 1811-1825

Rateau Y, Ropert N. Expression of a functional hyperpolar-
ization-activated current (Ih) in the mouse nucleus reticularis
thalami. | Neurophysiol 2006; 95: 3073-3085

Ying SW, Jia F, Abbas SY, Hofmann F, Ludwig A, Goldstein
PA. Dendritic HCN2 channels constrain glutamate-driven
excitability in reticular thalamic neurons. | Neurosci 2007; 27:
8719-8732

June 4, 2012 | Volume1 | Issue 3 |



106

107

108

109

110

111

112

113

114

115

116

117

118

119

DiFrancesco D. Serious workings of the funny current. Prog
Biophys Mol Biol 2006; 90: 13-25

Cacheaux LP, Topf N, Tibbs GR, Schaefer UR, Levi R, Harri-
son NL, Abbott GW, Goldstein PA. Impairment of hyperpo-
larization-activated, cyclic nucleotide-gated channel function
by the intravenous general anesthetic propofol. | Pharmacol
Exp Ther 2005; 315: 517-525

Chen X, Shu S, Bayliss DA. Suppression of ih contributes
to propofol-induced inhibition of mouse cortical pyramidal
neurons. | Neurophysiol 2005; 94: 3872-3883

Ying SW, Abbas SY, Harrison NL, Goldstein PA. Propofol
block of I(h) contributes to the suppression of neuronal excit-
ability and rhythmic burst firing in thalamocortical neurons.
Eur ] Neurosci 2006; 23: 465-480

Sirois JE, Pancrazio JJ, III CL, Bayliss DA. Multiple ionic
mechanisms mediate inhibition of rat motoneurones by in-
halation anaesthetics. | Physiol 1998; 512 ( Pt 3): 851-862
Chen X, Shu S, Kennedy DP, Willcox SC, Bayliss DA. Sub-
unit-specific effects of isoflurane on neuronal Ih in HCN1
knockout mice. ] Neurophysiol 2009; 101: 129-140

Munsch T, Pape HC. Modulation of the hyperpolarization-
activated cation current of rat thalamic relay neurones by
intracellular pH. ] Physiol 1999; 519 Pt 2: 493-504

Pian P, Bucchi A, Robinson RB, Siegelbaum SA. Regulation
of gating and rundown of HCN hyperpolarization-activated
channels by exogenous and endogenous PIP2. ] Gen Physiol
2006; 128: 593-604

Zolles G, Klocker N, Wenzel D, Weisser-Thomas J, Fleis-
chmann BK, Roeper ], Fakler B. Pacemaking by HCN chan-
nels requires interaction with phosphoinositides. Neuron
2006; 52: 1027-1036

Fogle K], Lyashchenko AK, Turbendian HK, Tibbs GR. HCN
pacemaker channel activation is controlled by acidic lipids
downstream of diacylglycerol kinase and phospholipase A2.
] Neurosci 2007; 27: 2802-2814

Chen X, Sirois JE, Lei Q, Talley EM, Lynch C, Bayliss DA.
HCN subunit-specific and cAMP-modulated effects of anes-
thetics on neuronal pacemaker currents. | Neurosci 2005; 25:
5803-5814

Catterall WA. From ionic currents to molecular mechanisms:
the structure and function of voltage-gated sodium channels.
Neuron 2000; 26: 13-25

Cestele S, Catterall WA. Molecular mechanisms of neuro-
toxin action on voltage-gated sodium channels. Biochimie
2000; 82: 883-892

Rehberg B, Xiao YH, Duch DS. Central nervous system
sodium channels are significantly suppressed at clinical

K

Gz
Raishideng®

WJCCM | www.wjgnet.com

93

120

121

122

123

124

125

126

127

128

129

130

131

132

Zhou C et a/. General anesthesia and ion channels

concentrations of volatile anesthetics. Anesthesiology 1996; 84:
1223-133; discussion 27A

OuYang W, Hemmings HC. Isoform-selective effects of iso-
flurane on voltage-gated Na+ channels. Anesthesiology 2007;
107: 91-98

Ouyang W, Herold KF, Hemmings HC. Comparative effects
of halogenated inhaled anesthetics on voltage-gated Na+
channel function. Anesthesiology 2009; 110: 582-590
Ratnakumari L, Hemmings HC. Inhibition of presynap-
tic sodium channels by halothane. Anesthesiology 1998; 88:
1043-1054

Stadnicka A, Kwok WM, Hartmann HA, Bosnjak Z]. Effects
of halothane and isoflurane on fast and slow inactivation of
human heart hH1a sodium channels. Anesthesiology 1999; 90:
1671-1683

Shiraishi M, Harris RA. Effects of alcohols and anesthetics
on recombinant voltage-gated Na+ channels. | Pharmacol Exp
Ther 2004; 309: 987-994

Herold KF, Nau C, Ouyang W, Hemmings HC. Isoflurane
inhibits the tetrodotoxin-resistant voltage-gated sodium
channel Nav1.8. Anesthesiology 2009; 111: 591-599

Ouyang W, Wang G, Hemmings HC. Isoflurane and pro-
pofol inhibit voltage-gated sodium channels in isolated rat
neurohypophysial nerve terminals. Mol Pharmacol 2003; 64:
373-381

Ratnakumari L, Vysotskaya TN, Duch DS, Hemmings HC.
Differential effects of anesthetic and nonanesthetic cyclobu-
tanes on neuronal voltage-gated sodium channels. Anesthesi-
ology 2000; 92: 529-541

Stowe DF, Rehmert GC, Kwok WM, Weigt HU, Georgieff M,
Bosnjak ZJ. Xenon does not alter cardiac function or major
cation currents in isolated guinea pig hearts or myocytes.
Anesthesiology 2000; 92: 516-522

Ouyang W, Jih TY, Zhang TT, Correa AM, Hemmings HC.
Isoflurane inhibits NaChBac, a prokaryotic voltage-gated
sodium channel. ] Pharmacol Exp Ther 2007; 322: 1076-1083
Tanifuji Y, Eger El Brain sodium, potassium, and osmolal-
ity: effects on anesthetic requirement. Anesth Analg 1978; 57:
404-410

Zhang Y, Laster MJ, Eger EI, Sharma M, Sonner JM. Lido-
caine, MK-801, and MAC. Anesth Analg 2007; 104: 1098-1102,
tables of contents

Xing Y, Zhang Y, Stabernack CR, Eger EI, Gray AT. The use
of the potassium channel activator riluzole to test whether
potassium channels mediate the capacity of isoflurane to
produce immobility. Anesth Analg 2003; 97: 1020-1024, table
of contents

S- Editor Gou SX L- Editor Hughes D E- Editor Zheng XM

June 4, 2012 | Volume1 | Issue 3 |



JCC

Online Submissions: http:/ /www.wjgnet.com/esps/
wjccm@wijgnet.com
www.wjgnet.com

World Journal of
Critical Care Medicine

World | Crit Care Med 2012 June 4; 1(3): I
ISSN 2220-3141 (online)
© 2012 Baishideng. All rights reserved.

ACKNOWLEDGMENTS

Acknowledgments to reviewers of World Journal of

Critical Care Medicine

Many reviewers have contributed their expertise and
time to the peer review, a critical process to ensure the
quality of World Journal of Critical Care Medicine. The edi-
tors and authors of the articles submitted to the journal
are grateful to the following reviewers for evaluating the
articles (including those published in this issue and those
rejected for this issue) during the last editing time period.

Hideo Inaba, Professor, Chairman, Department of Emergency
Medical Science, 13-1 Takaramachi, Kanazawa 920-8641, Japan

Imran Khalid, MD, Consultant, Department of Medicine, Critical
Care, MBC J102, King Faisal Specialist Hospital and Research Cen-
tet, Jeddah 21499, Saudi Arabia

Manu Malbrain, MD, PhD, ICU and High Care Burn Unit Direc-
tor, ZNA Stuivenberg, Lange Beeldekensstraat 267, B-2060 Antwer-
pen, Belgium

Dimitrios Karakitsos, MD, PhD, Attending Physician, Intensive
Care Unit, General State Hospital of Athens, G.Gennimatas, 154
Mesogeion Ave.15641, Athens, Greece

Xu-Lin Chen, MD, Associate Professor, Department of Burns,
The First Affiliated Hospital of Anhui Medical University, 218 Jixi
Road, Hefei 230022, Anhui Province, China

Salah Georges Keyrouz, MD, FAHA, Assistant Professor, Neu-
rology and Neurosurgery, Askansas SAVES Telestroke Program,
Chief Division, Neurocritical Care and Stroke, University of Ar-
kansas for Medical Sciences, 4301 West Markham st, Slot 500, Little
Rock, AR 72212, United States

Yan-Ren Lin, MD, Department of Emergency Medicine, Changhua
Christian Hospital, 135 Nanshsiao Street, Changhua 500, Taiwan, China

Alfredo Conti, MD, PhD, Assistant Professor of Neurosurgery,

(49

TR
Jaishideng®

WJCCM | www.wjgnet.com

Department of Neurosurgery, University of Messina, Via Consolare
Valeria 1, 98125 Messina, Italy

Eisuke Kagawa, MD, Department of Cardiology, Hiroshima City
Asa Hospital, 2-1-1, Kabeminami, Asakita-ku, Hiroshima 7310293,

Japan

Jean-Marc Cavaillon, PhD, Professor, Head of the Unit "Cyto-
kines and Inflammation", Institut Pasteur, 28 rue Dr. Roux, 75015
Paris, France

Bruno Mégarbane, MD, PhD, Professor of Critical Care Medi-
cine, Paris-Diderot University, Hopital Lariboisiere, Réanimation
Médicale et Toxicologique, 2 Rue Ambroise Paré, 75010 Paris,
France

Paolo Cotogni, MD, Anesthesiology and Intensive Care, Depart-
ment of Medicine, S. Giovanni Battista Hospital, University of Tu-
rin, C.so Bramante, 88-90, 10126 Turin, Italy

Athanasios D Marinis, MD, PhD, Consultant General Surgeon,
First Department of Surgery, Tzaneion General Hospital, 54 Di-
mokritou STR, GR-13673, Acharnes, Greece

Sanjay H Chotirmall, MD, Department of Respiratory Medicine,
Beaumont Hospital, Beaumont Road, Dublin 9, Ireland

Robert T Mallet, PhD, Professor, Department of Integrative
Physiology, University of North Texas Health Science Center, 3500
Camp Bowie Blvd., Fort Worth, TX 76107-2699, United States

Yusuf Kenan Coban, Associate Professor, Plastic Surgery De-
partment and Burn Unit, Inonu University Medical Faculty, Elazig
caddesi 15.km, 44280 Malatya, Turkey

Huang-Xian Ju, Professor, Key Laboratory of Analytical Chemis-

try for Life Science, Department of Chemistry, Nanjing University,
Nanjing 210093, Jiangsu Province, China

June 4,2012 | Volume1 | Issue 3 |



JCC

Online Submissions: http:/ /www.wjgnet.com/esps/

wjccm@wijgnet.com
www.wjgnet.com

World Journal of
Critical Care Medicine

World | Crit Care Med 2012 June 4; 1(3): I

ISSN 2220-3141 (online)

© 2012 Baishideng. All rights reserved.

MEETINGS

Events Calendar 2012

February 4-8, 2012

41st Critical Care Congress
Society of Critical Care Medicine
Mount Prospect, IL, United States

February 17-21, 2012

12th Annual International Sympo-
sium on Congenital Heart Disease
St. Petersburg, FL, United States

February 26-29, 2012

11th International Dead Sea Sympo-
sium on Cardiac Arrhythmias and
Device Therapy

International Convention Center,
Jerusalem, Israel

March 2-3, 2012

Twelfth Annual John M Templeton
Jr Pediatric Trauma Symposium
Philadelphia, PA, United States

March 25-30, 2012
5th World Congress of Anaesthesi-
ologists

Buenos Aires, Argentina

April 11-13, 2012

(49

TR
Jaishideng®

Society of Trauma Nurses 2012 An-
nual Conference
Savannah, GA, United States

May 3-5, 2012

18th Annual Spring Meeting of the
Anesthesia History Association
Kansas City, MI, United States

May 10-11, 2012

National Trauma Institute 2012 An-
nual Conference

San Antonio, TX, United States

May 18-23, 2012

American Thoracic Society 2012
International Conference

San Francisco, CA, United States

May 24-25, 2012

European Society of Intensive Care
Medicine Summer Conference:
Trauma Update 2012

The Royal Society,

London, United Kingdom

May 26-29, 2012
10th World Congress for Nurse
Anesthetists

WJCCM | www.wjgnet.com

Ljubljana, Slovenia

June 4-6, 2012

5th International Conference on
Patient- and Family-Centered Care:
Partnerships for Quality and Safety
Omni Shoreham Hotel,
Washington, DC, United States

June 28-29, 2012

European Society of Intensive Care
Medicine Summer Conference -
Acute Kidney Injury

Ecole Normale Supérieure, Amphi
Charles Mérieux,

Lyon, France

August 27-28, 2012

Annual Global Healthcare Confer-
ence 2012

Singapore

October 13-17, 2012

25th European Society of Intensive
Care Medicine Annual Congress
Lisbon, Portugal

November 11-15, 2012
2012 Internal Medicine Conference
Santiago, Chile

June 4, 2012 | Volume1 | Issue 3 |



JCC

Online Submissions: http:/ /www.wjgnet.com/esps/
wjccm@wijgnet.com
www.wjgnet.com

World Journal of
Critical Care Medicine

World | Crit Care Med 2012 June 4; 1(3): -V
ISSN 2220-3141 (online)
© 2012 Baishideng. All rights reserved.

GENERAL INFORMATION

World Journal of Critical Care Medicine (World | Crit Care Med, W]CCM,
online ISSN 2220-3141, DOI: 10.5492) is a bimonthly peer-re-
viewed, online, open-access (OA), journal supported by an editorial
board consisting of 105 experts in critical care medicine from 27
countries.

The biggest advantage of the OA model is that it provides free,
full-text articles in PDF and other formats for experts and the pub-
lic without registration, which eliminates the obstacle that traditional
journals possess and usually delays the speed of the propagation
and communication of scientific research results. The open access
model has been proven to be a true approach that may achieve the
ultimate goal of the journals, i.c. the maximization of the value to
the readers, authors and society.

Maximization of personal benefits

The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist,
and build an important bridge for communication between scien-
tists and the public. As we all know, the significance of the publica-
tion of scientific articles lies not only in disseminating and com-
municating innovative scientific achievements and academic views,
as well as promoting the application of scientific achievements, but
also in formally recognizing the "ptiority" and "copyright" of in-
novative achievements published, as well as evaluating research per-
formance and academic levels. So, to realize these desired attributes
of WJCCM and create a well-recognized journal, the following four
types of personal benefits should be maximized. The maximization
of personal benefits refers to the pursuit of the maximum personal
benefits in a well-considered optimal manner without violation of
the laws, ethical rules and the benefits of others. (1) Maximization
of the benefits of editorial board members: The primary task of
editorial board members is to give a peer review of an unpublished
scientific article via online office system to evaluate its innovative-
ness, scientific and practical values and determine whether it should
be published or not. During peer review, editorial board members
can also obtain cutting-edge information in that field at first hand.
As leaders in their field, they have priority to be invited to write ar-
ticles and publish commentary articles. We will put peer reviewers’
names and affiliations along with the article they reviewed in the
journal to acknowledge their contribution; (2) Maximization of the
benefits of authors: Since WJCCM is an OA journal, readers around
the world can immediately download and read, free of charge, high-
quality, peer-reviewed articles from WJCCM official website, thereby
realizing the goals and significance of the communication between
authors and peers as well as public reading; (3) Maximization of
the benefits of readers: Readers can read or use, free of charge,
high-quality peer-reviewed articles without any limits, and cite the
arguments, viewpoints, concepts, theories, methods, results, conclu-
sion or facts and data of pertinent literature so as to validate the
innovativeness, scientific and practical values of their own research
achievements, thus ensuring that their articles have novel arguments
or viewpoints, solid evidence and correct conclusion; and (4) Maxi-
mization of the benefits of employees: It is an iron law that a first-
class journal is unable to exist without first-class editors, and only
first-class editors can create a first-class academic journal. We insist
on strengthening our team cultivation and construction so that ev-
ery employee, in an open, fair and transpatent environment, could

(49

TR
Jaishideng®

WJCCM | www.wjgnet.com

INSTRUCTIONS TO AUTHORS

contribute their wisdom to edit and publish high-quality articles,
thereby realizing the maximization of the personal benefits of edi-
torial board members, authors and readers, and yielding the greatest
social and economic benefits.

Aims and scope

WJCCM aims to report rapidly new theories, methods and tech-
niques for prevention, diagnosis, treatment, rehabilitation and
nursing in the field of critical care medicine. WJCCM covers topics
concerning severe infection, shock and multiple organ dysfunction
syndrome, infection and anti-infection treatment, acute respiratory
distress syndrome and mechanical ventilation, acute kidney failure,
continuous renal replacement therapy, rational nutrition and im-
munomodulation in critically ill patients, sedation and analgesia,
cardiopulmonary cerebral resuscitation, fluid resuscitation and tis-
sue perfusion, coagulant dysfunction, hemodynamic monitoring
and circulatory support, ICU management and treatment control,
application of bronchofiberscopy in critically ill patients, and critical
care medicine-related traditional medicine, and integrated Chinese
and Western medicine. The journal also publishes original articles
and reviews that report the results of critical care medicine-related
applied and basic research in fields such as immunology, physiopa-
thology, cell biology, pharmacology, medical genetics, and pharma-
cology of Chinese hetbs.

Columns

The columns in the issues of W]JCCM will include: (1) Editorial: To
introduce and comment on the substantial advance and its impot-
tance in the fast-developing areas; (2) Frontier: To review the most
representative achievements and comment on the current research
status in the important fields, and propose directions for the future
research; (3) Topic Highlight: This column consists of three formats,
including (A) 10 invited review articles on a hot topic, (B) a com-
mentary on common issues of this hot topic, and (C) a commentary
on the 10 individual articles; (4) Observation: To update the develop-
ment of old and new questions, highlight unsolved problems, and
provide strategies on how to solve the questions; (5) Guidelines for
Clinical Practice: To provide guidelines for clinical diagnosis and
treatment; (6) Review: To systemically review the most representative
progress and unsolved problems in the major scientific disciplines,
comment on the current research status, and make suggestions on the
future work; (7) Original Articles: To originally report the innovative
and valuable findings in critical care medicine; (8) Brief Articles: To
briefly report the novel and innovative findings in critical care medi-
cine; (9) Case Report: To report a rare or typical case; (10) Letters to
the Editor: To discuss and make reply to the contributions published
in WJCCM, or to introduce and comment on a controversial issue of
general interest; (11) Book Reviews: To introduce and comment on
quality monographs of critical care medicine; and (12) Guidelines: To
introduce consensuses and guidelines reached by international and
national academic authorities worldwide on the research in critical
care medicine.

Name of journal
World Journal of Critical Care Medicine

ISSN
ISSN 2220-3141 (online)

June 4,2012 | Volume1 | Issue 3 |



Instructions to authors

Editor-in-Chief

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

Derek S Wheelet, MD, FAAP, FCCP, FCCM, Associate Profes-
sot, Associate Patient Safety Officer, Medical Ditector, Pediatric
Intensive Care Unit, Division of Critical Care Medicine, James M. An-
derson Center for Health Systems Excellence, The Center for Simula-
tion and Research, Co-Director, The Center for Acute Care Nephrol-
ogy, Division of Critical Care Medicine, Cincinnati Children’s Hospital
Medical Center, 3333 Burnet Avenue, Cincinnati, OH 45229-3039,
United States

Editorial Office

World Journal of Critical Care Medicine

Editorial Department: Room 903, Building D,
Ocean International Center,

No. 62 Dongsihuan Zhonglu,

Chaoyang District, Beijing 100025, China
E-mail: wjccm@wijgnet.com

http:/ /www.wjgnet.com

Telephone: +86-10-85381891

Fax: +86-10-85381893

Indexed and Abstracted in
Digital Object Identifier.

Published by
Baishideng Publishing Group Co., Limited

SPECIAL STATEMENT

All articles published in this journal represent the viewpoints of the
authors except where indicated otherwise.

Biostatistical editing

Statistical review is performed after peer review. We invite an ex-
pert in Biomedical Statistics to evaluate the statistical method used
in the paper, including #test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (lineat, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
ete. The reviewing points include: (1) Statistical methods should
be described when they are used to verify the results; (2) Whether
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to
standatd errors. Give the number of observations and subjects ().
Losses in observations, such as drop-outs from the study should be
reported; (4) Values such as ED50, LD50, IC50 should have their
95% confidence limits calculated and compared by weighted probit
analysis (Bliss and Finney); and (5) The word ‘significantly’ should
be replaced by its synonyms (if it indicates extent) or the P value (if
it indicates statistical significance).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any poten-
tial bias, IWJCCM requires authors of all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular
paper. Before submitting, authors are suggested to read “Uniform
Requirements for Manuscripts Submitted to Biomedical Journals:
Ethical Considerations in the Conduct and Reporting of Research:
Conflicts of Interest” from International Committee of Medical
Journal Editors (ICMJE), which is available at: http://wwwicmje.
otrg/cthical_4conflicts.html.

Sample wording: [Name of individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names
of otganizations], and has received tesearch funding from [names of
organization|. [Name of individual] is an employee of [name of or-
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ganization|. [Name of individual] owns stocks and shares in [name of
organization|. [Name of individual] owns patent [patent identification
and brief description].

Statement of informed consent

Manuscripts should contain a statement to the effect that all human
studies have been reviewed by the appropriate ethics committee or it
should be stated cleatly in the text that all persons gave their informed
consent prior to their inclusion in the study. Details that might disclose
the identity of the subjects under study should be omitted. Authors
should also draw attention to the Code of Ethics of the World Medi-
cal Association (Declaration of Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow
the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines
Research Council Guidelines for Good Clinical Practice in Clinical
Trials) and/or the Wotld Medical Association Declaration of Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If doubt exists whether the research was conducted
in accordance with the above standards, the authors must explain the
rationale for their approach and demonstrate that the institutional
review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by
the relevant research ethics committee or institutional teview board.
If human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the
understanding and appropriate informed consent of each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If experimental animals were used,
the materials and methods (experimental procedutes) section must
clearly indicate that appropriate measures were taken to minimize
pain or discomfort, and details of animal care should be provided.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the
opinions expressed by contributors. Manuscripts formally accepted
for publication become the permanent property of Baishideng
Publishing Group Co., Limited, and may not be reproduced by any
means, in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-edit and
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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ommended to consult the ONLINE INSTRUCTIONS TO AU-
THORS (http://wwwwignet.com/2220-3141/g_info_20100722180909.
htm) before attempting to submit online. For assistance, authors
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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Instructions to authors

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

June 4, 2012 | Volume1 | Issue 3 |



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
'F, °F, °F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with ®, o, m, O, A, /A, ez, in a certain se-
quence.

Acknowledgments

Brief acknowledgments of persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining
written permission to use any copyrighted text and/or illustrations.

REFERENCES

Coding system

The author should number the references in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers in
square brackets in superscript at the end of citation content or after
the cited author’s name. For citation content which is part of the
narration, the coding number and square brackets should be typeset
normally. For example, “Crohn’s disease (CD) is associated with
increased intestinal permeability!?”, Tf references are cited directly
in the text, they should be put together within the text, for example,
“From references! >, we know that...”

When the authors write the references, please ensure that the
order in text is the same as in the references section, and also ensure
the spelling accuracy of the first author’s name. Do not list the same
citation twice.

PMID and DOI

Pleased provide PubMed citation numbers to the reference list, e.g.
PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrez?db=pubmed and http://www.crossref.org/Sim-
pleTextQuety/, respectively. The numbets will be used in E-version
of this journal.

Style for journal references

Authors: the name of the first author should be typed in bold-faced
letters. The family name of all authors should be typed with the ini-
tial letter capitalized, followed by their abbreviated first and middle
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR). The title of the cited article and italicized
journal title (journal title should be in its abbreviated form as shown
in PubMed), publication date, volume number (in black), start page,
and end page [PMID: 11819634 DOI: 10.3748/wjg13.539¢].

Style for book references

Authors: the name of the first author should be typed in bold-faced
letters. The surname of all authors should be typed with the initial
letter capitalized, followed by their abbreviated middle and first
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication
place: Publication press, Year: start page and end page.

Format

Journals

English jonrnal article (list all anthors and include the PMID where applicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative con-
trast harmonic imaging to assess malignancy of liver tumors:
A prospective controlled two-center study. World | Gastroenterol
2007; 13: 6356-6364 [PMID: 18081224 DOI: 10.3748/wjg:13.
6350]

Chinese journal article (list all anthors and include the PMID where applicable)
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2 Lin GZ, Wang XZ, Wang P, Lin ], Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-diar-
rhoea. Shijie Huaren Xiaohua Zaghi 1999; 7: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson ], Kreitman M. Signature
of balancing selection in Arabidopsis. Proc Nat/ Acad Sci USA
2006; In press

Organization as anthor

4  Diabetes Prevention Program Research Group. Hyperten-
sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462
PMCID:2516377 DOI:10.1161/01.HYP.0000035706.28494.
09]

Both personal authors and an organization as anthor

5  Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. | Uro/
2003; 169: 2257-2261 [PMID: 12771764 DOI1:10.1097/01.ju.
0000067940.76090.73]

No author given

6 2lst century heart solution may have a sting in the tail. BM]
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184

Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: $93-99 [PMID: 12028325 DOI1:10.1046/
j.1526-4610.42.52.7 X]

Issue with no volume

8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin Orthop
Relat Res 2002; (401): 230-238 [PMID: 12151900 DOI:10.10
97,/00003086-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care. HRS.A
Careaction 2002; 1-6 [PMID: 12154804|

Books

Personal anthor(s)

10  Sherlock S, Dooley J. Discases of the liver and billiary system.
9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York: Marcel
Dekker, 1991: 431-450

Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March of
Dimes Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V.
Proceedings of the 5th Germ cell tumours Conference; 2001
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper

14  Christensen S, Oppacher E An analysis of Koza's computa-
tional effort statistic for genetic programming, In: Foster JA,
Lutton E, Miller |, Ryan C, Tettamanzi AG, editors. Genetic
programming. EuroGP 2002: Proceedings of the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5;
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)

15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. Flex-
ible endoscopic grasping and cutting device and positioning tool
assembly. United States patent US 20020103498. 2002 Aug 1
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Statistical data
Write as mean * SD or mean * SE.

Statistical expression

Express 7 test as # (in italics), I test as ¥ (in italics), chi square test as
x’ (in Greek), related coefficient as 7 (in italics), degree of freedom
as v (in Greek), sample number as 7 (in italics), and probability as P (in
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, ¢ (glucose) 6.4 £ 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 pg/L; CO, volume
fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, efe. Arabic
numerals such as 23, 243, 641 should be read 23243 641.

The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/2220-3141/
g info_20100725073806.htm.

Abbreviations

Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful
to the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, 4 area, /length,
m mass, I volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRI, Hindl, BamHI, Kbo 1, Kpn 1, ete.

Biology: H. pylori, E coli ete.

Examples for paper writing
Editorial: http:/ /wwwwignet.com/2220-3141/g_info_20100725071
851.htm

Frontier: http:/ /www.wjgnet.com/2220-3141/g_info_20100725071
932 htm

Topic highlight: http:/ /wwwwignet.com/2220-3141/g_info_20100
725072121.htm

Obsetvation: http:/ /wwwwijgnet.com/2220-3141/¢_info_20100725
072232.htm

Guidelines for basic research: http:/ /wwwwijgnet.com/2220-3141/
g info_20100725072344.htm

Guidelines for clinical practice: http:/ /wwwwijgnet.com/2220-314
1/g_info_20100725072543.htm

Review: http://wwwwignet.com/2220-3141/¢g_info_201007250726
56.htm

Original articles: http:/ /wwwwijgnet.com/2220-3141/g_info_2010
0725072755.htm

Brief articles: http:/ /wwwwjgnet.com/2220-3141/g_info_2010072
5072920.htm

Case report: http:/ /www.wignet.com/2220-3141/g_info_20100725
073015.htm
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Lettets to the editor: http:/ /www.wjgnet.com/2220-3141/g_info_2
0100725073136.htm

Book reviews: http://wwwwignet.com/2220-3141/g_info_2010072
5073214.htm

Guidelines: http://www.wignet.com/2220-3141/g_info_201007250
73300.htm

SUBMISSION OF THE REVISED MANU-
SCRIPTS AFTER ACCEPTED

Please revise your article according to the revision policies of WJCCM.
The revised version including manuscript and high-resolution image
figures (if any) should be re-submitted online (http://www.wjgnet.
com/2220-3141office/). The author should send the copyright
transfer letter, responses to the reviewers, English language Grade B
certificate (for non-native speakers of English) and final manuscript
checklist to wiccm@wignet.com.

Language evaluation

The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of language polishing
needed; and (4) Grade D: rejected. Revised articles should reach
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/2220-3141/¢_info_20100725073726.htm.

Responses to reviewers

Please tevise your article according to the comments/suggestions
provided by the reviewers. The format for responses to the reviewers’
comments can be found at: http://www.wignet.com/2220-3141/
g info_20100725073445.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a
copy of the document and serial number of the foundation.

Links to documents related to the manuscript

W]CCM will be initiating a platform to promote dynamic inter-
actions between the editors, peer reviewers, readers and authors.
After a manuscript is published online, links to the PDF version
of the submitted manuscript, the peer-reviewers’ report and the
revised manuscript will be put on-line. Readers can make comments
on the peer reviewer’s report, authors’ responses to peer reviewers,
and the revised manuscript. We hope that authors will benefit from
this feedback and be able to revise the manuscript accordingly in a
timely manner.

Science news releases

Authors of accepted manuscripts are suggested to write a science
news item to promote their articles. The news will be released rap-
idly at EurckAlert/AAAS (http://www.eurckalert.org). The title for
news items should be less than 90 characters; the summary should
be less than 75 words; and main body less than 500 words. Science
news items should be lawful, ethical, and strictly based on your
original content with an attractive title and interesting pictures.

Publication fee

IW]CCM is an international, peer-reviewed, OA, online journal.
Articles published by this journal are distributed under the terms
of the Creative Commons Attribution Non-commercial License,
which permits use, distribution, and reproduction in any medium,
provided the original work is propetly cited, the use is non com-
mercial and is otherwise in compliance with the license. Authors of
accepted articles must pay a publication fee. The related standards
are as follows. Publication fee: 1300 USD per article. Editorial, topic
highlights, original articles, brief articles, book reviews and letters to
the editor are published free of charge.
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