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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.

© 2012 Baishideng. All rights reserved.
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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)[1,2], 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-
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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)[3]], of  AKI requires 
at least a 50% increase in plasma creatinine. This results 
from at least a 33.3% rapid decline in GFR[4]. 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[5]. 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[6].

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 supportive, 
potentially reducing options further[7]. Delayed diagnosis 
may also contribute to the failure of  many interventions 
that were promising under experimental conditions in 
animals[8].

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[9-12]. 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 earlier. Error bars are 
± 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[6]. Described as a “glimpse of  the future”[13], 
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 

the urine of  at risk patients were monitored for elevated 
concentrations of  the brush border enzymes alkaline 
phosphatase (AP) and γ-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[10] 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 early 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 × 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[14,15]. 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[16]. 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[16,17].

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 × AP as a recruitment tool. Whilst 
GGT × 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 × AP taken from a putative 
time of  insult (determined retrospectively) showed that 
GGT × 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-
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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[14]. Thus, the first lesson is that in-
jury biomarkers 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 urinary 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[18]. Furthermore, 
as had been demonstrated with NGAL[19], 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 protein[20], al-
bumin[21], netrin[22], α- and π-glutathione-S-transferase[10,23], 
and β2-microglobulin[24]. There are several recent reviews 
which cover the potential of  several biomarkers to be 
early markers of  AKI and describe their pathophysiol-
ogy[11,12,25,26]. 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)[27]. 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 

received scant attention. Only one study has addressed 
this directly. Haase et al[28] 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 biomarkers 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[29,30]. 
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[31]. 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 EARLYARF 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 β2-microglobulin were elevated for Purco-
mycin and Doxorubin but not Cisplatin or Gentamicin 
whereas Clusterin was elevated for all these toxins[32]. 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[33,34]. 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[30]. For exam-
ple, a device attached to a patient’s arm, the ambulatory 
renal monitor (ARM) measures the decay of  99mTc-DTPA 
for up to 24 h following a single injection. A change in 
GFR could be detected within 5-10 min[35,36]. 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  GFR[37,38]. The 
sixth lesson is that rapid measures of  GFR may provide 
an adjunct to injury biomarkers for the early detection of  
AKI.
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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[40] 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 earlier than 
the mean time to an increase of  50% in creatinine. In the 

larger EARLYARF trial the difference in time for each 
individual was calculated resulting in a mean difference 
of  5.8 ± 13 h[41]. 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 
and glucocorticoids[42-44]. The assumption of  a constant 
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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 
every 3 to 6 h

Cutpoints of concentrations Urinary NGAL, cystain C, IL-18, KIM-1, 
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 h to 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: γ-glutamyl-transpeptidase; L-FABP: Liver-
fatty acid binding protein; ARM: Ambulatory renal monitor; AKI: Acute kidney injury.

Patient entry to 
ED or ICU

Tasks

Estimate 
baseline GFR

Estimate possible 
cause of AKI

Estimate time 
from insult

Select 
biomarker 

panel

Is a biomarker
elevated?

More than 12 h
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Wait 4 h Measure
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Initiate RRT,
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or death

Initiate treatment
No

Yes
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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.
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production rate of  CysC has yet to be investigated in the 
critically ill. Any switch to CysC would involve consider-
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[45]) 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., prior to surgery) 
or can be estimated with reasonable accuracy. For many 
critically ill patients the value of  monitoring function will 
be as an early 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 AKI[46]. 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 early 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 

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 

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.
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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.

TOPIC HIGHLIGHT
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In 1991[1], 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 variety of  severe critical insults, mani-
fested by two or more of  the following conditions: tem-
perature > 38 ℃ or < 36 ℃, heart rate > 90 beats/min, 
respiratory rate > 20 breaths/min or PaCO2 < 32 mmHg, 
and white blood counts > 12 000/mL, < 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 mortality[2].

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 mortality[3]. In septic patients, the number of  or-
gan systems with impaired function is important because 
it correlates with clinical patient outcome[4].

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 following[5] 
(Table 1):

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 sepsis[6]. 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[7,8]. However, other investigators thought 
that these clinical studies should be criticized because of  
methodological error from mathematical coupling be-
cause DO2 and VO2 were calculated from a common set 
of  measured variables; cardiac output and arterial oxygen 
content[9]. 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[10].

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/DO2 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 DO2 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[7].

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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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.

Moemen ME. Categorization of ICU Sepsis



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-α 
(TNF-α), interleukin (IL)-1β and IL-6 are important clin-
ical prognostic markers in patients with systemic sepsis[11].

There has been strong correlation between serum 
concentrations of  pro-inflammatory mediators and 
scores of  severity of  illness[12]. In spite of  this, most of  
these mediators are not established for clinical decision 
making due to their short half-life[13].

Casey et al[14] designed a biologic score for applica-
tion in septic patients. It included levels of  endotoxin, 
IL-1B, TNF-α 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[15] presented the first evidence that PCT, one 
of  the best prognostic markers of  sepsis[16], may actually 
be a sepsis mediator and could have an integral role in the 
inflammatory process and its prognostic categorization.

It has been shown that in vitro and in vivo induction of  
cytokines leads to the rapid release of  PCT which has a 
long half-life[17,18].

Ugarte et al[19] 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%[20].

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[21]

.

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[5]. 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.

The general interest in genetics culminated in the 
publication of  the findings of  the human genome project 
which appeared in February 2001 issue of  Nature. 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[21].

Regional VO2/DO2 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 CO2 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[22]. Measurement 
of  CO2 content of  fluid aspirated from the stomach has 
been also described by Mohsenifar et al[23]. Both later 
methods avoid the use of  commercial expensive tonom-
etry catheters costing $ 200 each[24].

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[25]. 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[10].

Global vs regional VO2/DO2 relationship
Assessment of  both global and regional VO2/DO2 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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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[26]. 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[27]. 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 

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 et al[4] 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 observed 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[28].

A revision[29] 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 μg/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 et al[4] study could not 
have a cardiovascular component calculated.

It is recommended that the MOD score and its Re-
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Table 2  Multiple organ dysfunction score

Organ system Score

0 1 2 3 4

Respiratory PaO2/FiO2  > 300    226-300    151-225      76-150  ≤ 75
Renal creatinine (μmol/L) ≤ 100    101-200    201-350    251-500 > 500
Hepatic bilirubin (μmol/L)  ≤ 20    21-60      61-120    121-240 > 240
Cardiovascular PAR1       < 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    7-9   ≤ 6

1Pressure-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 PaO2/FiO2  > 400 ≤ 400 ≤ 300 ≤ 200 ≤ 100
Renal creatinine (μmol/L) ≤ 110 110-170 171-299 300-440 urine output 

≤ 500 mL/d
> 440 urine output < 

200 mL/d
Hepatic bilirubin (μmol/L)   ≤ 20 20-32   33-101 102-204  > 240
Cardiovascular hypotension
 

No hypotension MAP < 
70 mmHg

Dopamine ≤ 51 Dopamine > 51 or 
epinephrine ≤ 0.11 or 
norepinephrine ≤ 0.11

Dopamine > 151 or
 epinephrine > 0.11 or
 norepinephrine > 0.11

Dobutamine 
(any dose)

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

1Adrenergic agents administered for at least 1 h (doses given are in μg/kg per minute).
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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 et al[29] compared daily MOD 
scores to daily Acute Physiology and Chronic Health 
Evaluation (APACHE) Ⅱ scores in 39 septic-shock pa-
tients from one Saudi Arabian ICU. The authors found 
that the maximum MOD score 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 
Ⅱ 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[27].

Vincent et al[30] in 1998 working on “sepsis-related”
problems published the first evaluation of  the SOFA 

score. They found that infected patients had more severe 
organ dysfunctions compared to those without infec-
tion. Antonelli et al[31] 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 early 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[32-34].

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[35]. 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 4  Logistic organ dysfunction score

 Organ system             LOD points

Increasing severity/decreasing values  Organ dysfunction free Increasing severity/increasing values

5 3 1 0 1 3 5

Neurologic Glasgow coma score 3-5 6-8   9-13 14-15
Cardiovascular heart rate (min) < 30 or < 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 

106-140
10-19.9 or 

≥ 141 or ≥ 10
≥ 20

   Creatinine (μmol) < 106 
   Urine output (I/d) < 0.5   0.5-0.74 0.75-9.99
   Pulmonary PaO2/FiO2 on MV 
   or CPAP PaO2 (kPa)/FiO2

< 150 
(< 19.9)

≥ 150 
(≥ 19.9)

No ventilation, no 
IPAP or no CPAP

Hematologic
   White blood cell count (× 109/L) < 1.0 1.0-2.4 or < 50   2.5-49.9 ≥ 50.0
   Plateltes (× 109/L)  ≥ 50
   Hepatic bilirubin (μmol/L)      < 34.2  ≥ 34.2 
   Prothrombin time, seconds 
   above standard (% of standard)

(< 2.5%) ≤ 3 (≥ 25%) > 3

IPAP: Inspiratory positive airway pressure; CPAP: Continuous positive airway pressure; LOD: Logistic organ dysfunction.
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score 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[21].

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 Ⅱ scoring system was developed by Knaus 

et al[36] 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 
Ⅱ 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 Ⅱ 
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 Ⅱ score are com-
puted through the following equation to deliver the final 
risk of  hospital mortality:

(R/1-R) = -3.517 + (APACHE Ⅱ × 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 Ⅱ system, the predicted indi-
vidual death rate is based on a decision criterion of  0.50. 
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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 (℃ )   ≥ 41    39-40.9 38.5-38.9    36-38.4    34-35.9    32-33.9    30-31.9    ≤ 29.9
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 
or ventilated) 

  ≥ 50 35-49 25-34 12-24 10-11 6-9   ≤ 5

Oxygenation
   A-a DO2 (mmHg)
      FiO2 ≥ 0.5 ≥ 500 350-499 200-349  < 200
      Record
   A-a DO2 (mmHg)
   FiO2 < 0.5 record only PaO2 PO2 > 70 PO2 (6-70) PO2 (55-60) PO2 < 55
Arterial pH        ≥ 7.7   7.6-7.69   7.5-7.59 7.33-7.49 7.25-7.32 7.15-7.24         < 7.15
Serum sodium (mmol/L) ≥ 180 160-179 155-159 150-154 130-149 120-129 111-119         < 7.15
Serum potassium (mmol/L)     ≥ 7    6-6.9 5.5-5.9 3.5-5.4    3-3.4 2.5-2.9       < 2.5
Serum creatinine (10 mg/L) 
(double point score for acute 
renal failure)

       ≥ 3.5    2-3.4 1.5-1.9 0.6-1.4  < 0.6

Hematocrit (%)   ≥ 60    50-59.9    46-49.9    30-45.9    20-29.9  < 20
White blood count (total/mm3) 
(in 1000)

  ≥ 40    20-39.9    15-19.9      3-14.9    1-2.9    < 1

GCS: score = 15 minus actual 
GCS
Total APS: Sum of the 12 
individual variable points
Serum HCO3 (venous-mmol/L) 
(not preferred, use if no ABG)

≥ 52    41-51.9    32-40.9    22-31.9    18-21.9    15-17.9  < 15

GCS: Glasgow coma score; APS: Acute physiology score .
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Any patient with an estimated risk of  death greater than 
0.50 is simply expected to die. 

Although the APACHE Ⅱ 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[37]. 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 or-
gan dysfunction scores as the SOFA score should replace 
APACHE Ⅱ score but that the two scores can provide 
different information and may be used to complement 
each other[27].

In 1991, Knaus et al[38] published a further refine-
ment to their severity of  illness scoring system termed 
APACHE Ⅲ (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 derived an 
extended chronic health co-morbidity score.The num-
ber of  disease groups was increased to 94.The APS in 
APACHE Ⅲ 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 Ⅲ 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 

such: R/1-R = (APACHE Ⅲ Score × 0.053) + Risk of  
emergency Surgery + Risk of  specific disease category + 
Risk of  patient location.

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

Independent validation of  APACHE Ⅲ has been 
undertaken by a number of  studies[39-43], 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 Ⅲ, 
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 Ⅲ score, 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[38] by using the same variables 
as APACHE Ⅲ 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 Ⅳ[44], 
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, etc. 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 

Figure 1  Calculator of Acute Physiology and Chronic Health Evaluation 
Ⅱ scoring system.
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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[3,44]. However, the major changes to 
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 

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 Ⅱ and Ⅲ and move to the more 
contemporary and accurate APACHE Ⅳ, now that both 
the score and the two predictions are in public[44].

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

Table 6  Acute physiology score in Acute Physiology and Chronic Health Evaluation Ⅲ scoring system

Parameter Value range Points Parameter Value range Points

Core temperature (℃)      0-32.9 20 Plasma bilirubin (μmol/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 23 Plasma Creatinine 

(μmol/L) 
(if no acute renal failure) 

or in ARF 
(< 410 mL urine vol/24 h)

  0-43   3
40-59 15   44-132   0
60-69   7 133-171   2
70-79   6 172 or more   7
80-99   0

100-119   4
120-129   7     0-132   0
130-139   9 133 or more 10

140 or more 10
Respiratory (r/min) 
(zero points for 6-12/min 
rate if on ventilation)

0-5 17 Arterial PO2 (kPa) 
(Inspired O2 < 50%) 

or alveolar/arterial PO2 
difference kPa 

(Pa-PaO2) 
(Inspired O2 > 50%)

     0-6.66 15
  6-11   8 6.67-9.32   5
12-13   7 9.33-10.6   2
14-24   0 10.7 plus   0
25-34   6
35-39   9      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 (× 109/L)    0-0.9 19 Age (yr)   0-44   0

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 
(do not score in elective 

surgery patients)

Cirrhosis 
Immunosuppression 

Leukaemia 
Multiple myeloma

  4
50 or more   3 10

10
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
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oped by Cullen et al[45] 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 iv line or a uri-
nary catheter is assigned one point. A central venous line 
or two peripheral iv catheters are assigned two points. A 
central iv 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.

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 et al[46], 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 Ⅱ 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 et al[46] 
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 
is applicable to a wide range of  pathologies but that its 

Figure 2  Calculator of Acute Physiology and Chronic Health Evaluation Ⅳ scoring system.
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predictive value and performance can only be applied to 
groups of  patients, not to individual patients.

In 1993, Le Gall et al[47] 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 Ⅲ 
is the ability to accurately predict mortality in stratified 

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

SAPS Ⅲ 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[48,49].

The mortality probability models
In 1985, Lemeshow et al[50] published their first attempt 
at an outcome prediction model. They actually developed 
four models: MPM0 (probability of  death from data col-
lected at ICU admission), MPM24 (probability of  death 
from data collected at 24 h), MPM48 (probability of  death 
from data collected at 48 h) and MPM0T (probability of  
death “overtime” based on MPM0 and the change in 
probability between MPM0 and MPM24, and between 
MPM24 and MPM48). 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.

Figure 3  Calculator of Therapeuti Intervension scoring system.

Figure 4  Calculator of Simplified Acute Physiology scoring system Ⅰ.
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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 et al[51] 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 Ⅱ0 and MPM Ⅱ24, decid-
ing to temporarily abandon the MPM48 and MPM 0T of  the 
original model.MPM Ⅱ0 was determined by 15 variables. 
Lemshow et al[52] 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 Ⅱ24, including 13 variables, is a 
companion model to MPM Ⅱ0 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 et al[53] published two 
further models based upon their data set, MPM Ⅱ48 and 
MPM Ⅱ72. Both these models use the same 13 variables 
as MPM Ⅱ24. 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 Ⅱ. The same could not 
be said for sequential APACHE Ⅱ scoring. The authors 
described an on-going process to develop MPM Ⅱ mod-
els for successive time points beyond 72 h. (MPM Ⅱ OT). 
Figure 5 shows the calculator of  the MPM.

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-
making[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. 
Overall, they should be considered as a fact to assist the 
clinician.

OVERVIEW
It is now about 30 years since the original APACHE 

Figure 5  Calculator of mortality probability model.
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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 Ⅲ; 
SAPS Ⅱ 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 Ⅲ, MPM24-72 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[21]. There 
is clearly no “best” severity scoring model, and the per-
formance of  such models varies both with time and with 
the population under study, and so should be periodically 
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 now, 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 γ-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 

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.

© 2012 Baishideng. All rights reserved.
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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 Charles 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 γ-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 (α1-6, β1-3, γ1-3, δ, ε, φ, π and ρ1-3) which are 
encoded by at least 19 mammalian genes, with additional 
diversity arising in certain regions[1]. In most GABAA re-
ceptors, the most common combination of  subunits is α, 
β, and γ, with a ratio of  2:2:1 although the γ subunit may 
be replaced by δ or ε 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 γ2 subunit comprise more than 40% of  all GABAA 
receptors in the brain[2].

The GABA system is the main inhibitory neurotrans-
mitter pathway in the CNS of  mammalian brain, and 
one-third of  all synapses are GABAergic[3]. 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 α1 and β2 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 properties[6]. 
GABAA receptors that contain the α4 and δ subunit 

appear to contribute to the sedation effects of  THIP. At 
low concentrations, THIP strongly potentiates the activ-
ity of  GABAA receptors containing the δ subunit, and 
enhances a tonic conductance generated by α4δ GABAA 
receptors[7]. Rotarod performance and spontaneous loco-
motor activity were unimpaired by THIP in α4 subunit 
knock-out mice[8], which suggests that α4δ 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[9]. Since the sedative 
actions of  THIP were absent in α4 knock-out mice, it is 
likely that the tonic current mediated by α4β2δ 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 β2 subunit[9,10], although the spe-
cific contribution of  thalamic β2 subunits to this effect is 
uncertain. Propofol and etomidate also enhance function 
of  GABAA receptors to produce immobility[11-13]. In con-
trast, gaseous general anesthetics such as xenon, nitrous 
oxide, cyclopropane as well as ketamine have minimal or 
no effect on GABAA receptor subtypes[14-18].

Compared to other general anesthetics, volatile an-
esthetics show low potency to a variety of  receptors at 
clinical concentrations[19]. 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 in vivo, using heterologous expression systems 
and the postsynaptic membrane, respectively[20,21]. The 
depressive effects of  isoflurane, enflurane and halothane 
on rat neocortical neuron activity were studied using in 
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 in vivo and in 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[22]. 

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[23]. 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 

anesthetics, in particular the subunit combination of  
GABAA receptors, on anesthetic effect. GABAA recep-
tors containing the α1β2γ2 subunits are enriched at syn-
aptic sites throughout the brain[24]. 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[25]. In 
recent studies, an anesthetic binding cavity for volatile an-
esthetics has been identified, critically involving in the α1 
subunit[26,27]. Rudolph et al[28], reported that animal behav-
ioral patterns induced by benzodiazepine were moderated 
by a point mutation on the mouse α1 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 α 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[29].

The biophysical profile of  GABA receptors and 
their sensitivity to general anesthetics can be dramati-
cally altered by subunit composition[30]. Using chimerical 
channel construction, Mihic and colleagues discovered a 
domain, relevant for mediating the effect of  volatile an-
esthetics and etomidate[29], but not propofol[27]. 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[31]. According to 
important studies, two amino acids in the α1 subunit are 
the most critical points for general anesthetic effect[27]. 
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 α1 subunit resulted in a decrease of  sensitiv-
ity to volatile anesthetics[26,31], while replacement with 
smaller residues resulted in the opposite effect[26]. Also, 
replacing the α1 Ser270 residue with histidine resulted 
in recombinant heteromeric GABAA receptors that 
were insensitive to isoflurane[26]. However, an additional 
change to the GABAA receptors, introduced by the α1 
(Ser270His) mutation, complicated the interpretation of  
receptor pharmacology[32]. This problem was addressed 
by introducing an additional mutation into the α1 sub-
unit, whereby the leucine residue at position 277 was 
replaced with alanine. This double knock-in mutation, α1 
(Ser270His, Leu277Ala), restored normal sensitivity to 
GABA[29]. 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 α1 subunits to isoflurane anesthesia[33]. Some 
studies demonstrated that double-mutant mice expressing 
the α1 (Ser270His, Leu277Ala) subunit was less sensitive 
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to isoflurane, compared to wild-type controls, indicating 
the important role of  α1 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 α1 (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 α1 subunit was knocked 
out either globally or in the forebrain alone[34]. In other 
studies with the α1 subunit knock-out mice, the amnesic 
effect induced by isoflurane was impaired, indicating the 
role of  α1 subunit in isoflurane amnesia. At the same 
time, the β 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[27,35]. In 
addition, on the β3 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[35]. With β3 (Asn-
265Met) knock-in mice, isoflurane is slightly less effect 
at inhibiting the righting reflex in β3 (Asn265Met) mice, 
suggesting the role of  the β3 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 β3 (Asn265Met) mice, heart rate and core temperature 
were decreased less by isoflurane[36], indicating the role of  
the β3 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[37].

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 α5 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 β2 or β3 subunits was replaced with serine or methio-
nine, respectively) were insensitive to etomidate in vitro[9,10]. 
Etomidate showed low efficacy in reducing spontaneous 
loco-motor activity in β2 (Asn265Ser) knock-in mice, in-
dicating that GABAA receptors with the β2 subunit were 
important for the sedative effect of  etomidate[9]. 

In other studies, sedative property of  diazepam has 
been demonstrated to be mediated by the α1 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 α1 subunit were in-
sensitive to diazepam in vitro[28]. Behavioral tests indicated 
that the sedative effect induced by diazepam were elimi-
nated in knock-in mice that expressed the α1 (His101Arg) 
mutation[28].

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-
centrations[38].

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+-Cl- 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[39-43]. 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[44,45].

Background K+ channels are composed of  K2P 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+ (K2P) 
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+ (K1P) channels, four matching P 
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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 
K2P channels, the first pore (P1) and P2 domains have 
different sequences as exemplified by TWIK1 or TWIK-
related acid-sensitive K+ 1 (TASK1)[46]. Many K2P 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 tyrosine[40-41,46]. There-
fore, in K2P 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  
K2P channels for K+ over Na+ is high [permeability ratio 
(PNa/PK) < 0.03], these structural differences suggest a 
more varied permeation and gating compared with K1P 
channels[39]. K2P channels, including TASK1 and TWIK-
related K+ 1 (TREK1), present an instantaneous current 
component and a second time-dependent component in 
response to depolarization[47,48]. 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[49,50]. The outward 
rectification of  TREK1 is attributed to an external Mg2+ 
block, which is present at negative membrane potentials, 
and to an intrinsic voltage- dependent mechanism[49,50]. 
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)[51]. Therefore, 

K2P channels diverge from the constant-field GHK cur-
rent formulation and are characterized by complex per-
meation and gating mechanisms[49,52].

Recent in vivo studies have demonstrated that TREK1, 
the most thoroughly studied K2P channel, has a key role 
in the cellular mechanisms of  neuronal protection, an-
esthesia, pain and depression[53]. Mechano-gated and 
acid-activated TREK1 and TREK2 are the hypothetical 
functional homologues of  the Aplysia S-type background 
K+ channel[53,54]. Recently, genetic inactivation of  TREK1 
in the mouse has revealed the potential involvement of  
this K2P channel in a range of  neuronal disease states, 
including pain, ischemia, epilepsy and depression[55-57]. 
Human TREK1 is highly expressed in the brain, where it 
is particularly abundant in γ-aminobutyric acid-containing 
interneurons of  the caudate nucleus and putamen[58]. 
TREK1 is also expressed in the prefrontal cortex, hip-
pocampus, hypothalamus, midbrain serotonergic neurons 
and sensory neurons of  the dorsal root ganglia[55,59-61]. 
TREK1 is a signal integrator responding to a wide range 
of  physiological and pathological inputs.

Actions of general anesthetics on potassium channels
K2P channels are modulated by a variety of  cellular lipids 
and pharmacological agents, including polyunsaturated 
fatty acids and volatile general anesthetics. Franks et al[62] 
identified isoflurane-activated a potassium current in 
specific neurons of  the freshwater snail Lymnaea stagnalis. 
This current had the characteristics of  a leak or back-
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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[63]. It 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[54,60]. 
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[63]. At half-maximal concentrations of  volatile an-
esthetics used in human general anesthesia[63] (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 (K2P channels) was discovered that 
had a wide phylogenetic range and was activated by vola-
tile anesthetics at clinically relevant concentrations[64-66]. 
Activation of  these background K+ channels in response 
to volatile anesthetics results in hyperpolarization and 
silencing of  neuronal activity[62,67]. Members of  the fam-
ily can also be activated by xenon[68] and nitrous oxide[69], 
and differentially activated by isoflurane stereoisomers[70]. 
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 
agents[64]. Whole-cell patch-clamp experiments showed 
that chloroform strongly and reversibly activates TREK-1 

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 EK+. 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[64]. 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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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 + + + + + + + -- + +
   hα1β1 + + +
   hα1β2 + + + + + + +
   hα1β1γ2 + + + + + +
   hα1β2γ2 + + +
NMDA -- -- -- -- -- --
AMPA/Kainate
   GluR1 -- --
   GluR3 -- -- -- --
   GluR2 + 3 -- -- -- --
   GluR6 + + + -- + --
K+

   KV -- -- -- -- --
   TREK +/-- +/-- +/-- +/-- +/--
HCN -- -- -- --
Na+ -- -- -- -- -- --

+: Effect of agonist; --: Effect of antagonist; GABAA: γ-aminobutyric acid type A.
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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[64]. 
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[64]. 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[71]. 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 K2P knock-out mice has further impli-
cated these channels in the mechanism of  action of  vola-
tile anesthetics. TREK-1 knockout mice were resistant to 
the effects of  volatile anesthetics as determined by the 
standard MAC assay[57]. Knock-out mice in which other 
members of  K2P 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 K2P 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[72]. The Shaker phenotype arose from inactivation 
of  a voltage-gated K+ channel gene, but in vitro studies of  
the effects of  anesthetics on this channel family found 
them to be inhibited at supra-clinical anesthetic concen-
trations[73,74]. Other potential K+ channel targets include 
voltage-gated K+ channels (Kv) and ATP-activated K+ 

channels (KATP). However, administration of  KATP chan-
nel blocking drugs into the neuro-axis did not change 
isoflurane MAC[75]. 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. K2P channels are thought to regulate mem-
brane excitability. In CNS, the TREK channels could be 
activated by membrane stretch, temperature and H+. It 
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 KATP 
channel, the BK (Ca2+) channel (large conductance Ca2+ 
regulated K+ channels), the voltage-gated K+ channel 
1.3 (Kv1.3) channel, as well as the TASK-3 channel. It has 
been demonstrated that potassium influx to the brain mi-
tochondria by the KATP 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%[76,77]. 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[14-18]. In addition, both urethane 
and enflurane have been found to inhibit excitatory flow 
in NMDA-expressing Xenopus Oocytes by acting with 
NMDA receptors[78,79]. Hollmann et al[80] demonstrated 
the reversible dose-dependent inhibition of  recombinant 
NMDA receptors by various volatile anesthetics including 
isoflurane, sevoflurane and desflurane. These in 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[81]. However, some studies with knockout mice 
have failed to find an obvious role of  NMDA receptors 
on anesthetics actions in vivo[82-84].

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 in vivo physiological interaction between 
the NMDA and AMPA receptors[85]. 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[86].

A theory of  anesthesia involving NMDA receptors 
has been presented, consisting of  four hypotheses[87]: (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 processes[87]. 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 underlie these obser-
vations[88].

The molecular action of  xenon and isoflurane in 
inhibiting NMDA receptors occurs by binding to the 

glycine co-agonist site[89]. 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 (If  or Ih), 
that contributes to multiple membrane properties gov-
erning cellular excitability[90-92]. Since its first description in 
1979[93], 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[94] 
(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[92]. Cloning of  four isoforms of  HCN channels 
in the late 1990s showed their correlation to native HCN 
channels. HCN channels are unevenly distributed on 
the cell membrane; for example, HCN1 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 If  that contributes to auto-
rhythmicity in both the brain and heart. Consistently, 
dendritic Ih current density and amplitude increases as 
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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.
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one moves farther away from the soma[95-98]. Dendritic 
Ih normalizes temporal summation[95,97,99-100], disconnects 
somatic and dendritic spike initiation zones[97], and prob-
ably limits the development of  long-term potential[101]. 
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[102], but the relative contribution 
of  the two isoforms to Ih in RTN neurons is unknown. 
Somatic Ih in RTN neurons is small even at hyperpolar-
ized membrane potentials[103,104]. HCN2 is the major 
isoform generating Ih in RTN because HCN2 deletion 
abolishes Ih and reproduces the effects of  the HCN 
channel blocker ZD7288 (4-ethylphenylamino-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[105].

The relevance of  If  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  If  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 rhythm[106].

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 core, 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 

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 If  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[107-109] whereas halothane hyperpolarizes HCN1 
but suppresses that maximal current carried by HCN2 
channels[110,111]. The voltage dependence of  If  activation is 
regulated by cAMP[92], internal protons (H+)[112] and sev-
eral signaling lipids[113-115]. 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[116]. 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. 
HCN1 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 in vitro. Compared with wild-
type mice, residual If 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 If  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[111].

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 α-subunits and these subunits show dis-
tinct cellular and sub-cellular distribution, depending on 
different species and tissues[117]. 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 (Ⅰ-Ⅳ) and over 50% of  the sequence of  
these domains has been identified. It has been demon-
strated that six segments (S1-S6) are contained in each 
domain and that they form transmembrane α-helices. In 
addition, four integral membrane glycoprotein subunits 
have been identified. Generally, the α-subunit is sufficient 
for the basic functions of  sodium channels while expres-
sion of  β-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[118]. For example, the 
dinoflagellate toxin (saxitoxin) and the puffer fish poison 
(tetrodotoxin, TTX) bind to the α-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 α-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[117]. The pharmacological profile as well as ion 

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 Ⅰ 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 (Nav1.2) 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[119]. In addition, many 
volatile anesthetics, especially isoflurane, have been dem-
onstrated to inhibit multiple mammalian sodium channel 
isoforms[120] including Nav1.2[119], Nav1.4 and Nav1.6[121,122], 
Nav1.5[123], and Nav1.8. Although early studies suggested 
that the peripheral tetrodotoxin-resistant isoform Nav1.8, 
expressed in amphibian Oocytes, was resistant to inhaled 
anesthetics[124], more focused reports in neurons indi-
cate that Nav1.8 is significantly inhibited by isoflurane at 
concentrations similar to those that inhibit most other 
isoforms[125]. Potent volatile anesthetics also inhibit native 
Na+ channels in isolated nerve terminals[122,126] as well as 
dorsal root ganglion neurons[127]. In contrast, xenon has 
been found to have no obvious effect on Na+, Ca2+, or 
K+ channels in isolated cardiomyocytes[128]. 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[120,127]. 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[120,127]. A recent study demonstrated that NaChBac, a 
prokaryotic homologue of  voltage-gated Na+ channels, is 
also inhibited by volatile anesthetics[129]. 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 early 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 earlier 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 in vivo, for example the increase in cerebrospi-
nal fluid Na+ concentration increases MAC of  halothane 
(equivalent to ED50) in rats[130]. Intravenous administra-
tion of  the Na+ channel blocker lidocaine reduces MAC 
for several volatile anesthetics in rats[131], and intravenous 
or intrathecal infusions of  riluzole, a potent inhibitor of  
Na+ channels and glutamate release, decrease isoflurane 
MAC in rats[132]. 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.
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ultimate goal of  the journals, i.e. 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 "priority" 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 transparent environment, could 

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 herbs. 
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The columns in the issues of  WJCCM will include: (1) Editorial: To 
introduce and comment on the substantial advance and its impor-
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.
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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 t-test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or 
stepwise), correlation, analysis of  variance, analysis of  covariance, 
etc. 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 
standard errors. Give the number of  observations and subjects (n). 
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, WJCCM 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://www.icmje.
org/ethical_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  organizations], and has received research funding from [names of  
organization]. [Name of  individual] is an employee of  [name of  or-

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 clearly 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 World 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 review 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 procedures) 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  transparency 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 author’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.wjgnet.com/esps/. Authors are highly rec-
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ommended to consult the ONLINE INSTRUCTIONS TO AU-
THORS (http://www.wjgnet.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 wjccm@wjgnet.com, or by 
telephone: +86-10-85381891. If  you submit your manuscript on-
line, do not make a postal contribution. Repeated online submission 
for the same manuscript 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 L, 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 L 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 

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 WJCCM, 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 are 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 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no 
more than 26 words).

Key words
Please list 5-10 key words, 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.wjgnet.com/2220-3141/g_info_20100725072755.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
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.
wjgnet.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: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. 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, etc., and mentioned 
clearly 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 
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footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; 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 ●, ○, ■, □, ▲, △, etc., in a certain se-
quence.
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Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as 
χ2 (in Greek), related coefficient as r (in italics), degree of  freedom 
as υ (in Greek), sample number as n (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, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23 243 641.

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, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

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

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

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

Observation: http://www.wjgnet.com/2220-3141/g_info_20100725
072232.htm

Guidelines for basic research: http://www.wjgnet.com/2220-3141/
g_info_20100725072344.htm

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

Review: http://www.wjgnet.com/2220-3141/g_info_201007250726
56.htm

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

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

Case report: http://www.wjgnet.com/2220-3141/g_info_20100725
073015.htm

Letters to the editor: http://www.wjgnet.com/2220-3141/g_info_2
0100725073136.htm

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

Guidelines: http://www.wjgnet.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 wjccm@wjgnet.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/g_info_20100725073726.htm.

Responses to reviewers
Please revise 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.wjgnet.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 
WJCCM 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 EurekAlert/AAAS (http://www.eurekalert.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
WJCCM 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 properly 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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