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Abstract

Almost 50 years ago, we published detailed hemody-
namic findings in a patient with heart failure and in-
termittent left bundle branch block. Delayed intraven-
tricular conduction was consistently accompanied by
an increased duration of left ventricular (LV) isometric
contraction, a drop in systolic blood pressure, a rise in
heart rate, and a drop in cardiac output. To our knowl-
edge, this observation provided the first ever evidence
that delayed mechanical LV contraction was associated
with deterioration, and return to a normal pre-ejection
phase with improvement in LV function.

© 2011 Baishideng. All rights reserved.

Key words: Intermittent left bundle branch bock; Heart
failure; Left ventricular dyssynchrony; Systolic blood
pressure; Cardiac output
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Almost 50 years ago, one of us (Bourassa MG) co-authored
a case report entitled: “Hemodynamic Studies during In-
termittent Left Bundle Branch Block”". The patient was
a relatively young man with symptoms and signs of heart
failure and a heart murmur suggestive of aortic regurgita-
tion. Intermittent left bundle branch block (LBBB) was
documented on electrocardiograms (ECG), vectorcar-
diograms and phonocardiograms prior to cardiac cath-
eterization. During left heart catheterization, the ECG
spontaneously changed from a pattern of left ventricular
(LV) hypertrophy (QRS duration: 80 ms), to a pattern of
LBBB (QRS duration: 160 ms). Following oxygen admin-
istration, the ECG rapidly reverted to a pattern of LV
hypertrophy with normal conduction. During the pro-
cedure, similar ECG sequences occurred during which
petipheral, aortic and LV pressure curves were simultane-
ously recorded and cardiac output was calculated using
dye-dilution curves.

Important hemodynamic changes consistently accom-
panied the occurrence of intermittent LBBB. Notably,
systolic pressures in the left ventricle, central aorta and
radial artery fell consistently (roughly 20 mmHg during
LBBB as compated to normal conduction); cardiac index
fell from 2.2 I./min per m” during normal conduction to
1.7 L/min per m’ during LBBB. The ECG showed an
immediate increase in heart rate during LBBB, presum-
ably as an attempt to compensate for the decreased car-
diac output. Particularly important was the temporal rela-
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tionship of cardiac events in both forms of conduction.
The time interval between onset of LV depolarization
and onset of isometric contraction remained unchanged,
and thus, the onset of isometric contraction was not de-
layed during LBBB. On the other hand, slowing of intra-
ventricular conduction appreciably prolonged the dura-
tion of isometric contraction (from 72 ms during normal
conduction to 94 ms during I.LBBB) and, proportionately,
of isometric relaxation. Because of prolongation of iso-
metric contraction, both the onset and termination of
systolic ejection were delayed during LBBB, although the
duration of systolic ejection itself was unchanged. The
diastolic period with LBBB was shorter than with normal
conduction.

To our knowledge, this observation provided the first
ever evidence that slowing of intraventricular conduc-
tion and prolonged isometric LV contraction result in
decreased force and efficiency of contraction, leading to
a notable reduction in cardiac output, a drop in systemic
blood pressure and a compensatory increase in heart
rate. Conversely, spontaneous or oxygen-induced (in our
case) conversion from LBBB to normal LV conduction
promptly returned hemodynamic parameters to their
previous levels. Thus this severe LV dysfunction was im-
mediately reversible.

LBBB results in a significant delay in aortic open-
ing and closure, but it does not affect the timing of RV
events®. Tt has been suggested that interventricular
dyssynchrony contributes to reduction in the regional
ejection fraction (EF) of the septum without impacting
LV apical and lateral wall motion'”. On the other hand,
intraventricular dyssynchrony, which is characterized by
heterogeneous activation of different LV segments (some
being activated early and others late during cardiac con-
traction), results in decreased cardiac output, systemic
blood pressure, maximal rate of pressure rise (dP/d¢),
and global EFP, Finally, in patients with sinus rhythm,
atrial contraction is not followed by a properly timed LV
systole and prolonged atrioventricular delay can also con-
tribute to cardiac dysfunction.

In the mid-1990s, some investigators hypothesized
that patients with LV dysfunction and delayed intraven-
tricular conduction would benefit from pacing at sites
that achieve a more rapid ventricular depolarization and
thus a more synchronous contraction' ™. This led to
evaluation of atrial-synchronized biventricular pacing as
a means to resynchronize ventricular contraction and im-
prove cardiac function””. Cardiac resynchronization ther-
apy (CRT) was shown to improve LVEF and dP/dt, and
to reduce LV end-diastolic and end-systolic volumes'”,
Following quite convincing observational data, several
large randomized clinical trials demonstrated that mul-
tisite ventricular pacing or CRT significantly improved
mortality and morbidity in patients with heart failure and
complete LBBB""",

Currently, CRT is an established treatment modality
for selected patients with systolic heart failure. Selection
criteria for implantation of a CRT device include an EF
< 35%, NYHA functional class 1I[-IV symptoms, and a
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wide QRS complex (duration = 120 ms). In patients with
mild heart failure, the RAFT study found that CRT pro-
vided additional benefit to an implantable defibrillator if
intrinsic QRS duration was 150 ms or more'' ", This ECG
criterion was incorporated into European guidelines for
CRT patients with NYHA class II syrnptorns“s]. Thus,
indications continue to expand to less symptomatic pa-
tients' . However, the intervention is both invasive and
costly, and clinical response and long-term outcome are
variable. Roughly 30% of patients who meet established
criteria do not respond to CRT"" In patients with
ischemic cardiomyopathy, Barsheshet ez al" found that
those with a QRS duration = 150 ms, blood pressure
< 115 mmHg, or LBBB had a more favorable response
to CRT with regards to overall mortality or heart failure
events. Thus, the subgroup of patients at higher risk
for death or heart failure appeared to derive the greatest
benefit from CRT. In contrast, identified predictors of
a favorable response to CRT in non-ischemic cardiomy-
opathy were female gender, diabetes, and LBBB"Y. While
further studies are required to elucidate pathophysiologi-
cal mechanisms and clinical implications of such sub-
group analyses, current evidence suggests that patients
with a wide QRS and RBBB or non-specific intraven-
tricular conduction abnormalities respond less favorably
to CRT regardless of the type of cardiornyopathym‘m.

Predictors of a favorable outcome after CRT include
baseline mechanical LV dyssynchrony, optimal LV lead
position, and extent and location of myocardial scar”*".
However, the pathophysiology of mechanical LV dys-
synchrony is complex and both its quantification and the
choice of optimal, concordant pacing sites, in the latest
mechanically activated region of the LV and remote from
an infarct zone, still remain under investigation. The
Predictors of Response to CRT trial revealed the techni-
cal problems of echocardiographic parameters, such as
those derived from M-mode echo, routine pulsed Dop-
pler and tissue Doppler imaging, for predicting response
in patients with standard CRT indications”"*. More
recently, promising new tools such as 2-D speckle track-
ing and real-time 3D echo, alone or in association with
cardiac magnetic resonance imaging, have been shown
to improve patient selection for CRT™. Other investi-
gators have assessed new lead placement strategies and
have concluded that CRT delivered at the optimal LV
endocatdial sites (sites of latest mechanical activation) is
more effective than i coronary sinus lead pacing!”*"*.
Future investigations of epicardial or LV endocardial lead
positioning may eventually overcome current anatomical
restraints

Finally, it has been shown recently that evidence of
mechanical LV dyssynchrony at baseline, usually associ-
ated with increased QRS duration, and definite reduction
in LV dyssynchrony post-implantation are essential in
predicting a positive response to CRT". Our seminal
report clearly illustrated the importance of these two
mechanisms. Delayed intraventricular contraction was as-
sociated with deterioration, and return to a normal pre-
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ejection phase was associated with improvement in LV
function.
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Abstract

Non-invasive clinical examination has well-recognized
limitations in detecting compensated and uncompensated
low flow states and their severity. This paper describes
the principles of near-infrared absorption spectroscopy
(NIRS) and the basis for its proposed use in heart fail-
ure/cardiogenic and septic shock to assess global and
regional tissue oxygenation. The vascular occlusion test is
explained. Limitations of NIRS, current controversies, and
what is necessary in the future to make this technology
a part of the initial and ongoing assessment of a patient
are also discussed. The ultimate goal of such techniques
is to prevent miss-assessment and inadequate resuscita-
tion of patients, two major factors in the development of
multisystem organ failure and death.

© 2011 Baishideng. All rights reserved.

Key words: Shock; Heart failure; Skeletal muscle; Near-
infrared spectroscopy
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INTRODUCTION

The primary task of the cardiovascular system is to de-
liver enough oxygen to meet the metabolic demands
of the body. When it fails to satisfy metabolic demands
adequately, shock and tissue hypoxia occur. Sustained
tissue hypoxia is one of the most important contribu-
tory factors in the pathophysiology of organ dysfunc-
tion", Therefore, assessment of the adequacy of global
systemic and tissue oxygenation in critically ill patients is
indispensable in their treatment”,

Unfortunately, traditional clinical signs of tissue per-
fusion that have been used over the last century (capillary
refilling, mental status, heart rate, pulse pressure, systemic
blood pressure and utine output) are now recognized to
be limited in their ability to act as sensitive indicators of
tissue perfusion[}s]. Therefore, detection of compensated
shock (the most common presentation of shock) remains
a serious challenge. Normalization of these traditional
clinical indices after initial resuscitation does not exclude
ongoing inadequate tissue perfusionm. Over the last two
decades, an intense search for a more sensitive monitor-
ing technology has continued'”. The ideal monitoring
modality should provide an indication for the treatment
of low flow states and should also act as an ideal assessor
of the altered state of oxygen delivery at its earliest stage,
even before clinical signs are evident.

Maintenance of adequate oxygen delivery (DO2) is
essential to preserve organ function, and sustained low
DO: is a path to organ failure and death®™. DO2 does
not influence oxygen consumption (VO2) until it reaches
critically low values (DOzcrir), when VOzstarts to decrease.
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It is at this point that VO2 becomes directly dependent
on DOa. Tissue extraction of oxygen cannot be increased
further to meet tissue demands, and cells begin to convert
to mainly anerobic metabolism, as manifested by signifi-
cant increases in metabolic byproducts, and other cellular
entities reflective of this state, such as lactate, NADH,
and reduced cytochrome oxidase. Each individual organ
has its own biphasic relationship with differing points of
DOzeiit, which can vary significantly based on the sever-
ity of the insult, the system’s metabolic activity, vascular
responsiveness to a myriad of mediators, and the type of
insult.

Low cardiac output states (cardiogenic, hypovolemic
and obstructive types of shock) and anemic and hypoxic
hypoxemia are characterized by a decreased DOz but pre-
served oxygen extraction ratio (OER = VO2/DOx2) so
that DOzcie remains normal. In distributive shock (septic
shock), the oxygen extraction capability is altered so that
the critical OER is typically decreased. These situations
are typically associated with an increased DOzeir, and VO2
can become dependent on DOz even when the latter is
normal or elevated. Central venous (S«Oz2), and mixed
venous oxygen saturation (SvO2) are used to estimate the
OER as an indicator of global tissue oxygenation.

Regional perfusion changes can occur significantly
earlier than traditional global indices"". Examples of
technologies which may take advantage of regional
changes, and which may help identify these states, in-
clude transcutaneous pO2 and pCOs2, subcutaneous and
interstitial pH, pCOz, and pO2 measurements, gastric and
sublingual tonometry, and near-infrared absorption spec-
troscopy (NIRS)"".

The technique of NIRS is exciting because it poten-
tially provides noninvasively-derived information con-
cerning all of the major components of oxygen trans-
port, ranging from bulk transport of oxygen to its cellular
utilization at the level of the mitochondria. This paper
will review the principles of NIRS and its application
in assessing global systemic and tissue (skeletal muscle)
oxygenation in heart failure/cardiogenic shock and septic

shock.

PRINCIPLES OF NEAR INFRARED
SPECTROSCOPY

NIRS research for measuring tissue properties is not
new' . The technique was pioneered by Millikan who
developed a dual wavelength oximeter for muscle, and
Jobsis who was the first to note the differential spectral
absorption of hemoglobin (Hb) and the mitochon-
drial enzyme cytochrome oxidase or cytochrome a, a3
(CtOX) #n vivo with NIR transillumination"*"!, Visible
light (450-700 nm) penetrates tissue only a short distance
because of strong attenuation by vatious tissue compo-
nents. In the NIR spectrum (700-1100 nm), however,
photons are capable of deeper penetration (several cen-
timeters or more), even through bone. It is also within
this spectral region that oxygen-dependent electronic
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transitions of the metalloproteins Hb, myoglobin and
CtOx can be detected. These metalloproteins act as chro-
mophores and absorb NIR radiation differently based
on their concentration and interaction with oxygen. The
Beer-Lambert law provides the physical and mathematical
basis for NIRS. This law states that light passing through
a solution of a colored compound (chromophore) is ab-
sorbed by the compound, resulting in a reduction in the
intensity of the emerging lightm.

It should be noted now that NIRS differs from pulse
oximetry in several important ways. These include the use
of different (red) and fewer wavelengths of light in pulse
oximetry and the need for pulsatile flow in pulse oxim-
etry. Pulse oximetry is based on the assumption that the
only pulsatile absorbance between the photodetector and
light source is arterial blood.

HEMOGLOBIN

It is the electronic transition of the heme molecule of
Hb and its response to the presence of oxygen that is re-
sponsible for its differential absorption of NIR radiation.

The basis for the use of NIRS to monitor changes in
Hb and HbO: to monitor states of tissue oxygenation
lies in the tissue compartmentalization of blood volume,
which in most organ systems is believed to be in a ratio
of 10:20:70 among the arteriolar, capillary, and venular
compartments, respectively ', Consequently, the major-
ity of the NIRS signal is believed to reflect the venous
or post-extraction compartment of any particular tissue.
This phenomenon provides valuable information on the
tissue oxygen consumption or extraction in much the
same way as mixed venous Hb oximetry is used with the
pulmonary artery catheter. The NIR value of Hb oxygen
saturation from the tissue (StOz2) thus represents spatially
integrated information from arterioles, capillaries, and
venules, which are normally weighted towards the venous
compartment. Larger vessels (> 1 mm) are assumed to be
excluded from StO2 determination'”.

CYTOCHROME OXIDASE

Mitochondrial cytochrome oxidase (CtOx) is respon-
sible for more than 90% of cellular oxygen consump-
tion (reduction) in its role in producing ATP. Although
the enzyme contains four metal centers (CuA, heme
a, CuB, and heme a3), it is the CuA center that has the
strongest absorbance in the NIR region (830 nm), and
is responsible for over 80% of the spectral changes in
this region“s]. CuA is a unique Cu-Cu dimer, which is a
one-electron acceptor - a donor that accepts an electron
from cytochrome ¢ and mediates its transfer'”. Hb NIR
absorbance is directly proportional to oxygen binding to
its metal centers, but NIR changes in the CtOx signal are
due to a decrease in electron flow, a consequence of in-
sufficient oxygen in the environment. Reduction of CtOx
results in the disappearance of its 830 nm absorption
band. These facts are largely responsible for the signifi-
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cant challenges in monitoring and quantifying changes in
the CtOx redox state, except from a baseline state. This
overall absorption signal will represent only the immedi-
ate steady-state contribution of both the oxidized and
reduced form of the enzyme within the volume of tissue
being sampled, but again, can only be compared with
the changes preceding or following it (trend monitoring)
without knowing if the baseline state was normal to begin
with. Thus to date, it has only been possible to calculate
the percentage of the oxidized ss reduced form of the
enzyme in animal models where the enzyme is transiently
totally reduced (anoxia), the total enzyme concentration
is known, and the optical path length is measured. More
NIRS studies coupled with the use of nuclear magnetic
resonance (which can determine the onset of intracellular
dysoxia and the oxygenation status of Hb and myoglo-
bin) should be performed to enhance our understanding
of the ability of NIRS to accurately perform as a precise

. . 19
monitor of tissue oxygen transportl J.

CLINICAL EVALUATION

The use of NIRS is an attempt to move beyond the
common physical examination in order to avoid tissue
dysoxia. Thus, determination of regional StO2 might pro-
vide an eatly warning of global hypopetfusion prior to
significant alterations in vital signs or DOzeic. Addition-
ally, it would allow clinicians to guide resuscitations better
and reduce periods with occult tissue hypoxia. Changes in
StO2 would provide an earlier warning sign of impending
dysoxia and would help the clinician ensure that oxygen
delivery to the tissue had been restored to a level well
above that required to simply reverse dysoxia. However,
it may not be obvious of what value the monitoring of
the CtOx redox state should be. As expected, the regional
CtOx redox state has been shown to correlate strongly
with regional VO: (* = 0.9) only when VO2 becomes de-
pendent on DO2 (below DOz ™. When both StO:2 and
CtOx redox statuses have been studied together in organs
not containing myoglobin, changes in StO2 occurred first
in response to reductions in DOz, and were restored last
on restitution of regional DO:P",

NIRS OF SKELETAL MUSCLE IN HEART
FAILURE AND CARDIOGENIC SHOCK
WITH OR WITHOUT SEVERE SEPSIS/
SEPTIC SHOCK

Measurement of SvO: from the pulmonary artery is used
for calculations of oxygen consumption and has been ad-
vocated as an indirect index of tissue oxygenation and a
prognostic predictor in critically ill patientslzz’zsj. However,
catheterization of the pulmonary artery is costly, has in-
hetent risks and its usefulness remains under debate””".
In a recently published paper, we studied skeletal muscle
StO2 in severe left heart failure with or without additional
severe sepsis/septic shock, and compared it with SvO,
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Figure 1 Vascular occlusion test: An original thenar tissue oxygen satura-
tion (StO2) recording after arterial upper arm cuffing, and cuffing release
(upper arm ischemia reperfusion test). During the upper arm ischemia
reperfusion test, several StO2 parameters can be studied: average StO2 before
arterial cuffing/occlusion; StO2 downslope during cuffing-the deoxygenation rate
(Adown St0Oz2)/s); StO2 upslope (Aup StO2)/s); hyperemia (overshoot of StO2
above baseline).

The hypothesis was that skeletal muscle StO2 could es-
timate SvOz2 in patients with severe left heart failure and
preserved oxygen extraction capability (without severe
sepsis/septic shock), because blood flowing through up-
per limb muscles could make an important contribution
to flow through the superior vena cava. On the other
hand, in patients with a decreased oxygen extraction ca-
pability (with severe sepsis/septic shock), we expected
disagreement between StO2 and SvOq, because in these
patients, higher oxygen extraction can probably take place
in other organs different from skeletal muscles.

The results confirmed the hypothesis that skeletal
muscle StO2 does not estimate SvO2 in patients with
severe left heart failure and additional severe sepsis or
septic shock. However, in patients with severe left heart
failure without additional severe sepsis or septic shock,
StO2 values could be used for fast non-invasive SvO2
estimation; and the trend of StO2 may be substituted for
the trend of SvOsz. The results were in concordance with
our previous report of high StO2 and the slow decelera-
tion rate of StO: during stagnant ischemia in septic pa-
tients””. In this study we used the vascular occlusion test
to study dynamic changes in skeletal muscle StO2. Upper
limb ischemia was induced by rapid automatic pneumatic
cuff inflation around the upper arm (Figure 1). During
the vascular occlusion test, several StO2 parameters can
be studied: mean StO: before artetial cuffing/occlusion;
StO2 downslope during cuffing-the deoxygenation rate
(Adown StOz/s); StOz upslope (Aup StO2/s); hyperemia
(overshoot of StO:z above baseline). The deoxygenation
rate is a surrogate for tissue oxygen consumption.

Our group confirmed that thenar muscle tissue de-
oxygenation during stagnant ischemia at admission and
after hemodynamic stabilization was significantly slower
in septic shock compared with that in severe sepsis, lo-
calized infection and healthy controls. The rate of StO2
decrease correlated strongly with the severity of septic
shock (Sequential Organ Failure Assessment score) and
weakly with norepinephrine requirement, plasma lactate
and C-reactive protein concentrations. The muscle tissue
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deoxygenation rate increased with improvement in sepsis
in the septic shock and severe sepsis group.

Our results were in accordance with those reported
in a baboon septic shock model™. In these primates, the
NIRS-determined rate of skeletal muscle enzyme CtOx
a, a3 reduction during stagnant ischemia was decreased in
Gram-negative septic shock. These data were interpreted
as being consistent with the presence of a defect in the
ability of the enzyme to accept electrons from oxygen or
a limitation in the availability of the reducing equivalent.
Similar results were reported in the dog gracilis muscle
preparation after treating the animals with endotoxin”".

The high StOz/low SvO: seen in severe sepsis and
septic shock, suggest blood flow redistribution. Thenar
muscle StO2 probably correlates with ScvO2 which is
measured in the mixture of blood from head and both
arms. In healthy resting individuals ScvO: is slightly lower
than SvO:2"?. Blood in the inferior vena cava has a high
oxygen content because the kidneys do not utilize much
oxygen but receive a high proportion of the cardiac out-
putm. As a result, inferior vena cava blood has a higher
oxygen content than blood from the upper body, and
SvO2 is greater than ScvOo.

This relationship changes in periods of cardiovas-
cular instability. Scheinman and co-workers performed
the eatliest comparison of ScvO:2 and SvO:z in both he-
modynamically stable and shocked patientslw. In stable
patients, ScvO2 was similar to SvOz. In patients with a
failing heart, ScvOz2 was higher than SvOz, and in patients
with shock the ratio of SvO2to ScvO2 was greater (47.5%
T 15.11% »s 58.0% * 13.05%, respectively, P < 0.001).
Lee and co-workers described similar ﬁndingspij. Other
more detailed studies in mixed groups of critically-ill pa-
tients designed to test if the ScvO2 measurements could
substitute for SvO2 showed problematically large confi-
dence limits™, and poor correlations between the two
values””

Most writers attributed this pattern to changes in the
distribution of cardiac output that occur in periods of
hemodynamic instability. In shock states, blood flow to
the splanchnic and renal circulations drops, while the
flow to the heart and brain is maintained”™. This results
in a drop in oxygen content of blood in the inferior vena
cava. As a consequence, in shock states the normal rela-
tionship is reversed and ScvO: is greater than SvO2™*,
Consequently, when using ScvO2 or probably StOs2, as
a treatment goal, relative oxygen consumption of the
superior vena cava system may remain stable at a time
when oxidative metabolism of vital organs, such as the
splanchnic region, may reach a level where flow-limited
oxygen consumption is achieved, together with a marked
decrease in oxygen saturation. In this situation, StO2 pro-
vides a false favorable impression of adequate body per-
fusion, because of the inability to detect organ ischemia
in the lower part of the body. A recent paper confirmed
our hypothesis of the relationship between StO:2 and
invasive oxygen delivery measurements in early under-
resuscitated septic shock™.
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The hypothesis that the skeletal muscle StO2 deoxy-
genation rate correlates (or is inversely proportional) to
the ScvO2-SvO: difference in patients with severe heart
failure with additional sepsis/septic shock was confirmed
by our recent studyHOJ. We also showed that these patients
had a clinically considerable ScvO2-SvO:2 discrepancy.
Monitoring ScvOz is a simpler and cheaper method of
assessing the global DOz to oxygen consumption ratio,
but its use as a treatment monitor in patients with severe
heart failure with additional sepsis/septic shock is ques-
tionable.

Our data in patients with severe heart failure/cat-
diogenic shock without severe sepsis/septic shock are
supported by previous work of Boekstegers e al*™, who
measured the oxygen partial pressure distribution in the
biceps muscle. They found low peripheral oxygen avail-
ability in cardiogenic shock compared with sepsis. In
cardiogenic shock, skeletal muscle oxygen partial pres-
sure correlated with systemic oxygen delivery (= 0.59, P
< 0.001) and systemic vascular resistance (r = 0.74, P <
0.001). No correlation was found between systemic oxy-
gen transport variables and skeletal muscle partial oxygen
pressure in septic patients. These measurements were
performed in the most common cardiovascular state of
sepsis in contrast to hypodynamic shock, which is only
present at the very final stage of sepsis or in patients
without adequate volume replacementlm. In the follow-
ing study, the same authors showed that even in the final
state of hypodynamic septic shock, leading to death,
mean muscle partial oxygen pressure did not decrease to
< 4.0 kPa before a circulatory standstill"*".

In a human validation study, a significant correla-
tion between NIRS-measured StO2and venous oxygen
saturation (r = 0.92, P < 0.05) was reported, where the
venous effluent was obtained from a deep forearm vein
that drained the exercising muscle™”. StO2 was minimally
affected by skin blood flow. Changes in limb perfusion
affect StO2: skeletal muscle StO2 decreases during nor-
epinephrine infusion and increases during nitroprusside
infusion.

StO2 overestimated SvOz (bias -2.5%) in severe heart
failure without severe sepsis/septic shock in our studyml,
This may be due to the NIRS method, which does not
discriminate between compartments. It provides a global
assessment of oxygenation in all vascular compartments
(arterial, venous and capillary) in the sample volume of
underlining tissue. The non-invasive measurement of
only venous oxygen saturation is complicated by the fact
that the isolation of the contribution of the venous com-
partment to the non-invasive optical signal is not straight-
forward. New methods, such as NIR spiroximetry, which
measures venous oxygen saturation in tissue from the
NIR spectrum of the amplitude of respiration-induced
absorption oscillations, may lead to the design of a non-
invasive optical instrument capable of providing simulta-
neous and real-time measurements of local arterial, tissue
and venous oxygen saturation'.

In low flow states such as heart failure/cardiogenic
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shock, where there are still controversies on how to mon-
. [45] . ) :

itor them™, it appears logical to combine data of both
macro- and micro-circulation parameters to guide resus-
citation™, A large prospective study is being performed
now to evaluate the possibility of additional StO: regional
monitoring for tissue oxygenation guidance on top of the
eatly goal directed therapy suggested by Rivers e al™,

CONCLUSION

The present review provides a foundation to understand
and evaluate the potential value and limitations of NIRS
as a tool in the assessment of critically ill patients. De-
spite continuing technical controversies concerning signal
derivation, accuracy, precision, and quantitative ability,
skeletal muscle NIRS clearly demonstrates promise in
being able to monitor the balance of oxygen delivery
and consumption at the end-organ level in severe heart
failure or cardiogenic shock. It is also possible to estimate
global oxygenation in low cardiac output states without
additional severe sepsis or septic shock. However, a
significant amount of additional work may be required
to determine: (1) the contribution of myoglobin to the
StOzsignal in humans, if skeletal muscle is the end-organ
being monitored; (2) quantification of the CtOx redox
signal; (3) definitive determination of the etiology of
decoupling of the StO2 and CtOx redox NIRS signals
in multisystem organ failure; (4) interpretation of the
ischemia reperfusion test; and (5) assessment of whether
there are significant advantages in monitoring one organ
system over another in cases of shock. Many of these is-
sues should be addressed before NIRS comes into wide-
spread use as a tool in the initial evaluation and treatment
of these severely ill patients.
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Abstract

AIM: To investigate the number of publications in car-
diovascular disease (CVD) in Latin America and the Ca-
ribbean over the last decade.

METHODS: We performed a bibliometric analysis in
PubMed from 2001 to 2010 for Latin America and the
Caribbean, the United States, Canada, Europe, China,
and India.

RESULTS: Latin America published 4% of articles com-
pared with 26% from the United States/Canada and
42% from Europe. In CVD, Latin America published 4%
of articles vs 23% from the United States/Canada and
40% from Europe. The number of publications in CVD in
Latin America increased from 41 in 2001 to 726 in 2010.

CONCLUSION: Latin America, while publishing more
articles than previously, lags behind developed countries.
Further advances in research infrastructure are neces-
sary to develop prevention strategies for this region.
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INTRODUCTION

Over the last half century chronic diseases have steadily
increased, accounting for 60% of the estimated 58 mil-
lion people who died globally in 2005"". By 2030 this
number is expected to increase to 69% of all deaths,
partially due to a combination of increased life spans
and improvement in infectious disease control””. With
the majority of these deaths expected to occur in low-
income and middle-income countries, chronic diseases
are changing from being a problem in rich countries to
the main crisis in poor countries”. This shift is also due
to the steady decrease in certain chronic disease deaths,
such as cardiovascular disease (CVD), in developed coun-
tries’ . Despite this projection, it has been proposed that
by decreasing the death rates from chronic diseases by 2%
a year, 36 million deaths could be prevented by 2015"".
Latin America remains one of the regions with high
CV mortality rates despite advances in overall develop-
ment'', Out of all Latin American countries only Ar-
gentina, which had high mortality rates in the 1970s, has
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seen a decline similar to those reported in North America
(-63% between 1970-1972 and 1998-2000 in Argentina,
Canada, and the United States)[m. Despite this decline,
the absolute mortality rates remain higher in Argentina
compared to the United States and Canada'™. Declines
have been smaller in other countries in the region such
as Brazil, Chile, and Cuba (-18%, -33% and -2%, respec-
tively)"". While in recent years the rates have varied less
in countries in the region, it is estimated that mortality
due to CVD and stroke in Latin America will increase
by 145% among men and women from 1990 to 2020
as compared to only a 28% increase for women and a
50% increase for men over the same period in developed
countries ",

Taking into account this increasing CVD burden, we
tried to ascertain the current level of CVD research in
Latin America and the Caribbean (LA&C) and whether
it reflected the magnitude and extent of this epidemic,
through a bibliometric analysis in PubMed. We then
further evaluated the number of publications in LA&C
compared to the United States, Canada, and all Euro-
pean countries including Russia, Western Europe, China
and India.

MATERIALS AND METHODS

We performed a bibliometric analysis of the National
Library of Medicine and the National Institute of Health
PubMed database (Bethesda, MD, United States) to
describe the number of publications from LA&C dur-
ing 2001-2010 on May 23, 2011. Limiting our search
criteria to the years 2001-2010, we searched PubMed
using MeSH terms for: (1) LA&C; (2) United States and
Canada; (3) all Europe including Russia; (Table 1); (4)
Western Europe; (5) China; (6) India; (7) Argentina; (8)
Brazil; (9) Chile; (10) Colombia; (11) Mexico; (12) CVD,
including hypertension and cerebrovascular disease; and
(13) clinical, epidemiological, and public health studies
articles (Appendix A available online). We then searched
for studies in CVD by region and specific countries by
combining MeSH terms for each region and CVDs (indi-
vidually combining strategies #1-11 + #12). We assessed
the total number of articles on clinical, epidemiological,
and public health studies by region and country (indi-
vidually combining strategies #1-11 + #13), and clinical,
epidemiological, and public health studies on CVDs by
region and country (individually combining strategies
#1-11 + #12 + #13) (Appendix A). Finally, we evaluated
the number of publications in 2001 »s 2010 by region, for
total publications (strategies #1-0) and in CVDs (indi-
vidually combining strategies #1-6 + #12).

RESULTS

From January 2001 through December 2010 approxi-
mately 6.7 million articles were published in PubMed
wotldwide. Articles from ILA&C accounted for 3.63% of
the total publications (243 983 publications), and of these
almost 80% came from three countries: Argentina, Brazil
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Table 1 European countries included in the PubMed database

analysis performed February 2011

Western Europe Eastern Europe and Russia

Andorra Albania

Austria Armenia

Belgium Azerbaijan

Cyprus Bosnia-Herzegovina
Denmark Bulgaria

Finland Croatia

France Czech Republic
Germany Estonia

Gibraltar Hungary

Great Britain Latvia

Greece Lithuania

Iceland Moldova

Ireland Montenegro

Italy Poland
Liechtenstein Republic of Belarus
Luxembourg Republic of Georgia
Malta Republic of Macedonia
Monaco Romania
Netherlands Russia

Norway Serbia

Portugal Slovakia

San Marino Slovenia

Scotland Ukraine

Spain Yugoslavia

Sweden

Switzerland

Wales

and Mexico (Table 2). This compared with 41.56% from
Europe and 26.28% from the United States and Canada.
Of the articles published from Europe, the majority came
from Western Hurope (2771953 articles of the 2798988
total articles). China and Indian subcontinents produced
5.73% and 2.54% of the total articles, respectively. When
adjusting the number of publications by population,
Western Europe produced the most articles (6679 publi-
cations/1 million persons) while India produced the least
(144 publications/1 million persons). The top four Latin
American countries, Argentina, Brazil, Mexico, and Chile,
individually produced more articles when adjusted for
population than China or India (600, 574, 414 and 728 vs
287 and 144, respectively, per million population). Inter-
estingly Chile, which produced little more than 5% of the
total publications in LA&C, had the highest population-
adjusted publication rate of the region (728 publications/
million persons).

Regarding clinical, epidemiological, and public health
publications wotldwide, out of 283900 articles, the Unit-
ed States/Canada produced 24.6% (69844 articles) of
the total, while China produced 9.63% (27337 articles).
Europe, LA&C and India published roughly the same
number of articles (15141, 12104 and 12469 articles, re-
spectively).

Wotldwide, in 2001-2010 there were 32833 publica-
tions that focused on CVD. Of these, 4.08% (1338 publi-
cations) were performed in LA&C, with Argentina, Brazil
and Mexico again being the largest producers (Table 2).
China produced 10.65% (3499 publications) and India
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Table 2 Publications in Medline and Pubmed, 2001-2010"

All publications Popula-  Publica- Publica-  World
tion® tions  tions/million total
persons (%)

Worldwide 6920 6734804 973 100.00
China 1344 385614 287 5.73
India 1189 171083 144 2.54
All Europe + Russia 857 2798988 3266 41.56
All of LA&C 597 243983 408 3.63
Western Europe 415 2771953 6679 4115
United States and Canada 347 1770046 5100 26.28
Brazil 203 116535 574 1.73
Mexico 114 47180 414 0.70
Colombia 45 5943 132 0.09
Argentina 42 25180 600 0.37
Chile 17 12370 728 0.18
Cardiovascular diseases
Worldwide 6920 32833 4.8  100.00
China 1344 3499 2.6 10.65
India 1189 1294 1.1 3.94
All Europe + Russia 857 12985 152 BI65
All of LA&C 597 1338 2.2 4.08
Western Europe 415 12655 30.5 38.54
United States and Canada 347 7613 219 23.19
Brazil 203 815 4.0 248
Mexico 114 164 14 0.50
Colombia 45 29 0.7 0.09
Argentina 42 105 25 0.32
Chile 17 69 41 0.21

LA&C: Latin America and the Caribbean. 'Accessed February 2011; 2011

estimates in millions™".

3.94% (1294 publications), while the United States/Can-
ada produced 23.19% (7613 publications) and Europe
39.55% (12985 publications of which 12655 were from
Western Europe). The number of articles varied mark-
edly by country with Brazil producing approximately five
times as many articles on CVDs than Mexico, the coun-
try with the second highest publication rate (815 and 164
articles, respectively). However, when adjusted for popu-
lation, Brazil and Chile produced the highest number of
publications (4 and 4.1, respectively, per 1 million popu-
lation) in LA&C. Brazil and Chile also produced more
publications per million people than China or India (2.6
and 1.1, respectively) but far less than the United States/
Canada and Western Europe (21.9 and 30.5, respectively).
Finally, approximately half of the articles published about
CVDs were clinical, epidemiological, and public health
papers regardless of the region (1338 articles in LA&C;
3436 articles in the United States and Canada; 6320 ar-
ticles in Europe, 1211 articles in China, and 691 articles
in India).

When evaluating the trend of total publications pro-
duced in 2001 »5 2010 in LA&C, the number has doubled
(15939 in 2001 to 36978 in 2010). CVD publications also
increased substantially from 2001 compared with 2010 (41
s 720) in LA&C. This increase in total publications was
also seen in the other regions, with the United States/
Canada increasing publications from 150705 to 229911,
in Europe from 215401 to 409258 (Western Europe
213024 to 405898), in China from 15888 to 74613, and
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in India from 10976 to 28 635.

DISCUSSION

This bibliometric analysis describes the trend in scientific
publications in LA&C, highlighting the increase in articles
published over the last 10 years, particularly in CVD
research. Although the number of publications remain
less than 5% of all articles, there is a reassuring trend
which may be due to various factors including global at-
tention on the impact of non-communicable diseases in
developing countries, increased support from national
public funding agencies resulting from a local shift in
the political agenda of Latin American countries, and
improvement in support from other international agen-
cies!"""*". Furthermore, we did not take into account
the impact factor of the publications, which may have
widened the gap of CVD publications between develop-
ing and developed countries and regions.

Some of the recent increase may be due to the estab-
lishment of research centers such as the Collaborating
Centers of Excellence which have been established with
support from the National Heart, Lung, and Blood In-
stitute with the goal of conducting research to improve
the prevention and management of chronic CVDs'".
Four of these sites are in Latin America and have already
begun epidemiological research investigations such as
the Centro de Excelencia en Salud Cardiovascular para el
Cono Sur. These centers allow for further infrastruc-
ture development and planning, furthering the research
needs of Latin America.

Insufficient research funding and infrastructure are
some of the largest limitations in performing and pub-
lishing research in Latin America. While agencies such
as the National Institutes of Health are allocating more
resources for research, the reality for local and national

governments in most Latin American countries involves
issues such as healthcare access and coverage, not men-
tioning education and housing, which are higher national
priorities than health research. This is a major difference
compared with developed countries such as the United
States, that has a human development index of 0.902
(compared with 0.775, 0.750 and 0.699 for Argentina,
Brazil, and Mexico, respectively) and is able to focus
more resources towards research”™”. For instance, when
comparing gross domestic product (GDP) per capita,
the United States ($47284 in international dollars) has a
higher GDP per capita than Argentina ($15854), Brazil
($11239), or Mexico ($14430), and the percentage of the
GDP devoted to research is much higher in the United
States (2.67% s 0.51%, 1.02% and 0.5%, respective-
Iy)*"*. Funding is not the only issue. Another limitation
is the poorly developed research network and capacity
with few mentors available for training young investiga-
tors as well as no established academic career structure.
These limitations are slowly being overcome with institu-
tions such as some Centers of Excellence that have set
training and infrastructure building as priorities””. Finally,
Latin American authors may be limited in publishing in
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English language journals because of both a language
barrier and an element of bias from journals for research
that has been generated in developing countries™.

Unlike medical teaching and skills which can help
serve a small community, research leads to programs
that can influence populations on a wide level, influence
change at a policy level, and be applied to entire popu-
lations. Therefore, data management and research are
needed as part of a multi-factorial approach to effectively
control chronic diseases by improving local data acqui-
sition, and defining resource needs in resource-limited
areas, and to assess what programs work in different set-
tings. Thus, evidence-based approaches should be the ba-
sis of all actions to ensure that the resources being devot-
ed to a program are effectively working in the community
to impact on chronic diseases”™. There are certain steps
that Latin America should take to continue improving its
research capability. Initially, development of the research
infrastructure and capacity needs to occur as it has been
argued that strengthening research capacity is one of
the most powerful, cost-effective, and sustainable means
of advancing health and developmentmj. Infrastructure
building can be facilitated by financial, political, and re-
source support from both local governments, regional
health agencies such as the Pan American Health Organi-
zation, and local and foreign agencies such as the Global
Alliance for Chronic Disease, which combines six of the
world’s foremost public health research funders (United
States, United Kingdom, Canada, Australia, China and
India) to fund implementation research on non-commu-
nicable diseases in developing countries”. Furthermore,
institutions should focus on developing a career track for
researchers and building mentor-mentee relationships to
train young investigators. Institutional mission statements
need to be developed with a focus on research and train-
ing goals as well as a strong focus on national healthcare
priorities. By allocating their resources towards national
health priorities, Latin American institutions can improve
funding while applying research-based evidence that op-
timizes health benefits for their community. The success
of this strategy is based on a belief that, with increased
local political will, further investments can be obtained,
and both of these are needed to establish an effective,
sustainable, and productive research community.

Local and national support can be gained by tailoring
research to the needs of the particular population as well
as the priorities set in the policy agenda. These agendas
should be long-term plans with sustained and reliable
investment™. This tailored research plan is important as
the habits and prevalence of risk factors can differ not
only between countries within a region, but also within
cities or social classes” ", Therefore, epidemiologic re-
search focusing on area-specific needs to assess the but-
den of disease and to identify potential prevention strate-
gies, such as community-based interventions or lifestyle
changes can lead to the support of local and national
organizations. Once this has been identified, research can
be focused on translating the research into the best prac-
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tices and disseminating the knowledge amongst govern-
ments, universities, and agencies. While it is unclear how
teaching and research impacts the prognosis of CVD, by
focusing on research, infrastructure building, and discase
prevention we will hopefully begin to measure and see
improvements in the future of Latin America’s health
and put a stop to the predicted epidemic.
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COMMENTS

Background

Over the last half century, chronic diseases have steadily increased and cardio-
vascular disease (CVD) now accounts for 17.7 million annual deaths worldwide,
constituting 11% of estimates for the global burden of disease. With increas-
ing life spans and improved infectious disease control, the impact of chronic
diseases are estimated to grow to 69% of deaths by 2030, with 80% expected
in low-middle income countries. In Latin America the mortality due to CVD and
stroke is estimated to increase 145% from 1990 to 2020. Understanding the
prevalence of CVD and associated risk factors is key to developing policies to
combat these conditions.

Research frontiers

To ensure that measures are taken to improve the future of CVD in Latin Ameri-
ca an expansion of research and network building needs to be initiated. Studies
focusing on defining the problems and designing cost-effective, high impact
strategies are necessary.

Innovations and breakthroughs

Few studies have demonstrated the level of research being produced in Latin
America despite the increasing burden of CVD in this area. This study outlines
the level of research being produced and provides a comparison amongst
highly developed and developing countries.

Applications

By understanding the type and level of research being produced from Latin
America, the authors explain how further advances in research infrastructure
are necessary to develop prevention strategies for this region.

Terminology

A bibliometric anaylsis is the analysis of a body of literature to reveal the pattern
of publications in a field.

Peer review

The authors performed a bibliometric analysis in PubMed from 2001 to 2010 for
Latin America and the Caribbean, the United States, Canada, Europe, China,
and India. Through this search they discovered that, while interest in chronic
diseases have improved, Latin America only produced 4% of chronic disease
publications worldwide. While the number of publications in CVD in Latin Ameri-
ca has increased significantly over the last 10 years, the studies published have
not been population based prospective follow up studies and typically do not
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represent countrywide prevalence of disease. These results are interesting and
represent areas for potential research focus.
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journals possess and usually delays the speed of the propagation
and communication of scientific research results. The open access
model has been proven to be a true approach that may achieve the
ultimate goal of the journals, i.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 WJC 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
articles and publish commentary articles. We will put peer review-
ers’ names and affiliations along with the article they reviewed in
the journal to acknowledge their contribution; (2) Maximization of
the benefits of authors: Since WJC'is an open-access journal, read-
ers around the wotld can immediately download and read, free of
charge, high-quality, peer-reviewed articles from WJC official web-
site, thereby realizing the goals and significance of the communica-
tion between authors and peers as well as public reading; (3) Maxi-
mization 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,
conclusion or facts and data of pertinent literature so as to vali-
date 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) Maximization 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 every employee, in an open, fair and transparent environment,
could contribute their wisdom to edit and publish high-quality ar-
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ticles, thereby realizing the maximization of the personal benefits
of editorial board members, authors and readers, and yielding the
greatest social and economic benefits.

Aims and scope

The major task of W]C'is to rapidly report the most recent devel-
opments in the research by the cardiologists. I/JC accepts papers
on the following aspects related to cardiology: arrhythmias, heart
failure, vascular disease, stroke, hypertension, prevention and epide-
miology, dyslipidemia and metabolic disorders, cardiac imaging, pae-
diatrics, nursing, and health promotion. We also encourage papers
that cover all other areas of cardiology as well as basic research.

Columns

The columns in the issues of JC will include: (1) Editorial: To intro-
duce and comment on major advances and developments in the field;
(2) Frontier: To review representative achievements, comment on the
state of current research, and propose directions for future research;
(3) Topic Highlight: This column consists of three formats, including
(A) 10 invited review articles on a hot topic, (B) a commentary on
common issues of this hot topic, and (C) a commentary on the 10 in-
dividual articles; (4) Observation: To update the development of old
and new questions, highlight unsolved problems, and provide strate-
gies on how to solve the questions; (5) Guidelines for Basic Research:
To provide guidelines for basic research; (6) Guidelines for Clinical
Practice: To provide guidelines for clinical diagnosis and treatment;
(7) Review: To review systemically progress and untesolved problems
in the field, comment on the state of current research, and make sug-
gestions for future work; (8) Original Articles: To report innovative
and original findings in cardiology; (9) Brief Articles: To briefly report
the novel and innovative findings in cardiology; (10) Case Report:
To report a rare or typical case; (11) Letters to the Editor: To discuss
and make reply to the contributions published in WJC, or to intro-
duce and comment on a controversial issue of general interest; (12)
Book Reviews: To introduce and comment on quality monographs
of cardiology; and (13) Guidelines: To introduce consensuses and
guidelines reached by international and national academic authorities
wortldwide on the research in cardiology.
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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 expert
in Biomedical Statistics from to evaluate the statistical method used
in the paper, including ~test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
ete. The reviewing points include: (1) Statistical methods should
be described when they are used to verify the results; (2) Whether
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to
standatd errors. Give the number of obsetrvations and subjects ().
Losses in observations, such as drop-outs from the study should be
reported; (4) Values such as ED50, LD50, IC50 should have their
95% confidence limits calculated and compared by weighted probit
analysis (Bliss and Finney); and (5) The word ‘significantly’ should
be replaced by its synonyms (if it indicates extent) or the P value (if
it indicates statistical significance).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any po-
tential bias, IW]C 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 otganizations|, and has received tesearch 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 Wotld 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
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Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines
Research Council Guidelines for Good Clinical Practice in Clinical
Ttials) and/or the Wotld Medical Association Declaration of Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If doubt exists whether the research was conducted
in accordance with the above standards, the authors must explain the
rationale for their approach and demonstrate that the institutional
review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by
the relevant research ethics committee or institutional teview board.
If human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the
understanding and appropriate informed consent of each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If experimental animals were used,
the materials and methods (experimental 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/1949-84620office. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS
TO AUTHORS (http://www.wignet.com/1949-8462/¢_info_
20100316161927.htm) before attempting to submit online. For
assistance, authors encountering problems with the Online Submi-
ssion System may send an email describing the problem to wjc@
wignet.com, or by telephone: +86-10-85381892. If you submit your
manuscript online, 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:
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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 JE Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L. and Fu JF analyzed the
data; and Wang CL, Liang I and Fu JF wrote the paper.

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

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

Telephone and fax: Telephone and fax should consist of +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381892 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 I]C, reviewers of
accepted manuscripts will be announced by publishing the name,
title/position and institution of the reviewer in the footnote ac-
companying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shanghai,
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong Uni-
versity, 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 more than 256 words) and
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structured abstracts (no more than 480). The specific requirements
for structured abstracts are as follows:

An informative, structured abstracts of no more than 480
words should accompany each manuscript. Abstracts for original
contributions 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/...;
MATERIALS AND METHODS (no more than 140 words);
RESULTS (no more than 294 words): You should present P val-
ues where appropriate and must provide relevant data to illustrate
how they were obtained, e.g. 6.92 = 3.86 »s 3.61 £ 1.67, P < 0.001;
CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key 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:/ /wwwwignet.com/1949-8462/¢_info_20100312194155.htm.

Illustrations

Figures should be numbered as 1, 2, 3, ez., and mentioned clearly
in the main text. Provide a brief title for each figute 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.wijgnet.com/1007-9327/13/4891.pdf; http://www.
wijgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all clements 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 3B Gl D B Fro Ge et Tt is our prmclple
to pubhsh bigh resolution-figures for the prlntcd and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e#., 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 hotizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. ‘P <
0.05, P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other series of P values, ‘P < 0.05 and “P < 0.01 are used.
A third series of P values can be expressed as “P < 0.05 and ‘P < 0.01.
Other notes in tables or under illustrations should be expressed as
E, ’F, °F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with @, o, m, 0, A, /\, ez., in a certain se-
quence.

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

REFERENCES

Coding system

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

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

PMID and DOI

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

Style for journal references

Authors: the name of the first author should be typed in bold-faced
letters. The family name of all authors should be typed with the ini-
tial letter capitalized, followed by their abbreviated first and middle
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR). The title of the cited article and italicized
journal title (journal title should be in its abbreviated form as shown
in PubMed), publication date, volume number (in black), start page,
and end page [PMID: 11819634 DOI: 10.3748/wjg.13.5396].

Style for book references

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

Format

Journals

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

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

Chinese journal article (list all anthors and include the PMID where applicable)

2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-diar-
rthoea. Shijie Huaren Xiaohna Zazhi 1999; 7: 285-287

In press

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

Organization as author

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

Both personal anthors and an organization as anthor

(49

Jgu;:;:fe..g@ WJC | www.wjgnet.com

v

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

No anthor given

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

Volume with supplement

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

Issue with no volume

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

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care. HRSA
Careaction 2002; 1-6 [PMID: 12154804]

Books

Personal anthor(s)

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

Chapter in a book (list all anthors)

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

Author(s) and editor(s)

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

Conference proceedings

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

Conference paper

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

Electronic journal (list all authors)

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

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning
tool assembly. United States patent US 20020103498. 2002 Aug
1

Statistical data

Write as mean * SD or mean *+ SE.

Statistical expression

Express 7 test as 7 (in italics), I test as I (in italics), chi square test as
y’ (in Greek), related coefficient as 7 (in italics), degree of freedom
as v (in Greek), sample number as # (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,
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blood glucose concentration, ¢ (glucose) 6.4 £ 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 pg/L; CO, volume
fraction, 50 mL/L. CO,, not 5% CO,; likewise for 40 g/I. formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, efe. Arabic
numerals such as 23, 243, 641 should be read 23243 641.

The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1949-8462/
g info_20100312200347.htm.

Abbreviations

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

Italics

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

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

Restriction enzymes: EcoRI, Hindl, BamHI1, Kbo 1, Kpn 1, ete.

Biology: H. pylori, E coli, ete.

Examples for paper writing
Editorial: http://www.wjgnet.com/1949-8462/¢_info_20100312
192220.htm

Frontier: http://www.wjgnet.com/1949-8462/¢_info_20100312
192753.htm

Topic highlight: http:/ /wwwwjgnet.com/1949-8462/¢_info_2010
0312192932 htm

Obsetvation: http:/ /wwwwijgnet.com/1949-8462/¢_info_20100312
193224 htm

Guidelines for basic research: http:/ /wwwwijgnet.com/1949-8462/
g info_20100312193436.htm

Guidelines for clinical practice: http://wwwwignet.com/1949-84
62/g_info_20100312193624.htm

Review: http://www.wjgnet.com/1949-8462/¢_info_20100312
193839.htm

Original articles: http://wwwwignet.com/1949-8462/¢_info_2010
0312194155.htm

Brief articles: http://wwwwijgnet.com/1949-8462/¢_info_201003
12194443 htm

Case report: http://wwwwijgnet.com/1949-8462/¢_info_20100312
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