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Abstract. - OBJECTIVE: Carbon monoxide
(CO) poisoning is very common worldwide. De-
spite the fact that CO is known to have cardio-
toxic effects, as it has non-specific symptoms;
cardiotoxicity could easily be overlooked, espe-
cially when troponin is not measured. The pres-
ent study aimed to evaluate the association be-
tween troponin | levels and red cell distribution
width (RDW) levels, which can be measured rap-
idly, easily, and afforda-bly in the Emergency
Room (ER).

PATIENTS AND METHODS: This single-cen-
ter observational study included a total of 504
consecutive patients, who presented to the ER
due to CO poisoning between January 2011 and
June 2015. The diagnosis of CO poisoning was
made according to the medical history and car-
boxyhemoglobin (COHb) level of >5%. Elevated
troponin test levels, which measure >0.04 ng/mi
for our laboratory, were accepted as positive.

RESULTS: Patients (mean age 37+14) were
classified into two groups: those who had pos-
itive troponin levels (38%) and those that did
not. Patients with positive troponin, who were
older, had longer CO exposure time and higher
creatinine, COHb and RDW levels at the index
admission following CO poisoning than patients
with negative troponin. In a multivariate logistic
regression model with forward stepwise meth-
od, age, COHb level, CO exposure time, and
RDW (HR=1.681, 95% CI: 1.472-1.934, p<0.001)
remained asso-ciated with an increased risk of
troponin positivity following adjustment for the
variables that were statis-tically significant in
the univariate analysis and correlated with RDW.

CONCLUSIONS: In patients presenting to the
ER with CO poisoning, RDW can be helpful for
the risk stratification of tro-ponin positivity.
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Introduction

Carbon monoxide (CO) poisoning is a fre-
quent type of poisoning that is common all over
the world and can be fatal'. As the general focus
is on respiratory and neurological signs in CO
poisoning cases that are admitted to Emergency
Room (ER), cardiotoxic effects can easily be
overlooked, which are silent but can show malig-
nant progress in terms of morbidity and mortali-
ty>3. It is a known that CO has direct toxic effects
that cause damage to myocytes, in addition to its
indirect toxic effects via hypoxia in the myocar-
dial tissue, which is highly sensitive to hypoxia*”.

Cardiac troponins are specific biomarkers of
myocardial damage, and it was shown that they
could increase in CO poisonings due to myo-
cardial damage”**. However, as troponin is not
tested in all patients who present to ER with CO
poisoning in some medical centers, the silent pro-
gression of myocardial injury can be overlooked.

Red cell distribution width (RDW) is a pa-
rameter that can be easily and affordably mea-
sured in blood count with automatic devices and
it can be used for the differential diagnosis of
certain hematologic diseases including anemia
by measuring the variability of erythrocytes in
circulation’. In the recent decade, many studies
were conducted investigating the relationship be-
tween RDW and cardiovascular diseases. Some
of these studies showed that RDW can be used
for the differential diagnosis and follow-up of
cardiovascular diseases in addition to hematolog-
ical diseases'*'. In patients who were admitted
to the ER due to CO poisoning, the relationship
between RDW levels at the time of admission and
troponin levels, which are markers of myocardial
damage, has not been evaluated. The current
study aimed to evaluate the relationship between
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RDW, which is measured routinely from each pa-
tient who present to ER with CO poisoning, and
increased levels of troponin.

Patients and Methods

This single-center observational study included
504 consecutive patients, older than 16 years of
age, who presented to the ER, due to accidental CO
poisoning between January 2011 and June 2015.
Patients with chest pain at the time of admission,
and patients with ST-elevated myocardial infarction
(MI) diagnosis due to CO poisoning were excluded.
Additionally, other exclusion criteria were as fol-
lows: previous coronary artery disease (CAD); other
known heart diseases, such as valvular diseases or
rhythm disorders; chronic hepatic diseases; dialysis
due to chronic kidney failure; previous diagnosis
of infectious, inflammatory disease or malignan-
cy, previous diagnosis of severe anemia or other
hematologic diseases or treatment for anemia and
administration of erythrocyte suspension within the
last six months. The study was made in following
the Declaration of Helsinki for Human Research
and was approved by the institutional review board.

Demographic, clinical, and laboratory data
from the date of presenting to the ER due to
CO poisoning, including the carboxyhemoglobin
(COHb), RDW, and troponin I levels, were assessed
using review of the hospital’s medical records. The
patients’ COHD levels were obtained from arterial
blood gas analyses using the Acobas® b221 Blood
Gas system (Roche, Basel, Switzerland). RDW was
measured using a Beckman Coulter Automated
CBC Analyzer (Beckman Coulter, Inc., Fullerton,
CA, USA). The normal reference range for RDW
in our laboratory is 11.5- 14.5. Troponin I levels,
which were evaluated within fifteen minutes after
the patients were admitted to ER, were measured
with a one step immunofluorometric assay sand-
wich method using three monoclonal antibodies
(AQ90 Flex, Radiometer Medical ApS, Brenshgj,
Denmark). The conventional definition of elevated
troponin level is when this value exceeds the 99
percentile value of a healthy reference population
and elevated test level, which is >0.04 ng/ml, for
our laboratory, was accepted as positive. Addition-
ally, non-elevated test level, which is <0.04 ng/ml,
was accepted as negative.

A diagnosis of CO poisoning was made ac-
cording to the medical history and a COHb
level >5%. CO exposure time was defined as the
approximate duration of CO inhalation. Hyper-

tension was defined as blood pressure >140/90
mmHg on more than two occasions during of-
fice measurements, or being on antihypertensive
treatment. Diabetes mellitus was defined as a
fasting blood sugar level >126 mg/dl or being on
antidiabetic treatment.

Statistical Analysis

The Kolmogorov-Smirnov test was used to ver-
ify the normality of the distribution of continuous
variables. Continuous variables were expressed as
mean + SD or median (min-max) in the presence
of abnormal distribution, and categorical variables
as percentages. Receiver operator characteristic
(ROC) curve analysis was performed to identify
the optimal cut-off point of RDW (at which sen-
sitivity and specificity would be maximal) for the
prediction of troponin positivity. Areas under the
curve (AUC) were calculated as measures of the ac-
curacy of the tests. We compared the AUC with the
use of the Z test. Comparisons between the groups
of patients were made by the y2-test for categor-
ical variables, the independent samples #-test for
normally distributed continuous variables, and the
Mann-Whitney U-test when the distribution was
skewed. The correlation was evaluated by Spear-
man’s correlation test. We used univariate analysis
to quantify the association of variables with tropo-
nin levels. Variables that were statistically signif-
icant in the univariate analysis and/or correlated
with RDW were used in a multivariate logistic re-
gression model with the forward stepwise method
in order to determine the independent prognostic
factors for troponin positivity. All statistical proce-
dures were performed using SPSS software version
14.0 (SPSS Inc., Chicago, IL, USA). A p-value of
0.05 was considered statistically significant.

Results

Patients (59% female), whose mean age was
37+14 years, were classified into two groups:
those who had positive troponin levels and those
that did not. Thirty-eight percent of patients had
positive troponin levels. The baseline character-
istics and laboratory data are presented in Table
I. RDW levels were higher among those who had
positive troponin levels compared to those who
did not (15£1.9% vs. 13.7+1.3%, p<0.001). Also,
the mean age, CO exposure time, COHb, and cre-
atinine levels were higher among those patients
who had positive troponin levels compared to
those patients who did not.
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Table I. Baseline characteristics of study patients.

All patients Patients with Patients with p-value
n: 504 positive Troponin negative Troponin
n: 192 n: 312

Baseline Characteristics

Mean age (y) 37+14 43+17 33411 <0.001
Women 302 (59%) 112 (58%) 190 (61%) 0.568
Presence of HT 147 (29%) 65 (34%) 82 (26%) 0.069
Presence of DM 107 (21%) 45 (23%) 62 (20%) 0.342
Smoking 334 (66%) 135 (70%) 199 (64%) 0.132
CO exposure time (h) 2 (1-17) 3 (1-17) 2 (1-9) <0.001
Labaratory Findings

Smoking 334 (66%) 135 (70%) 199 (64%) 0.132
RDW (%) 14+2.0 15.0+1.9 13.741.3 <0.001
Hemoglobin (g/dl) 14+2 1442 1442 0.564
RBC (10"6/uL) 47+0.8 47+0.8 47+0.8 0.876
Platelet (10"3/uL) 254478 250+84 256+74 0.400
WBC (10"3/ul) 10+4 10+4 104 0.785
Glucose (mg/dl) 123+47 128+48 120+46 0.073
BUN (mg/dl) 17 (5-72) 18 (5-72) 17 (6-60) 0.256
Creatinine (mg/dl) 0.9+0.3 1.0+0.4 0.9+0.3 0.015
AST (U/L) 24 (5-216) 23 (5-216) 24 (5-216) 0.917
ALT (U/L) 20 (5-223) 20 (7-223) 20 (5-223) 0.700
ALP (U/L) 87 (24-497) 87 (24-497) 86 (24-497) 0.259
CK (U/L) 113 (24-625) 115 (29-625) 110 (24-625) 0.521
CK-MB (U/L) 24 (5-179) 24 (6-179) 24 (5-96) 0.966
CRP (mg/L) 1.6 (0.01-37) 1.7 (0.01-31) 1.5 (0.01-37) 0.719
Total cholesterol (mg/dl) 163 (52-410) 160 (67-410) 164 (52-345) 0.454
Triglyceride (mg/dl) 115 (18-733) 115 (39-398) 116 (18-733) 0.750
LDL cholesterol (mg/dl) 103 (23-386) 103 (24-386) 104 (23-230) 0.512
HDL cholesterol (mg/dl) 3449 34+10 3448 0.970
COHD (%) 32 (20-68) 39 (20-68) 32 (20-51) <0.001

HT: Hypertension; DM: Diabetes mellitus; CO: Carbon monoxide; RDW: Red cell distrubition width;

RBC: Red blood cell; WBC: White blood cell; BUN: Blood urea nitrogen; AST: Asptartate aminotransferase; ALT: Alanine
aminotransferase; ALP: Alkaline phosphatase; CK: Creatine kinase; CK-MB: Creatine kinase-Muscle Brain; CRP: C reactive
protein; LDL: Low density lipoprotein; HDL: High density lipoprotein; COHb: Carboxyhemoglobin.

Furthermore, RDW levels were positively cor-
related with troponin, COHb, glucose, BUN, and
alkaline phosphatase (ALP) levels, and negatively
correlated with hemoglobin and creatine kinase
(CK) levels (Table II).

The results of the univariate and multivari-
ate logistic regression analyses for the troponin
positivity are depicted in Table III. RDW, age,
CO exposure time, COHb and creatinine levels
had a prognostic significance in the univariate
analysis. However, in the multivariate logistic re-
gression model with the forward stepwise meth-
od; age, COHb, CO exposure time, and RDW
remained associated with an increased risk of
troponin positivity following adjustment for the
variables that were statistically significant in the
univariate analysis and correlated with RDW
levels.

The ROC curve analysis of RDW is shown in
Figure 1. According to the ROC curve analysis,
the optimal cut-off value of RDW, in order to pre-
dict troponin positivity, was > 13.4, with 80.7%
sensitivity and 50% specificity (AUC: 0.712, 95%
CI: 0.667 To 0.757, <0.001).

Table Il. Spearman correlation coefficients for RDW.

RD\W/ r p-value
Troponin 0.323 <0.001
Hemoglobin -0.178 <0.001
COHb 0.098 0.028
Glucose 0.159 <0.001
BUN 0.190 <0.001
ALP 0.185 <0.001
CK -0.113 0.011

Note: compared with Group SIMV, *p<0.05
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Table Ill. Univariate and multivariate logistic regression analyses for predicting troponin positivity

Univariate Multivariate
Variable p-value OR (95%Cl) p-value OR (95%Cl)
Statistically significant variables
RDW <0.001 1.618 1.427-1.834 <0.001 1.687 1.472-1.934
Age <0.001 1.045 1.031-1.059 <0.001 1.037 1.020-1.054
CO exposure time (h) <0.001 1.296 1.157-1.452 0.019 1.169 1.026-1.331
COHD (%) <0.001 1.101 1.074-1.129 <0.001 1.070 1.040-1.102
Creatinine (mg/dl) 0.011 1.992 1.175-3.378
Variables which correlated with RDW
Hemoglobin(g/dl) 0.544 0.970 0.877-1.071
Glucose 0.083 1.004 1.000-1.008
BUN 0.303 1.010 0.991-1.030
ALP 0.093 1.003 1.000-1.006

All the variables from Table I were examined and only those significant at p < 0.05 level and correlated with RDW are
shown in univarite analysis. Multivariate logistic regression including all the variables in univariate analysis with forward
stepwise method. CI: Confidence interval; OR: Odds ratio; RDW: Red cell distrubition width; CO: Carbon monoxide; COHb:
Carboxyhemoglobin; BUN: Blood urea nitrogen; ALP: Alkaline phosphatase; CK: Creatine kinase.

Discussion

To the best of our knowledge, for the first time
in the literature, we demonstrated that high RDW
and COHD levels on admission, long CO expo-
sure time, and advanced age could independently
predict the positive troponin levels in patients
who were admitted to the ER with CO poisoning.

Cardiac effects of CO poisoning mainly de-
pends on two mechanisms. The first is the hy-
poxic effect of the COHb molecule on myocytes,
which are highly sensitive to hypoxia. The COHb
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Figure 1. ROC curve for troponin positivity.

molecule is generated via the binding of CO,
which has 200-250 times more affinity to the
heme molecule when compared to oxygen, to
the heme molecule, and COHb molecule reduces
myocardial oxygen supply*'®. The second is the
direct toxic effect, which starts by cytochrome ¢
oxidase inhibition and decreases reduced gluta-
thione levels in mitochondria and generates due
to triggering the anaerobic mechanism. As a re-
sult of this direct toxic effect, lactic acidosis and
apoptosis occur in myocytes’!®. Additionally,
there are several studies”2? about the possible
pro-thrombotic effect of CO, which can trigger
arterial and venous thrombosis. The elevations of
cardiac markers such as troponin, CK, CK-MB,
which were shown in previous studies®?¢, are
related to myocardial damage, which develops
on the basis of these pathological effects in CO
poisoning.

In the current study, positive troponin was
detected in 38% of patients who presented to ER
with CO poisoning. COHb, CO exposure time,
and age were independent predictors of positive
troponin. In a study of Satran et al®’, the cardiac
biomarker positivity ratio, which is defined as
CK-MB and/or troponin elevation, was 44%.
Kalay et al*® detected 30% troponin positivity in
their study consisting of 20 patients. They found
that COHb levels and CO exposure durations
in troponin-positive patients were significantly
higher than in troponin-negative patients, which
was consistent with our study. They also found
that the white blood cell (WBC) counts were
higher in troponin-positive patients than in tro-
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ponin-negative patients, which was a finding dif-
ferent from our work?®. It is not surprising that
advanced age, increased COHb, and prolonged
exposure time predicted troponin positivity. This
is because all three factors can affect the oxygen
supply and require balance in the myocardium.
Additionally, it can be surprising that there was
no significant difference between troponin-pos-
itive and negative patients in terms of CK, CK-
MB, aspartate aminotransferase (AST), and al-
anine aminotransferase (ALT) values. However,
it should be kept in mind that the sensitivities
of these markers to evaluate myocardial damage
in small areas are lower than the sensitivity of
troponin, and especially CK, AST, and ALT are
not myocardium-specific**?'. Furthermore, even
if myocardial damage has occurred in a large
area, historical markers for heart injury such as
CK, CKMB, AST, and ALT become positive later
than troponin and because of this, these markers
can be evaluated as normal upon admission to
the hospital®. Moreover, we used ng/ml as the tro-
ponin unit, which is sensitive to very low levels
of cardiac troponin in blood, instead of ug/ml,
which is different from other investigations and
its use has enabled a more accurate assessment*?.

Our research had one of the highest numbers
of patients, including one in all studies about CO
poisoning and RDW, was also found as an inde-
pendent predictor of troponin positivity. RDW is
a parameter that shows a volume ratio of eryth-
rocytes in circulation, and it can be used in the
differential diagnosis and prognosis follow-up of
hematological diseases. However, recently there
are several studies®?° about its relation to car-
diovascular diseases. It was shown that RDW is
related to morbidity and mortality in acute cor-
onary syndrome (ACS), CAD, acute pulmonary
embolism, and heart failure. In these studies, the
relationship between RDW and cardiovascular
diseases is thought to be inflammation and oxi-
dative stress elevation.

In our report, RDW elevation in troponin-pos-
itive patients can be related to two pathological
mechanisms. First, although patients with known
CAD were excluded, troponin-positive patients
could have CAD that was not yet diagnosed, and
which could make the myocardium more sensi-
tive to hypoxia. In these individuals, who are not
normally symptomatic and have not received the
diagnosis of CAD, but have an atherosclerotic
basis, myocardial damage and troponin positivity
might occur due to a lack of oxygen supply caused
by COHb. In the individuals whose atherosclerot-

ic process progress asymptomatically, increased
inflammation and elevated inflammatory cyto-
kine levels can decrease the response of bone
marrow to erythropoietin and cause impaired
hematopoiesis. Due to impaired hematopoiesis,
anisocytosis and elevated RDW levels may oc-
cur’”¥. Additionally, in patients with undefined
atherosclerosis, increased oxidative stress can
reduce the half-lives of erythrocytes and lead to
the release of immature young erythrocytes into
circulation, which can be responsible for elevated
RDW levels*. Moreover, it was suggested that
the deformability of erythrocytes are decreased
by the increase of cholesterol levels in eryth-
rocyte cell membranes and because of that, the
half-life of erythrocytes are reduced and RDW
levels increase. The erythrocytes with cholester-
ol-rich erythrocyte membrane might contribute
to the instability of atherosclerotic plaques*. In
that case, the deteriorated erythrocyte structure
due to increased cholesterol levels of the erythro-
cyte membrane can be responsible for the RDW
elevation in individuals with asymptomatic ath-
erosclerosis. In a study of Tziakas et al**, RDW
levels and erythrocyte membrane cholesterol
levels were related. Previous studies**** have
shown that RDW predicted CAD prevalence.
Overall, these findings support those results* 4,
Therefore, in patients with asymptomatic athero-
sclerosis, and consequently high levels of RDW
before CO poisoning, faster myocardial damage
and a troponin increase can be observed when
exposed to CO.

The second mechanism that can explain
the higher levels of RDW in patients who have
CO poisoning with troponin elevation can be
related to the acute effect of COHb molecules
on erythrocytes. COHbD is generated by bind-
ing CO to the heme molecule in erythrocytes
instead of oxygen, which may cause anisocy-
tosis and RDW elevation by making structural
changes in erythrocytes. RDW elevation in
smokers compared to non-smokers was shown
in a small case-control trial. In a study by Skjel-
bakken et al*, a more powerful relationship be-
tween RDW and MI was noted in smokers when
compared with non-smokers. In these studies,
although the relation between smoking and
RDW was connected to oxidative stress and in-
creased inflammation, it should be kept in mind
that smokers also have CO exposure and their
COHD levels are higher than non-smokers®.

Veeranna et al*® conducted a research with
non-diabetic patients and showed that HbA C,
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which is known as glycosylated hemoglobin, and
RDW are correlated. Lippi et al*’ also showed that
glycosylated hemoglobin and RDW are related.
On the other hand, the current work demonstrat-
ed a correlation between COHb and RDW. This
correlation might be due to the acute effect of
COHb on erythrocytes, which causes a troponin
increase due to myocardial damage and a RDW
increase due to the change in erythrocyte struc-
ture. In addition to the correlation demonstrated
between RDW and serum glucose levels in our
study, it is also compatible with results of studies
of Veeranna et al* and Lippi et al*’.

There are some limitations in this study. This
is a single-center study and an observational eval-
uation was made, so there was no follow-up data
of the patients. Considering that the patients’ bas-
al RDW values before poisoning were not known,
it cannot be estimated whether RDW values were
elevated before poisoning or were elevated due
to the acute effect of COHb on erythrocytes.
Although patients with ST elevated MI were ex-
cluded, the inaccessibility to information about
ECG findings is a significant deficiency for the
evaluation of ischemic ECG changes, which have
been shown previously*®*, other than ST eleva-
tion. Furthermore, echocardiography and/or cor-
onary angiography information of troponin-posi-
tive patients could not be evaluated, which might
provide information about myocardial damage.
There were single measurement values for CK,
CKMB, and troponin; serial measurements were
not made, which may have caused a false negative
of cardiac biomarkers, especially in early-ad-
mitted patients. Only hemoglobin levels were
measured in our study and other factors including
levels of iron, ferritin, vitamin B12, and folate
were not measured, which may have confounded
the results. Unfortunately, brain natriuretic peptid
levels, which were found to be associated with
troponin levels and myocardial damage in a study
by Yucel et al’’, couldn’t be measured in our
study. Finally, the lack of an assessment of blood
gas parameters, which can provide information
about hypoxia and the intoxication degrees of
patients, is also a limitation of our study.

Conclusions
In CO poisonings, cardiotoxicity can easily be
overlooked, especially if the patient is asymptom-

atic. Our study demonstrated that the patients’
RDW levels upon admission for CO poisoning to

ER, is an independent predictor of troponin ele-
vation. Our study is important, as it demonstrated
that risk stratification can be made easily, afford-
ably, and routinely regarding troponin elevation
with RDW, which is measured for every patient
who is admitted to ER. If these results are sup-
ported by multi-centered and prospective studies,
they can be quite useful, especially in countries
like Turkey, in which troponin evaluation cannot
be performed in ER for all patients with CO poi-
soning due to the health economic policies.

Conflict of Interests
The Authors declare that they have no conflict of interests.

References

1) Centers FOR Disease CONTROL AND PRevenTion (CDC).
Carbon monoxide exposures: United States,
2000-2009. MMWR Morb Mortal WKkly Rep 2011;
60: 1014-1017.

2) UNAL E, Yazar A, Oran B. The importance of tro-
ponin-l as a predictor of cardiac injury caused by
carbon monoxide poisoning. Inhal Toxicol 2007;
19: 587.

3) Henry CR, SATRAN D, LINDGREN B, Apkinson C, NicHoL-
soN Cl, Henry TD. Myocardial injury and long-term
mortality following moderate to severe carbon
monoxide poisoning. JAMA 2006; 295: 398-402.

4) BiumenTHAL I Carbon monoxide poisoning. J R
Soc Med 2001; 94: 270-272.

5) Prockop LD, CHicHkova RI. Carbon monoxide in-
toxication: an updated review. J Neurol Sci 2007;
262: 122-130.

6) Fracasso T, Preirrer H, MicHaub K, KOHLER H, Sau-
ERLAND C, ScHMELING A. Immunohistochemical ex-
pression of fibronectin and C5b-9 in the myocar-
dium in cases of carbon monoxide poisoning. Int
J Legal Med 2011; 125: 377-384.

7) Alonso JR, CArpELLACH F, Lopez S, CASADEMONT J,
Miro O. Carbon monoxide specifically inhibits
cytochrome c¢ oxidase of human mitochondrial
respiratory chain. Pharmacol Toxicol 2003; 93:
142-146.

8) THyaesen K, MAIrR J, Katus H, PLesant M, VenGe P, Col-
LINSON P, LINDAHL B, GianNITSIs E, HAsIN Y, GALVANI M,
TuBAro M, ALPERT JS, Biasuccl LM, KoenicG W, MUELLER
C, Huser K, Hamm C, Jarre AS. Recommendations
for the use of cardiac troponin measurement in
acute cardiac care. Eur Heart J 2010; 31: 2197-
2204.

9) ButtareLto M, Pieeani M. Automated blood cell
counts: state of the art. Am J Clin Pathol 2008;
130: 104-116.

10) DaBeaH S, HAMMERMAN H, MArkiIEWICZ W, ARONSON D.
Relation between red cell distribution width and
clinical outcomes after acute myocardial infarc-
tion. Am J Cardiol 2010; 105: 312-317.



A cost effective parameter for predicting the troponin

N

~

~

11) Nagass S, Losa N, GAspar A, RocHA S, Costa J, Aze-

vepo P, Basto L, Pereira MA. Correla A. Association
between red blood cell distribution width and
outcomes at six months in patients with acute
coronary syndromes. Rev Port Cardiol 2009; 28:
905-924.

BekLer A, TeNekecioDru E, ErRBaD G, Temiz A, ALTUN B,
Barutcu A, GAzI E, GUNED F, YiLmaz M. Relationship
between red cell distribution width and long-term
mortality in patients with non-ST elevation acute
coronary syndrome. Anatol J Cardiol 2015; 15:
634-639

VAN KIMMENADE RR, MoHAMMED AA, UTHAMALINGAM
S, VAN DER MEer P, Feiker GM, Januzzi JL Jr. Red
blood cell distribution width and 1-year mortality
in acute heart failure. Eur J Heart Fail 2010; 12:
129-136.

WanG P, WaNG Y, Li H, Wu Y, CHen H. Relationship
between the red blood cell distribution width and
risk of acute myocardial infarction. J Atheroscler
Thromb 2015; 22: 21-26.

Weaver LK. Clinical practice. Carbon monoxide
poisoning. N Engl J Med 2009; 360: 1217-1225.
ErnsT A, Zierak JD: Carbon monoxide poisoning. N
Engl J Med 1998; 339: 1603-1608.

TaskiraN D, NEesit T, Atkan K. Mitochondrial oxida-
tive stress in female and male rat brain after ex
vivo carbon monoxide treatment. Hum Exp Toxi-
col 2007; 26: 645-651.

THom SR, FisHEr D, Xu YA, NOTARFRANCESCO K, IscHI-
ropouLos H. Adaptive responses and apoptosis in
endothelial cells exposed to carbon monoxide.
Proc Natl Acad Sci USA 2000; 97: 1305-1310.
FrRANCHINI M, Mannucar PM. Short-term effects of
air pollution on cardiovascular diseases: out-
comes and mechanisms. J Thromb Haemost
2007; 5: 2169-2174

BaccareLLl A, MARTINELLI |, ZANOBETTI A, GriLLo P, Hou
LF, Bertazzi PA, Mannucc PM, ScHwarTz J. Expo-
sure to particulate air pollution and risk of deep
vein thrombosis. Arch Intern Med 2008; 168: 920-
927.

FrancHINe M, Mannuccar PM. Particulate air pollution
and cardiovascular risk: short-term and long-term
effects. Semin Thromb Hemost 2009; 35: 665-
670.

Diteo PA, TucciaRoNE M, Castro ER, GUERRERO M.
Late stent thrombosis secondary to carbon mon-
oxide poisoning. Cardiovasc Revasc Med 2011;
12: 56-58.

YANIR Y, SHUPAK A, ABRAMOVICH A, REISNER SA, LORBER
A. Cardiogenic shock complicating acute carbon
monoxide poisoning despite neurologic and met-
abolic recovery. Ann Emerg Med 2002; 40: 420-
424,

Hancl V, AvoPu H, Yurtu S, Yioirim N, Okyay D,
ErpoBDAN G, AsbubobLu M, Yimaz M, Ozkocak .
Effects of acute carbon monoxide poisoning on
the P-wave and QT interval dispersions. Anatol J
Cardiol 2011; 11: 48-52

FinescHI V, AGRicoLA E, BaroLDl G, BruNi G, CERRETANI
D, MonbiLLo S, ParoLini M, TuriLLazzi E. Myocardial
findings in fatal carbon monoxide poisoning: a
human and experimental morphometric study. Int
J Legal Med 2000; 113: 276-282.

~

~

26) Fiorista F, Casazza F, ComoLatTi G. Silent myocardial

infarction after acute exposure to carbon monox-
ide. G Ital Cardiol 1993; 23: 583-587.

SATRAN D, Henry CR, AbkinsoN C, NicHoLsoN Cl, Bra-
cHA'Y, Henry TD. Cardiovascular manifestations of
moderate to severe carbon monoxide poisoning.
J Am Coll Cardiol 2005; 45: 1513-1516.

Katay N, Ozpocru I, CETINKAYA Y, ErvoL NK, DoGaN
A, GuL I, INANC T, Ikizceu |, OcuzHAN A, ABACI A.
Cardiovascular effects of carbon monoxide poi-
soning. Am J Cardiol 2007; 99: 322-324.

Liepi G, MONTAGNANA M, SAwvagno GL, Guibi GC.
Potential value for new diagnostic markers in the
early recognition of acute coronary syndromes.
CJEM 2006; 8: 27-31.

Lieri G, Cerveuin G. The clinical role of high-sen-
sitive troponin assays: update, interpretation, and
perspectives. Recent Prog Med 2010; 101: 423-
428.

HusALEwska-Hota A, PacH D, PAcH J, SowA-StAszczAk
A, Winnik L, Huszno B. Clinical and scintigraphic
(99mTc-MIBI SPECT) heart evaluation in young
acutely carbon monoxide. Przegl Lek 2003; 60:
226-232.

Guioi GC, Lirri G. Molar expression: interconvert-
ing results of highly sensitive troponin | and T
while preserving clinical significance. Clin Bio-
chem 2012; 45: 183.

Frirsma GA, Ropak KDBF. Hematology. Clinical
principles and applications. 3 ed. Philadelphia:
Saunders Elsevier, 2007.

ForHECZz Z, Gomsos T, Borgulya G, Pozsonyi Z,
ProHAszka Z, JAnoskuti L. Red cell distribution
width: a powerful prognostic marker in heart fail-
ure. Eur J Heart Fail 2010; 128: 415

Zorwu A, BektasoGLu G, GuveN FM, Dogan OT, Gu-
cuk E, EGE MR, Autar H, CINAR Z, TANDOGAN |, YiLMAZ
MB. Usefulness of admission red cell distribution
width as a predictor of early mortality in patients
with acute pulmonary embolism. Am J Cardiol
2012; 109: 128-134.

PoLat N, Oz F, Barkiz D, Cizaici AY, ALTuN B, BuBbRra
Z, UmmaN B, Turan F, OrLaz H. Predictors of func-
tional capacity in younger and elderly chronic
heart failure patients: an observational study.
Anatol J Cardiol 2013; 13: 778-783.

Emans ME, vaN DER PutTen K, vAN Roouen KL, Kraa-
JENHAGEN RJ, SwiNkeLs D, vAN SoLiINGE W'W/, CRAMER
MJ, Doevenpans PA, Braam B, GailLarp CA. Deter-
minants of Red Cell Distribution Width (RDW) in
cardiorenal patients: RDW is not related to eryth-
ropoietin resistance. J Cardiac Failure 2011; 17:
626-633.

38) Konun AM. Iron metabolism in inflammation.

Baillieres Clin Haematol 1994; 7: 829-849.

39) Pierce CN AND Larson DF. Inflammatory cytokine

inhibition of erythropoiesis in patients implanted
with a mechanical circulatory assist device. Per-
fusion 2005; 20: 83-90.

40) Frieoman JS, Lorez MF, FLEMING MD, RivERA A, MARTIN

FM, WEeLsH ML, Boyp A, Doctrow SR, Burakorr SJ.
SOD2-deficiency anemia: protein oxidation and
altered protein expression reveal targets of dam-
age, stress response, and antioxidant respon-
siveness. Blood 2004 15; 104: 2565-2573.



H. Kaya, A. Coskun, O. Beton, R. Kurt, M.k. Yildirimli, 1. Gul

41)

42

~

43)

44)

45

~

Buiak K, WasiLewski J, OsADNIK T, Jonczyk S, Kotobpzie-
Jska A, GierLotka M, GBsior M. The prognostic role
of red blood cell distribution width in coronary
artery disease: a review of the pathophysiology.
Dis Markers 2015; 2015: 824624.

Tziakas D, CHALkiAs G, Kaperouzou A, TeNTES |,
ScHAFER K, KARAYANNAKOs P, Kostakis A, BoubouLAs
H, Konstantinpes S. Erythrocyte membrane cho-
lesterol and lipid core growth in a rabbit model of
atherosclerosis: modulatory effects of rosuvasta-
tin. Int J Cardiol 2013; 170: 173-181.

SaHIN O, Akpexk M, SAruL B, BakmiR AO, Savas G,
KarAaDAVUT S, ELcik D, SacgLam H, KAva MG, ArRINC H.
Association of red blood cell distribution width
levels with severity of coronary artery disease in
patients with non-ST elevation myocardial infarc-
tion. Med Princ Pract 2015; 24: 178-183.

Isik T, UvareL H, TaNnBOGA IH, Kurt M, Exinci M, KAva
A, AYHAN E, ErGeLeN M, Bavram E, Gisson CM. Re-
lation of red cell distribution width with the pres-
ence, severity, and complexity of coronary artery
disease. Coron Artery Dis 2012; 23: 51-56.
SkJELBAKKEN T, LAPPEGARD J, ELLINGSEN TS, BARRETT-CON-
NoRr E, Brox J, LacHEN ML, NugLsTAD |, WiLsGAARD T,
MartHieseN EB, Brakkan SK, Hansen JB. Red cell dis-

2898

46

~

47)

48

49

50

)

)

~

tribution width is associated with incident myocar-
dial infarction in a general population: the Tromsg
Study. J Am Heart Assoc 2014; 3. pii: e001109.
VEERANNA V, ZALAWADIYA SK, PANAicH SS, RAMESH K,
Aronso L. The association of red cell distribution
width with glycated hemoglobin among healthy
adults without diabetes mellitus. Cardiology 2012;
122: 129-132.

Lieri G, TARGHER, SALvAaGNO GL, Guipi GC. Increased
red blood cell distribution width is associated with
higher glycosylated hemoglobin in the elderly.
Clin Lab 2014; 60: 2095-2098.

ATESCELIK M, Bozpemir MN, YiLbiz M, Gursuz S, AYRAN-
a M, Goktekin MC, Kosat MA, Dacu MN, Eken C.
QT dispersion in carbon monoxide poisoning. Eur
Rev Med Pharmacol Sci 2012; 16: 25-29.

DaHms TE, Younis LT, Wiens RD, ZARNEGAR S, BYERs
SL, CHatman BR. Effects of carbon monoxide
exposure in patients with documented cardiac
arrhythmias. J Am Coll Cardiol 1993; 21: 442-450.
YUceL M, AvsaroGULLARI L, DurukaN P, Akpur O, Oz-
KAN S, Sozuer E, MuHTAROGLU S, IkizceLl I, YORUMEZ Y.
BNP shows myocardial injury earlier than Tropo-
nin-1 in experimental carbon monoxide poisoning.
Eur Rev Med Pharmacol Sci 2016; 20: 1149-1154.



