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Background and Objectives: Carbon monoxide (CO) poisoning can cause tissue hypoxia and left ventricular systolic dysfunction (LVSD)
requiring intensive medical management. Our objectives were to find incidence and clinical course of LVSD CO intoxicated patients and
make a clinical scoring to predict LVSD.

Subjects and Methods: We included all consecutive patients with CO exposure in the emergency room. LVSD was defined by LVEF <500
assessed by echocardiography. We compared their clinical, chemical, radiological and electrocardiographic patterns according to the
presence of LVSD.

Results: From May 2009 to June 2015, we included a total of 81 patients (48 men, 47+19 years old) with CO exposure in this cohort. LVSD
was found in about 25 patients (31%). Nine had regional wall motion abnormality. Follow up echocardiographic examinations were
available in 21 patients. Of them, 18 patients showed complete recovery in about 3 days (mean 2.8+1.7 days). Of 3 patients without
recovery, 2 had significant coronary artery stenosis. LVSD was significantly associated with initial heart rate (>100/min), pulmonary
edema on chest X-ray, serum NT pro-BNP (>100 pg/mL), troponin-I (>0.1 ng/mL) and lactic acid (>4.0 mg/dL) after a univariate analysis.
Combining these into a clinical score, according to their beta score after a multivariate analysis (rage=0-16), allowed prediction of LVSD
with a sensitivity of 849% and specificity of 91% (reference >8, area under the curve=0.952, p<0.001)

Conclusion: About 31% showed LVSD in patients with CO poisoning, and most of them (86%, 18 of 21 patients) recovered within 3 days.
Patients with a higher clinical score (>8) might have LVSD. (Korean Circ J 2016;46(5):665-671)
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air pollutants. It is produced by the incomplete combustion of
carbonaceous substances.”? Exposure to high levels of CO may

myocardial infarction.3® As these cardiac injuries may increase
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the prevalence and clinical course in patients with CO intoxication
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with CO poisoning. Because the echocardiography is a useful
diagnostic tool in the detection of cardiac toxicity, the incidence
of left ventricular (LV) systolic dysfunction (LVSD) can be precisely
evaluated in the ED.”) The primary aims of this study were to find the
incidence of LVSD by echocardiographic examination in all comers
to ED with CO exposure, and its clinical course. The secondary aim
was to make a clinical scoring system to predict LVSD.

Subjects and Methods

Study population

We made a cohort of CO poisoning and included all consecutive
patients with CO exposure visiting the ED in Chungnam National
University Hospital, prospectively. The diagnosis of CO poisoning
was done with the presence of compatible clinical history of CO
exposure and an elevated serum carboxy-hemoglobin level at
the time of admission. All patients followed the same protocol
to find out the presence of LVSD. Baseline echocardiography was
scheduled within the first 6 hours in the emergency department.
The mean interval from ED visit to taking echocardiography was
5.244.2 hours. Their clinical variables were obtained from patients'
interviews and their medical records. If there was a patient with
LVSD, the patient was admitted to the intensive care unit to observe
clinical course and managed with standard medical care for LVSD
including angiotensin converting enzyme inhibitor/angiotensin
receptor blocker, and beta-blocker. Diuretics were used in cases
with pulmonary edema. The presence of recovery of LVSD were
checked by the follow-up echocardiography daily for 3 to 5 days. If
there was no recovery of LVSD or presence of regional wall motion
abnormality, we recommended taking the coronary angiography
to find out significant coronary arterial disease. The study protocol
has been reviewed and approved by the institutional review board
of Chungnam National University Hospital (IRB no 2013-12-001).

Laboratory analyses

Venous blood samples were taken and the plasma was assayed
for N-terminal pro-B type natriuretic peptide (NT pro-BNP) using
an established radioimmunoassay. Creatinine kinase (CK), CK-MB,
troponin-I, and lactic acid levels were also analyzed together. The
carboxyhemoglobin (CO-Hb) level was measured by a CO-oxymeter.
An electrocardiography was performed in all patients at the time of
arrival with commercially available electrocardiography machines.
An expert radiologist (S.S. Kim) who was unaware of other clinical
features of the participants confirmed the presence of pulmonary
edema on a chest X-ray.
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Echocardiography

Standard 2 dimensional echocardiographic examinations with
Doppler studies were performed by expert echocardiographers
using Vivid 7 or E9 echocardiographic machines with an M4S
probe (GE Vingmed, Horten, Norway) and stored digitally. The
echocardiograms were systematically reviewed and measured
by 2 experienced cardiologists (J-H. Park and B.J. Sun). The 2-
and 4-chamber images were used to calculate LV end-diastolic
and end-systolic volumes, and LV ejection fraction (LVEF) using
modified Simpson's biplane method.®’ The presence of LVSD was
defined by LVEF less than 50% assessed by biplane Simpson's
method. Regional wall motion abnormality (RWMA) was assessed
visually by two well-trained cardiologists.

Statistical analysis

Categorical variables are presented as a frequency and
percentage. Continuous variables are presented as mean+standard
deviation (SD) or median with interquartile range. Categorical
variables were compared with %2 test and continuous variables were
compared with Student's t-test. Numerical variables were made
binary by the use of cut-points with the goal of defining a simple,
easily implemented scoring method. Thresholds for categorization
of these numeric variables were specified using generally accepted
criteria or best cut-off values from receiver operator characteristic
(ROC) curves. A binary logistic regression was used in the prediction
of LVSD and a multivariable analysis was performed on parameters
that were significant on the univariate analysis. We performed a
multivariate analysis with bootstrapping to prevent overfitting of
the model.

The clinical scoring with the lowest regression coefficient among
5 variables in the model was assigned a numeric value of 2, and
other 4 variables were assigned scores based on the values of
their regression coefficients, relative to that of the lowest value.
Thus, each of the binary clinical parameters was assigned a score
based on the regression coefficient in the multivariable model. This
clinical score was derived by summation of the assigned numeric
score. The optimal cutoff value of the clinical score for predicting
LVSD was determined by the ROC curve analysis. Comparison of
areas under the curve (AUC) of the clinical score and other single
variables was done with the method suggested by Hanley and
McNeil.? A two-tailed value of p<0.05 was considered significant.
All statistical analyses were performed using SPSS 20.0 (IBM Inc.,
Chicago, IL, USA), MedCalc (version 12.3.0.0, MedCalc Software,
Mariakerke, Belgium) and with the assistance of a professional
statistician (I.S. Kwon) from our institution.
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Results Table 1. Baseline characteristics (n=81)
Characteristics n (%)
Patient characteristics Male gender 48 (59)
We enrolled a total of 81 patients (48 men, 47+19 years old) Age (year) 47419
with CO exposure who were admitted to our ED from May 2009 to Cause of poisoning
June 2015. The mean carboxy-hemoglobin level was 23.8+14.8%. Accidental exposure 40 (49)
The etiology of intoxication was intentional in 41 patients (51%), Intentional exposure 41 (51)
and 36 patients (44.4%) showed altered mentality. Their baseline EMS transport 80 (99)
characteristics are presented in Table 1. Initial mental status
] ] ) ] Alert 45 (56)
Patients with LV systolic dysfunction Drowsy 23 (28)
Twenty five of them (319%) showed LVSD and 9 had RWMA. Stupor 60)
Comparison of clinical parameters according to the presence Coma 70)
of LVSD was summarized in Table 2. In the LVSD group, initial : ;
heart rate, troponin-I, NT pro-BNP, and serum lactate level were Cardiovascular risk factors
significantly higher. Also, pulmonary edema was more prevalent Hypertension 17 1)
in the LVSD group. Due to the fact that patients without LVSD DIELEIES 6(7)
were discharged in the ED after receiving emergent management, Dyslipidemia 5(6)
the hospital duration was significantly longer in the LVSD group Smoking (Current/Ex-smoker) 17 1/34)
(5.143.6 vs. 1.3+1.9 days, p<0.001). A follow-up echocardiographic Initial vital sign
examination was completed for 21 patients, but were unavailable Heart rate (/min) 102+20
for 4 patients (1 died and 3 refused admission). Of the 21 patients Systolic blood pressure (mmHg) 127425
with a completed echocardiographic examination, 18 patients Diastolic blood pressure (mmHg) 73+17
showed complete recovery of LV systolic function in about 3 days Electrocardiographic findings
(mean 2.8+1.7 days). There were 9 patients with RWMA,; Six patients ST segment abnormality 4 (5)
demonstrated complete recovery within 7 days. The remaining T wave inversion 8 (10)
3 patients did not show recovery of RWMA and had to undergo Corrected QT interval (msec) 455437
coronary angiography; 2 of them had significant coronary arterial Diagnosis
stenosis, which was treated with the coronary artery stenting. The - 51 (63)
clinical outcomes of this study population are summarized in the Sinus tachycardia 17 1)
Fig. 1. Sinus bradycardia 2(2)
In the LVSD group, 4 patients also had rhabdomyolysis upon Atrial fibrillation 4(5)
admission. One of them was temporarily treated with continuous Others 70)
renal replacement therapy. Also, there were 7 patients with delayed
. . . Chest X-ray
onset encephalopathy associated with CO poisoning.
Pulmonary edema 9 (1)
Clinical scoring system Cardiomegaly 1721
We selected clinical variables based on univariate analysis ZEEIETEE
according to the presence of LVSD (Table 2). Pulmonary edema on Hemoglobin (g/dL) 14.4:20
an initial chest X-ray showed statistical significance (HR=10.50, Carboxyhemoglobin (%) 2384148
95% confidence interval [Cl]=1.997-53.20, p=0.005). The optimal BUN (mg/dL) 16.717.8
cut-off values of continuous variables were calculated with Creatinine (mg/dL) 09104
ROC curve analyses; initial heart rate >100/min (sensitivity=80%, Lactic acid (mg/dL) 47435
specificity=619%, AUC=0.785, 95% Cl=0.680-0.869, p<0.001), NT pro- CK-MB(ng/mL, mean, IQR) 19.6+66.4 (0.6-6.3)
BNP >100 pg/mL (sensitivity=809%, specificity=68%, AUC=0.789,95% Troponin-I (ng/mL, mean, IQR) 1.06+5.81 (0.02-0.39)
Cl=0.684-0.872, p<0.001), troponin-I >0.1 ng/mL(sensitivity=849%, NT-pro-BNP(pg/mL, mean, IQR) 639+1450 (22-300)
specificity=75%, AUC=0.867, 95% Cl=0.773-0.932, p<0.001) and Log(NT-pro-BNP) 2.0+0.8
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Table 1. Continued

Characteristics n (%)
Echocardiographic data
LVEDD (cm) 46+0.5
LVESD (cm) 3.2+0.6
LVEDV (mL) 83+26
LVESV (mL) 39+14
LVEF (%) 53+11
LA dimension (cm) 3.240.5
Presence of RWMA 9(11)
Presence of LVSD (LVEF <50%) 25(31)
Hyperbaric oxygen therapy (%) 13 (16)

EMS: emergency management service, CK: creatinine kinase, CK-MB: cre-
atinine kinase-MB fraction, IQR: inter-quartile range, LVEDD: left ventricu-
lar end-diastolic dimension, LVESD: left ventricular end-systolic dimension,
LVEDV: left ventricular end-diastolic volume, LVESV: left ventricular end-
systolic volume, LVEF: left ventricular ejection fraction, LA: left atrium, DT:
deceleration time, RWMA: regional wall motion abnormality, LVSD: left
ventricular systolic dysfunction
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serum lactic acid >4.0 mg/dL(sensitivity=75%, specificity=71%,
AUC=0.740, 95% Cl=0.550-0.883, p=0.001). After the multivariate
analysis in the prediction of LVSD with 5 clinical parameters, each
was assigned a numeric value based on its relative effect in 5
variables with statistical significance. Accordingly, heart rate (>100/
min) was assigned a numeric value of 2; lactic acid >4.0 mg/dL,
troponin-| >0.1 ng/mL, and NT pro-BNP >100 pg/mL were assigned
avalue of 3 each; presence of pulmonary edema, a value of 5 (Table
3). A clinical score was constructed by adding the numeric values
of the factors identified in each patient and ranged from 0 to 16.
Using ROC curve analysis for the prediction of LVSD, a total score
of >8 showed optimal sensitivity (84%) and specificity (91%) (Fig.
2). The area under the curve of our clinical score was significantly
higher than those of other clinical variables (Table 4).

Table 2. Univariate analysis according to the presence of left ventricular systolic dysfunction

LVSD (+) (n=25) LVSD (-) (n=56) 0Odds ratio (95% CI) p
Age (years) 49+21 47+19 1.005 (0.981-1.030) 0.671
Male gender 13 (52) 35 (63) 0.650 (0.251-1.686) 0.376
Intentional exposure 12 (48) 29 (52) 0.859 (0.335-2.208) 0.753
Hypertension 5 (20) 12 (21) 0917 (0.285-2.952) 0.884
Diabetes 1(4) 5(9) 0.425 (0.047-3.940) 0.425
Current smoker 8(32) 9(16) 2.300 (0.824-7.587) 0.106
Initial heart rate (/min) 116422 96+17 1.059 (1.027-1.092) <0.001
SBP (mmHg) 127429 128+23 0.998 (0.979-1.017) 0.838
DBP (mmHg) 69+19 75+16 0.978 (0.949-1.007) 0.139
CXR: Pulmonary edema 7 (28) 2 (4) 10.50 (1.997-55.20) 0.005
COHb (%) 28+12 22+15 1.031 (0.998-1.066) 0.067
NT pro-BNP 1144+1629 414+1316 1.000 (1.000-1.001) 0.058
Log(NTpro-BNP) 2.6+0.7 1.8+0.8 3.525 (1.773-7.007) <0.001
CK-MB (ng/mL) 52+112 5+15 1.023 (1.000-1.048) 0.053
Troponin-I (ng/mL) 3.0+10.3 0.2+0.5 4303 (1.578-11.74) 0.004
Lactic acid (mg/dL) 7.1+4.2 3.7426 1.318 (1.133-1.532) <0.001
Hospital stay (days) 5.1+3.6 1.3+1.9 1.752 (1.307-2.348) <0.001
LVESD (mm) 36+6 30+5 1.262 (1.112-1.433) <0.001
LVEDD (mm) 4545 46+5 0.962 (0.868-1.067) 0.466
LVESV (mL) 50+14 34+12 1.110 (1.0502-1.171) <0.001
LVEDV (mL) 81+21 84+28 0.995 (0.976-1.015) 0.628

Values are presented as mean+SD or n (%). Cl: confidence interval, LVSD: left ventricular systolic dysfunction, SBP: systolic blood pressure, DBP: diastolic
blood pressure, CXR: chest X-ray, COHb: carboxyhemoglobin, NT pro-BNP: N-terminal pro-B type natriuretic peptide, CK: creatinine kinase, LVESD: left ven-
tricular end-systolic dimension, LVEDD: left ventricular end-diastolic dimension, LVESV: left ventricular end-systolic volume, LVEDV: left ventricular end-di-

astolic volume
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Table 3. Multivariate analysis with clinical variables in the prediction of left ventricular systolic dysfunction

Variables Beta Odds ratio (95% CI) p Score
Heart rate (>100/min) 1.745 5.726 (0.934-35.105) 0.059 2
CXR: pulmonary edema 4515 91.393 (3.251-2569.005) 0.008 5
NT pro-BNP (>100 pg/mL) 3.145 23.220 (2.611-206.472) 0.005 3
Troponin-I (>0.1 ng/mL) 2.627 13.838 (1.913-199.086) 0.009 3
Lactic acid (>4.0 mg/dL) 2.857 17.403 (1.838-154.775) 0.013 3
Cl: confidence interval, CXR: chest X-ray, NT-pro-BNP: N terminal pro-B type natriuretic peptide
Table 4. Areas under the curve in the detection of left ventricular systolic dysfunction

Variables AUC SE 95% Cl Difference p
Clinical score 0.952 0.045 0.785-0.993

Heart rate 0.785 0.059 0.680-0.869 0.167 (0.050-0.285) 0.005
Pulmonary edema 0.622 0.072 0.508-0.728 0.330 (0.196-0.464) <0.001
NT pro-BNP 0.789 0.052 0.684-0.872 0.163 (0.064-0.262) 0.001
Troponin-| 0.867 0.039 0.773-0.932 0.085 (0.009-0.162) 0.029
Lactic acid 0.740 0.070 0.550-0.883 0.217 (0.082-0.352) 0.041

AUC: area under curve, SE: standard error, Cl: confidence interval, NT pro-BNP: N terminal pro-B type natriuretic peptide

81 patients
LVSD
¥ -
25 patients 56 patients
RWMA
o 1
1 died
9 patients 16 patients — No FU EchoCG *[
3 refused
+ - + -
6 patients 3 patients 12 patients 0 patients

Coronary stenosis

+

i

2 patients 1 patients

Fig. 1. A diagram showing the outcomes of the study population. LVSD:
left ventricular systolic dysfunction, RWMA: regional wall motion
abnormality.

Discussion

The main findings of the current study were LVSD and observed
in about 31% (25/81); clinical scoring system combination of initial
heart rate >100/min, presence of pulmonary edema on chest X-ray,
NT pro-BNP >100 pg/mL, troponin-I >0.1 ng/mL and lactic acid
>4.0 mg/dL would increase the diagnostic accuracy in predicting
the LVSD.

www.e-kej.org
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Fig. 2. Receiver operating curve analysis in the detection of left ventricular
systolic dysfunction by a clinical score. Clinical score >8 showed optimal
sensitivity (84%) and specificity (91%). Cl: confidence interval.

It is well known that CO-Hb levels do not correlate well with
the severity of cardiac and neurologic symptoms in a substantial
number of cases. However, the presence of cardiac toxicity is a
bad prognostic factor in patients with CO intoxication.!” Cardiac
toxicity after CO poisoning includes arrhythmias, pulmonary edema,

http://dx.doi.org/10.4070/kc}.2016.46.5.665
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heart failure, myocardial infarction, and cardiogenic shock.2'-?
If heart failure is present after CO exposure, hyperbaric-oxygen
therapy should be recommended with conventional heart failure
treatments. With prompt treatment, LVSD can be normalized
within several days.?™ Therefore, regardless of the level of CO-
Hb, the evaluation of cardiac function is essential for prevention
of cardiac complication or mortality at the ED. Moreover, patients
with coronary artery disease are more susceptible to CO-induced
cardiotoxicity. In this study population, 9 patients showed
RWMA. Of them, 3 showed no improvement of RWMA in a follow-
up echocardiography, and 2 underwent coronary artery stenting
due to myocardial ischemia. The CO poisoning can worsen the
preexisting myocardial ischemia caused by significant coronary
artery stenosis in these patients.

Currently, several studies reported that myocardial injury after
CO exposure can be identified by using electrocardiography and
elevation of cardiac biomarker.2”"9"% However, electrocardiographic
changes suggesting myocardial injury can include sinus tachycardia,
and ST or T wave changes. Electrocardiographic changes were not
prominent in our study. Echocardiography has been regarded as a
good screening tool for detection of CO-induced cardiotoxicity.7®
However, it is not readily available for evaluating cardiotoxicity
especially at night.

Tachycardia is the most common clinical sign after acute CO
exposure!” It can be caused as a compensatory response to
systemic hypoxemia and decreased cardiac contractile function.

Pulmonary edema may occur in severe CO exposure and is
a relatively uncommon feature in CO poisoning.'® Because it is
usually associated with smoke inhalation, taking a chest X-ray is
mandatory in such patients. In our study, pulmonary edema was
found in 9 patients (11%). Pulmonary edema requiring diuretic
therapy was more prevalent in the LVSD group.

BNP and NT pro-BNP are good serum biomarkers which have
good correlation with symptom severity and prognosis in heart
failure patients®?Y Using BNP in the evaluation of dyspnea
is useful in many clinical settings, especially in the emergency
department.29?Y Maisel et al'® reported their cut-off value of
serum BNP in the detection of heart failure and BNP >100 pg/mL
showed sensitivity of 90% and specificity of 79% in the emergency
department. In another study, the authors used serum NT pro-BNP
concentration in patients with cardiac toxicity after CO exposure.
They found serum NT pro-BNP concentration was well correlated
with CO-Hb level.?? Qur study showed that NT pro-BNP >100
pg/mL had a sensitivity of 80% and a specificity of 68% in the
detection of LVSD in patients with CO toxicity.

The evaluation of cardiac markers can be of considerable
diagnostic value in the presence of chest discomfort or ischemic

http://dx.doi.org/10.4070/kcj.2016.46.5.665
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electrocardiographic changes. Troponin-l and troponin-T have been
successfully used in the diagnosis of CO-induced cardiotoxicity.?”
Henry et al.” reported that myocardial injury occurred frequently
in patients hospitalized for moderate to severe CO poisoning, and
presence of myocardial damage was a significant predictor of
mortality. They defined myocardial injury as cardiac troponin-I
level >0.7 ng/mL or CK-MB >5.0 ng/mL. We found that myocardial
injury detected by an echocardiograph could occur with a lower
level of troponin-I (>0.1 ng/mL) in our study.

We tried to compare baseline characteristics, laboratory,
radiographic and electrocardiographic parameters according to
the presence of LVSD. The LVSD group had a higher heart rate, a
higher prevalence of pulmonary edema, and a higher concentration
of cardiac troponin-I, NT pro-BNP and serum lactate levels.
Multivariable scoring system including initial heart rate >100/min,
presence of pulmonary edema on chest X-ray, NT pro-BNP >100
pg/mL, troponin-l >0.1 ng/mL and lactic acid >4.0 mg/dL can be
used to predict LVSD associated with CO poisoning. This scoring
system showed a better area under the curve than each variable to
detect LVSD. It can be used to screen and rule out the presence of
LVSD in ED. If a patient is present with the clinical score of 9, the
patient should be screened with an echocardiograph. If patients has
a clinical score of less than 4, the sensitivity of 100% in excluding
LVSD. So, such patient can be discharged without performing an
echocardiography.

Study limitations

There were several limitations in our study. First, a limited number
of patients were included only from one hospital. Moreover, there
were only 25 patients (319%) with LVSD. This number was insufficient
for the multivariate analysis. We performed a multivariate analysis
with bootstrapping to prevent overfitting of the model.

Second, most of our study population were transferred to
our hospital using the emergency medical system. Use of high
concentrations of oxygen during their transport could have
influenced measurements of CO-Hb levels. Also, there was a
possibility that some patients with severe cardiotoxicity after CO
exposure might have expired as consequences of CO poisoning.
So, we could have a selection bias in our study cohort. However,
our cohort could also represent a real clinical practice. Finally, we
could not evaluate the long term clinical outcome of CO-induced
cardiotoxicity. To overcome these limitations, large multicenter
studies, including more comprehensive laboratory, imaging and
other assessments are needed.

Conclusion
We found that about 31% of patients showed LVSD associated
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with CO poisoning, and most of them showed complete recovery
within about 3 days. The presence of LVSD was associated with
initial heart rate >100/min, presence of pulmonary edema on chest
X-ray, NT pro-BNP >100 pg/mL, troponin-I >0.1 ng/mL, and lactic
acid >4.0 mg/dL. We made a clinical scoring with these variables
to predict LVSD, which may be helpful in detecting LVSD in CO-
poisoned patients, especially in small ED without echocardiographic
support. Patients with a higher clinical score (>8) might have LVSD,
which can be detected with an echocardiograph.
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