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ABSTRACT
Objective: To evaluate the usability of electrocardiography (ECG) intervals in the diagnosis and treatment monitoring of acute
carbon monoxide (CO) poisoning.
Study Design: An observational study.
Place and Duration of Study: Department of Emergency Medicine, Kayseri City Hospital, Turkey, from November 2018 to May
2019.
Methodology: Each of 80 patients for study and control groups were prospectively included. For study group, pre- and posttreatment ECG intervals (P-wave and QRS complex periods, PP, PR, RR, QT, and QTc intervals) and carboxyhemoglobin (COHb)
levels of the patients were evaluated. For control group, ECG intervals and COHb levels of the patients during admission to the
Emergency Department were evaluated.
Results: As a result of the statistical analysis in which measurements of the study group and control group were compared, a
statistically signiﬁcant diﬀerence was found in the following values: pre-treatment group COHb level (p<0.001), PR interval
(p=0.046), PP interval (p<0.001), QT interval (p<0.001), QTC interval (p=0.016), RR interval (p<0.001), and post-treatment
group COHb level (p<0.001), PR interval (p=0.009), PP interval (p=0.041), QTC interval (p=0.010), and RR interval (p=0.036). QT
interval values in the post-treatment group were similar to those of the control group (p=0.342). In the ROC analysis where the
diagnostic performance of ECG intervals was evaluated, the area under the curve (AUC) scale was between 0.29 and 0.62.
Conclusion: ECG intervals do not provide as much beneﬁt as COHb measurement in the diagnosis of acute CO poisoning.
However, the QT interval is a useful ECG interval in the treatment monitoring of acute CO poisoning.
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INTRODUCTION
Acute carbonmonoxide (CO) poisoning is a type of poisoning that
can be fatal in humans due to the neurotoxic and cardiotoxic
eﬀects of CO gas.1In recent years, studies have been conducted to
enlighten the cardiac damage mechanism that plays a major role
in mortality in acute CO poisoning and to evaluate the cardiac
eﬀects of this intoxication.2-4These studies demonstrated that the
risk of arrhythmia increases and electrocardiographic changes
are observed in the heart as a result of many biochemical
processes resulting in tissue hypoxia in acute CO poisoning.2,3 It
was observed that the prolonged p-wave dispersion and
prolonged QTc interval were associated with arrhythmia in acute
CO poisoning.3,4
Electrocardiography (ECG) is a useful diagnostic and monitoring
tool utilised by clinicians in diagnosing cardiac diseases and determining the cardiac status.5
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The investigation of electrocardiographic changes in types of
poisoning with cardiac eﬀects is a new ﬁeld. It has generated
interest in recent years, whether or not ECG parameters could be
used in both diagnosis 6 and monitoring7,8 in these types of
poisoning.
The aim of this study was to investigate whether ECG intervals
can be used in the diagnosis and treatment monitoring of acute
CO poisoning.

METHODOLOGY
This observational study was prospectively conducted in the
Emergency Department of Kayseri City Hospital, Turkey, from
November 2018 to May 2019, after the approval of the local
Ethics Committee. The study was not randomised, and was
conducted as a blinded study. The patients, who presented with a
history of CO contact between the above-mentioned dates and
showed clinical symptoms of acute CO poisoning had a carboxyhemoglobin (COHb) level > 10% at the time of admission and
were discharged from the Emergency Department after treatment, were determined as the study group. As the control group,
patients who were admitted to the Emergency Department on
the same dates having no history of CO contact, but having clinical symptoms similar to the study group, with a COHb level
below 10% at the time of admission and those who were
discharged from the emergency service, were selected.
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Inclusion criteria were patients with a history of CO exposure
and clinical signs of CO poisoning; COHb level >10%; patients
over the age of 18; patients with mild and moderate CO
poisoning.
Exclusion Criteria were patient under the age of 18 years; pregnancy; patients with high troponin levels; patients with a history
of cardiac disease (previous coronary angiography, coronary
artery disease, Brugada syndrome, prolonged QT syndrome,
and WPW syndrome in the background, etc.; patients with a
history of taking drugs for the treatment of arrhythmia (use of
beta-blockers, calcium channel blockers, digital, etc); patients
with a history of disease-causing electrolyte disorder (chronic
renal failure, adrenal pathologies); patients with acute CO
poisoning whose COHb level could not be reduced below 10%
after treatment; patients required hyperbaric oxygen therapy
(HBOT); patients with severe CO poisoning.
The individuals in the study group were monitored when they were
ﬁrst admitted to the Emergency Department. Within the ﬁrst 10
minutes of admission to the Emergency Department, electrocardiography scans of patients were performed with the 12-lead electrocardiography (ECG) device (GE© Mac 2000 ECG Machine,
Milwaukee, WI, USA). Intravenous vascular access was concurrently provided and blood was drawn from the patients with the
blood gas device (Radiometer© ABL90 FLEX analyzer, Istanbul,
Turkey) to measure COHb levels. Normobaric oxygen therapy
(NBOT) with 15 L/min 100% oxygen was administered to the
patients in the study group for 4-6 hours with a diﬀuser mask. After
the treatment, ECG was performed for the patients and blood tests
were repeated to measure COHb in the blood gas. The data
obtained during the ﬁrst 10 minutes at the time of admission to the
Emergency Department were registered as the "Pre-treatment
group" and the data obtained after NBOT were registered as the
"Post-treatment group." A single measurement was performed in
the control group. ECG was performed during the ﬁrst 10 minutes
of admission to the Emergency Department for the people in the
control group and blood was drawn for measuring COHb in the
blood gas.

Demographic characteristics, ECG intervals, and COHb values
of the study and control groups were recorded. ECG parameters
were evaluated; the P wave duration, PR interval, QRS duration,
PP interval, RR interval, QT interval,and corrected QT (QTc)
interval calculated with the Bazett formula. These parameters
were calculated by a cardiologist blinded to the study. Pre- and
post-treatment ECG intervals (P-wave duration, PR interval,
QRS duration, QT and QTc intervals, PP and RR intervals) and
pre-and post-treatment COHb values were recorded in the
study group. ECG intervals at the time of admission to the Emergency Department and COHb levels were recorded in the data
form in the control group.

The data obtained within the scope of the study were initially
checked for extreme values and incorrect data entries were
controlled. The acceptance value for the type I error in analysis
was 5%; in other words, p was considered to be ≤ 0.05, and in
terms of sensitivity to smaller error probabilities, p values were

speciﬁed by considering signiﬁcance levels of p ≤0.01 in
reporting. Categorical data were expressed as number and
percentage, while quantitative data as mean ± S.D. In the analysis performed, the paired sample t-test was used for the
comparison of the ECG intervals for the study group with
repeated measurement scores, and the independent sample ttest was used for the comparison of the study group and the
control group. Electrocardiographic evaluation of acute carbon
monoxide poisoning in the Emergency Department was
performed by using receiver operating characteristic (ROC)
curve analysis. The diﬀerentiation threshold values for the relevant intervals were calculated using the Youden Index. The
analysis for the study were performed with the SPSS pack 25
statistics software.

RESULTS
The study was conducted on 160 patients, 80 patients in the
control group and 80 patients in the study group. Fifty patients
(62.5%) in both the study group and control group were
females. The mean age of the study group was 35.90 ±14.59
years; and the mean age of the control group was 37.14 ±
10.03 years.
When the ECG intervals of the study group with repeated
measurement scores were compared, a statistically signiﬁcant diﬀerence was observed between pre-treatment and
post-treatment ECG intervals in all values except for the PR
interval. While a signiﬁcant decrease was observed in the CO Pwave duration, QRS duration, and QTC interval values in the
post-treatment group, a signiﬁcant increase was observed in
the PP interval, QT interval, and RR interval values in the posttreatment group (all p<0.05, Table I).
Table I: Descriptive statistics and comparison results regarding pre- and
post-treatment ECG intervals of the study group.
Variables

Pre-treatment group

Post-treatment group

Mean ±S.D.

Mean ±S.D.

P-value

COHb
20.11±5.79
6.47±2.06
<0.001***
level (%)
P-wave
duration
94.40±14.90
88.95±15.66
0.001**
(msec)
QRS
duration
85.55±12.65
83±9.31
0.008**
(msec)
PR
interval
150.15±24.23
152.25±24.31
0.123
(msec)
PP
interval
723.14±140.11
856.93±144.01
<0.001***
(msec)
QT
interval
364.77±27.14
388.17±26.21
<0.001***
(msec)
QTc
interval
435.05±25.45
416.24±22.92
<0.001***
(msec)
RR
interval
720.43±133.56
857.23±144.40
<0.001***
(msec)
Note: ** = p <0.05; ** = p <0.01; *** = p <0.001 ** Mean: Average, S.D.:
Standard Deviation, %: Percentage, msec: Milliseconds.
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As the measurements obtained for the control group and pretreatment values of the study group were reviewed, a statistically signiﬁcant diﬀerence was found in the following values:
Cohb level (p<0.001), PR interval (p =0.046), PP interval
(p<0.001), QT interval (p<0.001), QTC interval (p =0.016), and
RR interval (p<0.001). As the post-treatment ECG intervals
obtained for the study group and values related to the control
group were reviewed, a statistically signiﬁcant diﬀerence was
observed in the following values: COHb level (p<0.001), PR
interval (p =0.009), PP interval (p =0.041), QTC interval (p
=0.010), and RR interval (p =0.036). QT interval values in the
post-treatment group were similar to those of the control group
(p =0.342, Table II).
Table II: Descriptive statistics regarding ECG intervals of the control
group and results of comparison with the study group.
Control group ECG
intervals

Variables

COHb level
(%)
P-wave
duration
(msec)
QRS
duration
(msec)
PR interval
(msec)
PP interval
(msec)
QT interval
(msec)
QTc interval
(msec)
RR interval
(msec)

Pre-teatment
(p value)

Post-treatment
(p value)

2.29±1.62

<0.001***

<0.001***

92±14.10

0.296

0.197

84.01±8.62

0.370

0.476

143.55±16.61

0.046*

0.009**

815±110.58

<0.001***

0.041*

384.15±27.18

<0.001***

0.342

425.71±23.04

0.016*

0.010*

814.33±110.31

<0.001***

0.036*

Figure 1. The ROC curve analysis graph of diagnostic performances of the
pre-treatment ECG intervals.

Note: * * = p <0.05; ** = p <0.01; *** = p <0.001 ** Mean: Average, S.D:
Standard Deviation, %: Percentage, msec: Milliseconds.

DISCUSSION

Table III: ROC analysis results regarding the diagnostic performance of
the pre-treatment ECG intervals.
AUC (95%
CI)

P-wave
duration
QRS
duration
PR
interval
PP
interval
QT
interval
QTC
interval
RR
interval

0.54
(0.45-0.63)
0.51
(0.42-0.60)
0.57
(0.48-0.65)
0.29
(0.21-0.37)
0.31
(0.23-0.39)
0.62
(0.53-0.70)
0.29
(0.21-0.37)

Cut
oﬀ

Sensitivity
(%)

Speciﬁcity
(%)

<0.001***

677.5

56.3

7.5

<0.001***

369

42.5

26.2

0.010**

440.5

47.5

78.7

<0.001***

677

55

7.5

P value

0.335
0.772
0.150

Note: * = p < 0.05; ** = p < 0.01; *** = p < 0.001, CI: Conﬁdence Interval.

Measurements with a signiﬁcance level between ECG intervals
included in the ROC curve analysis in order to determine the
diﬀerentiation power of electrocardiography as a diagnostic
tool in acute carbon monoxide poisoning were PP interval
670

According to the ROC curve analysis data, while PP interval was
the ECG interval with the highest sensitivity (56.3%), it was
observed that the QTc interval was the ECG interval with the
highest speciﬁcity (78.7%). The optimum cut-oﬀ value for the
PP interval was 677.5 and the speciﬁcity was 7.5%. The
optimum cut-oﬀ value for the QTc interval was 440.5 and the
sensitivity was 47.5%. Considering those values that have been
obtained, it was observed that the ECG intervals had a weak
diﬀerentiation power (0.5< area under the curve (AUC) <0.7) in
determining acute carbon monoxide poisoning, and the AUC
scale in ROC curve analysis for all ECG intervals was between
0.29 and 0.62 (Figure 1).

Results of comparison with the
study group

Mean ± S.D.

ECG
intervals

(p<0.001), QT interval (p<0.001), QTC interval (p=0.010), and
RR interval (p<0.001, Table III).

In acute CO poisoning cases, intracellular calcium increases
due to the inhibition of oxidative phosphorylation and
decreases ATP use; and the resulting hyperadrenergic state
leads to an increase in the risk of arrhythmia; and this mechanism plays a role in the basis of ECG changes.9,10 As the literature was reviewed, the authors did not ﬁnd a study where ECG
intervals were investigated in the evaluation of the diagnosis
and treatment response of patients with acute CO poisoning
who were admitted to the emergency department due to acute
CO poisoning and discharged from the Emergency Department.
In this study, it was aimed to investigate whether ECG intervals
would be useful in the diagnosis and treatment monitoring of
acute CO poisoning.
It was found that the pre-treatment PR and QTc intervals of the
study group were longer than that of the control group, and the
PP, RR and QT intervals were shorter than the control group.
Some previous studies found that acute CO poisonings were
associated with prolonged QTc and QT dispersions4,11 and
prolonged p-wave dispersions.4 This might be due to the direct
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hypoxic eﬀect of CO gas on the myocardium, inhomogeneous
atrial conduction and impaired ventricular repolarization.11,12
The reason for the prolongation in the pre-treatment PR and QT
intervals of the study group, identiﬁed in this study, can be
explained with this hypothesis stated in the literature. Additionally, many chemical mechanisms triggered by hypoxia in acute
CO poisoning cause an increase in the contractility of the heart
and tachycardia.1 The shortening of the PP, RR and QTc intervals, which are ECG intervals related to cardiac beat count, may
be the result of tachycardia caused by the CO gas. The evaluation of these ECG intervals, whose pre-treatment group values
diﬀered with the control group, by ROC analysis demonstrated
that PP, RR, QT, and QTc intervals can be used in the diagnosis of
acute CO poisoning. However, our study showed that these ECG
intervals can detect approximately 50% of patients with acute
CO poisoning.
In this study, it was determined that the pre- and post-treatment
PR intervals of the study group were signiﬁcantly higher than the
control group, but do not provide diagnostic beneﬁt in the ROC
analysis. In addition, the pre- and post-treatment values of the PR
interval were similar in the study group. This situation may be
explained by the slow AV node and sensory purkinje conduction
in the early period of acute CO poisoning and NBOT therapy not
aﬀecting this conduction pathway. All these results demonstrated that the PR interval is not a useful ECG interval in the diagnosis and treatment monitoring of acute CO poisoning.
In this study, it was observed that the measurements of the
control group and the study group were similar in terms of pwave durations and QRS complex periods. The negative eﬀect of
CO gas on the myocardial oxygen receptors in competition with
oxygen and preventing the reuptake of oxygen by the
myocardium on the diastolic system which support the heart 13,14
and systolic dysfunction taking place in the late and prolonged
periods15 in CO poisoning may be the cause of this situation. In
this study, it was observed that these two ECG intervals did not
provide any beneﬁt in the diagnosis and treatment follow-up of
acute carbon monoxide poisoning.
While it was stated in a previous study that there was prolongation in the QT interval, which was also associated with syncope in
16
acute CO poisoning, it was found in two studies in the
4,17
literature that there was no change in the QT intervals in acute
CO poisoning cases. In this study, it was found that the pre-treatment QT intervals of the study group were shorter than the
control group, but demonstrated similar results with the posttreatment control group. Considering the variation in the study
group between pre-treatment and post-treatment QT intervals,
it can be argued that the QT interval is an ECG interval that may
be beneﬁcial for clinicians during treatment monitoring in acute
CO poisoning and during discharge. Furthermore, it was
observed in this study that PP, RR, QTc and PR intervals in the
control group diﬀer from the post-treatment group. The reason
for this situation may be that the excessive saturation of the
myocardium with oxygen with NBOT treatment causes a
decrease more than expected in the cardiac contractility and a
decrease more than normal in the cardiac beat in the patient.

Therefore, these ECG intervals other than the QT interval in the
early period of acute CO poisoning may be misleading in treatment monitoring.

There were some limitations in this study. First, the long-term
eﬀects and mortality of acute CO poisoning could not be evaluated since the diagnosis and treatment process was evaluated
in the Emergency Department and the discharged population.
Moreover, since these patients were not followed up after
discharge, it could not be determined how the ECG intervals
would change after discharge. Secondly, since NBOT was administered to all patients in the study group and patients who
received HBOT were excluded, treatment eﬃcacy analysis
could not be performed in acute CO poisoning. Therefore, it
could not be determined how the ECG intervals were aﬀected in
the population with HBOT indication and in those who received
HBOT therapy. Another limitation in this study is that the author
did not evaluate other ECG changes and ECG ﬁndings associated with arrhythmia.

CONCLUSION
ECG intervals (PP, RR, QT, and QTc intervals) could detect
approximately half of the patients with acute CO poisoning, and
therefore ECG intervals did not provide as much beneﬁt as
COHb measurement in the diagnosis of acute CO poisoning. The
QT interval would beneﬁt clinicians in the post-treatment monitoring of patients with acute CO poisoning discharged from the
Emergency Department. Clinicians should follow QT intervals
closely together with clinical improvement and decrease in
COHb value, while deciding about discharge. Multi-site studies
with larger samples are needed on this subject matter.
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