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Incidence patterns of nervous system
diseases after carbon monoxide
poisoning: a retrospective longitudinal
study in South Korea from 2012 to
2018
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Department of Emergency Medicine, Ajou University School of Medicine, Suwon, Korea

Objective To analyze the incidence patterns of nervous system diseases in survivors of carbon
monoxide (CO) poisoning using nationwide claims data from South Korea.

Methods A national cohort was abstracted from a database that includes patients diagnosed
with CO poisoning between January 2012 and December 2018. For all nervous system diseases,
we investigated the frequency, pattern of incidence, effect of intensive care unit admission, and
the standardized incidence ratios (SIRs) to estimate the risk of nervous system disease after CO
poisoning.

Results Of 26,778 patients, 18,720 (69.9%) were diagnosed with nervous system diseases after
CO poisoning. The most common disease was disorders of sleep initiation and maintenance
(n=701, 3.74%), followed by tension-type headache (n=477, 2.55%) and anoxic brain injury
(n=406, 2.17%). Over half of the nervous system diseases occurred within the first year after
CO poisoning. The cumulative hazard ratio for nervous system diseases in patients admitted to
the intensive care unit was 2.25 (95% confidence interval [Cl], 2.07-2.44). Among the frequent
nervous system diseases after CO poisoning, patients had a higher risk of disorders of initiating
and maintaining sleep (SIR, 1.61; 95% Cl, 1.52-1.71), tension-type headache (SIR, 2.41; 95% Cl,
2.23-2.61), anoxic brain injury (SIR, 58.76; 95% Cl, 53.95-63.88), and post-zoster neuralgia (SIR,
1.94; 95% Cl, 1.70-2.20).

Conclusion Patients who experience CO poisoning are at higher risk for several nervous system
diseases. Therefore, monitoring for specific nervous system diseases is important after CO poi-
soning within the first year.
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Nervous system diseases after CO poisoning

What is already known

Capsule
Summary

syndrome from a clinical perspective.

What is new in the current study

Delayed neuropsychological sequelae (DNS) after carbon monoxide poisoning generate a myriad of neurological and
psychological problems. The incidence of DNS has been reported to be up to 46%, and DNS remain a largely mysterious

Nervous system diseases following carbon monoxide poisoning had relatively early peak incidence patterns, and pa-
tients had a higher risk for several nervous system diseases.

INTRODUCTION

Delayed neuropsychological sequelae (DNS) after carbon monox-
ide (CO) poisoning generate a myriad of neurological and psycho-
logical symptoms. The incidence of DNS has been reported to be
up to 46%, and DNS remain a largely mysterious syndrome from
a clinical perspective.' The definition of DNS encompasses a wide
range of neuropsychological symptoms, including apathy, disori-
entation, amnesia, mutism, urinary incontinence, gait disturbance,
anxiety, psychosis, depression, and Parkinsonism. It may occur
within several days to several weeks following a disappearance of
signs and symptoms of acute CO poisoning.

Insults to neural organs and tissues caused by CO toxicity ac-
count for several pathophysiologic factors as follows: 1) hypoxic
stress, which mainly occurs when CO interferes with the binding
of oxygen to hemoglobin; 2) oxidative stress caused by free radi-
cals; 3) lipid peroxidation, which results in demyelination of white
matter in neural tissue; and 4) catecholamine crisis accompanied
by epinephrine release during physiological stress. These injury
mechanisms may also contribute to the development of DNS.?

Non-fire related CO poisoning is the leading cause of poison-
ing-related deaths in the US and is responsible for up to 50,000
emergency department visits and 1,200 deaths per year.® In South
Korea, the number of incidents of CO poisoning has recently been
increasing at a rapid pace because inhaling CO gas has emerged
as a common method of suicide.* Those who survive CO poison-
ing are at high risk for neurological problems such as DNS, even
after treatment of the acute condition.®> However, epidemiologic
data such as the incidence, time of development, and duration of
DNS vary widely in the literature due to the lack of established
diagnostic criteria that are universally accepted.® ' Previous stud-
ies have reported the prevalence of DNS, but they are largely lim-
ited due to small sample sizes and variations in study design. In
this study, we aimed to analyze the nationwide prevalence of neu-
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rological disorders among survivors after CO intoxication using
claims data from the Health Insurance Review and Assessment
Service (HIRA) in South Korea.

METHODS

Ethics statement

This was a retrospective, nationwide, observational study. The in-
stitutional review board of the Ajou University Medical Center re-
viewed and approved the study protocols (AJIRB-MED-EXP-19-189).
The requirement for informed consent was waived because all
data were de-identified.

Data source and study setting

The National Health Insurance in South Korea is a public medical
insurance system that provides health coverage for more than
99% of the nation's population. The HIRA data in the National
Health Insurance system include patient demographics such as
sex, age, residential area, and clinical details such as diagnosis,
procedure, and prescription, which can be derived from payment
claims generated during outpatient visits or inpatient admissions
to medical institutions. This national cohort was abstracted from
the HIRA data.

Patients were included if they had been initially diagnosed
with CO poisoning between January 1, 2012 and December 31,
2018. To ensure the history of the population and to remove the
bias caused by the history of CO poisoning, we only included pa-
tients with a diagnosis of CO poisoning after January 1, 2012.
Because we focused on the effect of CO poisoning on newly de-
veloped nervous system diseases, we excluded patients with a
history of nervous system diseases before January 1, 2012 to re-
move the bias caused by the recurrence of already diagnosed
nervous system diseases. Additionally, we excluded patients that
had been newly diagnosed with nervous system diseases before
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the diagnosis of CO poisoning from 2012 to 2018 (Fig. 1). The di-
agnosis of CO poisoning (code T58) was confirmed regarding the
Korean Classification of Disease 6th edition, which is a modified
version of the International Classification of Diseases 10th edition
designed to fit the Korean health system. We also used the GOO
to G99 diagnostic codes which correspond to all nervous system
diseases. These diseases were identified using the main or minor
disease codes in the claims data generated during the inpatient
or outpatient visits following the diagnosis of CO poisoning. The
diagnosis dates of CO poisoning and nervous system disease were
extracted from the attribute of the initiation date of medical care
marked as 'RECU_FR_DD' in 200 tables of the HIRA dataset.

Statistical analysis

Descriptive statistics were used to estimate the frequency of ner-
vous system diseases according to the diagnostic codes of the
initial hospital visit. Frequently occurred nervous system diseases
after CO poisoning were listed and analyzed depending on wheth-
er the patient had been admitted to the intensive care unit (ICU)
due to CO poisoning or not. To compare the frequency and mean
time of the occurrences of common nervous system diseases for
two distinct groups (patients admitted vs. not admitted to the
ICU), Pearson chi-squared test and independent samples t-tests
were performed. The occurrence of nervous system diseases after
CO poisoning was estimated using the Kaplan-Meier method. For
statistical comparison between the ICU admitted and non-admit-
ted groups, the log-rank test was performed. During the observa-
tion period after CO poisoning, the cases claimed as ‘4: Death’ in
the attribute of results of medical care marked as ‘DGRSLT_TP_
CD' in the 200 tables of the HIRA dataset were censored. Addi-
tionally, the standardized incidence ratios (SIRs) and their corre-
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sponding 95% confidence intervals (Cls) were used to assess the
relative risk of frequent nervous system disease in survivors after
CO poisoning as compared with the general population based on
previous research on each nervous system disease."* In this
study, P-values less than 0.05 were considered to be statistically
significant. All statistical analyses were performed using R ver.
3.0.2 (R Development Core Team, Vienna, Austria). The occurrence
of nervous system diseases after CO poisoning was estimated us-
ing the Kaplan-Meier method. For statistical comparison between
the ICU admitted and non-admitted groups, the log-rank test
was performed.

RESULTS

Among the total of 21,711 patients, 18,720 patients (86.2%) were
diagnosed with nervous system diseases after CO poisoning from
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Fig. 2. The overall distribution of patients who developed nervous sys-
tem diseases after carbon monoxide poisoning according to age and sex
(n=18,720).

63,088 CO poisoning at least 1 claim during 2007-2018 in HIRA

Excluded
11,817 Diagnosed history of CO poisoning before 2012
16,434 Diagnosed history of nervous system disease
13,126 Duplicated data

21,711 Newly diagnosed nervous system disease and CO poisoning during 2012-2018

Excluded
2,991 Newly diagnosed with nervous system disease before
CO poisoning during 2012-2018

18,720 Newly diagnosed nervous system disease after CO poisoning during 2012-2018

Fig. 1. The patient selection process for this study. CO, carbon monoxide; HIRA, Health Insurance Review and Assessment Service.
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2012 to 2018. The number of patients with nervous system dis-
eases is shown according to age and sex in Fig. 2. The mean age
at the time of diagnosis with nervous system disease after CO
poisoning was 44.36 (+ 17.32) years; there were 7,415 female pa-
tients (39.61%). The number of patients peaked in the age group
of 30 to 39 years. Overall, except for the age group of younger
than 19 years and the age group of greater than 80 years, there
were more male patients than female patients.

Among the 18,720 patients with nervous system diseases after
CO poisoning, 1,391 patients (7.43%) were admitted to the ICU
during the initial event of CO poisoning. The most common ner-
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G47.9
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Nervous system diseases

G56.0
G40.9
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Nervous system diseases after CO poisoning

vous system diseases after CO poisoning were disorders of initiat-
ing and maintaining sleep, G47.0 (n =701, 3.74%), followed by
tension-type headache, G44.2 (n=477, 2.55%), anoxic brain in-
jury, G93.1 (n= 406, 2.17%), migraine, unspecified, G43.9 (n=321,
1.71%), and sleep disorder, G47.9 (n=212, 1.13%). The pattern of
occurrence for nervous system diseases in the patients who had
not been admitted to the ICU was similar to that in all patients.
On the other hand, in the patients who had been admitted to the
ICU, anoxic brain injury, G93.1, was the most common (n= 153,
8.84%), followed by disorders of initiation and maintaining sleep,
G47.0 (n=97, 7.00%) and encephalopathy, unspecified, G93.4
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= |CU admitted patients
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Fig. 3. (A) Frequency of nervous system diseases after carbon monoxide poisoning according to intensive care unit (ICU) admission or not and (B) the
median times of occurrence of nervous system diseases after carbon monoxide poisoning. The frequencies and median times of occurrence of nervous
system diseases differed depending on whether patients were admitted to the intensive care unit or not (P<0.05). G47.0, disorders of initiating and
maintaining sleep; G44.2, tension-type headache; G93.1, anoxic brain injury; G43.9, migraine, unspecified; G47.9, unspecified sleep disorder; G53.0,
post-zoster neuralgia; G44.8, other specified headache syndromes; G56.0, carpal tunnel syndrome; G40.9, epilepsy, unspecified; G93.4, encephalopathy,

unspecified.
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(n=26, 1.87%) (Fig. 3A and Table 1).

The median time to diagnosis of nervous system disease after
CO poisoning differed according to whether patients were admit-
ted to the ICU or not (P<0.05) (Fig. 3B and Table 2). The median

Table 1. Frequency of nervous system diseases after carbon monoxide
poisoning depending on whether patients were admitted to the ICU or
not

ICU admitted Non-ICU

Nervous system disease P-value

patients patients
Encephalopathy, unspecified 26 (1.87) 68 (0.39) <0.05
Epilepsy, unspecified 17 (1.22) 107 (0.62) <0.05
Carpal tunnel syndrome 12 (0.56) 134 (0.77) 0.84
Other specified headache syndromes 4(0.29) 146 (0.84) <0.05
Post-zoster neuralgia 6(0.43) 158(0.91) 0.09
Unspecified sleep disorder 26(1.87) 186 (1.07) <0.05
Migraine, unspecified 20 (1.44) 301 (1.74) 0.47
Anoxic brain injury 153 (11.00) 253 (1.46) <0.05
Tension-type headache 16 (1.15) 461 (2.66) <0.05
Disorders of initiating and maintaining 97 (6.97) 604 (3.49) <0.05

sleep

Values are presented as number (%).
ICU, intensive care unit.
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time of occurrence for nervous system diseases after CO poison-
ing, e.g., other specified headache syndromes, G44.8, unspecified
sleep disorder, G47.9, tension-type headache, G44.2, and sleep
initiation and maintaining disorders G47.0 was shorter for the
patients who had been admitted to the ICU than those who had
not. The median time of occurrence for carpal tunnel syndrome,
(56.0, post-zoster neuralgia, G53.0, migraine, unspecified, G43.9,
and anoxic brain injury, G93.1, after CO poisoning was longer in
the patients who had been admitted to the ICU compared to
those who had not. The three most common nervous system dis-
eases and their frequency density are shown in Fig. 4. Approxi-
mately 50% of the nervous system diseases were diagnosed
within the first year after CO poisoning. The median follow-up
time for patients who had experienced CO poisoning was 209
days (range, 1 to 2,413 days).

ICU admission for the initial event of CO poisoning was signifi-
cantly associated with the development of a nervous system dis-
ease after CO poisoning. The cumulative hazard ratio for nervous
system diseases in patients admitted to the ICU was 2.25 (95%
Cl, 2.07-2.44, P<0.05) (Fig. 5).

Patients poisoned with CO had disorders of initiating and main-

Table 2. Median time of occurrence of nervous system disease after carbon monoxide poisoning depending on whether patients were admitted to the

ICU or not

Nervous system disease ICU admitted patients (day) Non-ICU patients (day) P-value
Encephalopathy, unspecified 119.65 (17.00-47.75) 66.12 (13.00-41.00) 0.41
Epilepsy, unspecified 68.00 (12.00-51.00) 234.00 (14.50-327.00) <0.05
Carpal tunnel syndrome 683.00 (79.25-1038.75) 515.00 (136.50-745.50) 0.28
Other specified headache syndromes 356.00 (175.20-524.80) 559.90 (144.20-849.00) 0.42
Post-zoster neuralgia 745.50 (635.20-849.20) 700.00 (213.20-1,126.80) 0.08
Unspecified sleep disorder 260.80 (25.50-387.50) 459.30 (46.0-712.80) 0.05
Migraine, unspecified 654.00 (176.20-1,010.50) 592.00 (138.00-967.00) 0.62
Anoxic brain injury 58.98 (14.00-41.00) 42.06 (5.00-32.00) 0.26
Tension-type headache 589.19 (39.25-964.75) 607.50 (136.00-937.00) 0.90
Disorders of initiating and maintaining sleep 339.78 (41.00-501.00) 44485 (43.75-712.50) <0.05

Values are presented as median (interquartile range).
ICU, intensive care unit.

Table 3. Standardized incidence ratios for frequent types of nervous system disease that developed after carbon monoxide poisoning from 2012 to 2018

in South Korea

All patients (n=18,720)

ICU admitted patients (n=1,391)

Non-ICU patients (n=17,329)

Nervous system disease

Obs Exp SIR 950% Cl Obs Exp SIR 95% Cl Obs Exp SIR 95% Cl
Disorders of initiationand 1,180  730.12 1.61 1.52-1.71 163 54.20 3.00 2.56-3.50 1,017 67581 150  1.41-1.60
maintaining sleep

Tension-type headache 641 265.81 2.41 2.23-2.61 29 19.81 1.47 0.98-2.1 612  246.13 249  2.29-2.69
Anoxic brain injury 550 936 5876  53.95-63.88 202 0.72  290.44 251.76-333.37 348 8.66 40.16 36.05-44.61
Migraine, unspecified 470 445,54 1.05 0.96-1.15 34 33.11 1.03 0.71-1.44 436 412.43 1.06 0.96-1.16
Post-zoster neuralgia 233 120.18 1.94 1.70-2.20 " 8.93 1.23 0.61-2.20 222 111.25 2.00 1.74-2.28
ICU, intensive care unit; Obs., Observed; Exp., expected; SIR, standardized incidence ratio; Cl, confidence interval.
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Fig. 4. Frequency densities of nervous system diseases after carbon
monoxide (CO) poisoning (days). The one black line represents all dis-
eases, and the other two lines represent the two most common diseas-
es. (A) Frequency density of diagnosis with nervous system diseases af-
ter CO poisoning in all patients who were enrolled, (B) frequency density
of diagnosis with nervous system diseases in patients admitted to the
intensive care unit at the first CO poisoning event, (C) frequency density
of diagnosis with nervous system diseases in patients who were not ad-
mitted to the intensive care unit at the initial CO poisoning. G47.0, dis-
orders of initiating and maintaining sleep; G44.2, tension-type head-
ache; G93.1, anoxic brain injury.

No. of patients

taining sleep, G47.0 (SIR, 1.61; 95% Cl, 1.51-1.71), tension-type
headache, G44.2 (SIR, 2.41: 95% Cl, 2.23-2.61), anoxic brain in-
jury, G93.1 (SIR, 58.76; 95% Cl, 53.95-63.88), post-zoster neural-
gia, G53.0 (SIR, 1.94; 95% Cl, 1.70-2.20), and demonstrated high-
er SIRs in those disorders as compared with general population.
Patients who were admitted to the ICU were at risk of developing
disorders of initiating and maintaining sleep, G47.0 (SIR, 3.00;
95% Cl, 2.56-3.50) and anoxic brain injury, G93.1 (SIR, 290.44;
95% Cl, 251.76-333.37). Patients who were not admitted to the
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Fig. 5. Kaplan-Meier analysis of the cumulative incidence of nervous
system diseases after carbon monoxide poisoning and comparison co-
horts (X-axis: follow-up time in days). The red dotted line represents the
cumulative incidence ratio of nervous system diseases in patients ad-
mitted to the intensive care unit (ICU) at the first carbon monoxide poi-
soning event; the black line represents that in patients who were not
admitted to the ICU.

ICU were at high risk of developing disorders of initiating and
maintaining sleep, G47.0 (SIR, 1.50; 95% Cl, 1.41-1.60), tension-
type headache, G44.2 (SIR, 2.49; 95% Cl, 2.29-2.69), anoxic brain
injury, G93.1 (SIR, 40.16; 95% Cl, 36.05-44.61), and post-zoster
neuralgia, G53.0 (SIR, 2.00; 95% Cl, 1.74-2.28). The SIR of disor-
ders of initiating and maintaining sleep, G47.0, and anoxic brain
injury, G93.1, were relatively higher in patients admitted to the
ICU than those who were not (Table 3).

DISCUSSION

The occurrence of DNS after CO poisoning is a significant prog-
nostic problem. However, evaluating its medical impact and social
burden is a challenge due to the lack of established, universally
accepted diagnostic criteria. Therefore, we conducted a nation-
wide longitudinal study on nervous system diseases after CO poi-
soning using claims data provided by HIRA. Specifically, we showed
the incidence types and patterns of nervous system diseases in
survivors of CO poisoning. Although the risk of occurrence of ner-
vous system disease increased in CO poisoned patients compared
with the general population and the hazard ratios were higher in
ICU admitted patients than those who had not, the types of those
diseases were different between the patients who had been ad-
mitted to the ICU and those who had not.

This study highlights the need for a systematic diagnostic tool
for DNS occurring after CO poisoning that can be used for assess-
ing the severity of neurological status and predicting prognosis.
In this study, common nervous system diseases after CO poison-
ing ranged from mild forms of neurological sequelae (e.g., ten-
sion-type headache and disorders of initiating and maintaining

www.ceemjournal.org
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sleep) to severe forms (e.g., tetraplegia and anoxic brain injury).
The mild forms of neurological sequelae such as headache or dis-
orders of initiating and maintaining sleep may not be typical
clinical characteristics of DNS which were provoked in patients
after CO poisoning, although they are likely to affect patients'
quality of life because the associated symptoms can be controlled
with conservative care; further, it is much less likely that patients
will experience permanent neurological sequelae.”®'® The inci-
dence of nervous system disease in this study was approximately
86% (18,720 out of 21,711), which is much greater than in any
other studies to date.®' Thus, including the diagnoses of DNS
with these mild forms of neurological problems may not be much
of value. Current diagnostic definitions are not specific nor sys-
tematic enough to be used for estimation of the current neuro-
logic status or to predict the prognosis of the disease. Therefore,
the establishment of clinically significant diagnostic criteria is
imperative for the severity of neurological problems to be deter-
mined; alternatively, DNS can be divided into either a simple or a
complicated form based on the prognosis of neurological diseases
after CO poisoning.

From a therapeutic point of view, active neuroprotective mea-
sures may be necessary for patients admitted to the ICU after CO
poisoning because these patients are at a greater risk for devel-
oping nervous system diseases than patients who were not admit-
ted to the ICU. Although the prognostic factors that predict the
occurrence of DNS after CO poisoning have not been elucidated,
several previous studies have reported evidence of an association
between a poor clinical status in patients with severe CO poison-
ing and the development of DNS after CO poisoning."'**' Consis-
tent with these results, we found that the patients who received
care in the ICU due to severe CO poisoning showed a significantly
higher risk of developing nervous system disease later on com-
pared with those who did not received care in the ICU. To reduce
the occurrence of neurological sequelae in critically-ill patients,
neuroprotective methods such as therapeutic temperature man-
agement, hyperbaric oxygen therapy, anti-inflammatory agents,
and antioxidant drugs could be administered to patients in the
ICU after severe CO poisoning, although the efficacy and safety
of these methods should be further clarified.#?*-**

However, considering the SIR of common neurological diseases
according to the history of admission to the ICU, the risks of neu-
rological diseases after CO poisoning were not always higher in
the ICU admitted group than in the non-ICU admitted group. Be-
cause of the withdrawal of sedatives or analgesics after the peri-
od of intensive treatment (e.g., mechanical ventilation and inva-
sive monitoring in the ICU), the risk of disorders of initiating and
maintaining sleep in the ICU admitted group might be higher® In

Clin Exp Emerg Med 2021;8(2):111-119
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addition, anoxic brain injury is also a typical sequela after CO
poisoning, along with cardiac arrest, and it is assumed that anox-
ic brain injury could occur frequently in patients who are in a se-
vere enough condition to be admitted to the ICU after CO poi-
soning.” Nevertheless, in patients who were not admitted to the
ICU, the risk of developing tension-type headache and post-zos-
ter neuralgia was higher than in the patient group admitted to
the ICU, as well as in the general population. This indicates that
different pathophysiology may occur in patients depending on
the degree of CO poisoning; this assumption needs to be investi-
gated in the future.

Our study has several limitations. First, we confirmed the diag-
noses of CO poisoning and nervous system diseases based on the
claims data extracted from the HIRA, but the HIRA data only pro-
vides the disease codes and demographic information. Thus, there
was no data available on the details of clinical signs and symp-
toms, intentionality, co-exposure materials, laboratory data, im-
aging results, or social histories such as smoking, alcohol, and
family history. And, because of lack of clinical information on ex-
posure to risk factors of nervous system diseases during the peri-
od between CO poisoning and diagnosis of nervous system dis-
eases, it is difficult to determine the causality of CO poisoning
and nervous system diseases. A national cohort study that com-
bines the HIRA claims data with clinical information is necessary.

In addition, the HIRA data lacked evidence of lucid intervals
from the CO poisoning event to the occurrence of nervous system
diseases. Our findings on the prevalence of nervous system dis-
eases after CO poisoning may not correspond to the incidence
status of DNS after CO poisoning. In addition, considering that
DNS generally occurs within several days to several weeks after
the CO poisoning event, the reported occurrences of nervous sys-
tem diseases in our study, which counted cases of nervous system
diseases that occurred several years after CO poisoning, could
have overestimated the development of DNS after CO poisoning.
Further, the development status of DNS may also have been un-
derestimated in the situation that the patient was unable to visit
the hospital immediately and visited the hospital with neurologi-
cal signs and symptoms later after the CO poisoning event. Lastly,
the HIRA claims data do not provide information about the se-
verity of CO poisoning; thus, ICU admission only may not be di-
rectly related to the severity of CO poisoning.

Moreover, even though we have identified the types and pat-
terns of nervous system diseases which occur frequently after CO
poisoning, because of the lack of previous study and database
about statistical information on nervous system diseases that oc-
cur frequently after CO poisoning in South Korea, comparison with
the control group based on data studied abroad was performed. If
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a validated registry program for nervous system diseases is estab-
lished in South Korea in the future, further studies can be con-
ducted regarding explaining the effects of CO poisoning on the
occurrence of nervous system diseases.

In summary, in caring for CO poisoned patients, clinicians need
to take into account that nervous system diseases following CO
poisoning have an early peak, developing within the first year.
Although active therapeutic interventions for neuroprotection for
these patients admitted to the ICU after CO poisoning may help
to reduce the development of nervous system diseases, because
nervous system diseases in survivors of CO poisoning had differ-
ent patterns of incidence depending on whether the patient had
been admitted to the ICU or not, a sophisticated approach for
considering neuropsychological complications in patients with
CO poisoning is needed.
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