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ABSTRACT
Background: Carbon monoxide (CO) is an odorless, tasteless and colorless gas that causes a
potentially fatal illness with a tremendous burden due to significant mortality and morbidity.
Carbon monoxide poisoning leads to the development of delayed neurological sequelae (DNS).
Aim: To assess the possible risk factors that can predict the development of DNS after acute CO
poisoning. Subjects and methods: The patients were recruited between January 2018 and
December 2018. The study included 37 cases with acute CO poisoning. The medical history was
taken thoroughly. Patients underwent general and neurological clinical assessments with laboratory
investigations, including arterial blood gases (ABG), carboxyhemoglobin (COHb), cardiac
enzymes, and serum lactate. At the time of admission, all patients were subjected to an
electrocardiogram (ECG) and brain imaging (CT or MRI) of the brain. They were followed up
three and six months after discharge for complete neurological examination and cognitive functions
assessment using the Mini-Mental State Examination (MMSE).
Results: Two patients died, both presenting with coma and
hemodynamic instability. Five cases were excluded due to a
Omaima . Abdel Hamid lack of comprehension and refusal to follow-up. Out of the 30
Forensic Medicine and Clinical patients who completed the follow-up, 67% survived with no
Toxicology Department, Faculty of | complication, while DNS developed in 33% of the patients.
Medicine, Zagazig University, Egypt Several predictors for development of DNS were identified.
Email They included lower Glasgow coma score, duration of CO
dr omaima2006@yahoo.com exposure, high COHb level, decrease in blood pH, elevated
serum levels of creatine kinase and lactate, and abnormalities
in brain structure. The time of DNS development extended to
six months post-exposure. Conclusion: We conclude that
several clinical and laboratory parameters can predict DNS.
Recommendations: proper and accurate clinical and
laboratory evaluation of any suspected case of acute CO
poisoning should be performed especially those parameters
proved to be predictors for DNS. The follow-up of cases
should continue at least for six months post-exposure.
Keywords: Carbon monoxide poisoning, Cognitive function, Delayed neurological sequelae
predictors, Minimental state examination
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I. Introduction

Carbon monoxide (CO) is a non-
irritating, colorless, tasteless, and odorless
gas (Rose et al., 2017). It is named the “silent
killer” as it is responsible for a considerable
number of poisoning incidences worldwide
(Khadem-Rezaiyan and Afshari, 2016).
Carbon monoxide is produced by incomplete
combustion of carbonaceous material. The
potential sources of CO, other than fires,
include poorly functioning heating systems,
improperly vented fuel-burning devices (e.g.,
kerosene heaters, charcoal grills), and motor
vehicles operating in poorly ventilated areas
e.g., in parking garages, warehouses
(Hampson and Dunn, 2015).

Carbon monoxide poisoning is one of the
predictable and preventable health-related
conditions (Khadem-Rezaiyan and Afshari,
2016). Despite the considerable advances in
managing it, CO toxicity is still the leading
cause of unintentional poisoning deaths
worldwide (Hashemzaei et al., 2016).

Carbon monoxide has been recognized
as an acute and chronic toxic agent (Bleeker,
2016). It is readily absorbed by the lungs and
diffuses from the alveoli to the blood in
pulmonary capillaries across the alveolar-
capillary membrane. After absorption, 90%
of CO is taken up by hemoglobin, 10% binds
to myoglobin and cytochrome oxidase, and
less than 1% is dissolved in plasma (Henz
and Maeder, 2005). Carbon monoxide binds
to hemoglobin, forming carboxyhemoglobin
(COHb), as it has 200-300 times more
affinity to hemoglobin than oxygen (Rajiah
and Mathew, 2011). Its deleterious effects
are observed mostly in organs with high
oxygen demands, such as brain and heart
(Wolf et al, 2017). Binding of CO to
cytochrome oxidase, an essential enzyme in
energy-production, subsequently leads to
oxidative stress as it disturbs mitochondrial
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functions, causing more complications like
lipid peroxidation and apoptosis (Weaver,
2009). Additionally, CO increases nitric
oxide (NO) release; excess NO produces
peroxynitrite, ~ which  further  impairs
mitochondrial function and worsens tissue
hypoxia (Thom et al., 2006). Hashemzaei et
al. (2016) reported that an increase in the CO
levels in the air causes a shift of the
oxyhemoglobin dissociation curve to the left,
thus hindering oxygen delivery to the tissues.
Hypoxic and oxidative stresses predispose to
cerebrovascular, cardiovascular, and
neurological insult (Lee et al., 2015). Also,
carboxyhemoglobin increases the sticking of
white blood cells to endothelial surfaces,
especially in the brain tissue, leading to
leukocyte-dependent inflammatory reactions
with white matter demyelination and focal
necrosis (Rajiah and Mathew, 2011).

Acute CO poisoning has a wide range
of symptoms such as headache, nausea,
vomiting, dizziness, weakness, palpitation,
loss of consciousness, coma, confusion, and
seizures. The demographics at a higher risk
and more prone to toxicity include children,
elderly, and patients with pulmonary or heart
diseases, individuals living in high areas,
smokers, and those with high COHb levels
(S6nmez et al, 2015). While chronic or
occult CO poisoning can produce vague and
unfamiliar presentations to the patient and
the physician, it can result in headaches,
fatigue, dizziness, paresthesias, chest pain,
palpitations, and visual disturbances (Wright,
2002). Low-level, chronic exposure may also
lead to neurological and cognitive deficits
that do not resolve after removal of the
patient from the CO source, suggesting
neurological damage even at low levels of
COHb and environmental CO (Townsend
and Maynard, 2002).
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Two syndromes occur after acute CO
poisoning—(i) persistent  neurological
sequelae where the patient showed no
recovery of the neurological manifestation of
acute CO poisoning and (ii) the interval form
of CO poisoning. The latter may occur in 15—
40% of survivors of acute CO poisoning
(Prockop and Chichkova, 2007). In patients
with the interval form of CO poisoning,
neurological impairment occurs within days
to weeks after a lucid period (Hopkins and
Woon, 2006). In both syndromes, deficits
usually include motor and neuropsychiatric
symptoms (Hawkins et al., 2000). DNS
development mostly occurs after an interval,
lasting from 4 days to 4-5 weeks from the
initial recovery of acute CO poisoning
(Vezzani, 2007). Clinically, DNS manifests
with broad-spectrum neurological deficits,
such as ataxia, intention tremors, Parkinson-
like syndrome, peripheral neuropathy, and
incontinence. Other symptoms of cognitive
deficits include dementia, memory loss,
personality ~ changes, psychosis, and
depression (Tomaszewski, 2006).

The aim of the present study was to
investigate the predictors of DNS after acute
CO exposure, through follow-up of patients
for six months.

I1.  Subjects and methods

e Patients:

The present study included 37 patients
with acute CO poisoning, admitted to the
Poison Control Center at Zagazig University,
Egypt, between the beginning of January 2018
and the end of December 2018.

The Institutional Review Board of Faculty
of Medicine, Zagazig University, approved
the design of our study (IRB approval no.
4197/2-1-2018). Written informed consent
was obtained from the patients or their
legally authorized representative, after fully
explaining the aim and procedures of the
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study and after ensuring
confidentiality of the data.

complete

The diagnosis of CO poisoning was based
on several factors—(i) history of exposure to
CO source, (ii) clinical symptoms and sign
such as headache, dizziness, seizure,
vomiting (Pepe et al, 2011), and (iii)
presence of elevated COHb level (> 5%) in
non-smokers and (> 10%) in smokers (Olson
and Smollin, 2008).

We excluded patients with certain chronic
medical diseases (hypertension, diabetes
mellitus, hepatic or renal failure), patients
with  history of neurological diseases
(dementia,  Parkinsonism,  stroke  or
neuropathy), patients with cardiac
compromise, heavy smokers (20 cigarettes or
more per day), patients of concurrent severe
head trauma, patients of toxicity with another
poison, and pregnant women.

« Historytaking:

All patients were subjected to a thorough
and complete medical history taking
including complete personal data with stress
on occupation and present history including
the presenting signs and symptoms, past and
family histories, and the history of smoking.
In addition, the data regarding CO poisoning
were collected including the source of
exposure, duration, mode of exposure
(accidental or intentional).

e Clinical examination:

Then, a clinical assessment of every
patient was performed, including heart rate,
blood pressure were measured. The
conscious level was assessed using the
Glasgow Coma Scale (GCS) (Teasdale et al.,
1979). The scores were collated, where a
score of 14 indicates mild dysfunction, a
score of 11 to 13 indicates moderate
dysfunction, and a score of 10 or less
indicates severe dysfunction.
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e Laboratory and
investigations:

radiological

Electrocardiogram (ECG) was performed.
Venous blood samples were collected from
the subjects into EDTA-containing tubes at
the time of admission. These samples were
used for the following  laboratory
investigations; serum lactate, creatine kinase,
and cardiac enzymes. In addition, COHb level
was measured using a spectrophotometer.
Acrterial blood samples were taken to measure
the arterial blood gases (ABG) using an
automated analyzer (Cobas B221). In
addition, computed tomography (CT) or
magnetic resonance imaging (MRI) of the
brain was performed in the Radiology
Department.

e Patient treatment:

Patients were managed according to the
following protocol; all patients were initially
treated through administration of oxygen via
non-rebreathing mask or  endotracheal
intubation in order to provide nearly 100% of
oxygen. This leads to quickly clearing the
COHb from blood, shortening the half-life of
CO from 320 min on normal air to 80 min
(Weaver, 2009).

Patients with  disturbed levels of
consciousness and desaturation were intubated
and ventilated in the ICU. The 100%
normobaric oxygen (NBO) was administered
until the COHb was normal (< 5%) and the
symptoms of CO poisoning had resolved. This
would usually take about 6 h.

Hyperbaric oxygen (HBO) was
administered in patients with transient loss of
consciousness or ongoing altered mental
status, metabolic acidosis, hypotension, COHb
greater than 25%, and evidence of myocardial
injury after considering the potential risks and

benefits of transport to the HBO facility (Wolf
etal., 2017).
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In order to treat brain edema, the head was
elevated by 15-30° to promote cerebral
venous drainage (Biller and Bruno, 1997).
Moderate hyperventilation to lower pCO2 to
around 30 mm Hg was transiently used to
reduce the raised intracranial pressure (ICP),
as the cerebral vasculature is most sensitive to
changes in the arterial partial pressure of
carbon dioxide (pCO2) around the normal
level of 40 mmHg. However, pH was
carefully monitored, as hypocarbia itself can
cause hypoxia and ischemic cell damage
(North and Reilly, 1990). Mannitol was used
in a dose of 0.25 to 2 g/kg using a 20-25%
solution every 8 hours by IV infusion over at
least 30 min provided that renal function and
urinary output are adequate (Jha, 2003).
Steroids, such as dexamethasone, were given
to reduce brain edema. The initial dose is 10
mg intravenously or orally, followed by 4 mg
every 6 hours. Corticosteroids should be
tapered within 2 to 3 weeks. This can be done
by decreasing the dose by 50% every 4 days
(Abdallah et al., 2015). They lower
intracranial pressure primarily in vasogenic
edema because of their beneficial effect on the
blood vessel (Rosenberg, 2000). Before
discharge from the hospital, the patients were
advised to avoid exertion and minimize
physical activity to limit tissue oxygen
demand as well as to avoid smoking.

+ Patient follow-up:

Patients were provided with follow-up
cards, informing them of their follow-up dates
at 3 and 6 months after discharge. We advised
the patients to be accompanied by a family
member for the follow-up appointment to
provide their observations. Both the follow-
ups consisted of full neurological examination
and cognitive assessment using the Arabic
version of the Mini-Mental State Examination
(MMSE) (Albanna et al., 2017).
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The test administration took 5 to 10 min
and a score of 26-30 indicated normal
function, 20-25 was mild cognitive
impairment, 10-19 was moderate cognitive
impairment, and 0-9 denoted severe cognitive
impairment (Davey and Jamieson, 2004).

Delayed neurological sequelae  was
diagnosed in patients with full consciousness
recovering from acute CO poisoning events,
with the development of neuropsychological
symptoms within days or months.

Statistical analysis: Data were collected,
tabulated, and managed using Statistical
Package for Social Science version 16 (SPSS
Inc., Chicago, IL). Continuous data were
presented as the mean zstandard deviation
(SD) if normally distributed or as median
(range) if not normally distributed.
Categorical data were presented as count and
percentage. A p-value of < 0.05 was
considered statistically significant. Kaplan—
Meier survival plot was used to illustrate the
survival curve and to estimate the time to
development of complications.

I11. Results

The study included 20 male and 17
female patients. Table (1) demonstrates the
demographic data and baseline characteristics
of poisoning. The mean age was 28.8 £13.1
years, ranging between 10 and 70 vyears.
Smoking was present in 38% of the patients.
The mean estimated duration of exposure to
CO was 4.1 +3.3 hours, ranging from 5 to 15
hours. The sources of exposure were broadly
classified into charcoal burning 35%, water
heater 24%, vehicle exhaust 19%, gas
generator 11%, electric cable 5%, and
kerosene gas tube 5%.

In clinical assessment, as shown in table
(2), the mean systolic blood pressure was 102
+15.3 mmHg with a range of 60-140 mmHg,
and the mean heart rate was 97.2 £13.7 bpm
with a range of 75-140 bpm. Oximeter
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monitoring revealed mean oxygen saturation
(SO2) of 90.8 +6.6%, range 75-99%.
Dizziness was prominent in 62% of the cases,
headaches in 38%, vomiting in 49%,
confusion in 51%, and seizures in 19%. ABG
level was determined, and its abnormalities in
the form of metabolic acidosis were
prominent in 22% of the patients. Abnormal
ECG was detected in 32% (Figure 1). Serum
lactate was elevated in 57% of the cases.
Abnormal levels of cardiac enzymes provided
evidence of myocardial injury; levels of
troponin I (Tnl) and total creatine kinase (CK)
were elevated in 32% and 54% of the cases,
respectively. COHb level was elevated by
89%. Abnormal findings in brain imaging
were detected in 46% of the patients (Figure
2)

The patients were admitted for
management with a mean hospital stay of 4
+3.2 days, range 1-15 days. Only 11% of the
patients received hyperbaric oxygen (HBO)
therapy. Two patients died, both presenting
with coma and hemodynamic instability. Five
cases were excluded due to a lack of
comprehension and refusal to follow-up. Out
of the 30 patients who completed the follow-
up, 67% survived with no complication, while
DNS developed in 33% of the patients. Of
these, 17% developed DNS within the first
three months post-exposure; 7%  were
determined by MMSE, 7% by neurological
assessment, and 3% by both MMSE and
neurological assessment. The other 16%
developed DNS between three and six months
(Figure 3); 10% of them having neurological
defects only, while 6% determined via both
MMSE and neurological assessment (Table 3).

Baseline characteristics, such as age,
sex, smoking habit, and source of CO, were
similar in patients with non-DNS and DNS
(p> 0.05), except for the duration of exposure
(Figure 4) and the length of hospital stay
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(Figure 5). Patients with DNS had a significantly elevated levels of serum COHb
significantly longer duration of carbon (p = 0.015), lactate (p = 0.017), and creatine
monoxide exposure and hospital stay phosphokinase (p = 0.002) as well as higher
compared to the non-DNS patients, with p < chances of metabolic acidosis (p = 0.009)
0.001 and p = 0.002, respectively (Table 4) compared to the non-DNS group patients.

Only troponin  had a non-significant
difference  between both the groups.
Abnormality in radiological brain imaging (F
was significantly higher among the DNS
group patients (p < 0.001) (Table 5).

Compared with those in the non-DNS
group, patients in the DNS group had
significantly lower GCS scores (p = 0.002).
However, no other specific signs and
symptoms distinguished the DNS and non-
DNS groups. According to the laboratory
findings, the DNS group patients had

Table (1): Demographic data and basic poisoning characteristics in the carbon monoxide poisoned
patients involved in the study:

Variables Mean +SD Median (Range)
- Age (years) 28.8 +13.1 25 (10-70)
- Duration of exposure (hours) 4.1+3.3 4 (5-15)
Variables Number Percent
-Sex

- Female 17 46%

- Male 20 54%
-Smoking

- Smoker 14 38%

- Non-smoker 23 62%
-Occupation

- potential exposure to CO 8 22%

- no potential exposure to CO 29 78%

- Sources of exposure

- Charcoal burning 13 35%
- Water Heater 9 24%
- Vehicle exhaust 7 19%
- Gas generator 4 11%
- Hectriccable 2 5%
- Kerosene gas tube 2 5%
-Mode of exposure
- Accidental 36 97%
- Suicidal 1 3%
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Table (2): clinical and laboratory findings of CO poisoned patients included in the study:

Variables Mean +SD Median (Range)
Systolic blood pressure (mmHg) 102+15.3 100(60-140)
Heart rate (bpm) 97.2£13.7 95(75-140)
S02% 90.8+6.6 92(75-99)
Variables Number Percent
Glasgow coma scale

- Mild dysfunction (14) 17 46%

- Moderate dysfunction (11-13) 8 22%

- Sever dysfunction (<10) 12 32%
Dizziness:

- No 14 38%

- Yes 23 62%
Headache:

- No 23 62%

- Yes 14 38%
Vomiting:

- No 19 51%

- Yes 18 49%
Confusion:

- No 18 49%

- Yes 19 51%
Seizures:

- No 30 81%

- Yes 7 19%
Arterial blood gases

- Normal 29 78%

- Metabolic acidosis 8 22%
ECG

- Normal 25 68%

- abnormal 12 32%
Serumlactate

- Normal 16 43%

- Elevated 21 57%
SerumTroponin

- Normal 25 68%

- Elevated 12 32%
Serum Creatine kinase (CK)

- Normal 17 46%

- Elevated 20 54%
COHB (%)

- <5% 4 11%

- 5-10% 5 13%

- 10-25% 24 65%

- >25% 4 11%
Brainimaging

- Normal 20 54%

- Abnormal 17 46%

CO: carbon monoxide; SO2: arterial oxygen saturation; ECG: electrocardiograph; COHB: carboxy hemoglobin level

Zagazig J. Forensic Med.& Toxicology

Vol.(18) No. (2) July 2020




Predictors of DNS after acute CO poisoning -112-

Figure (1): Electrocardiogram trace of patient with acute carbon monoxide poisoning showing ischemic
changes in the form of raised ST segment (black arrows) and inverted T wave (white arrws)

Figure (2): MRI brain shows bilateral symmetric involvement of the thalamus and lentiform nucleus with
the hyper intensities (white arraws) in flair axial images suggesting sub-cortical white matter toxic
demyelination

100+
754
50

254

Proportion of DNS development

0 =g = T
1 2 3 4 6
Months elapsed

Figure (3): Kaplan-Meier survival plot showing time to development of delayed neurological sequelae
(DNS) among carbon monoxide-poisoned patients during the six-month follow-up period. At the end of the
follow-up period, 33% of patients developed DNS. Two patients died and five patients were lost during the
follow-up period.

Zagazig J. Forensic Med.& Toxicology Vol.(18) No. (2) July 2020




Predictors of DNS after acute CO poisoning -113-

Table (3): Outcome and associated complications of CO poisoned patients and results of MMSE
and neurological examination at 3 and 6 months:

Variables Total number (32) Percent
Death(during admission) 2 6%
No complications 20 63%
Complications:
- Tremors 3 9%
- Gait disturbance 3 9%
- Headache 4 13%
- Memory and Cognitive affection 9 28%
Three months post-exposure
MMSE
-normal 26 86%
-mild cognitiveimpairment 2 7%
-moderate cognitive impairment 2 7%
Neurological examination
AgEL 27 90%
-abnormal 3 10%
Sixmonths post-exposure
MMSE
- Normal 25 83%
- Mild cognitive impairment 5 17%
Neurological examination
- Normal 21 70%
- Abnormal 9 30%
CO: carbon monoxide MMSE: Mini-Mental State Examination.
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Figure (4): Scatter dot plot representing the duration of exposure to carbon monoxide non-DNS vs DNS.
Data were median (range), each dot/square represents a patient.
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Figure (5): Scatter dot plot representing the length of hospital stay in non-DNS vs DNS of carbon
monoxide-poisoned patients. Data were median (range), each dot/square represents a patient.

Table (4): Baseline characteristics of CO poisoned patients according to DNS (No=30):

Non-DNS DNS

Variables (n=20) (n=10) Testof significance | P-value
Age (years) Mann-Whitney U 074
- median(range) 23(15-40) 37(18-55) test=14.5
Sex n, (%) n, (%)
} Baaa 8(40) 3(30) Fisher's Exact Test 0.70
- Male 12(60) 7(70)
Smoking, n, (%)
- No 13(65) 4(40) Fisher's Exact Test 0.26
- Yes 7(35) 6(60)
Duration of exposure (hours)
) 2.5(0.5-8) 5.5(4-15) Mann-Whitney U | <0.001 *
- median(range) test=178.5
Sources of CO exposure n, (%) n, (%)
- WaterHeater 4(20) 2(20)
- Charcoalburning 7(35) 4(40) L
— Vehicle exhaust 5(25) 2(20) Fisher's Exact Test=2.8 | 0.89
- Electric cable 0(0) 1(10)
- (as generator 3(15) 1(10)
- Kerosenegastube 1(5) 0(0)
Hospital stay length (days) Mann-Whitney U test= 0,002 *
- Median (range) 2(1-7) 5(1-10) 166.5
HBO therapy n, (%) n, (%)
- No 18(90) 8(80) Fisher's Exact Test 0.58
- Yes 2(10) 2(20)

CO: carbon monoxide; HBO: hyperbaric oxygen.*=significant
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Table (5): Clinical and laboratory data of CO poisoned patients according to DNS
Variables Non-DNS (n=20) | DNS (n=10) | Testof significance | P-value
Glasgow coma scale, n, (%)
- Mild 13(65 1(10
- Moderate 5(2(5)) 2%20; 12=124 0.002*
- Severe 2(10) 7(70)
Systolic blood pressure (mmH .
m}édian(range)p (mmHo) 100(90-140) 108(80-130) |t “Whitney U | 55
est=46.5
Heart rate (bpm) (mean=SD) 96.5+11.3 935+88 -t test=-0.74 0.47
SO2% median(range) 94(80-99) 108(80-130) {\é';”fg\;\/h tmey U006
Dizziness n, (%) n, (%)
- No 7(35) 3(30) Fisher's Exact Test | >0.99
- Yes 13(65) 7(70)
Headach n, (%) n, (%)
- No 9(45) 8(80) Fisher's Exact Test | 0.12
- Yes 11(55) 2(20)
\Vomiting n, (%) n, (%)
- No 11(55) 3(30) Fisher's Exact Test | 0.26
- Yes 9(45) 7(70)
Confusion, n, (%) n, (%) n, (%)
- No 12(60) 2(20) Fisher's Exact Test | 0.058
- Yes 8(40) 8(80)
Seizures n, (%) n, (%)
- No 16(80) 7(70) Fisher's Exact Test | 0.66
- Yes 4(20) 3(30)
Arterial blood gases n, (%) n, (%)
- Normal 19(95) 5(50) Fisher's Exact Test | 0.009*
- Metabolic acidosis 1(5) 5(50)
ECG findings n, (%) n, (%)
- Normal 20(100) 9(90) Fisher's Exact Test | 0.33
- Tachycardia 0(0) 1(10)
Serum lactate
- Normal 12(60) 1(10) Fisher's Exact Test | 0.017*
- Elevated 8 (40) 9(90)
Troponin n, (%) n, (%)
- Normal 17(85) 5(50) Fisher's Exact Test | 0.078
- Elevated 3(15) 5(50)
Creatine phosphokinase (CK) n, (%) n, (%) n, (%)
- Normal 14(70) 1(10) ¥?=9.6 0.002*
- Elevated 6(30) 9(90)
COHB, n. (%) n, (%) n, (%)
- Normal 16(80) 3(30) Fisher's Exact Test | 0.015*
- Elevated 4(20) 7(70)
Brainimaging, n, (%) n, (%) n, (%)
- Normal 16(80 1(10) Fisher's Exact Test | <0.001*
- Abnormal 4(20) 9(90)

CO: carbon monoxide; SO2: arterial oxygen saturation; ECG: electrocardiograph; COHB: carboxy hemoglobin level;

2, Chi-squaredtest, *=significant
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IV. Discussion

Carbon monoxide (CO) poisoning
is a major clinical problem that results in
significant morbidity and mortality globally
(Kim and Choi, 2018). The most crucial
problem following an acute CO poisoning is
the development of delayed neurological
sequelae (DNS) (Nah et al.,, 2020). It is a
distressing condition that is characterized by
several degrees of cognitive deficits,
personality changes, movement disorders, and
focal neurologic deficits, persisting for a year
or longer (Sung et al., 2015). It is extremely
critical to identify CO-poisoned patients at risk
of developing DNS.

Our analysis revealed that 33% of the
patients with acute CO poisoning developed
DNS which is higher than previously reported
by Thom et al. (1995); Pepe et al. (2011) and
Kuroda et al. (2015); they reported DNS in 20-
24% of patients. The commonly encountered
neurological manifestations were headaches
(13%), memory and cognitive loss (28%),
tremors (9%), and gait disturbances (9%).
Several studies have previously reported the
development of DNS in 20-24% of their
patients of CO poisoning. The patients with
DNS in the current work displayed
significantly lower MMSE scores, 3 and 6
months post-exposure than the non-DNS
patients, which is in accordance with the
findings of Ku et al. (2010).

The current study revealed no
significant difference between the patients who
did or did not develop DNS with respect to age
and gender, in accordance with Dianat and
Nazari (2011) and Kitamoto et al. (2016). On
the contrary, Weaver et al. (2007) and Zhang et
al. (2020) suggested that old age was a
significant risk factor for developing DNS,
possibly due to age-related mechanisms
including apoptosis.
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In the present study, proximity to
charcoal burning and water heater were the
most common sources of CO poisoning.
However, the source of the poisoning was not a
significant predictor of DNS (p > 0.05). Similar
to our findings, EI Sayed and Tamim (2014)
reported that the use of indoor charcoal burning
grills, as an alternative heating method, is a
significant source of CO poisoning (44.4%),
the second identified source of CO poisoning
was a fire (37%).

In our cohort study, the patients spent
an average of 4 +3.2 days in a hospital stay.
Patients with DNS showed significantly longer
hospital stay than the non-DNS patients, which
was in accordance with Ku et al. (2010) and
Liao et al. (2018). Longer duration of exposure
in poisoned patients will cause higher CO load,
with  CO accumulation in tissues and
hemoglobin and susceptibility to CNS insult
and DNS (Zhang et al., 2020).

In agreement with the results of
Giuseppe et al. (2011), Chan et al. (2016) and
Zhang et al. (2020) we observed significantly
lower initial GCS scores in patients who
developed DNS than those in non-DNS
patients. Hence, we hypothesize that CO-
induced tissue hypoxia leads to loss of
consciousness and reoxygenation injury to the
central nervous system. This facilitates the
production of reactive oxygen species (ROS)
resulting in a characteristic reperfusion injury
in addition to the lipid peroxidation and
demylination of neurons (S6nmez et al., 2015).

Regarding the cardiovascular effects of
CO poisoning, blood pressure, and heart rate,
ECG findings were not recognized as
predictors for DNS in our study, as also
reported by Kitamoto et al. (2016). However,
according to Pepe et al. (2011) systolic blood
pressure of <90 mmHg is considered as a risk
factor for the development of DNS and Lin et
al. (2018) reported that patients with
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myocardial injury have a higher risk for DNS.
Our study also suggested that oxygen saturation
was not a predictor of DNS. This is in contrast
to the conclusion of Kuroda et al.(2015) that
patients with DNS had a statistically significant
decrease in oxygen saturation (SO2) compared
to the patients who did not develop DNS. This
can be explained by differences in the
measurement tools in the two studies. We can
have an accurate assessment of arterial oxygen
content in such patients only by analyzing the
arterial blood with a laboratory CO-oximetry
(Hampson, 1998). Also, we observed
significantly high metabolic acidosis, and
elevated serum creatinine kinase (CK) and
lactate levels in the DNS group compared to
the non-DNS group, in line with Kitamoto et al.
(2016) but contrary to Liao et al. (2018).
Accumulation of toxic metabolites and free
radicals formed by CO-induced hypoxia
contribute to cerebral autoregulation, and
further cause abnormalities in gray matter,
white matter, and globus pallidus, including the
pallidoreticular pathway (Hansen et al., 2014;
Hassan and Hamdy, 2018). The elevated CK
level may be associated with and be indicative
of both, CO-mediated muscle necrosis and
rhabdomyolysis, in comatose patients (Torres
et al, 2015). In acute CO poisoning cases,
hypoxia and impaired cellular respiration
induce damage to multiple organs. Thus, CK
elevation might reflect prolonged exposure to
CO and the severity of poisoning.

In the current work, we detected a
statistically significant elevation in COHb level
in the DNS group compared to non-DNS
group. Conversely, other reports concluded that
COHb concentration was not a significant
predictor for the development of DNS (Cevik
et al., 2006; Guan et al., 2016). This variation
may be related to factors such as the time once
CO inhalation is stopped, the time of
withdrawing blood samples, and the efficiency
of oxygen administration. In addition, the
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percentage of patients with abnormal brain
imaging was significantly higher in the DNS
group than the non-DNS group, in concordance
with Ku et al. (2010) and Liao et al. (2018).
The presence of white matter lesion in MRI
was also associated with DNS in the study
performed by Nah etal. (2020).

V. Conclusion:

The current work revealed several
predictors of DNS after acute CO poisoning,
including the initial GCS score, duration of
CO exposure, COHb level, decrease in blood
pH, high serum CK and lactate levels, and
abnormality in brain structure. This work also
demonstrated that the DNS may continue to
appear till six months after acute poisoning.

VI. Recommendations:

Proper and accurate clinical and
laboratory evaluation of any suspected case of
acute CO poisoning should be performed
especially those parameters proved to be
predictors for DNS. In addition, the follow-up
of cases should continue at least for six months
post-exposure.
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