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Abstract

Aim: This study aimed to determine the relationship between carboxy-hemoglobin (COHb) and
neurological and cardiac effects in patients admitted to our pediatric emergency department with CO
poisoning and identify the patients who require advanced cardiologic evaluation.

Materials and methods: Between January 2013 and January 2016, 412 children with carbon monoxide
poisoning admitted to our hospital were evaluated retrospectively.

Results: The incidence of COHDb, lactate, CK-MB (creatinine kinase-myocardial band), troponin | and
BNP (B-type natriuretic peptide) levels were higher in patients with who had altered state of
consciousness (p < 0.001, p < 0.001, p < 0.001, p < 0.001, p < 0.001, respectively). Hypotension was
found in 8 (27.6%) of 29 (7%) patients with a Glasgow coma scale (GCS) score of 14 and below. BNP
and troponin | levels were found to be high in patients with hypotension. For cardiac involvement, the
sensitivity and specificity of COHb 20.1% value were 50.0% and 72.4%, respectively; and lactate at 2.95
mmol/L had a sensitivity and specificity value of 41.2% and 82.4% respectively.

Conclusion: High BNP levels may be useful in determining the severity of intoxication in patients with
altered state of consciousness. Cardiological evaluation should be performed in patients with a GCS score
of 14 or lower or hypotension.
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Introduction

CO s a toxic gas produced by partial combustion of carbon-containing materials such as gasoline,
propane, kerosene, coal.(1-3) Inhalation of fire smoke is responsible for most of the CO poisoning. In
the United States, CO poisoning due to causes other than fire smoke is the leading cause of poisoning
deaths in the country, with 50,000 emergency service applications and 1200 deaths per year (4-6).
Childhood metabolic rate and oxygen demand are high; therefore, this age group is more sensitive to CO
poisoning (7). CO intoxication, where the toxic effect is caused by tissue hypoxia, affects all tissues, but
the toxic effect is more pronounced in organs with high oxygen consumption such as the brain and heart
(8, 9).

CO intoxication can cause varying degrees of mental status changes, headache, tremor, ataxia, neck
stiffness, neurological findings that may end up with coma (7). Impaired consciousness occurs via
different mechanisms. The formation of COHb causes tissue hypoxia and cell death. CO binds directly
to intracellular proteins (myoglobin, cytochrome, guanylate cyclase) and causes direct cell damage. It
has been demonstrated in animal models that cGMP is increased by guanylate cyclase stimulation, and
it causes cerebral vasodilatation and, consequently, loss of consciousness (10). Another effect of carbon
monoxide that causes loss of consciousness is that it increases the blood level of NO (Nitric oxide) and
causes cerebral vasodilatation (11). In cardiac involvement, it may cause myocardial ischemia presenting
with electrocardiographic changes (ST-segment and T wave changes, sinus tachycardia, premature
contractions, low voltage), echocardiographic changes (ventricular dysfunction, pathological valve
failure), and elevation of cardiac markers (troponin I, CK-MB) (8, 12).

In this study, we aimed to determine the relationship between COHb and cardiac and neurological effects
of patients presenting to the pediatric emergency department with carbon monoxide poisoning and to
determine the patients that require further cardiologic evaluation.

Methods

Patients who applied to the pediatric emergency department of Ankara Pediatric Hematology-Oncology
Training and Research Hospital between January 2013 and January 2016 and received the code T58-
Toxic Effect of Carbon monoxide' according to the International Disease Classification Version 10 (ICD-
10) coding system were included in the study. There were 485 cases with a T58 diagnosis code between
the study dates. Seventy-three cases with incorrect diagnostic code and missing information were not
included in the study. The study was approved by the local ethics committee (2016-025).

Age, gender, date of admission, duration of admission after exposure, presence of other poisoning cases
in the family, altered state of consciousness, GCS score, blood gas, electrocardiography (ECG),
echocardiography (ECHO), cardiac marker results (troponin I, CK-MB), emergency service observation,
hospitalization in pediatric ward or pediatric intensive care unit, hospitalization duration (day),
hyperbaric oxygen (HBO) treatment, and the number of sessions they received were recorded for each
case.

ECG was performed on patients who had pathological cardiac findings during the physical examination
at the time of application. According to the ECG results, echo was performed. In the presence of
ventricular dysfunction or pathological valve failure, cardiac markers were evaluated. Also, BNP was
examined in patients who had low blood pressure or ventricular dysfunction, which was detected in the
echo.

In patients with high cardiac markers at the time of application, cardiac markers were re-evaluated at 4-
6 hour intervals. Sinus tachycardia was accepted when resting heart rate was above normal for age.
Elevated cardiac markers were considered as diagnostic criteria for myocardial injury. For systolic blood
pressure, values below 70 mmHg for between 1 month-1 year; 70+ (2x years) between 1-10 years, 90
mmHg for age ten and older were considered as hypotension.

All patients were treated with 100% oxygen (normobaric oxygen = NBQO) with a reservoir mask. In
patients with carbon monoxide poisoning, the treatment was considered efficient when COHb value
decreased to less than 5% after 6-8 hours, and symptoms showed complete regression. Hyperbaric
oxygen therapy (HBO) was applied to patients who had a loss of consciousness, new neurological deficit
or altered state of consciousness, ischemic changes on ECG, and COHDb level > 25%. Hyperbaric oxygen
is 100% oxygen at 5 atm pressure that is given to patients in a chamber for 90 minutes.

Cardiac markers were studied on ADVIA CENTAUR CP (Siemens, Germany) before October 2014, and
the reference ranges were; troponin I: 0-0.06 ng/ml, CK-MB: 0-5 ng/ml, BNP: 0-100 pg/ml. After
October 2014, cardiac markers were studied on Beckman Coulter ACCESS 2 (Beckman Coulter, USA).
The reference ranges for this device were as follows; troponin I: 0-0.04 ng/ml, CK-MB: 0-5 ng/ml, BNP:
0-100 pg/ml.
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Statistical analysis

Statistical analysis was performed using the SPSS (Statistical Package for Social Sciences) for Windows
20 (SPSS Inc., Chicago, IL, USA) program. The normality distribution of the data was evaluated with
the Kolmogorov-Smirnov normality tests. Normally distributed variables were expressed in mean + SD,
while abnormally distributed variables were expressed in median (Interquartile range). The Mann-
Whitney U-test was used to compare abnormally distributed variables between two groups. The Pearson
chi-square test was used to compare categorical variables. A p-value of <0.05 was considered statistically
significant. Regression analysis was performed to determine whether ECG, ECHO, CK-MB, troponin I,
lactate, and COHb parameters were safe for cardiac involvement. Diagnostic statistics were given for
ROC curves and selected cutoff values.

Results

During the study period, 412 cases included in the study. The median (IQR) age was 113.5 (2- 215)
months, and 194 (47.1%) were male. The mean COHD level was 14.5 + 9.7%. The most common source
of carbon monoxide was natural gas (54.6%). Seventy-seven (18.7%) of the patients had received oxygen
treatment before admission to our hospital. The median time to admission to the hospital after poisoning
(min-max) was 4.3 hours (10 minutes- 48 hours). Poisoning was found to be cumulative in 375 (91.0%)
cases. One of the cases (0.2%) was a suicide (Table 1).

Eighty-four (20.4%) patients applied with an altered state of consciousness. Hypotension was detected
in 8 (27.6%) out of 29 (7.0%) patients with GCS score of 14 and below; BNP and troponin | levels were
found to be high in patients with hypotension. Of the 385 (93.4%) ECG performed patients, 94 (24.4%)
had sinus tachycardia, 3 (0.8%) had ST-T changes, 4 (0.1%) had right bundle branch block, and 1 (0.3%)
had ventricular tachycardia. Of 39 (9.5%) patients who underwent ECHO, 5 (12.8%) had mild mitral
insufficiency, 1 (2.6%) had mild aortic insufficiency, and 1 (2.6%) had left ventricular dysfunction. In a
patient with CO intoxication due to fire, who was found unconscious at home and sent to our hospital for
intensive care after a cardiopulmonary arrest, VT was detected in ECG, and left ventricular dysfunction
was present in the ECHO examination (Table 2). Cardiac enzyme levels were measured in 308 patients
(74.8%). The mean troponin I was 0.1 + 0.6 (0.1-5.5) ng/ml.

Table 1. Characteristics of patients with carbon monoxide poisoning (n= 412).

Characteristics n (%)
Age (month)? 113.5 (2- 215)
Gender
Male 194 (47.1)
Female 218 (52.9)
COHb level (%) 14.5+ 9.7 (0.5- 52)
Source of CO poisoning
Natural gas 225 (54.6)
Coal stove 163 (37.6)
Fire 23 (5.6)
Waterpipe 1(0.2)
Number of people poisoned in the family
>2 375 (91.0)
1 39 (9.0
The median time to admission to the hospital after poisoning (hour)? 43 (1-5)
lhr 61 (38.6)
2hr 227 (55.1)
Time of visit
08:00 AM to 16:30 PM 159 (38.6)
16:31 PM to 11:59 PM 101 (24.5)
Midnight to 07:59 AM 152 (36.9)
Death 1(0.2)

COHb: carboxy-hemoglobin.
2 median (IQR: Interquartile Range), "Data represents mean = SD (range).
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391 (95.0%) of the cases were observed in emergency unit, 5 (1.2%) were in the pediatric intensive care
unit, and 16 (3.8%) were hospitalized in the pediatric ward. The hospitalization duration of the patients
who were followed up in the ward was between 1-7 days. The median (IQR) duration of emergency
observation was 8.0 (4.0- 8.0) hours. One patient who was poisoned due to fire was admitted to our
hospital with GCS 3, he was intubated at the time of admission and died three days later. Eighty-two
(19.9%) of the patients received hyperbaric oxygen therapy (Table 2).

Table 2. Clinical characteristics of patients with carbon monoxide poisoning.

n (%)
History of altered level of consciousness 84 (20.4)
GCS (£14) 29 (7)
ECG 385 (93.4)
Normal 283 (73.5)
Sinus tachycardia 94 (24.4)
ST-T wave changes 3(0.8)
Right bundle branch block 4 (1.0)
Ventricular tachycardia 1(0.3)
ECHO 39 (9.5)
Normal 29 (82.0)
Mild mitral insufficiency 5(12.8)
Mild aort insufficiency 1(2.6)
Left ventricular dysfunction 1(2.6)
Admission
Emergency Observation Unit 391 (95.0)
Pediatric Ward 16 (3.8)
PICU 5(1.2)
Emergency Service Observation Time (hour)? 8,0 (4.0- 8.0)
HBO2 therapy 82 (19.9)
HBO2 therapy indication
High COHb level 40 (48.8)
Loss of consciousness 39 (47.6)
Loss of consciousness and myocardial ischemia 2(2.4)
Myocardial ischemia 1(1.2)
HBO treatment number
1 58 (70.7)
2 6 (7.3)
>3 18 (22.0)

GCS:Glaskow Coma Scale; ECG: electrocardiogram; ECHO: echocardiogram; PICU: Pediatric
Intensive Care Unit; HBO2:hyperbaric oxygen; COHb: carboxy-hemoglobin.
2median (IQR: Interquartile Range)

Lactate, COHDb, troponin I, CK-MB, and pro-BNP levels were higher in patients who had altered state of
consciousness compared to the patients who had not (p < 0.001, p < 0.001, p <0.001, p <0.001, p <
0.001, respectively) (Table 3).

There was a positive correlation between COHDb level and lactate and CK-MB (r = 0.4, p < 0.001 and r
=0.2; p <0.001). BNP levels were positively correlated with lactate and CK-MB (r = 0.5, p < 0.05 and
r=0.4; p<0.05).

The median (IQR) age of patients with high-level cardiac markers and normal levels were 100.5 (32.3-
150.0) and 117.0 (73.0-132.3) months, respectively; patients with high cardiac marker levels were found
to be in the younger age group (p = 0.034). No significant difference was found between the patients
with high-level cardiac markers and the normal range ones in terms of gender and BNP level.

When regression analysis was performed for cardiac involvement, of the parameters ECG, ECHO, CK-
MB, troponin I, lactate and COHb, it was concluded that only troponin | and CK-MB values were
"reliable™ in determining the cardiac involvement (p < 0.001, p < 0.001, respectively).

The optimal cutoff values of COHb and lactate were estimated by ROC (Receiver Operating
Characteristic) curves (Figures 1 and 2). For showing the cardiac involvement via the ROC analysis
method, the area under the curve (AUC) values for COHb and lactate levels were found to be 0.64 (95%
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confidence interval, Cl; 0.569-0.711); 0.665 (95% confidence interval, Cl; 0.568-0.733), respectively.
Lactate and COHb were found to be statistically significant in determining cardiac involvement (p <
0.001, p < 0.001, respectively).

Table 3. Clinical features in patients with and without altered state of consciousness.
History of altered state of consciousness

yes no
(n:84) (n:328) p-Value
Age (month)? 119.5 (51.5- 164.8) 112.0 (59.0- 158.8) 0.434
Male (n, %) 38 (45.2) 156 (47.6) 0.704
pH 7.38 £0.6 7.39+05 0.467
(7.18- 7.52) (7.1-7.63)
Laktat (mmol/L)® 3+£23 2.1+1 <0.001
(0.8- 16) (0.7-7.5)
COHb level (%)P 204 11.2 13487 <0.001
(0.8- 52) (0.5- 45)
Troponin-1 (ng/ml) ® 0.36+1.2 0.04 £ 0.1 <0.01
(0.01 - 5.5) (0.01- 0.9)
CK-MB (ng/ml) ® 21.1+34.5 16 + 14.7 <0.01
(1- 284) (0.04- 102)
BNP (pg/ml) ® 143.7 + 200.6 29.1 +23.3 <0.01
(30 - 691) (5.4 - 77)

COHb: carboxy-hemoglobin; CK-MB: creatine kinase miyocardial band; BNP: brain natriuretic
peptide.
2 median (IQR: Interquartile Range) ; ° Data represents mean + SD (range).

Table 4. Coordinates of Curve for COHb and Lactate Levels.

Sensitivity-% Specificity-%

COHb (%)

10.1 88.4 23.1
15.1 61.6 51.6
20.1 50.0 72.4
25.0 36.0 86.9
30.1 20.9 95.5
Lactate (mmol/L)

2.05 74.1 475
2.45 55.3 67.4
2.95 41.2 82.4
3.45 29.4 88.2
3.95 22.4 91.9

Table 4 shows the specificity and sensitivity rates at different cutoff values for COHb and lactate levels.
For cardiac involvement, for the value of 20.1% COHb, the sensitivity and specificity values were 50.0%
and 72.4%, respectively; for lactate value of 2.95 mmol/L, the sensitivity and specificity values were
41.2% and 82.4% respectively.

Tables 5 and 6 provide diagnostic statistics for the determined cutoff values for COHb and lactate (COHb
20.1%, lactate 2.95 mmol/L). The positive predictive value of COHb 20.1% cutoff value was 41.35%,
and the negative predictive value was 78.92%; The positive predictive value of lactate 2.95 mmol/L was
47.30%, and the negative predictive value was 78.21%.
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Table 5. Diagnostic statistics for 20.1% COHb level.

g

ns'E

Statistics Value 95%ClI
Sensitivity 50.0% 39.02% to 60.98%
Specificity 72.4% 66.15% to 78.28%
Positive Likelihood Ratio 1.82 1.35t0 2.46
Negative Likelihood Ratio 0.69 0.55to 0.86
Positive Predictive Value 41.35% 34.29% to 48.77%
Negative Predictive Value 78.92% 74.91% to 82.44%

COHb: carboxy-hemoglobin

Table 6. Diagnostic statistics for lactate 2.95 (mmol/L) level.

Statistics Value 95%ClI
Sensitivity 41.2% 30.22% to 51.83%
Specificity 82.4% 76.78% to 87.20%
Positive Likelihood Ratio 2.32 1.58t0 3.40
Negative Likelihood Ratio 0.72 0.60 to 0.87
Positive Predictive Value 47.30% 37.97% to 56.81%
Negative Predictive Value 78.21% 74.88% to 81.20%
ROC Curve
1.0
0,584
vEl. 0,64
=
.E
=
1]
«n 0,4
0,24
0.0 T T T T
oo 02 04 08 08 1.0
1 - Specificity

Diagonal segments are produced by ties.

Figure 1. The ROC (Receiver Operating Characteristic) curve analysis for carboxy-hemoglobin
(COHD) level. The area under the curve was 0.64 = 0.36 for COHb. The difference between areas was
significant (95% confidence interval, Cl; 0.569-0.711) (p< 0.001).
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Figure 2. The ROC (Receiver Operating Characteristic) curve analysis for lactate level. The area under
the curve was 0.665 = 0.34 for lactate. The difference between areas was significant (95% confidence
interval, CI; 0.568-0.733) (p< 0.001).

Discussion

In our study, BNP levels of patients who had an altered state of consciousness were higher than patients
had not. Patients who had hypotension and had a GCS score of 14 and below found to have higher BNP
and troponin | levels. It was found that cardiac markers were higher in the younger age group, troponin
I and CK-MB values were "reliable” in determining cardiac involvement, and lactate and COHb were
statistically significant in determining cardiac involvement.

Carbon monoxide poisoning can be seen for different reasons depending on the region and sociocultural
factors.(13) Some studies have reported stove poisoning as the most common source of poisoning, (8,
13-15) and some as natural gas poisoning (16-18). In the last 20 years, the use of natural gas as a fuel has
become widespread in Ankara. In our study, it was determined that natural gas poisoning was the most
common cause (54.6%). Keles et al.(19) reported that cases of collective poisoning were frequently
encountered due to family members sleeping in the same room. In our study, it was determined that 91%
of the cases were intoxicated collectively. This result was as expected since carbon monoxide poisoning
was related to the heating system in the shared living habitat (Table 1).

In carbon monoxide poisoning, tissue hypoxia, which is the result of deterioration in mitochondrial
oxidative capacity, causes lactate increase. In the situations of loss of consciousness or coma, which are
considered to be the sign of severe CO poisoning lactate levels are found to be high (20-22). In some
studies, positive correlation was found between COHb and lactate, and it was reported that the lactate
level could be used to indicate the severity of CO intoxication (8, 14, 23). It has been shown in studies
that the severity of clinical findings, especially neurological findings, was associated with the COHb
level (23-25). A significant correlation was found between the loss of consciousness and COHb and
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lactate levels (3, 8, 23). In our study, we showed a positive correlation between COHb and lactate (r =
0.4, p < 0.001). The mean COHb and lactate levels of the patients with neurological findings were
significantly higher than those without the neurological findings (p < 0.001 and p < 0.001, respectively).
This condition is thought to be due to tissue hypoxia and cerebral ischemia.

In some studies CK-MB, Troponin | levels, which indicate ischemic myocardial damage were
significantly higher in the presence of neurological symptoms (12, 23, 26). We also found that troponin
I, CK-MB levels of our patients with altered state of consciousness were significantly higher than those
without. We think that cardiac enzyme levels may be useful in patients with neurological symptoms.
BNP is an important marker that is used to show left ventricular dysfunction and heart failure. Due to the
increase in ventricular tension and the effect of various neurohormonal factors, myositis release Pro-BNP
pulsatilly into the circulation, where it is converted to active BNP and inactive NT-Pro-BNP by
proteolysis (27, 28). Other than the heart tissue, BNP can be released from different parts of the brain
(thalamus, hypothalamus, cerebral cortex, brain stem, and cerebellum). It has been shown in recent
studies that hypoxia alone induces BNP release, even without mechanical stress in the heart (29). This
situation may indicate the relationship between BNP and neurological outcomes. In the study of Moon
et al.(9) increased serum BNP level was correlated with long-term poor neurological outcome in acute
CO intoxication due to coal. In the literature, there was no study showing the effect of the BNP level on
the evaluation of acute neurological status in CO intoxication.

In our study, BNP levels in patients with impaired consciousness were found to be significantly higher
than patients without consciousness change. We think that BNP increases in CO intoxication due to
hypoxemia and may be useful in determining the severity of intoxication.

Some studies have shown a positive correlation between COHb and CK-MB (1, 3, 23). Besli et al.(8)
found that the mean CK-MB levels of patients who had lactate increase were significantly higher than
those with normal lactate levels. Cervellin et al.(30) reported a positive correlation between lactate and
troponin. Damlapinar et al.(23) reported that COHb was positively correlated with CK-MB and lactate
had a positive correlation with CK-MB, troponin 1. Similarly, we showed a positive correlation between
COHb and CK-MB and lactate and CK-MB, and troponin | (r = 0.2, p < 0.001 and r = 0.2, p <0.001,
respectively). It is thought that the lactate level can be used as an indicator of ischemic myocardial
damage.

In the study of Teksam et al.(18) 30.5% of the sample had sinus tachycardia, and this finding was thought
to be developed as a response to systemic hypoxia and was used in the detection of myocardial injury.
Gandini et al.(31) reported that sinus tachycardia is a common finding in children with CO intoxication,
but there is no specific evidence of CO-related cardiac damage; and added that gallop rhythm had higher
predictivity of abnormal cardiac function. Although sinus tachycardia was common in our study, it was
not used to show myocardial damage, and none of the patients had gallop rhythm.

Myocardial depression, peripheral vasodilatation, and ventricular dysrhythmia have been found to cause
hypotension in animal models of carbon monoxide poisoning (32). Hypotension and hypoxia were shown
to be effective in detecting neurological damage (32, 33). Hypotension is common in cases of severe CO
intoxication and in the presence of neurological symptoms. Damlapinar et al.(23) found hypotension in
9.7% of the patients; and reported a positive correlation between hypotension and troponin | and CK-
MB, and hypotension was more common in patients with severe CO intoxication and neurological
symptoms. In the study of Teksam et al.(18) hypotension was observed in 6.8% of the patients, and
66.6% of the patients with hypotension had a GCS score of 14 or less. In our study, there were 29 (7%)
patients with GCS of 14 or below 14, and hypotension was found in 8 (27.6%) of these patients. BNP
and Troponin-1 levels were found to be high in patients with hypotension. Similar to previous studies,
the relationship between low GCS and hypotension is thought to show a close relationship between
myocardial damage and neurological abnormalities (18, 32). Cardiac enzyme monitoring is
recommended in patients with hypotension.

It is often challenging to detect CO-dependent cardiac injury in pediatric patients. Abnormal ECG
findings that are seen in adult population groups such as ST and T wave changes in the presence of
myocardial injury, but children may not reveal those signs; therefore, it is recommended to monitor
myocardial damage in children even without abnormal ECG findings. Satran et al.(12) found a 37%
frequency of cardiac damage in adults with moderate-severe CO intoxication and reported that cardiac
enzyme elevation was associated with CO levels. They suggested that patients with moderate to severe
intoxication should be followed up with ECG and cardiac enzyme levels, and those with impairments
should be evaluated with ECHO. In the study of children with CO intoxication, Teksam et al.(18) found
low ejection fraction and left ventricular dysfunction in ECHO without abnormalities in ECG in 33% of
patients with elevated cardiac enzymes. Troponin is a commonly known biomarker that specifically
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demonstrates myocardial damage. Marchewka et al.(34) found that troponin levels were associated with
the degree of CO intoxication and that troponin level monitoring was useful in predicting the clinical
severity and effects of CO intoxication. In our study, we determined that Troponin-1 and CK-MB were
reliable in predicting cardiac involvement.

The lactate level may be useful in predicting the severity of CO intoxication. In the study of Damlapmar
et al.(23), 27.1% value of COHb showed a sensitivity of 70.5% and a specificity of 59.6 while the lactate
value of 3.85 mmol/L was found to have 52.6% of sensitivity and 85.7% specificity. The positive and
negative predictive values for 27.1% COHb and lactate value of 3.85 mmol/L were reported to be 80%,
62.5% and 50%, 70.9%, respectively. There was no study on the predictivity of COHb and lactate values
in cardiac involvement by ROC curve analysis. In our study, the sensitivity and specificity values of
COHb 20.1% were 50.0% and 72.4%, respectively; and for the lactate value of 2.95 mmol/L the
sensitivity was 41.2%, and specificity was 82.4%, and positive and negative predictive values for these
values were 41.3%, 78.9% and 47.3%, 78.2%, respectively. High specificity and a negative predictive
value of 2.95 mmol/L lactate can be a stimulant to demonstrate cardiac involvement in carbon monoxide
poisoning.

There are some limitations to our study. The most significant limitations are the retrospective and single-
center study design. We did not know how long the patients were exposed to carbon monoxide. Some
patients had received oxygen therapy in another center and were referred to our hospital from other
centers. Also, the number of patients who underwent the ECHO was low. Other limitations of the study
are the low number of cases with severe carbon monoxide poisoning, and BNP levels were only present
in patients who had hypotension and a Glasgow coma score of 14 or less.

In conclusion, the two most important parameters providing information about the severity of carbon
monoxide intoxication are altered state of consciousness and cardiac involvement. High BNP levels may
be useful in determining the severity of intoxication in patients with altered state of consciousness. We
think that cardiac enzyme levels may be useful in patients with neurological symptoms and hypotension.
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