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Abstract 

Purpose: To compare the effectiveness of three analgesics versus placebo in the relief of carbon 
monoxide (CO)-induced headache in patients with CO intoxication. 
Methods: This study was a prospective, randomized, double-blind and placebo-controlled trial. Patients 
diagnosed with CO intoxication and who had headaches were included in the study. They were divided 
into four groups. Patients in group 1 received 50 mg dexketoprofen i.v. in 100 mL of saline, while those 
in group 2 received 800 mg ibuprofen i.v. Patients in group 3 were given I g paracetamol i.v. Group 4 
patients received placebo (100 mL of physiological saline. Visual analogue scale (VAS) values were 
recorded at onset of treatment, and subsequently at 30th, 60th, 90th and 240th min. Patients who 
scored 3 and below in VAS 240 were considered to have responded to treatment. 
Results: A total of 168 patients completed the study. Two analgesics and placebo significantly reduced 
VAS 240 score (p < 0.05). However, VAS 30, VAS 60 and VAS 240 values decreased significantly in 
the ibuprofen group, when compared to other groups (p < 0.05). Evaluation of response to treatment 
revealed no significant differences amongst the groups (p = 0.313). 
Conclusion: These results suggest that analgesics are not superior to oxygen therapy in the treatment 
of headaches caused by CO poisoning. However, ibuprofen + oxygen treatment may be applied in 
people who cannot tolerate headaches for a long time. 
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INTRODUCTION 
 
Carbon monoxide (CO) is a colorless, odorless 
and non-irritant gas that is released from 
incomplete combustion of carbon compounds [1]. 
Carbon monoxide poisoning is still a major cause 
of morbidity and mortality in the world. Every 
year, hundreds of people die from CO poisoning, 

especially in the autumn and winter months [2]. 
According to forensic medicine sources in 
Turkey, 100 -150 people lose their lives yearly as 
a result of CO poisoning [3]. The fact that non-
fire-related CO poisoning is responsible for 
50,000 emergency service admission and 1,200 
deaths per year in the United States of America 
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makes it one of the main causes of intoxication-
related deaths [4]. 
 
The clinical severity of CO poisoning is an index 
of the duration of exposure to CO and its 
intensity in the environment. It is also an index of 
the amount of inhaled air, and the individual's 
health status. Symptoms of CO poisoning are not 
unique, and so can be confused with symptoms 
of other diseases [5]. However, CO poisoning 
results in headache, nausea, vomiting and visual 
impairment, and death usually occurs due to 
respiratory arrest. One of the most common 
symptoms is headache, which occurs in 80 to 90 
% of the cases [6]. The magnitude of the 
headache varies considerably amongst patients 
[7]. The basis of treatment in CO poisoning is to 
minimize further damage by removing the patient 
from the CO environment [8]. 
 
Since tissue hypoxia is the main problem of CO 
poisoning, the natural antidote is oxygen, based 
on chemical and pathophysiological data. 
Therefore, the patient should be given 100 % 
oxygen with a non-breathable mask back [9]. In 
addition to oxygen therapy for CO poisoning, 
analgesic drugs are used to relieve headache 
associated with the condition. However, there is 
a dearth of research information on the use of 
analgesic in CO poisoning. Therefore, to prevent 
unnecessary drug use, studies are needed to 
show whether the use of analgesics for CO-
intoxicated patients is actually beneficial. In this 
study, an attempt was made to compare the 
pain-relieving effectiveness of three analgesics in 
CO-intoxicated patients with headache. 
 
METHODS 
 
Study design and setting 
 
This was a prospective, randomized, double-
blind and placebo-controlled trial. All patients 
were informed about the study and its 
procedures, and written informed consents were 
obtained from volunteers before their inclusion in 
the study.  
 
Inclusion and exclusion criteria 
 
The study was conducted in accordance with 
good clinical practice standards at the 
Emergency Department of Faculty of Medicine, 
Ataturk University, between November 01, 2017 
and April 30, 2018. Patients diagnosed with CO 
poisoning in the Emergency Department, who 
had headaches were included in the study. For 
the treatment of CO poisoning, all patients were 
given oxygen until they were discharged (10 
L/min with mask). The patients were divided into 

four groups: Group 1 received dexketoprofen; 
group 2 was given ibuprofen, group 3 received 
paracetamol, while group 4 was given 
physiological saline (placebo). 
 
The excluded patients were those with chronic 
illnesses involving the liver and kidney, those 
taking medications which increase the risk of 
bleeding, pregnant patients, patients with 
cognitive impairments or psychiatric disorders, 
and patients who used oral NSAIDs 6 h prior to 
the study. Other excluded categories were 
patients with history of gastrointestinal bleeding, 
cancer patients, patients with primary headache 
syndrome and brain trauma, as well as those 
receiving hyperbaric oxygen therapy and patients 
with brain ischemia due to CO exposure.  
 
Ethical consideration 
 
Ethical approval was obtained from the Ethics 
Committee of Atatürk University Medical Faculty 
Clinical Research (approval no. 
B.30.2.ATA.0.01.00/76). The Ethics Committee 
operates in line with the International Ethical 
Guidelines for Health-Related Research 
Involving Humans [10]. 
 
Patients and treatments 
 
Clinical findings and laboratory values of CO 
poisoning were evaluated together. A sample of 
arterial or venous blood gas was used to 
diagnose CO poisoning. Carboxyhemoglobin 
(COHb) was measured. For smokers and non-
smokers, COHb levels > 8 mg/dL and >5 mg/dL, 
respectively showed positive diagnosis of CO 
intoxication. After the emergency physician had 
obtained the patient's history and carried out 
physical examination, blood was taken for COHb 
measurement.  
 
For all patients, COHb levels were measured 
within 10 min of arrival to the emergency room. 
Initial COHb levels were measured within 1 h 
after removal of the patients from the CO-
containing environment. The level of COHb was 
measured in arterial or venous blood using a 
Cobasb 221 Blood Gas System (Roche 
Diagnostics, Inc, Indianapolis). Visual analogue 
scale (VAS) scores for headache were recorded 
for all patients who were included in the study. 
Patients were given either 50 mg dexketoprofen 
i.v. in 100 mL of saline i.v., 800 mg ibuprofen i.v., 
1 g paracetamol i.v. or placebo i.v. (100 mL 
physiological saline) for 5 min. The medication 
were packaged in such a way that they were not 
distinguishable from the outside before they were 
given. Pre-study, physicians and nurses were 
trained on the research. A web-based, computer-
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based randomization model was used to 
determine the patients to be included in each 
group.  
 
Patients were grouped randomly and 
sequentially. Gender was not taken into account 
during the randomization, since it is not known to 
have any effect on the response of patients to 
treatment. Patients who participated in the study 
were treated according to the prepared 
randomization table. For each patient number, 
closed envelopes indicating which treatment the 
patient would receive were prepared by a 
physician who was naïve to the study. Similarly, 
the drugs to be given were prepared and 
packaged by a physician who was not privy to 
the study in advance. During the study, patients 
were not given any medication other than rescue 
therapy. The recovery drugs were planned for 
240 min, but 240 min was not expected for 
patients in need of analgesics during this time. 
The choice of the rescue drug was left to the 
physician's decision. All patients who started the 
study completed it. 
 
Parameters evaluated 
 
Age, sex, vital signs (blood pressure, pulse rate, 
respiratory rate, body temperature, and oxygen 
saturation) of the included patients were 
recorded. The VAS values were also recorded as 
follows: Pain at the time of admission to the 
hospital was taken as VAS 0, and the VAS 
values measured 30, 60, 90 and 240 min after 
the treatment were taken as VAS30, VAS 60, 
VAS 90 and VAS 240. Patients who scored 3 
and below in VAS 240 were considered to have 
responded to treatment, while those with pain 
score of 4 and above in VAS 240 were 
considered not to have responded to treatment. 
The need for life saving medication among 
patients will be assessed and recorded also. 
 
Treatment objective/outcome 
 
The endpoint of this study was the VAS pain 
score at the 240th min of the treatment groups. In 
this way, the advantages of these 4 treatment 
options would become clearer. A comparison of 
the VAS 240 pain score among the groups was 
done to determine the effectiveness of the 
different analgesics. 
 
VAS evaluation for headache 
 
The visual analogue scale (VAS) is a safe, easy, 
descriptive, proven and accepted scale used for 
pain assessment. It consists of a 10-cm long line 
which starts with "no pain" and ends with 

'unbearable pain’. The patient usually has two 
endpoints and is free to mark any place that fits 
the severity of the pain between these points. 
Accordingly, VAS score of "0" indicates that there 
is no pain; scores of 1- 4 indicate mild pain, 
scores of 5 - 6 mean moderate pain, while VAS 
scores of 7 - 10 imply severe pain. 
 
Statistical analysis 
 
Data are expressed as mean ± standard 
deviation (SD). Statistical analysis was 
performed using IBM SPSS statistics version 
21.0. Non-parametric tests were used since the 
data did not conform to normal distribution. Mann 
Whitney U-test for 2 groups and Kruskall Wallis 
test for multiple groups (Bonferoni correction) 
were performed in this regard. Chi-square test 
was used for categorical data analysis. 
Spearman correlation test was used to determine 
correlation between the groups. Values of p < 
0.05 were considered statistically significant. 
 
RESULTS 
 
During the study period, 970 patients were 
admitted to Erzurum Ataturk University, 
Emergency Medicine Department as a result of 
CO poisoning. However, 201 of these patients 
did not agree to participate in the study, while 
601 patients were excluded. The study was 
carried out with 168 CO poisoning patients 
divided into four equal groups. The demographic 
data and vital signs of the patients are 
summarized in Table 1. There was no statistically 
significant difference amongst the 4 groups (p > 
0.05). Nausea was detected in 57 patients, 
emesis was seen in 11 patients, dizziness 
occurred in 39 patients, while other symptoms 
were seen in smaller number of patients. 
 
The efficacy of the drugs used in this study, 
based on VAS pain scores, is shown in the 
following Figures: Figure 1 shows that 
dexketoprofen treatment significantly reduced 
VAS scores in patients with CO poisoning (p < 
0.05).  Although the analgesic effects of 
dexketoprofen increased time-dependently, there 
were no statistically significant differences in 
VAS scores after 60, 90 and 240 min (p > 0.05).  
 
Figure 2 shows clear decreases in VAS score in 
patients with CO poisoning after ibuprofen 
treatment (p < 0.05). However, the VAS 60 and 
VAS 90 scores did not differ significantly after 
ibuprofen treatment (p > 0.05). Similarly, VAS90 
and VAS 240 scores were comparable in the 
ibuprofen treatment (p > 0.05). 
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Table 1: Patients’ characteristics and vital findings 
 
 Analgesic treatment P-value 
Variable Dexketoprofen 

(n=42) 
Ibuprofen 
(n=42) 

Paracetamol 
(n=42) 

Placebo (n=42) 

Agea 37.85±14.27 36.69±10,57 40.76±15.40 35.85±13.58 0.374 
Genderb      
   Male 17 (40.5%) 15 (35.7%) 23 (54.8%) 13 (31%) 0.137 
   Female 25 (59.25%) 27 (64.3%) 19 (45.2%) 29 (69%)  
Systolic BPc 121.98±17.28 122.50±15.99 123.98±17.46 121.64±13.48 0.971 
Diastolic BPc 74.43±12.26 73.69±11.30 72.74±9.54 74.60±13.54 0.764 
Heart Ratec 81.19±14.79 79.31±13.34 84.05±16.58 82.36±15.89 0.693 
Respiratory 
ratec 15.40±3.58 15.98±3.21 15.29±2.91 15.95±3.27 0.596 

Body 
Temperaturec 36.68±0.60 36.60±0.48 36.55±0.31 36.50±0.30 0.391 
Oxygen 
Saturationc 97.43±1.94 96.50±3.05 96.24±4.25 95.93±4.97 0.520 

BP: blood pressure; a Mann Whitney U test was used, b Chi-square test was used, c Kruskall Wallis test was 
used; p < 0.05 
 

 
 
Figure 1: Effect of dexketoprofen on VAS scores in 
patients with CO poisoning. Test: Kruskall Wallis. Bars 
with different letters differ significantly (p < 0.05); bars 
with the same alphabets do not differ significantly. (e.g 
VAS 30 is significantly different from VAS 0 but VAS 
30 is not significantly different from VAS 60) 
 

 
 
Figure 2: Effect of Ibuprofen on VAS scores in 
patients with CO poisoning. Test: Kruskall Wallis. Bars 
with different alphabets differ significantly (p < 0.05); 
bars with the same letters are comparable 
 
As shown Figure 3, after paracetamol treatment, 
VAS scores decreased significantly with time (p 
< 0.05). However, there was no significant 
difference between the VAS 30 and VAS 60 
scores. Moreover, VAS 90 and VAS 240 scores 
were comparable (p > 0.05). 

 
Interestingly, placebo treatment significantly 
reduced the VAS scores of patients in a time-
dependent fashion (p < 0.05). However, VAS 60, 
VAS 90 and VAS 240 scores were comparable 
amongst the groups (p > 0.05). 
 

 
 
Figure 3: Effect of paracetamol on VAS scores in 
patients with CO poisoning. Test: Kruskall Wallis. Bars 
with different letters differ significantly (p < 0.05); bars 
with the same alphabets do not differ significantly 
 

 
Figure 4: Effect of placebo on VAS scores in patients 
with CO poisoning. Test: Kruskall Wallis. Bars with 
different letters differ significantly (p < 0.05); bars with 
the same alphabets do not differ significantly 
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It is apparent from these results that analgesics 
and placebo significantly reduced VAS scores in 
patients with CO poisoning. Therefore, 
differences among these four treatment groups 
at the same times of VAS scoring were analysed. 
As shown in Table 2 and Figure 5, at all-time 
points, there were no statistically significant 
differences amongst the groups (p > 0.05). 
Values of VAS (0-240) were comparable 
amongst the four treatments. 
 

 
 
Figure 5: Effect of analgesics and placebo on VAS 
score in patients with CO poisoning. Δ: Paracetamol; 
X: Placebo; ◊: Dexketoprofen; □: Ibuprofen 
 
Finally, the patient’s response to treatment and 
need for life-saving medicine after the treatment 
was evaluated. The results are shown in Table 3. 
There were no side effects in patients during the 
treatment. 
 

DISCUSSION 
 
This study has shown from VAS scores that the 
three different analgesics adequately reduced 
headache and pain in patients with CO poisoning 
when combined with oxygen therapy.  However, 
the VAS score in the placebo group revealed a 
significant decrease in pain. Indeed, the three 
different analgesics and placebo (normal saline) 
had the same effect on VAS (0-240) scores: 
there were no statistically significant differences 
amongst them. Thus, the analgesics used for 
preventing headaches in CO poisoning are not 
superior to oxygen therapy. Exposure to CO is 
one of the leading causes of poisoning and is 
responsible for half of poisoning-related deaths 
world-wide [11,12]. Symptoms of CO poisoning 
are non-specific. The patients may be 
asymptomatic, or may exhibit a wide range of 
symptoms ranging from simple symptoms such 
as headache and nausea to more serious 
symptoms which may result in death [12]. The 
degree of clinical symptoms varies depending on 
the CO concentration to which the patient was 
exposed, the duration of exposure, and medical 
history [6]. The brain and central nervous system 
which have the highest oxygen needs and the 
highest metabolic activities, are the organs most 
affected by the toxic effects of CO poisoning [13]. 
Several hypotheses have been proposed to 
explain damaging effect of CO on the brain. 
General reduction of oxygen transport as a result 
of COHb formation plays an important role in 
CO-related brain damage [14]. 
 

 
Table 2: Comparative effect of analgesics and placebo on VAS scores (mean±SD) 
 
Parameter Analgesic treatment Chi-square 

test value P-value Dexketoprofen Ibuprofen Paracetamol Placebo 
VAS 0 6.43±2.05 6.00±1.79 6.55±2.23 6.43±2.05 1.29 0.73 
VAS 30 3.36±2.48 3.55±2.25 4.02±2.63 3.64±2.98 1.41 0.70 
VAS 60 1.95±2.42 2.05±2.27 2.76±2.44 2.67±3.11 3.98 0.26 
VAS 90 1.38±2.27 1.02±1.63 1.79±2.01 1.81±2.44 4.91 1.18 
VAS 240 1.07±2.19 0.57±1.17 1.07±1.88 0.95±1.87 0.61 0.89 

Kruskall Wallis test, p < 0.05 
 
Table 3: Comparative effects of analgesics and placebo on treatment outcome 
 
 Variable Analgesic treatment Chi-

square 
test 
value 

P-value Dexketoprofen 
n (%) 

Ibuprofen 
n (%) 

Paracetamol 
n (%) 

Placebo 
n (%) 

Response 
to 
treatment 

Nil 7 (16.7) 2 (4.8) 7 (16.7) 6 (14.3) 
3.557 0.313 Yes 35 (83.3) 40 (95.2) 35 (83.3) 36 (85.7) 

Life-
saving 
medicine 

Nil 38 (90.5) 40 (95.2) 39 (92.9) 39 (92.9) 0.718 
0.869 Yes 4 (9.5) 2 (4.8) 3 (7.1) 3 (7.1)  

Chi square test, p < 0.05 
 



Kocak & Akbas 

Trop J Pharm Res, October 2019; 18(10):2208 
 

Headache is the first and most common 
symptom of CO poisoning and its incidence is up 
to 90 % [11,15]. The recommended treatment 
protocols for CO poisoning include removal from 
the exposure zone, provision of supplementary 
oxygen and general supportive treatment [15,16]. 
The supportive treatment includes the use of 
analgesics if the patient complains of headache. 
The exact mechanism involved in the 
development of headache after acute CO 
exposure is not fully understood [17]. As a result 
of clinical studies, hyperbaric and normobaric 
oxygen therapy have been shown to prevent 
many types of headache, especially migraine 
[18–20]. Oxygen inhibits the cranial 
parasympathetic vasodilator pathway, leading to 
cerebral vasoconstriction [20]. It also contributes 
directly to cerebral vasoconstriction, thereby 
potentially affecting the peripheral effects of 
catecholamines and serotonin [22]. However, it is 
not certain if this is the basis of CO-induced 
headache. It has been reported that patients who 
received only normobaric oxygen before HBOT 
had 72 % reduction in headache. In the study, 
only 21% of patients were completely relieved of 
pain [23]. Based on this, it was felt that 
appropriate analgesic support for patients with 
headache due to CO intoxication would increase 
patient comfort. 
 
NSAIDs are generally preferred for controlling 
emergency headache [24]. However, the drug of 
choice for headache may vary, depending on 
underlying causes [24]. In this study, there were 
significant decreases in VAS scores between 0 
and 240 min in all treatment groups, including 
placebo. However, the only significant decreases 
in VAS score between 30 and 60 min were in the 
ibuprofen group. Thus, ibuprofen may be 
preferred for those who want early analgesic 
support within the first 60 min. The present study 
is the first to show the efficacy of analgesia in the 
treatment of headache caused by CO 
intoxication. Decreases were seen in VAS (0-
240) values in the placebo and oxygen group, 
similar to a previous report [25]. Oxygen exerts 
therapeutic properties by reducing the half-life of 
CO. The decreases in VAS (0-240) values with 
time may be due to elimination of CO from the 
body. 
 
Limitations of the study 
 
One major limitation in this study is the small 
number of patients used. In addition, some of the 
CO poisoning patients might be chronic 
intoxication cases, in which case the chronic 
poisoning may have affected the response to 
analgesia. The causes of CO intoxication might 

also have affected the severity of pain and the 
response to treatment. 
 
CONCLUSION 
 
The results of this study suggest that medication 
and oxygen therapy produce the same effects 
when used in the treatment of headache caused 
by CO poisoning. Oxygen therapy alone reduces 
CO intoxication-induced headache. The results 
also show that ibuprofen is the most suitable 
analgesic for the treatment of acute pain in CO-
intoxicated patients. 
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