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Non-invasive CO measurement in headache diagnosis

The value of non-invasive carbon monoxide measurement in the early 
diagnosis of patients with headache during winter months
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Abstract

Aim: One of the first symptoms of acute carbon monoxide (CO) intoxication is headache. In this study, we aimed to identify cases of CO 
intoxication by examining non-invasive CO levels as a new vital parameter in patients presenting with headaches, to detect cases that might 
otherwise be overlooked, and to facilitate early diagnosis and treatment.

Methods: Our prospective cross-sectional study was conducted during the winter of 2019-2020 (December-January-February). One hundred 
four patients who met the inclusion criteria and did not meet the exclusion criteria were included in the study. Demographic data, admission 
times, symptom onset times and severity, smoking status, transcutaneous CO measurement values, blood CO levels, oxygen saturation levels, 
suspicious sources of exposure, and patient outcomes were recorded in the study form. Statistical data analysis was performed using SPSS 
(Statistical Package for the Social Sciences) version 22.0.

Results: The study included 104 patients. The COHb levels of 7 patients (6.7%) measured by the noninvasive method and eight (7.6%) 
measured by the invasive method were above typical values.

Conclusion: Measuring noninvasive CO levels as a new vital parameter in patients presenting with isolated headaches can help detect CO 
poisoning cases that might otherwise be overlooked and enable early diagnosis and treatment.
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Introduction

Carbon monoxide (CO) is endogenously synthesized in the 
human body through the action of the heme oxygenase enzyme 
and is involved in various biological processes, including 
neurotransmission and vasodilation. However, exposure to 
elevated levels of CO from exogenous sources can lead to toxic 
effects.1 One of the earliest symptoms of acute CO poisoning is 
headache.2 Headaches have also been reported in cases of low-
level CO exposure, which is particularly common during winter. The 
molecular mechanism underlying CO-induced headaches has not 
yet been fully elucidated. It is hypothesized that CO may play a 
role in pain signaling through its interactions with cyclic guanosine 
monophosphate (cGMP) pathways and nitric oxide, which are 
important in the pathophysiology of primary headaches.3-5 
Additionally, CO inhalation has been shown to increase cerebral 
blood flow by approximately 26%.6 Autopsy studies further support 
this, demonstrating the vasodilatory effects of CO on both cerebral 
and peripheral arteries.7

Headache is a significant public health issue that affects individuals 
across all socioeconomic and age groups, prompting nearly 47% 
of adults to seek care in emergency departments.8 In high-volume 
emergency settings, life-threatening causes of headaches, such 
as CO poisoning, may be overlooked due to patient overload 
and diagnostic challenges.9 Since the diagnosis of CO poisoning 
often relies on a high index of suspicion based on the patient’s 
history, it is frequently misdiagnosed or attributed to other primary 
headache disorders in emergency departments. Incorporating 
transcutaneous CO measurement into triage protocols could be 
helpful in such cases.

In this study, we aimed to evaluate the utility of transcutaneous 
CO measurement as a potential adjunctive vital parameter for the 
early detection of CO intoxication in patients presenting to the 
emergency department with headaches.

Materials and Methods

Study Design and Setting
Our study was conducted prospectively in the winter months 
(December, January, and February). The study was conducted in an 
emergency department with an annual mean of 250-300 thousand 
patient visits.

Participants
Out of 45.600 patients who presented to the emergency 
department with a triage classification of green zone, 104 patients 
with isolated headaches who met the inclusion criteria and had no 
exclusion criteria were enrolled. Patients aged 18 and over who 
presented to the green zone with isolated headache complaints, 
regardless of suspected CO poisoning, and agreed to participate 
in the study were included. Pregnant women and patients who left 
the hospital before study completion were omitted.

Data Sources/Measurements
Patients’ CO levels were transcutaneously and noninvasively 
measured using the Masimo Radical-7 Pulse CO-Oximeter 
(Masimo Corporation, Irvine, California, USA). Patients with a 
transcutaneously measured CO value above 3% underwent invasive 
blood gas analysis, regardless of smoking status. Levels up to 3% 
were considered non-toxic in non-smokers, whereas levels up to 
10% were deemed non-toxic in smokers and tobacco users.10

Headache severity was assessed using the Numeric Rating 
Scale (NRS). The study form recorded demographic information, 
time of presentation, symptom onset time, tobacco product 

use status, transcutaneous CO measurement values, blood CO 
levels, measurement times (noninvasive and/or invasive), oxygen 
saturation levels, suspected sources of exposure, and patient 
outcomes.

Bias
No selection bias was introduced, and no preference was given to 
any specific patient group.

Ethical Approval
This study was approved by the Ethics Committee of İzmir Katip 
Çelebi University (Date: 12.05.2020; Decision No:640).

Statistical Analysis
Statistical analyses were performed using the Statistical Package 
for the Social Sciences (SPSS), version 26 (IBM Corp., SPSS 
Inc., Chicago, IL, USA). Categorical variables were presented as 
frequencies and percentages, while continuous variables were 
expressed as mean and standard deviation. The Kolmogorov-
Smirnov and Shapiro-Wilk tests were used to assess the normality 
of data distribution. The Chi-square test was used for categorical 
variable comparisons. A P value ≤ .05 was considered statistically 
significant.

Reporting Guidelines
This study was reported in accordance with the STROBE guidelines.

Results

A total of 104 patients who presented to the green zone of the 
emergency department with isolated headaches, out of 45.600 
total patients, were included in the study, meeting the inclusion 
criteria. Among these 104 patients, 7 (6.7%) had elevated COHb 
levels detected noninvasively, while 8 (7.6%) had elevated COHb 
levels confirmed through invasive measurement. Of the included 
cases, 68 (65.4%) were female, and 36 (34.6%) were male.  
The mean age of the participants was 37.6 ± 13.9 years (range: 
18–74). Among the eight patients with elevated CO levels, 75% 
were female (n = 6), and 25% were male (n = 2). The mean age of 
these eight patients was 41  ±  16.31 years.

In our study, the mean COHb level measured via venous blood gas 
analysis in patients with elevated noninvasive CO levels was 5.58 
± 2.76%. In two patients who did not use tobacco products, while 
the noninvasive CO level was found to be low, one patient had an 

Table 1. Clinical and Diagnostic Characteristics of Included 
Patients

* Numeric Rating Scale **Carbon monoxide

Variables Mean SD Min-
max

Onset time of headache, min 59.83 163.48 08-1440

Intensity of headache (NRS*) 7.05 1.91 1-10

Non-invasive CO** level (%) 1.67 2.29 0-13

The invasive CO levels in pa-
tients with high noninvasive 
CO levels (%)

5.58 2.76 2-13

Duration of noninvasive CO 
detection, min 4.42 2.18 1-12

Duration of invasive CO 
detection, min 19.21 5.80 10-35

Oxygen saturation(Pao2) (%) 97.93 1.49 92-100

Admitted patients None None None

Mortality None None None
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elevated COHb level on invasive measurement. Conversely, one 
patient had a high noninvasive CO level despite a low COHb level 
detected invasively.

When noninvasive CO measurement times were analyzed, values 
ranged from 1 to 12 minutes, with a mean detection time of  
4.42 ± 2.18 minutes. The time required for invasive CO measurement 
ranged from 10 to 35 minutes, with a mean duration of  
19.21 ± 5.80 minutes. The mean oxygen saturation level of patients 
presenting with headaches was 97.93 ± 1.49% (range: 92–100%). 
No hospital admissions or mortality occurred in our study (Table 1).

Patients with elevated CO levels detected by invasive measurement 
were asked to rate the severity of their pain on the Numeric Rating 
Scale (NRS) with a score from 1 to 10. The mean NRS score of all 
patients was 7.05 ± 1.91, with scores ranging from 1 to 10. The 
NRS scores of patients with confirmed CO intoxication via invasive 
measurement averaged 7.50 ± 1.60, with scores ranging from 5 
to 10.

The mean noninvasive CO level in patients with elevated CO levels 
was measured as 7.11 ± 4.27%, with a minimum of 3% and a 
maximum of 13%. In the same group, the mean invasive CO level 
was 7.85 ± 3.71%, with a minimum of 4% and a maximum of 13%.

Noninvasive CO detection times ranged from 3 to 6 minutes 
for the eight patients with elevated CO levels, with a mean of  
4.88 ± 1.24 minutes. Invasive CO detection times ranged from 
15 to 30 minutes, with a mean of 18.75 ± 5.17 minutes. The 
saturation values of these patients averaged 97.38 ± 1.59%, with 
a minimum of 95% and a maximum of 100%. Of the eight patients 
with elevated CO levels, there were no hospital admissions or 
mortality (Table 2).

The NRS scores of patients were analyzed, and no significant 
difference was observed between patients with normal and 
elevated CO levels, regardless of whether the levels were measured 
noninvasively or invasively (Table 3).

Tobacco and tobacco product use were evaluated in patients with 
elevated CO levels. Among these patients, 37.5% (n = 3) reported 
smoking, 25% (n = 2) reported being passive smokers, and 37.5% 
(n = 3) stated that they did not use tobacco or tobacco products.

Discussion

Carbon monoxide (CO) poisoning is a life-threatening condition that 
can manifest with various symptoms. One of the early symptoms 
of acute intoxication is headache. However, there is no specific 
symptom or physical examination finding that is unique to CO 
poisoning. This lack of specificity can lead to delays in diagnosis and 
may result in the condition being overlooked. Although the reported 
frequency of CO poisoning cases is approximately 0.0137% (around 
14 per 100.000), with a mortality rate of about 0.00005% (5 per 
10 million), the true incidence of CO poisoning is unknown, as many 
cases likely go undetected.11,12 Diagnosis relies heavily on clinical 
suspicion and confirmation through COHb level measurement via 
blood gas analysis. Carbon monoxide (CO) poisoning remains a 
significant public health issue due to its nonspecific symptoms and 
potentially life-threatening outcomes. Early diagnosis is critical, 
yet the subtlety of its clinical presentation often leads to delays. 
Our study reinforces the utility of noninvasive CO monitoring as 
an adjunct to routine triage protocols, particularly in emergency 
department settings.

Among the 45.600 patients who presented to the emergency 
department with a green triage code, 104 patients with isolated 
headaches were included in the study. Of these, seven patients 
were found to have elevated CO levels using noninvasive methods, 
while eight were identified using invasive methods. Notably, two 
patients with expected noninvasive results were found to have 
elevated levels through invasive testing, whereas one patient with 
an expected invasive result showed elevated levels noninvasively. 
Consistent with previous studies that employed noninvasive CO 
screening in emergency departments, our findings underscore the 
importance of SpCO measurement in detecting and managing 
covert CO poisoning cases early. Roth et al. screened 16.108 
emergency department patients using SpCO measurements over 
one year and identified 17 cases of CO poisoning.13 Similarly, Suner 
et al. reported 11 cases of covert CO poisoning among 10,856 
screened patients.14 Integrating noninvasive CO monitoring into 
the initial triage process has the potential to transform emergency 
department workflows, particularly in high-volume settings. Routine 
SpCO screening in emergency departments has been shown to 
improve the detection of CO poisoning and patient outcomes 
by reducing the time to treatment.14 Our findings support this 
approach and highlight the need for training emergency personnel 
in the use of these devices.

Carbon monoxide poisoning is more commonly observed during the 
winter months, coinciding with increased use of heating systems 
and prolonged indoor exposure. Previous research has also 
documented a rise in CO poisoning cases during cold months such 
as November, December, and January.15-17 Our study, conducted 

Table 2. Analysis of Patients with Elevated Carbon Monoxide 
Levels

* Numeric Rating Scale **Carbon monoxide

Variables Mean SD Min-
max

Onset time of headache, min 3.38 1.188 1-4

Intensity of headache (NRS*) 7.50 1.604 5-10

Non-invasive CO** level (%) 105.00 118.924 0-360

The invasive CO levels in 
patients with high 
noninvasive CO levels (%)

7.11 4.27 3-13

Duration of noninvasive CO 
detection, min 7.85 3.719 4-13

Duration of invasive CO 
detection, min 4.88 1.246 3-6

Oxygen saturation(Pao2) (%) 18.75 5.175 15-30

Admitted patients 97.38 1.59 95-100

Mortality None None None

Table 3. Comparison of Pain Intensities between Patients with 
Elevated and Normal Carbon Monoxide Levels

* Numeric Rating Scale **Carbon monoxide

Intensity of 
the pain

NRS* Score

N Mean SD SEM P

Noninvasive CO** level

Normal 97 7.01 1.93 .19
.08

High 7 8.29 1.11 .42

Invasive CO level

Normal 96 7.06 1.94 .19
.53

High 8 7.50 1.60 .56
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during the winter months, observed a similar trend. However, 
regional differences in heating methods and environmental factors 
may influence these findings. Multicenter studies are needed to 
explore these variations further and provide region-specific 
recommendations for prevention and early detection.

In this study, we specifically focused on patients presenting with 
isolated headaches, the most common symptom of CO poisoning. 
By targeting this group, we aimed to identify cases that might 
otherwise go undiagnosed. Variations in the study population 
and timeframes can yield differing results and observations. Our 
study’s smaller sample size compared to other investigations may 
be attributed to our focus on admissions during the winter months 
and the selection of patients with isolated headaches.

While the most common symptoms of CO poisoning may vary 
across studies, headache remains consistently reported as a 
primary symptom. Previous research has reported headache 
frequencies ranging from 54% to 55% in CO poisoning cases.18-20 
Moreover, headaches can occur even at COHb levels below 10%.4,21

In our study, patients presenting with isolated headaches, the most 
common symptom, were explicitly evaluated. Assessing patients 
based on the most frequent presenting symptom may enhance 
the detection of CO poisoning. However, in routine practice, 
patients with isolated headaches are often diagnosed with primary 
headache syndromes, leading to potential underdiagnosis of CO 
intoxication.

Zorbalar et al. analyzed 482 patients, of whom 186 (38.6%) were 
male, with a mean age of 38.0 ± 15.6 years. In this study, 23 
patients (74.2%) diagnosed with CO poisoning were female, with 
a mean age of 33.6 ± 14.9 years.22 Another study involving 323 
patients diagnosed with CO poisoning reported a mean age of 29 
± 17 years, with females comprising the majority (64%). Heckerling 
et al. evaluated 89 emergency department patients presenting 
with headache or dizziness; among them, 63 were female, and 
26 were male, with a mean age of 39.2 years.4 Chan et al. found 
that 54% of 93 patients with acute CO poisoning were female, 
while 46% were male.23 Conversely, a study by Hampson et al., 
involving 1,473 individuals, found that males accounted for a more 
significant proportion (65%).19 A retrospective study in Türkiye 
spanning 14 years indicated that females were more frequently 
exposed to CO poisoning than males.20 In our study, 68 (65.4%) of 
the 104 patients were female, while 36 (34.6%) were male, with a 
mean age of 37.56 ± 13.96 years. Among patients with elevated 
CO levels detected invasively, the mean age was 41 ± 16.31 years. 
Among those with elevated CO levels detected noninvasively, 
57.1% were female, while this proportion rose to 75% among 
those measured invasively.20 This gender discrepancy is often 
attributed to sociocultural factors, such as increased time spent 
indoors and proximity to household sources of CO, such as stoves 
or heaters. The higher incidence of CO poisoning among females 
may be related to spending more time at home, where household 
CO sources such as stoves and heaters are commonly used. At the 
same time, males are more likely to be outdoors or in workplace 
environments. Future research should explore the intersection of 
gender roles, occupational exposure, and CO poisoning risks to 
develop targeted prevention strategies.

Limitations

Our study was conducted in a single center in a region where harsh 
winter conditions are not prevalent. As such, our findings may 
not fully reflect the rates of CO intoxication in areas where cold 
climates and heavy reliance on stoves or other combustion- based 

heating systems are more common. Regions with intensive stove 
use are likely to experience higher incidences of CO exposure, and 
this limitation may have contributed to the relatively low number 
of CO intoxication cases identified in our study.

Additionally, the study population was limited to patients presenting 
with isolated headaches, which may not encompass the broader 
spectrum of symptoms associated with CO poisoning. By focusing 
solely on the winter season, we may have also excluded cases 
occurring during other times of the year when different sources 
of CO exposure might be relevant, such as from motor vehicles or 
industrial processes.

Another limitation is the reliance on noninvasive and invasive 
CO measurements as diagnostic tools, which, while helpful, are 
not without potential errors. Variability in the accuracy of these 
methods, especially in patients with borderline results, underscores 
the need for standardized protocols and complementary diagnostic 
criteria.

Finally, the study’s single-center design and limited sample size 
reduce its generalizability. Future multicenter studies involving 
diverse geographic regions, larger and more heterogeneous 
populations, and year-round data collection are warranted to 
address these limitations. Such studies would help better understand 
the regional and seasonal variations in CO poisoning and provide a 
more comprehensive understanding of its epidemiology and early 
detection strategies.

Conclusion

Considering noninvasive CO values as an additional parameter 
during the initial assessment of a patient’s vital signs at admission 
can aid in the early detection of CO intoxication, facilitating timely 
diagnosis and treatment for affected individuals.
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