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Abstract Öz 
Purpose: This study aims to investigate the usability of 
ultrasonographic optic nerve diameter measurement and 
plasma neuron-specific enolase (NSE) levels in detecting 
secondary causes of headaches in patients with refractory 
headaches in emergency department. 
Materials and Methods: The study was conducted in a 
university-based adult emergency department over 3 years. 
Sixty-six consecutive patients presenting to the emergency 
department with refractory headaches and 50 healthy 
volunteers for the control group were included. 
Information recorded included the duration of complaints, 
type and location of headache, symptoms, co-morbidities, 
results of imaging studies, optic nerve diameters, results of 
lactate, arterial blood gas and NSE levels. 
Results: A total of 66 patients were included, comprising 
33 females. The mean age was 43.05 ± 17.06 years. 
Secondary causes of headache were identified in 45 
patients (68.2%). Evaluation of ultrasonographic optic 
nerve diameter revealed that 17 (25.8%) right and 21 
(31.8%) left optic nerve diameters were ≥5 mm. Optic 
nerve diameter values were significantly higher in patients 
diagnosed with secondary headache compared to those 
with primary headache, with no statistically significant 
difference observed in NSE values. Lactate levels in 
patients with secondary headaches were significantly 
higher than those in patients with primary headaches. 
Conclusion: In patients admitted to the emergency 
department with refractory headaches and normal 
imaging, ultrasonographic optic nerve diameter 
measurement may be preferred as an easily accessible 

Amaç: Bu çalışmanın amacı, acil serviste dirençli baş ağrısı 
olan hastalarda ultrasonografik optik sinir çapı ölçümü ve 
plazma nöron spesifik enolaz (NSE) düzeyinin ikincil baş 
ağrısı nedenlerini saptamada kullanılabilirliğini 
araştırmaktır. 
Gereç ve Yöntem: Çalışma, bir üniversite hastanesi 
erişkin acil servisinde, 3 yılı aşkın bir süre boyunca 
yürütülmüştür. Acil servise dirençli baş ağrısı ile başvuran 
66 hasta ve kontrol grubu olarak 50 sağlıklı gönüllü 
çalışmaya dahil edilmiştir. Hastaların şikayetlerinin süresi, 
baş ağrısının tipi ve yeri, semptomları, eşlik eden 
hastalıkları, görüntüleme sonuçları, optik sinir çapları, 
laktat, arteriyel kan gazı ve NSE düzeyleri kaydedilmiştir. 
Bulgular: Çalışmaya 33'ü kadın olmak üzere toplam 66 
hasta dahil edildi. Yaş ortalaması 43.05±17.06 idi. 
Hastaların 45'inde (%68.2) ikincil baş ağrısı nedenleri 
saptandı. Ultrasonografik optik sinir çapı 
değerlendirildiğinde, 17 (%25.8) sağ ve 21 (%31.8) sol 
optik sinir çapının ≥5 mm olduğu tespit edildi. Sekonder 
baş ağrısı tanısı alan hastalarda sağ ve sol optik sinir çapı 
değerleri anlamlı olarak yüksek bulunurken, NSE 
değerlerinde istatistiksel olarak anlamlı bir fark bulunmadı. 
Sekonder baş ağrısı olan hastalarda laktat düzeyleri primer 
baş ağrısı olan hastalara göre istatistiksel olarak anlamlı 
derecede yüksekti. 
Sonuç: Dirençli baş ağrısı ile acil servise başvuran ve 
görüntülemesi normal olan hastalarda, ultrasonografik 
optik sinir çapı ölçümü, ikincil nedenlerin saptanmasına 
rehberlik etmek için kolay erişilebilir bir yöntem olarak 
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method to guide the detection of secondary causes. NSE 
was not an effective in the early selection of patients with 
secondary headaches. 

tercih edilebilir. NSE, ikincil baş ağrısı olan hastaların 
erken seçiminde etkili bir yöntem değildir. 
 

Keywords: Headache; neuron specific enolase; optic 
nerve diameter. 
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INTRODUCTION 

Headaches, affecting numerous individuals and 
posing potential repercussions on work and health, 
necessitate early detection and treatment of 
secondary causes for optimal intervention1,2Imaging 
methods like computerized tomography (CT) and 
magnetic resonance imaging (MRI) are vital for 
diagnosing increased intracranial pressure. However, 
CT has limitations in conditions such as acute stroke, 
pregnancy (due to radiation risks), and potential long-
term malignancy risks in young patients. Although 
MRI offers a radiation-free alternative, its high cost 
and limited accessibility in emergencies pose 
challenges. Consequently, ultrasound (US) has 
become increasingly common in the emergency 
department (ED). Evaluation of the optic nerve with 
the linear probe of US is a very practical application 
and is used in the diagnosis of increased intracranial 
pressure (ICP). In cases where the optic nerve is more 
than 5 mm, it is known that the ICP is above 20 
cm/H2O3. Ultrasonographic measurement of optic 
nerve diameter has emerged as a non-invasive and 
cost-effective method for assessing increased 
intracranial pressure, particularly valuable in 
refractory headache cases4-6. 

Neuron Specific Enolase (NSE), an enzyme specific 
to neurons in the central nervous system (CNS), 
serves as an early indicator of neuronal damage when 
measured in blood and cerebrospinal fluid7,8. 

Despite existing literature predominantly focusing on 
primary and secondary headaches, there is a notable 
gap in studies concerning optic nerve diameter and 
NSE levels in refractory headache cases. Our study 
aims to fill this gap by exploring the potential of 
ultrasonographic optic nerve diameter measurement 
and plasma NSE levels in detecting secondary causes 
of refractory headaches. Especially in Turkey, due to 
the crowdedness of the EDs, it is often impossible to 
follow the patient for observation for a long time. 
Therefore, making a differential diagnosis of patients 
such as those with refractory headache, which is 
frequently encountered in EDs and potentially 
leading to mortal consequences, becomes crucial. 
Imaging modalities and laboratory tests are often 

normal in these patients. A marker that can indicate 
CNS pathology and non-invasive examinations are 
highly significant. Through this research, we seek to 
contribute valuable insights to the decision-making 
process for discharge or hospitalization in the ED 
management of such patients, addressing a critical 
aspect of headache management. 

MATERIALS AND METHODS 

This prospective case-control study conducted in 
Adult ED of Çukurova University Faculty of 
Medicine over a period of 3 years, following approval 
by the Çukurova University non-interventional 
clinical research ethics committee (dated: November 
10, 2017 decision number: 13).  

Sample 
Patients over 18 years of age with refractory 
headaches who provided written consent for 
participation were included. Sixty-six consecutive 
patients presenting to the adult Emergency 
Department with refractory headaches and 50 healthy 
volunteers aged between 18 and 50 years for the 
control group were included in the study. 

Patients with a history of trauma, previously 
diagnosed CNS disease or any conditions affecting 
the nervous system, individuals younger than 18 years 
of age, history of glaucoma, current use of 
medications potentially affecting cerebrospinal fluid 
(CSF) pressure, and patients with ocular prostheses 
were excluded. 

Procedure 
Refractory headache patients were defined as 
individuals who had self-treated or received 
medication from physicians for headache relief 
without success. Following the emergency treatment 
approach and stabilization of vital signs, detailed 
anamnesis, physical, and neurological examinations 
were conducted in all cases. Information recorded 
included the duration of complaints, type and 
location of headache, accompanying symptoms, co-
morbidities, results of imaging studies, optic nerve 
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diameters, lactate levels, and NSE levels. NSE 
measurement was performed using the Roche 
Diagnostics Cobas E 411 system. 

The researcher, a senior emergency medicine 
resident, who conducted the study, was qualified in 
both basic and advanced US techniques, holding a 
certificate of applicability, and possessed sufficient 
knowledge and experience in ocular sonography. The 
entire study was carried out by the same investigator, 
who also performed bedside USon all enrolled 
patients. To assess the optic nerve diameter, patients 
were positioned supine. A linear probe was utilized, 
and the optic nerve diameter was measured 3 mm 
posterior to the globe using the Sonosite Fujifilm US 
device employed in the ED. 

Statistical analysis 
Sample size was calculated with the G*Power 
Version 3.1.9.2 software. Based on the effect size in 
the study "Prospective analysis of single operator 
sonographic optic nerve sheath diameter 
measurement for diagnosis of elevated intracranial 
pressure" by Frumin et al. in 2014 9, the sample size 
was calculated as 66 patients in Group 1 (Patients) 
and 50 patients in Group 2 (Control), for a total of 
116 patients. In the study, descriptive statistical 
analyses such as frequency, percentage, mean, 
median, minimum, and maximum were used to 
evaluate the demographic and clinical characteristics 
of people presented to the ED with headache. For 
numerical data, student's t test was used to compare 
means and Mann-Whitney U test was used to 

compare median values. Independent Groups T-Test 
was used to compare NSE values between the 
patients and control groups. The significance level 
was set as p<0.05 for all analyses. IBM SPSS 22.0 
program was used to perform the analyses. 

RESULTS 

A total of 66 patients with refractory headaches were 
included and 33 (50%) were female. The mean age of 
the patients was 43.05±17.06 years (range 18-82 
years). Three (4.5%) of the patients were pregnant, 
with gestational weeks determined to be eight weeks 
for one pregnant woman and 38 weeks for the other 
two. The control group involved 50 healthy 
volunteers, of whom 22 (44%) were female. The 
mean age of the volunteers in the control group was 
39.12±13.80. 

Forty-seven (71.2%) of the patients reported 
presenting to the ED for the first time with a severe 
headache, while 19 (28.8%) had previously visited 
EDs at external centers. Twenty-eight (42.4%) 
patients presented to the ED with headache alone, 17 
(25.8%) experienced nausea and vomiting, six (9.1%) 
reported dizziness, and four (6.1%) had syncope in 
addition to refractory headache. During ED 
evaluation, eight patients with refractory headache 
exhibited ongoing symptoms, with five patients 
(7.6%) displaying altered consciousness, one (1.5%) 
experiencing loss of limb strength, and two (3%) 
showing speech impairment upon repeat 
examinations. See Table 1. 

Table 1. Number of ED presentations of patients with refractory headache and symptoms accompanying 
headache 

Variables n (%) 

Number of presentations to 
the ED 

1 47 (71.2) 
2 9 (13.6) 
3 5 (7.6) 
4 4 (6.1) 
6 1 (1.5) 

Complaints 

Pain only 28 (42.4) 
Headache + Vision disorders 1 (1.5) 
Headache + Nausea and vomiting 17 (25.8) 
Headache + Changes in consciousness 5 (7.6) 
Headache + Dizziness 6 (9.1) 
Headache + Fever 2 (3.0) 
Headache + Syncope 4 (6.1) 
Headache + Loss of limb strength during follow-up in the ED 1 (1.5) 
Headache + Speech disorder during follow-up in the ED 2 (3.0) 

Abbreviations: ED: emergency department 
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Thirty-nine (59.1%) of the patients reported 
throbbing pain, while 27 (40.9%) experienced 
compressive pain. Additionally, 20 (30.3%) patients 
reported headache localized to the nape of the neck, 
46 (69.7%) to the face, and 44 (66.7%) to the area 
around the eyes. After physical examination, 
imaging, and laboratory tests, 45 (68.8%) patients 
presenting to the ED with refractory headaches were 
diagnosed with primary headaches, while 21 (31.8%) 
were diagnosed with secondary headaches. Among 

the secondary headache diagnoses, 13 (19.7%) 
patients were diagnosed with tension-type headache, 
11 (16.7%) with carbon monoxide (CO) poisoning, 5 
(7.6%) with subarachnoid hemorrhage, and 4 (6.1%) 
with infection. See Table 2. 

Computed tomography findings were negative in 51 
(77.3%) patients, with other findings outlined in 
Table 2. 

Table 2. Diagnosis and CT findings of the patients 
Variables n (%) 

Diagnosis 

Cluster-type headaches 2 (3.0) 
Tension-type headache 13 (19.7) 
Subarachnoid hemorrhage 5 (7.6) 
Subdural hemorrhage 3 (4.5) 
CO poisoning 11 (16.7) 
Mass 1 (1.5) 
Infection 4 (6.1) 
Sinus vein thrombosis 3 (4.5) 
Stroke, ischemia-induced 3 (4.5) 
Transient ischemic attack 1 (1.5) 
Intraparenchymal hemorrhage 3 (4.5) 
Demyelinating diseases 3 (4.5) 
Migraine 6 (9.1) 
Secondary to dialysis 2 (3.0) 
Hypertensive headache 1 (1.5) 
Pseudotumor cerebri 1 (1.5) 
Intracranial hypotension 1 (1.5) 
Subclavian artery thrombosis 1 (1.5) 
Radiculopathy 1 (1.5) 
Secondary to Wegener's 1 (1.5) 

CT 
Findings 

Subdural hematoma 3 (4.5) 
Subarachnoid hemorrhage 5 (7.6) 
Intraparenchymal hemorrhage 3 (4.5) 
Intracranial mass 1 (1.5) 
Abscess, infection 1 (1.5) 
Sinus vein thrombosis 1 (1.5) 
Arterial thrombosis 1 (1.5) 
Normal 51 (77.3) 

Abbreviations: CT: computed tomography, CO: carbon monoxide 

 

Thirty-six (54.5%) of the patients were hospitalized, 
29 (43.9%) were discharged from the ED, and 1 
(1.5%) patient was deceased. It was determined that 
17 (25.8%) right and 21 (31.8%) left optic nerve 
diameters were above 5 mm. The NSE values of the 
patient group were statistically significantly higher 
(p=0.042) than the control group. There was no 
statistically significant difference between the NSE 
values of patients diagnosed with primary and 

secondary headaches (p=0.093); however, the right 
and left optic nerve diameter values of patients 
diagnosed with secondary headaches were 
significantly higher (p<0.001). As a result of the 
investigation of refractory headache, lactate levels in 
patients with secondary headaches were statistically 
significantly higher than those in patients with 
primary headaches (p<0.001). See Table 3. 
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Table 3. The differences between study groups and differences of parameters by headache types 
Variable Study Groups 

Patients (n=66) Control (n=50) p Mean±SD Mean±SD 
NSE (ng/L) 29.50±24.73 21.84±10.30 0.042 
 Headache Type 

Primary (n=21) Secondary (n=45) 
p Mean 

Med (min-max) 
Mean 

Med (min-max) 
NSE (ng/L) 21.51 

20 (6-43) 
33.22 

22 (6-169) 0.093 

Lactate (mEq/L) 1.12 
1.0 (0.7-2) 

2.4 
2 (0.8-7) 0.001 

Right optic nerve diameter (mm) 4.09 
4 (3.3-5.8) 

4.8 
4.8 (3.8-6.6) 0.001 

Left optic nerve diameter (mm) 4.21 
4.2 (2.8-6) 

4.97 
4.8 (3.8-6.5) 0.001 

Abreviations: NSE: Neuron specific enolase, SD: standart deviation 

 
DISCUSSION 

When patients present to the ED with headaches, the 
primary focus is always on diagnosing secondary 
headaches, as these can lead to mortality and 
morbidity10,11. However, this diagnostic process is not 
always straightforward. The character and intensity of 
pain play crucial roles in diagnosing these patients. 
Studies have indicated that secondary headache 
causes are prevalent in cases with sudden onset, 
intense pain, high scores on visual pain scales (VPS), 
and headaches that do not resolve12. Traditionally one 
out of 25 patients presented to the ED with headache 
is traditionally diagnosed with a secondary cause13. 

Regarding etiologic factors, primary headaches are at 
the predominant in EDs14-16. Among a total of 66 
patients with refractory headache in the present 
study, 21 (31.8%) were diagnosed with primary 
headache, while 45 (68.8%) were diagnosed with 
secondary headache. Given that the study included 
patients with refractory headaches, a high rate of 
secondary headaches was expected. 

The nature of the patients' pain, experiencing pain of 
an unprecedented severity, high visual pain scale 
(VPS) scores, the rate of re-admission to the ED, and 
the assessment of accompanying symptoms are 
significant in identifying patients with a secondary 
etiology. In terms of the nature of pain among the 
patients included in the study, it was observed that 39 
patients (59.1%) experienced throbbing pain, while 
27 patients (40.9%) experienced compressive pain. 
Additionally, regarding the nature of pain in patients 

with positive imaging findings, it was noted that 
positive imaging findings were statistically 
significantly higher in patients experiencing 
throbbing pain. In a study conducted by Lynch et 
al.17, it was reported that among 55 cases resulting in 
death, accompanying neurological symptoms, often 
described as red flags, included seizures in 29 
patients, sudden and severe pain (thunderclap) in 28 
patients, the worst headache experienced in 25 
patients, confusion, agitation, or drowsiness in 18 
patients, progressive visual or neurological symptoms 
in 18 patients, and weakness or paralysis in 12 
patients. Nausea and vomiting were reported in 17 
patients. Other reported signs and symptoms 
included meningeal irritation, accompanying systemic 
diseases, ataxia, and pupillary asymmetry. 

In the study, nausea, and vomiting (25.8%) and 
dizziness (9.1%) were the most common symptoms 
accompanying pain. During the investigative 
treatment of eight patients with refractory headache 
in the ED it was concluded that five patients had 
altered consciousness, one (1.5%) experienced loss of 
limb strength, and two (3%) had speech impairment 
upon repeat examinations. 

When examining the causes of death in the study by 
Lynch et al., it was found that 60.4% were due to 
vascular causes, 16.7% were attributed to primary 
brain tumors and cysts, and 6.25% were related to 
meningitis. Among vascular causes, aneurysms 
accounted for 22.9%, with symptoms such as loss of 
consciousness, occipital headache, and neck pain 
potentially accompanied by focal neurological 
deficits17. 
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Other studies have highlighted that headache is a 
common and significant symptom of ischemic 
stroke, particularly among young patients. Notably, 
precursor headache is often a prominent finding in 
major ischemic events. It has been suggested that 
headache may hold particular importance as a 
symptom in infarcts with subcortical versus cortical 
involvement in the vertebrobasilar system and in 
large infarcts 18. In our study, three patients were 
diagnosed with ischemic stroke, one with transient 
ischemic attack, one with a hypercoagulopathic 
condition accompanied by subclavian artery 
thrombosis, one with Wegener's disease, and three 
with dural sinus vein thrombosis. In young patients 
presenting with refractory headaches, investigating 
secondary vascular causes is crucial. Notably, we 
observed that three patients with dural sinus vein 
thrombosis were pregnant, with one at 8 weeks 
gestation and two at 38 weeks gestation. Therefore, 
dural sinus vein thrombosis should be considered as 
a possible diagnosis in pregnant patients presenting 
to the emergency department with refractory 
headaches. 

Approximately 8% of patients presenting to the ED 
with thunderclap headache are diagnosed with 
subarachnoid hemorrahage19. In our study, we 
diagnosed subarachnoid hemorrhage in 5 (7.6%) 
patients, a rate consistent with findings in the 
literature. 

Given the crowdedness of EDs, it is prudent to 
consider certain clinical signs and symptoms 
identified as "red flags" when assessing secondary 
headaches10,20. However, these indicators may 
sometimes be subjective, and emergency CT imaging 
may yield normal results even in the presence of 
significant underlying diseases. In the early stages of 
conditions such as ischemia, pseudotumor cerebri, 
dural sinus vein thrombosis, certain rheumatologic 
diseases with neurological involvement, and in 
pregnant patients without immediate access to MRI, 
other clinical conditions may result in negative 
examinations. Therefore, the availability of laboratory 
and imaging markers is crucial for facilitating patient 
selection. Given the inability to exclude secondary 
headaches with a single effective parameter, extensive 
laboratory and imaging studies may be necessary in 
the ED21. 

When reviewing the literature, it becomes evident 
that optic nerve diameter measurement can serve as 
an early diagnostic tool for increased ICP and provide 
initial treatment guidance. In recent years, the utility 

of cranial US has become increasingly recognized, 
particularly in pediatric patients. Additionally, optic 
nerve US has seen more frequent utilization in EDs 
as a noninvasive and readily accessible method for 
detecting increased ICP22,23. The optic nerve, being a 
white matter bundle of the CNS maintains a direct 
connection between the subarachnoid space of the 
optic nerve and the chiasmatic cistern of the brain24. 
This connection facilitates the free circulation of CSF 
between both areas. When ICP rises, CSF flows into 
the perineural subarachnoid space, leading to 
increased pressure around the optic nerve. 
Consequently, this results in the enlargement of the 
dural sheath and an increase in optic nerve sheath 
diameter25,26. In a study by Frumin et al.9, the cutoff 
value of optic nerve sheath diameter was found to be 
>5.2 mm when invasively ICP exceeded 20 mmHg. 
In this value, sensitivity was 83.3% and specificity was 
100%. This cutoff value exhibited a sensitivity of 
83.3% and specificity of 100%. Comparison of 
patients with negative and positive cranial CT 
imaging revealed significantly higher optic nerve 
diameter measurements in patients with positive 
imaging, particularly on the ipsilateral side of the 
lesion27. 

Unfortunately, the diagnosis of increased intracranial 
pressure (ICP), particularly in conditions like 
pseudotumor cerebri, is often delayed. This delay 
stems from the challenges associated with the 
invasive method of ICP measurement, which can be 
difficult for both physicians and patients and is often 
applied with hesitation. In a retrospective study 
involving 35 patients diagnosed with pseudotumor 
cerebri, the CSF opening pressures of patients, 
initially reported as normal upon admission for 
severe headaches, were re-evaluated in terms of optic 
nerve diameter. It was found that 32 out of 35 
patients exhibited increased optic nerve diameter. In 
most cases of pseudotumor cerebri, the enlargement 
of the optic nerve sheath diameter indicates elevated 
ICP, even when CT scans yield negative results. 
Therefore, measuring the diameter of the optic nerve 
sheath has been recognized as a diagnostic tool in 
suspected cases of pseudotumor cerebri, aiding in 
early and accurate diagnosis, preventing misdiagnosis, 
and ensuring appropriate initial treatment28. In our 
study, comparison of optic nerve diameters between 
patients with primary headaches and those with 
secondary headaches revealed significantly higher 
optic nerve diameters in patients with secondary 
headaches. 
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However, the measurement of optic nerve diameter 
with US requires training. While a significant 
laboratory test that is easy to perform in the ED 
could facilitate the recognition of secondary 
headaches and alleviate the burden on physicians by 
aiding in the selection of patients for further 
investigation, unfortunately, there is currently no 
effective laboratory test for the differential diagnosis 
of primary and secondary headaches in the ED. In 
the literature, experimental studies have explored 
various diseases directly involving the CNS but the 
available tests have not been routinely adopted. For 
instance, in a study investigating biomarkers 
predictive of differentiating stroke patients from 
stroke-like conditions, biomarkers such as eotaxin, 
EGFR, S100A12, TIMP-4, and prolactin were found 
to be significant29. Additionally, recent studies have 
suggested that NSE indicates brain cell damage, 
particularly in stroke patients. These studies have 
shown that serum NSE levels are higher in stroke 
patients compared to the control group and are 
associated with the infarct area. However, NSE levels 
were not associated with functional outcome and 
stroke severity, possibly due to differences in 
sampling times, as NSE levels typically peak after 24 
hours. Therefore, there is a higher correlation 
between stroke severity and NSE level with later 
sampling times29,30. Furthermore Raabe et al. did not 
find a statistically significant relationship between 
NSE levels and contusion volume or extent of 
damage in patients with head trauma31. Other studies 
have reported that NSE levels were not elevated in 
benign primary heacaches.  For example, in a study 
of patients with headaches, cerebrospinal fluid (CSF) 
and serum NSE concentrations in patients with acute 
benign headaches were not associated with the 
predicted neuronal damage32. 

In our study, when comparing the NSE values of 
patients diagnosed with primary and secondary 
headaches, no statistically significant difference was 
found (p=0.093), however, the right and the left optic 
nerve diameter values of patients diagnosed with 
secondary headaches were significantly higher 
(p<0.001). Interestingly, when comparing the healthy 
and patient groups in our study, we observed that the 
NSE values of the patient group were statistically 
significantly higher (p=0.042) than those of the 
control group. This finding suggests that patients 
with refractory headaches exhibit elevated NSE levels 
compared to healthy individuals, indicating 
underlying pathophysiological processes that may not 
be detected under current emergency conditions. 

The exclusion of patients with severe neurological 
outcomes secondary to headaches at the time of 
admission was considered to be a potential reason 
why NSE values were not significantly higher in 
patients with secondary headaches compared to 
those with primary headaches. Our study is focused 
on identifying these patients at an early stage, aiming 
to prevent consequences such as coma and severe 
neurological deficits. By identifying and intervening 
in patients with refractory headaches early on, we 
hope to mitigate the risk of severe neurological 
outcomes and improve patient outcomes overall. 

As a result of investigating refractory headaches, 
lactate levels (p<0.001) in patients with secondary 
headaches were found to be statistically significantly 
higher than those in patients with primary headaches. 
This suggests that carbon monoxide poisoning was 
diagnosed in 8 of the patients with refractory 
headaches included in our study, and it is believed 
that this condition led to a significant increase in 
lactate values due to its impact on tissue perfusion. 

The study's focus on a 3rd level university hospital, 
characterized by a high influx of referrals from sub-
institutions and patients with comorbidities, poses 
challenges in study group. Our center, serving as a 
hub for migration from rural areas, experiences an 
elevated incidence of CO poisoning cases, 
particularly during the winter months covered by the 
study. The study's location in a level 3 facility, situated 
at a distance from the city center, introduces 
constraints, with lower admissions from green and 
yellow areas compared to the red area, thereby 
contributing to a relatively small number of patients 
presenting with refractory headaches. The relatively 
limited number of participants in the study may 
present challenges in extrapolating the findings to the 
broader population and to primary and secondary 
care hospitals. 

In conclusion, among patients with refractory 
headaches and normal imaging, ultrasonographic 
optic nerve diameter measurement may be preferred 
as an easily accessible method to guide the detection 
of secondary causes. Ultrasonographic optic nerve 
measurement in pregnant patients presenting to the 
ED with refractory headache, especially in pregnant 
patients in whom tomography may not be 
appropriate, may guide clinicians to differential 
diagnoses. However, extensive studies on this subject 
are needed. Although NSE values were significantly 
higher in patients with refractory headaches 
compared to the control group, it was determined 
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that NSE was not an effective marker in the early 
selection of patients with secondary headaches. 
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