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High Altitude Subjects and Methods: A single-center study was carried out on 49

subjects who admitted to the emergency department, throughout the
period June-December, 2019 who underwent unenhanced head CTs.
Patients were imaged using a 128-detector row CT scanner. A complete
blood count (CBC) within a 24-hour period, regardless of patient
symptoms or signs was performed to all subjected enrolled in the study.
Results: Dural sinus density ranged between 40 and 72 Hounsfield unit
(HU) with a mean of 55.9 and standard deviation of 8.2 HU. There was
a significant positive correlation between dural sinus density and
haematocrit values of the patients (r=0.49, p=0.001). Also, there was a
significant negative correlation between dural sinus density and
patients” age (r=-0.38, p=0.010). Dural sinus density was significantly
higher among female than male patients (58.59+8.20 vs. 52.68+7.14,
p=0.011).

Conclusion: Living in a high altitude arealeads to an increase in
hematocritelevel whichmight lead to appearance of CT findings as the
patient has false venous sinus thrombosis. Therefore, this should be
taken into consideration.
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Introduction:-

It is well known that hypoxia resulted from chronic high altitude produces an increase in hemoglobin concentration
as well as red blood cell count and hematocrit values.*?In addition, recently Akunov et al (2018) concluded that
hemoglobin levels have a linear relationship with the duration of exposure to intermittent hypoxia.®

This increase in the levels of hemoglobin or hematocrite levels result in an increase in x-ray attenuation within the
vasculature which may lead to variability between patients in the radiodensity on CT images within the intracranial
vasculature.®
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Limited information about the possible correlation between hematocrit level and dural density has been reported. >
®However, recently a study included 166 aged between 2 and 100 revealed a positive correlation between hematocrit
levels and CT attenuation in cerebral venous sinuses.®

The current study aimed to screen the possible correlation between the haematocrit levels and CT density of dural
sinuses in Alhada, 1900 meter above sea level.

Materials and Methods:-

Ethical approval:-

The current study was approved from the Ethical committee of the Al-Hada hospital and a written informed consent
was obtained from each subject prior to enrollment in the study.

Subjects:-

This study was included all cases admitted to emergency department, Al-Had armed Forces hospital, Taif
throughout the period June-December, 2019 who underwent unenhanced head CTs (n:49). All included patients had
complete blood count (CBC) test within a 24-hour period, regardless of patient symptoms or signs. Patients with
intracranial artifact, pathology, trauma-related injury or postoperative changes that might influence the venous sinus
density were excluded. Patients who had received contrast material for another study within 3 days of the CT or if
they were suspected clinically to have a venous sinus thrombosis were also excluded. Patients who had complete
blood count within 24 hours of the CT were included.

Patients were imaged using a 128-detector row CT scanner (Somatom Definition AS; Siemens Medical Solutions,
Forchheim, Germany). Images were acquired by using CT parameters of 120 kV; section thickness, 5 mm; 320 mA,;
and pitch: 0.55m.

Axial unenhanced CT scan of the brain was reviewed by using the picture archiving and communication system by
one neuroradiologist. A region of interest (ROI) was drawn by using a cursor within the inferior aspect of the
superior sagittal sinus in all cases. We manually created a circular or elliptical ROl of varying volume, ranging from
5 to 9 mm2 making it as large as possible without overlapping with the sinus wall (Fig 1). The ROI does not include
the sinus wall or artifact from the adjacent calvarium considered to be an accurate representation of reality.

Statistical Analysis:-

Data entry and statistical analysis were done using the statistical Package for Social Sciences (SPSS) software,
version 25. Spearman’s correlation coefficient was used to test for the linear relationship between age, HCT and CT
density of dural sinuses. Two-tailed t-test was applied to test for the difference in means of CT density of dural
sinuses between male and female patients. Statistical significance was determined at p<0.05.

Results:-

1. The study included 49 patients. Their age ranged between 4 and 94 years with a mean of 46.9 and standard
deviation of 25.2 years. Females represent 55% of them.

2. Dural sinus density ranged between 40 and 72 Hounsfield unit (HU) with a mean of 55.9 and standard deviation
of 8.2 HU. Figure 2 shows a significant positive correlation between dural sinus density and heamatocrit % of
the patients (r=0.49, p=0.001).

3. Figure 3 demonstrates a significant negative correlation between dural sinus density and patients™ age (r=-0.38,
p=0.010).

4. Dural sinus density was significantly higher among female than male patients (58.59+8.20 vs. 52.68+7.14),
p=0.011. Table 1

Discussion:-

The present study confirms findings of others9-11 that dural sinus radiodensity correlated positively with
haematocrit level. This finding is very important, particularly in our situation of living in a high altitude area (6,600
ft above sea level) as the increase in haematocrite level might lead to appearance of CT findings as the patients have
false venous sinus thrombosis. Black et al9 observed in their cohort that some patients with sinus thrombosis had
HU >70 and the highest HU without sinus thrombosis was 69. In the present study, we excluded patients with
suspected venous sinus thrombosis.
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In the current study, the dural sinus density ranged between 40 and 72 Hounsfield unit (HU) with a mean of 55.9 and
standard deviation of 8.2 HU. Relatively lower figures have been reported by others. In Lee et al study,10 the mean
densities ranged between 24.7 and 53.7 HU with a mean of 43.3, while Black et al9 reported a range of 32-69 HU.
Among pediatric population, Osborn et al observed a range of 50 and 68 HU12 whereas among adult population,
Virapongse reported a mean of 50 HU and SD of 7.5.13 The relatively higher value of dural sinus density observed
in this study could be attributed to the fact that our patients were recruited from a high altitude area with relatively
higher hematocrit levels.

The current study revealed that dual sinus density correlated negatively with patient’s age. This coincides with what
has been observed by Mahlknecht and Kaiser that haemoglobin/hematocrite levels in healthy elders are generally
lower than those in younger adults.14 This is again confirms indirectly the relationship between HCT and dural
sinus density.

It is documented that the level of haematocrite is higher in males than female and this variation has been suggested
to be due to a genetic basis.15 However, in the present study, female patients had significantly higher dural sinus
density, which we cannot explain it by variation in the hematocrite level. Further in-depth investigation is
recommended to explain this unexpected finding

The study has some limitations that should be addressed. The relatively small number of cases included in it limits
the precision of conclusions regarding the observed findings. Despite of that, our findings indicated that haematocrit
level might be helpful clinically, further studies with higher numbers of cases are recommended. In this study, only
one scanner utilized and one radiologist interpreted the findings as Hus usually vary slightly from scanner to scanner
and also the interpretation could be slightly different from one radiologist to another and this would increase the
precision of our findings.

Mean: 63, Deviation: 4.6

Figure 1:- Selected cute of the non-enhanced CT scan of the brain to demonstrate the placement of the region of the
interset within the lower aspect of the superior sagittal sinus to measure the dural sinus density in Hounsfield unit.
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Figure 2:- Scatterplot and correlation between haematocrit % and dural sinus density.
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Figure 3:- Scatterplot and correlation between age and dural sinus density.

Table 1:- Comparison of dural sinus density (HU) between male and female patients (n=49).

MeanzSD
Male (n=22) 52.68+7.14
Female (n=27) 58.59+8.20

P=0.011
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Conclusion:-

Radiological dural sinus density correlates positively with HCT Level and negatively with patient’s age and more
likely to be higher in female than male patients. Living in a high altitude area leads to an increase in haematocrite
level which might lead to appearance of CT findings similar to what is detected in false venous sinus thrombosis.
Moreover, correlation with haematocrit level in addition to the clinical assessment would be helpful to decide to
weather the confirmatory neuroimaging studies such as CT venography are warranted to rule out dural sinus
thrombosis.
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