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Abstract

Background: For many patients with neurological complaints, a non-enhanced brain computed tomography (CT) scan is the first
workup. In some of these patients, there is no pathological finding. Anemia is a condition that can present with neurological symp-
toms without any imaging findings. The correlation of dural venous sinus density with hemoglobin (Hb) level has been shown in
some recent studies.
Objectives: This study aimed to propose a strategy to predict the level of Hb and investigate the possibility of underlying anemia
based on dural venous sinus density to facilitate treatment.
Patients and Methods: The CT scans of selected patients, who were referred to Faghihi Hospital in Shiraz, Iran, from October 2018
until February 2019, were reviewed in this study; the complete blood count (CBC) was measured for cases without any findings.
The data of 78 patients, including CBC parameters and the mean Hounsfield unit (HU) in the superior sagittal sinus (SSS), torcula
herophili (TH), and transverse sinuses (TS), were also analyzed.
Results: A relatively strong direct linear correlation was found between the Hb level and HU. The Hb level was calculated based on
the following formula: Hb level = 0.2× SSS HU + 1.2× sex factor - 0.01× age (where sex factor is zero for females and one for males).
Besides, measurement of the cutoff point for the mean HU of SSS, based on the ROC curve to predict anemia, showed that with SSS
HU ≤ 50, anemia could be predicted with 84.62% sensitivity, 75.38% specificity, and 75.64% accuracy in the general population.
Conclusion: A significant positive correlation was found between the Hb level and the mean HU of dural venous sinuses. Therefore,
the level of Hb is predictable based on HU, and differential diagnoses are limited.
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1. Background

Today, non-enhanced brain computed tomography
(CT) scan is performed as the first imaging step for most
patients with neurological and psychological symptoms.
However, in some of these patients, there are no patholog-
ical imaging findings to explain their signs and symptoms
(1-3). One of the conditions presenting with neurological
symptoms, without significant imaging findings, is ane-
mia. It is the most common hematologic disorder, affect-
ing 30% of the world’s population (4). This condition has
non-specific symptoms, such as fatigue, palpitations, and
exertional dyspnea (4, 5). It also causes neurological and
psychological complaints, such as headache, poor concen-
tration, and depression; even in the elderly, it is associated
with a greater risk of Alzheimer’s disease (6-9).

Recently, some studies have investigated the relation-

ship between non-enhanced CT findings of different body
areas and laboratory indicators of anemia. Recent stud-
ies have demonstrated the association of the myocardium,
interventricular septum, and aortic wall density in non-
enhanced chest CT scan with anemia (10, 11). Other investi-
gations have reported a correlation between dural venous
sinus density and blood hemoglobin (Hb) levels (1-3). If the
association between dural venous sinus density and ane-
mia is confirmed, patients with neurological or psycho-
logical complaints, without significant findings on non-
enhanced brain CT scan, can be referred for further exam-
inations and therapy, with the possibility of anemia as the
underlying cause of their complaints. Although previous
studies have demonstrated a significant correlation be-
tween dural venous sinus density and Hb level (1-3), further
investigations are needed to determine its reproducibility
in different populations.
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2. Objectives

In the present study, we aimed to propose a strategy to
predict the Hb level and evaluate the possibility of anemia
as an underlying cause based on the dural venous sinus
density. Our findings can help identify anemia, improve
the follow-up of patients, and improve their lifestyle.

3. Patients and Methods

In this cross-sectional study, 78 patients, who were re-
ferred for non-enhanced brain CT imaging to the Radiol-
ogy Department of Shahid Faghihi Hospital in Shiraz, Iran,
from October 2018 until February 2019, were evaluated.
This study was approved by the Ethics Committee of Shi-
raz University of Medical Sciences, Shiraz, Iran. The exclu-
sion criteria were as follows: age≤ 18 years; history of head
trauma, intracranial hemorrhage, brain tumor, or cranial
surgery; coagulopathy disorders; and an old or new cere-
brovascular accident.

CT images were acquired with a Siemens Somatom
Spirit Dual Slice Scanner, which was routinely calibrated
using a calibration phantom. A non-enhanced brain CT
scan was performed for each patient. The image acquisi-
tion parameters were as follows for all patients: a tube volt-
age of 130 kVp, a tube current of 110 mAs, and a slice thick-
ness of 2.5 mm in an 8-mm slice interval. The mean volume
CT dose index was 25.05 mGy (range: 22-27.50 mGy). The
images were reviewed immediately by an expert radiolo-
gist in a window level of 35 Hounsfield units (HU) and win-
dow width of 80 HU. Patients without pathologic imaging
findings were asked to sign an informed consent form and
were referred for blood sampling to determine the com-
plete blood count (CBC). Checklists were used to register
the clinical and laboratory parameters accurately.

The acquired images were transferred from INFINITT
PACS to eFilm Workstation 2.1 Merge eMed to designate the
HU. An expert radiologist, unaware of the laboratory pa-
rameters, interpreted the imaging studies to reduce ob-
server bias. The region of interest (ROI) was selected in sites
with minimum beam hardening artifact. For all examina-
tions, the ROI area was 0.1 cm2. HU was measured at the
level of torcular herophili (TH) (one section above and one
section below it). The mean ± SD of HU was recorded as
mean ± SD HU of TH for the mentioned three sites. Also,
HU was measured in three consecutive sections in the pos-
terior (more apparent) part of the superior sagittal sinus
(SSS) (Figure 1 presents the measurement of HU at the level
of SSS), as well as bilateral transverse sinus (TS) in the same
segment. In case of unilateral hypoplasia of TS, HU was
measured in normal sinuses in two consecutive sections.

The mean±SD HU was measured for three SSS measure-
ments, and also, two or three TS HU values were calculated
and recorded for each patient in the checklists.

3.1. Statistical Analysis

Data were entered in SPSS version 18 for data analysis.
Categorical variables are presented as frequency and per-
centage, while continuous variables are reported as mean
± SD. Kolmogorov-Smirnov test was used for assessing and
confirming the normal distribution of variables, and Pear-
son’s correlation test was applied for quantitative vari-
ables. Based on student’s t-test, a significant correlation (P
< 0.01) was found between sex and Hb level. Next, to deter-
mine independent factors influencing the Hb level, mul-
tiple linear regression analysis was carried out. Age, sex,
mean HU, WBC, and platelet count were also investigated
in this study. Moreover, the stepwise method was applied
to develop a regression model; the characteristics of the
model are presented in Table 1. Finally, a receiver operating
characteristic (ROC) curve analysis was performed to deter-
mine the cutoff point and estimate sensitivity, specificity,
and accuracy. P-values <0.05 were considered statistically
significant.

Table 1. Variables of the Regression Model and Their Coefficientsa , b

Variables B SE P-value

Constant 3.342 1.988 0.097

SSS 0.2 0.039 0.000

Sex 1.2 0.267 0.000

Age -0.01 0.006 0.036

Abbreviations: SSS, superior sagittal sinus; SE, standard error.
aModel R2: 0.579.
bDependent Variable: Hemoglobin.

4. Results

Seventy-eight patients, including 23 men (29.5%) and
55 women (70.5%) in the age range of 21-83 years (mean =
43.44, SD = 16.5), entered this study. The mean ± SD HU
was measured as previously described for each dural sinus.
It was found that SDs are constant with a narrow range of
change (2.7 - 4) in all examined sites; therefore, they did not
influence the results. Moreover, scatter plots were drawn
to evaluate the correlation of Hb level with the mean HU in
each mentioned site and also with age. Figure 2 indicates
the scatter plot of the correlation of Hb level with the mean
SSS HU. According to the scatter plots, there was a signifi-
cant positive correlation between the level of Hb and the
mean HU in each site. Table 2 presents the results of Pear-
son’s correlation test.
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Figure 1. Measurement of Hounsfield unit (HU) at the level of superior sagittal sinus (SSS)

Table 2. The Results of Pearson’s Correlation Test

Hb SSS HU TH HU TS HU

Pearson’s correlation coefficient 0.665 0.591 0.535

P-value 0.000 0.000 0.000

Abbreviations: SSS, superior sagittal sinus; HU, Hounsfield unit; TH, torcula
herophili; TS, transverse sinuses; Hb, hemoglobin.

There was a significant direct relationship between the
level of Hb and the mean HU in SSS, TH, and TS, with corre-
lation coefficients of 0.66, 0.59, and 0.53, respectively (P <
0.0001 for all). In our study, the most significant correla-
tion was found between the level of Hb and the mean HU in
SSS (correlation coefficient: 0.66). Also, the results of Pear-
son’s correlation test revealed the colinearity of the mean
HU in our three sites of measurement. Therefore, the SSS
HU was used for further analyses. Also, a weak reverse lin-
ear correlation was found between the Hb level and age (P
= 0.06, r = -0.20). Besides, a significant correlation was ob-
served between sex and Hb level (P < 0.01). Next, a multiple
linear regression analysis was performed. By studying age,
sex, the mean HU, WBC, and platelet count based on a step-
wise approach, a regression model was extracted. The Hb
level was predicted based on the following formula:

Hb level= 0.2 × SSS HU + 1.2 × sex factor - 0.01 × age

where sex factor is zero for females and one for males.
With each unit increase in SSS HU, the Hb level increased by
0.2 g/dL in each patient. According to the definition of ane-
mia (Hb < 14 g/dL in males and Hb < 12 g/dL in females), 12
(15.4%) patients, including two men and ten women, were
anemic. The mean, median, and frequency of SSS HU in
anemic and non-anemic men and women are shown in box
plots. Figure 3 presents a box plot of SSS HU among women

in anemic and non-anemic groups.
A significant correlation was found between anemia

and the mean HU in all three sites (P < 0.05), and the mean
HU was significantly higher in the non-anemic group. The
ROC curve analysis revealed that at a cut-off point of SSS
HU ≤ 50, anemia could be predicted in the general popu-
lation with sensitivity of 84.62%, specificity of 75.38%, and
accuracy of 75.64% (P = 0.0001, AUC = 0.8). In the subgroup
ROC curve analyses for men and women, a significant, but
weak result was obtained in the male group (P = 0.54, AUC
= 0.69), while the result showed strong significance in the
female group (P = 0.0005, AUC = 0.77). Therefore, by con-
sidering the SSS HU ≤ 50 as the cutoff point, anemia could
be predicted in the female group with sensitivity of 90.91%,
specificity of 63.64%, and accuracy of 67.27%.

5. Discussion

Recently, several studies have been performed to as-
sess non-enhanced CT images of different parts of the
body and laboratory findings of anemia, especially the Hb
level. Some studies confirmed the significant association
of dural venous sinus density with the blood Hb level (1-
3). If such a relationship is confirmed, patients with neu-
rological symptoms without significant findings on non-
enhanced brain CT imaging can be referred for further
workup and therapy. In our study, a significant positive
correlation was observed between the level of Hb and the
mean HU in each of the three examined sites (SSS, TH, and
TS). A weak negative correlation was found between the Hb
level and age; also, there was a significant relationship be-
tween the level of Hb and sex. A formula was extracted
based on the multiple regression analysis to predict the Hb
level.
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Figure 2. The scatter plot of the correlation of hemoglobin (Hb) level with the mean superior sagittal sinus (SSS) Hounsfield unit (HU).

According to our results, SSS (with the highest corre-
lation coefficient) was the most appropriate site for Hb
prediction among the three examined sites. Because of
the colinearity of the mean HU in these three sites, only
SSS HU was used for subsequent assessments. Three vari-
ables, including age, sex, and SSS HU, could predict the Hb
level. Meanwhile, the role of SSS HU in prediction was more
prominent, and the SSS cutoff point was measured to be
≤50 HU in the general and female populations with ac-
ceptable sensitivity.

Our results are comparable to several previous studies.
Nevertheless, it should be noted that we excluded patients

younger than 18 years as a confounding variable due to dy-
namic brain changes in adolescents. The correlation coef-
ficients measured in our study are more significant than
those reported by Bruni et al., while they are lower than the
results obtained by Seung Young Lee et al. (3); therefore, we
can assume that our results have a remarkable influence.
For accurate data registration, we used face-to-face com-
munication with the patients and performed CBC within
the shortest possible interval from the imaging study (<1
h).

In most previous studies, no comparison was made to
find the best site of dural venous sinuses for measuring HU
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Figure 3. The box plot of superior sagittal sinus (SSS) Hounsfield unit (HU) among females in the anemic and non-anemic groups

to predict the Hb level. To the best of our knowledge, this
study is one of the few investigations regarding the impor-
tance of dural venous sinus measurement sites. Similar
to a study by Lee et al., we surveyed HU in several sections
and used the mean values for analysis, which increased the
accuracy of our measurements (2). Our study is possibly
one of the few investigations that implemented a multiple
regression analysis to extract a mathematical formula for
predicting the Hb level, based on the SSS HU, sex, and age.
Similar formulae for the female and male groups were ob-
tained in a study by Bruni and colleagues (2). Nevertheless,
we believe that our formula is more applicable in routine

practice by radiologists.

In this regard, Chaudhry et al. examined 243 patients,
undergoing non-enhanced brain CT imaging in a tertiary
care center as part of a designated workup to find the neu-
rological cause of their complaints. They classified the pa-
tients into four categories based on the Hb level. The mean
HU values were recorded for dural venous sinuses. Con-
trary to our findings, the most significant positive corre-
lation was found between the Hb level and the confluence
of sinus density. A marked similarity between our findings
and those reported by Chaudhry et al. is the correlation
coefficient measurement. The Pearson’s correlation coeffi-
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cient for the correlation of SSS HU with Hb level was 0.66 in
our study. Similarly, Chaudhry et al. reported R2 of 0.63 for
the correlation of HB with attenuation at the confluence
of dural sinuses. By conducting further research, more re-
liable results can be obtained regarding the measurement
of dural venous sinus density for the prediction of Hb level
(12).

Moreover, another large-scale study (n = 640) indicated
that among parameters influencing the dural venous si-
nus attenuation, Hb and hematocrit levels were the only
factors with significant correlations with the average du-
ral sinus attenuation (13). A similar investigation of 230
individuals (54 cases with cerebral intravascular clot and
176 cases without thrombus) revealed that hematocrit, red
blood cell count, and Hb level were the main determinants
of venous sinus density. They also emphasized that the
differences between the right and left intracranial vessels
were more reliable for identifying clots as compared to the
HU value alone (14). These findings support our results and
reinforce the suggestion of using dural venous sinus den-
sity to estimate the Hb level.

Among different body parts recently investigated for
Hb level prediction, dural venous sinuses are the most fre-
quently mentioned sites. The results of several studies eval-
uating other body parts are also consistent with the find-
ings of cerebral venous sinuses. The study conducted by
Foster et al. may be one of the oldest studies to estimate
anemia based on non-enhanced CT characteristics quali-
tatively. They concluded that the visibility of the inter-
ventricular septum on a non-enhanced thoracic CT scan is
suggestive of underlying anemia (10). Another example is
a case-report by Marmol et al., using sites other than du-
ral venous sinuses to determine anemia. They described a
case of gastrointestinal bleeding with a concomitantly de-
creased density of dural venous sinuses, abdominal aorta,
vena cava, and cardiac chambers (15).

In a prominent study on 317 patients with different
severity classes of anemia (mild, moderate, and severe),
the difference between the HU value of the interventricu-
lar septum and the left ventricle cavity (IVS-LV) was calcu-
lated, and a strong correlation with the Hb level was found.
Similarly, we found a direct linear correlation between the
mean HU value in all of the examined dural venous sinus
sites and Hb level. They also measured the IVS-LV cutoff
points in different severity subgroups for the diagnosis of
anemia (16).

One of our study limitations was the small male sam-
ple size (23 men vs. 55 women). Therefore, we could not
reliably determine the cutoff point in the male popula-
tion, and the measured cutoff point for the female group
was relatively close to the general population (50 HU). It
appears that further research on a larger sample size and

comparable male-to-female ratios is needed to determine
more precise cutoff points for the general community and
gender subgroups. Also, some previous studies have re-
ported inter-scanner variations in HU measurements. In a
study by Lamba et al., different CT measurements were re-
ported for abdominal soft tissues, using two distinct com-
mon CT scanners (17). Likewise, Oh et al. found that the
gray and white matter-calculated HUs, and consequently
their ratios, were strikingly variable among different CT
scan systems (18). Besides, in some studies, variations be-
tween the measured HUs at different energy levels of ra-
diation have been reported (19). Therefore, our developed
formula should be cautiously used in other CT machines
unless it is modified in future studies.

In conclusion, a significant positive correlation was
found between the Hb level and the mean HU of dural ve-
nous sinuses; therefore, the level of Hb is predictable based
on HU, and differential diagnoses are limited. However, de-
termining a cutoff point for HU to predict anemia requires
further research.
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