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Abstract

Purpose: One of the indirect methods that has been proposed as a way of the detection of anemia is blood
attenuation in non-contrast Computed Tomography (CT) scans. Some indices of non-contrast CT scans have been
studied as a clue. Most known of such indices include aortic blood density and the difference between blood
density and aortic wall density. In the current study, we aimed to evaluate the left ventricle blood attenuation and
its relation to patients’ hemoglobin levels.

Materials and Methods: A total of 523 patients who underwent non-contrast chest CT scan with available
hemoglobin levels within 48 hours of interval from CT scan acquisition were recruited for this study. Left
ventricle blood attenuation was measured and the correlation with hemoglobin levels was evaluated.

Results: There was found to be a linear correlation between blood attenuation in the left ventricle and hemoglobin
levels (r=0.33). Our results showed that the highest level of accuracy for diagnosis of anemia is in the Hounsfield
Unit of 37.5 for women and 38.5 for men (with 68% sensitivity and 60% specificity) which can be regarded as a
reliable threshold.

Conclusion: It can be concluded that the attenuation of the blood in the left ventricle can potentially be a hint for
anemia and further evaluation for Hb levels.

Keywords: Non-Contrast Computed Tomography Scan; Anemia; Anemia Prediction; Hounsfield Unit; Left
Ventricle Attenuation.
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Left Ventricle Blood Attenuation in Non-Contrast Chest CT Scan as a Clue for Prediction of Anemia

1. Introduction

Indirect data achieved from Computed Tomography
(CT) scans has been sought for the prediction of several
conditions from bone mineralization to risk assessment of
pulmonary embolism [1, 2]. One kind of the subsidiary
information attained by CT studies is the density of
different tissues. Blood density is one of those
quantitively-assessable markers that can be utilized for a
vast variety of purposes.

Anemia is reliably diagnosed via a Complete Blood
Count (CBC) test and includes indices like Hemoglobin
level, hematocrit, MCV (Mean Corpuscular Volume),
MCH (Mean Corpuscular Hemoglobin), etc. either in
symptomatic or asymptomatic individuals.

Although the diagnosis of anemia is not the main goal
of performing CT scans, detecting subjects with anemia
respecting CT markers had been previously studied to
some extent, and a number of indices had been described
as surrogates of anemia [3]. “Aortic ring sign”, as visibility
of aortic wall in contrast with hypo attenuated aortic blood
[4], and “Interventricular septum sign”, as sharp visibility
of interventricular septum [5], are of the firstly-described
markers for the prediction of anemia in CT scan. Besides
the subjective nature of the aforementioned markers,
interference of such markers with some pathologic
conditions like hemochromatosis or glycogen storage
diseases can have potential impacts on the final decision
[6, 7]. As so, objective indices like CT Hounsfield Unit
(HU) of aortic artery blood or the difference between HU
of the interventricular septum and intraventricular blood
have been proposed [8]. Moreover, some comparative
studies have been conducted between such indices, the
result of which revealed the superiority of “blood-
interventricular septum density difference” over others

[9].

In the current study, we focused on the left ventricular
blood HU and its correlation with Hemoglobin (Hb)
levels, as a clue for the detection of anemia, in patients
who underwent chest CT scans.

2. Materials and Methods

2.1. Patients

All patients who underwent non-contrast chest CT
scan for any indication with available CBC (Complete
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Blood Count) with a 48-hour interval from the CT
scan, from January 2017 to January 2019 were
recruited for this cross-sectional study implemented in
Imam Ali Hospital, Zahedan, Iran. Trauma patients
and those with acute blood loss or transfusion, as well
as those with ages less than 18 and more than 90 years,
were kept out from the study sample. After
consideration of inclusion and exclusion criteria, 523
patients were selected for the study.

Because this was a retrospective study, written
informed consent was waived from the process. Also,
all ethical considerations of Helsinki [10] were
observed.

2.2. CT Acquisition

All CT scans were obtained utilizing a 64-slice CT
machine (Siemens Medical System Inc., Erlangen,
Germany). During CT acquisition, patients were in a
supine position, the scans covered lung apices to the
diaphragm, the caudocranial direction was applied and
images were taken during patients’ inspiration [11].
The routine protocol for image acquisition includes
items such as: tube voltage considered less than 120
kVp, the tube current as recommended by the
automated current adjustment mode, and low dose
variant adjust CTDI,q to less than 3 mGy.

After CT acquisition, an expert radiologist checked
the images using the INFINIIT PACS System
(INFINITT Healthcare Co. Ltd., Seoul, South Korea).
All studies were evaluated in standard mediastinal
view in an axial plane. For achieving the HU of the
blood in the left ventricle, an area (Region of Interest)
with an approximate diameter of 10 mm was selected
using “area” tools. The Mean HU given by the system
was collected for each subject.

2.3. Hemoglobin

Hemoglobin levels were extracted from patients’
CBC examinations with a maximum interval of 48
hours from the CT scan. Also, all Hb levels were
measured using the same protocol with the Sysmex
machine (Sysmex Corporation, Kobe, Japan) [12].

Anemia was determined as Hb level less than 12
g/dL in men and less than 14 g/dL in women
considering WHO guidelines[13].
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2.4. Statistical Analysis

The data were analyzed employing SPSS v21
(SPSS Inc., Chicago, Ill., USA) for Windows
(Microsoft Corporations, Washington D.C, USA) with
a significance level of 0.05 or less. Quantitative data
were documented as numbers and percentages. The
Pearson correlation method was applied for the
comparison of the two variables. Receiver Operating
Characteristic (ROC) curves were assessed for
quantitative  parameters to  predict anemia
comprehensively and define true positive versus false
positive rates. Also, the Area Under the Curve (AUC)
defined the average sensitivity value for all possible
feature values.

3. Results

A total number of 523 subjects were recruited for
this study including 276 males and 247 females. The
average ages of men and women were 55 and 51,
respectively. The average hemoglobin level in men
was 11.5 and in women 10.8, and in total it was 11.1,
and this difference in the level of hemoglobin was
statistically significant (P-value=0.04).

There was found to be a linear correlation between
blood attenuation in the left ventricle and Hb levels
(r=0.33). This means that with the increase in the level
of hemoglobin, the HU of the blood in the left
ventricle also increases (Figure 1).
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Figure 1. ROC chart for evaluation of correlation between
left ventricle blood attenuation and Hemoglobin levels

In order to evaluate the diagnostic value of left
ventricle HU for prediction of anemia and defining a
cut-off point, our results showed that the highest level
of accuracy for diagnosis of anemia is in HU of 37.5
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for women and 38.5 for men (with 68% sensitivity and
60% specificity) and was not significantly different
between either gender. Also, this correlation was
consistent, as the age increased or decreased (Figure
2).
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Figure 2. Hemoglobin level (g/dL) distribution with regard
to left ventricular blood attenuation (HU)

4. Discussion

The results of the current study demonstrate that
attenuation measurement is significantly more reliable
than the subjective visual analysis for the recognition of
anemia with respect to non-contrast CT because of the
subjective nature of the visual assessment and lack of
sufficient accuracy.

In this study, a linear correlation between Hb levels
and left ventricular blood attenuation was found (r=0.33)
with a sensitivity and specificity of 66% and 60%,
respectively.

In similar studies, a higher correlation rate was
reported (r=077) and the sensitivity and specificity were
close to 100%. Although some other similar studies have
reported lower sensitivity and specificity (90%), the
correlation rate has always been high (r=0.7) [14].

In previous articles, there was a difference in the
intensity of the correlation between anemia and blood
density in men and women, but this was not confirmed
in our study [15].

The attenuation threshold for the detection of anemia
in our investigation was 37.5 for women and 38.5 for
men, while another study suggested a threshold of 35
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[16]. The aforementioned difference in results may
originate from such reasons: 1) The difference in the
number of examined subjects; In our study, 523 patients
were investigated, while in the other studies, only 100 or
40 patients were examined which were of lower sample
size compared to ours. 2) The difference in the
definitions of anemia; the WHO definition is considered
for anemia in this review, whilst others have used
different cut-offs (such as 10 g/dL for Hb). 3) In our
study, due to the different definitions of anemia in men
and women, the investigation was done separately, but
other studies have considered all cases the same and
analyzed them. 4) Differences in CT scan machines and
protocols and also differences in blood biochemistry
devices in different studies.

This study was a single-center study and selection bias
was inevitable. Although the sample size was large
enough to achieve a sufficient outline of the study’s
objectives, the larger the sample size is, the more
accurate the results would be; Hence, studies with larger
sample sizes are recommended in order to increase the
reliability of the proposed results.

5. Conclusion

It can be concluded that the attenuation of the blood in
the left ventricle can potentially be a hint for anemia and
further evaluation for Hb levels. Nonetheless, direct
examination of blood Hb in essential for confirmation.
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