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Correlation of anaemia with attenuation values on unenhanced CT of thorax
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Abstract

Aim: The primary purpose of this study is to evaluate if, on an unenhanced CT, the attenuation of blood in the aorta correlates
with haemoglobin levels and to evaluate the specificity of aortic ring sign and the hyperdense interventricular septum and
myocardium in detection of anaemia.

Materials-methods: We performed a retrospective study on 70 patients who had undergone unenhanced CT of the thorax at the
K.V.G Medical College Hospital, Sullia, between august 2018 and January 2019.

Results: Anaemia is defined as less than 14g/I for a male and less than 12g/1 for a female, then, in our study group, no male with
an aortic attenuation value greater than 50HU and no female with an aortic attenuation greater than 45HU was found to be
anemic. A good correlation was observed between the aortic CT attenuation values and the haemoglobin levels in the study
group.

Conclusion: The results demonstrate the significant correlation between the haemoglobin assay and the aortic attenuation value.
This provides a feasible means to detect anaemia in unenhanced CT examination. We conclude that this information may provide
a valuable adjunct in the interpretation of such examinations. Currently, the observed correlation is not strong enough to offer a
definite diagnosis of anaemia; however, a larger sample size is likely to strengthen the predictive value of an HU cut-off value
for anaemia.
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Introduction

CT examination of the thorax and other parts of the body
often produces many incidental findings ™. Identifying such
incidental findings may impose significant impact on patient
management and outcome 2 %1,

The measurement of an attenuation value of an anatomical
region at CT examination is common.

Patients under acute situations most often do not undergo
complete blood cell count or other haematologic laboratory
investigations at the time of imaging particularly in the
setting of trauma.

Of particular diagnostic significance is the haemoglobin
level, a low

value that can be associated with chest and abdominal trauma
patients.

Diagnosis of anaemia in unenhanced CT scans in emergency
settings helps in favourable outcome to the patient 71,

The measured attenuation value is a reproducible physical
density measurement, readily obtainable from a standard CT
examination. Some investigators have previously reported
the incidental detection of severe anaemia on unenhanced CT
of the thorax [8-13],

It has been shown that relative hyperdense appearance of
myocardium and interventricular septum has been a sign of
anaemia 141,

Similarly, hyperattenuating aortic wall has also been
considered to be a reliable sign in the diagnosis of anaemia.
(351 However, the above-mentioned signs are seen in other
conditions also, like the storage disorders where the relative
hyperdense appearance of interventricular septum and
myocardium is seen. 161 The aortic ring sign is also a
nonspecific sign which is seen in age related atherosclerotic
wall thickening, mural plagues in various conditions like

hypertension, infective states like chronic syphilis and
inflammatory conditions like giant cell arteritis.

Thus, the primary purpose of this study is to evaluate if, on
an unenhanced CT, the attenuation of blood in the aorta
correlates with haemoglobin levels and to evaluate the
specificity of aortic ring sign and the hyperdense
interventricular septum and myocardium in detection of
anaemia.

The second purpose was an interest to determine whether the
degree of tissue attenuation could accurately predict specific
ranges of haemoglobin levels.

Materials and Methods

We performed a retrospective review on 70 patients who had
undergone unenhanced CT of the thorax at the K.V.G
Medical College Hospital, Sullia, between august 2018 and
January 2019.

No interaction was made with the patients. Necessary history
and investigations were noted from the history sheet filled
prior to the scan.

Patients

The patients had haemoglobin levels obtained within 72
hours of an unenhanced CT thorax. Haemoglobin was
calculated using the standard hospital laboratory assay.
Patients ranged in age of 18-80 years. Patients under the age
of 18 years were excluded from the study. Anaemia was
defined as a haemoglobin level below 14 g/dL for men and
below 12 g/dL for women

CT scan analysis

Patients were scanned in a 16 slice GE multidetector
Computed Tomography scan machine using 1.2 mm
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thickness, 1.75 pitch, 200 mA, and 120 kVp. Unenhanced CT
images were evaluated on a preset mediastinal window
(window width, 400 HU; window level, 40 HU). Each
examination, assessed with attenuation (in HU) measured
with a rectangular region of interest. Regions of interest were
placed in the lumen of aorta, at the region of bifurcation of
Main Pulmonary Artery. Also, the relative hyperdense
appearance of interventricular septum and myocardium and
aortic ring sign was noted. All examinations were reported by
the consultant radiologists of K.V.G Medical College
Hospital, Sullia.

Statistical Analysis
The sensitivity, specificity, correlation and the p value were
calculated and analysis was done.

Results

In addition, if anaemia is defined as less than 14g/1 for a male
and less than 12g/I for a female, then, in our study group, no
male with an aortic attenuation value greater than 50HU and
no female with an aortic attenuation greater than 45HU was
found to be anaemic. Subjective image analysis revealed that
False positive aortic ring sign was seen in elderly patients
with atherosclerotic wall calcifications. The intervent ricular
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Septum Sign was highly specific since in our study we did
not encounter any case of storage disorder. The Aorta CT
attenuation value although faired reasonably was found to
show false negative results in 7 out of 46 patients. This
variable failed to detect cases of mild anaemia. However, a
good correlation (r=0.63, p<0.05) was observed between the
aortic CT attenuation values and the haemoglobin levels in
the study group.

Table 1
TP | FP | FN | TN
Aortic ring sign 40 | 8 6 |16
Interventricular septum sign 32| 0 6 | 16

Aorta CT attenuation value (<50 HU in

male & <45 HU in females) 32 122

Table 2
Sensitivity |Specificity
Aortic ring sign 86% 66%
Interventricular septum sign 69% 100%
Aorta CT attenuation value (<35 HU) 84% 91%

Tp-True Positive, Fp-False Positive, Fn-False Negative, Tn- True
Negative
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Fig 1: correlation between ct attenuation values and hb values

Discussion

The prevalence of anaemia in a developing country like India
is very alarming. Its prevalence is very high in patients with
malignancy, chronic diseases, post- traumatic patients which
is an economic burden because of increased hospital stay
duration 7],

It is important to recognise this condition early since early
diagnosis of this condition reduces the morbidity, hospital
stay duration and aids in the better recovery of the patient.
The data obtained during our study is available from the
routine CT examinations. No additional radiation dose is
incurred. Modern day CT protocols involve the use of 1V
contrast in almost all cases unless contraindicated in patients
with abnormal renal function tests.

However, often plain scans are done before injecting the
contrast. These unenhanced plain computed tomography
scans were made use of in the diagnosis of the condition.

In the present report, we highlight the most sensitive and
specific radiological analysis for detecting anaemia on
unenhanced CT scan of the thorax.

As evidenced in the previous studies, interventricular septum
sign (Fig. 3) was seen to be the most specific sign; however,
it revealed a sensitivity of 69%. [*81 In contrast, the aortic ring
sign (Fig. 1) revealed much better sensitivity of 86%.

However, the aortic ring sign was found to be less specific.
This can be explained by the differentiation in the
composition of the interventricular septum and the aortic
wall.

The aorta is seen to be made up of highly attenuating collagen
and fibrous tissue while the myocardium is made up of lesser
attenuating muscle fibres which is composed mainly of
collagen and elastic fibres.

Lower specificity of aortic ring sign can be explained by the
existence of faint calcification within pre-existing
atherosclerotic mural plaques, which are known by their
dense appearance upon unenhanced CT.

(Fig. 2). The myocardium, by comparison, is primarily built
of less attenuating muscle fibres. Other less frequent aortic
abnormalities such as Takayasu’s arteritis and intramural
aortic haematoma may induce similar effects.

Identifying any calcified atherosclerotic mural plaques can
thus invalidate the diagnostic significance of the aortic ring
sign, whereas the smooth, uniform, and homogeneous
appearance, and the absence of periaortic fat infiltration may
be used as reliable exclusion criteria for any potential
inflammatory or other disorder of the aortic wall (1524,

The conditions affecting the myocardium like infective
(bacterial like tuberculosis, viral like adenovirus),
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inflammatory states (Rheumatic Heart Disease) and
deposition disease that resulted in increase in the density of
the myocardium gave false positive results 22231,

Results of previous studies also have demonstrated similar
HU cut-off values for describing anaemia; however,
recognising that there is often a zone of transition under
which mild anaemia and normal haemoglobin levels are
difficult to differentiate, a cut-off value of <50 HU for aortic
blood pool attenuation showed a favourable sensitivity and
specificity of 84% and 91%, respectively.

The false negative values were obtained in the transition
zone, in patients with mild anaemia. However, the aortic pool
CT attenuation values is a useful adjunct to the diagnosis of
anaemia

Fig 1: Aortic ring sign, shows the prominent aortic wall with
intraluminal aortic HU=20 in a patient with proven anaemia in
unenhanced CT thorax

Fig 2: False aortic ring sign, shows the prominent aortic wall (age
related calcification of aortic wall) in an elderly patient with
normal haematological profile
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Fig 3: Interventricular septum sign, shows the prominent
interventricular septum and myocardium in a patient with anaemia

Conclusion

The results demonstrate the significant correlation between
the haemoglobin assay and the aortic attenuation value. This
provides a feasible means to detect anaemia in unenhanced
CT examination. We conclude that this readily available
information may provide a valuable adjunct in the
interpretation of such examinations. Currently, the observed
correlation is not strong enough to offer a definite diagnosis
of anaemia; however, a larger sample size is likely to
strengthen the predictive value of an HU cut-off value for
anaemia. Such a cut-off value would provide a feasible means
to assess anaemia when haematologic laboratory
investigations are lacking
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