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Abstract
Objectives The blood of patients with anemia demonstrates distinctly lower attenuation in unenhanced CT images. However, the
frequent usage of intravenous contrast hampers evaluation of anemia. Spectral detector computed tomography (SDCT) allows for
reconstruction of virtual non-contrast images (VNC) from contrast-enhanced data (CE). The purpose of this study was to evaluate
whether VNC allow for prediction of anemia.
Methods Five hundred twenty-two patients with CE-SDCT of the chest and accessible serum hemoglobin (HbS) were retro-
spectively included. Patients were assigned to three groups (severe anemia, moderate/mild anemia, and healthy) based on recent
lab tests (≤ 7 days) for HbS following gender and the WHO definition of anemia. CT attenuation was determined using two ROI
in the left ventricular lumen and one ROI in the descending thoracic aorta. ROI were placed on CE and copied to VNC. ANOVA,
linear regression, and receiver operating characteristics were used for statistic evaluation.
Results Average HbS was 11.6 ± 2.4 g/dl. Attenuation on VNC showed significant differences between healthy patients, patients
with mild/moderate anemia, and severely anemic patients (all p ≤ 0.05). Applying cutoffs of 39.2/37.6 HU and 33.6/32.7 HU
allowed to differentiate between healthy, mild/moderately, and severely anemic men/women (AUC 0.857/0.833 and 0.879/
0.932). A linear relationship between HbS and attenuation on VNC was established (r2 = 0.54, HbS = − 0.875 + 0.329 × HU).
Conclusions An approximation of HbS and presence of anemia can be conducted based on simple attenuation measurements in
contrast-enhanced SDCT examinations enabled by VNC imaging.
Key Points
• While the attenuation of blood is a previously described biomarker for anemia in non-contrast images, virtual non-contrast
images from spectral detector CT circumvent this limitation and allow for diagnosis of anemia in contrast-enhanced scans.

• Attenuation of blood in virtual non-contrast images derived from spectral detector CT shows a moderate correlation to serum
hemoglobin levels.

• Presence of anemia be estimated in virtual non-contrast images using proposed cutoffs of 39.2 HU and 37.6 HU for men and
women, respectively, to differentiate between healthy and anemic patients.
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Introduction

Anemia is defined as a reduced absolute number of circulating
red blood cells, represented by a low serum hemoglobin (HbS)
concentration or a low hematocrit in clinical practice. Anemia
is a highly prevalent disease with a global prevalence of up to
24.8%, whereby women are more frequently affected than
men [1, 2]. It is linked to an adverse impact on overall prog-
nosis and negatively affects quality of life, especially in onco-
logic patient collectives [1, 3]. Thus, it represents a major
factor of global disease burden [1, 3, 4]. Routinely, anemia
is diagnosed with a laboratory test for HbS using a peripheral
blood sample.

Computed tomography (CT) represents an essential diag-
nostic imaging method in various clinical settings and dis-
eases. Different qualitative findings have been described to
diagnose severe anemia in unenhanced CT scans of the tho-
rax, such as the “aortic ring sign” which refers to relatively
hypodense blood in comparison to the hyperattenuating wall
of the aorta [5–8]. While these findings are dependent on the
observer and therefore subject to a higher variability [9], dif-
ferent studies demonstrated distinct correlations between at-
tenuation values in Hounsfield units (HU) of the blood and
HbS [10–16]. Yet, all of these studies used unenhanced im-
ages to predict anemia respectively HbS. In clinical routine,
however, the vast majority of CT examinations are performed
with intravenous application of iodinated contrast agent to
facilitate a sufficient contrast of the vascular system, lymph
nodes, and parenchymatous organs. Following the lack of
unenhanced scans in such cases, clinical application of
attenuation-based prediction of anemia is often unfeasible.

Dual-energy CT has been extensively researched in the last
decade and enables reconstruction of virtual non-contrast
(VNC) images, which can be understood as image interpola-
tions from which the iodine-specific signal has been
subtracted [17–19]. Such VNC images are available for all
clinical implementations of DECT as proprietary reconstruc-
tion algorithm based upon three-material decomposition [17,
20]. Previous studies demonstrated a high reliability of dual-
energy CT-derived VNC images and excellent correlations
between attenuation values in VNC and true non-contrast im-
ages irrespective of iodine concentration [20–22]. Hence, our
hypothesis was that attenuationmeasurements in VNC images
can be used to detect anemia and predict HbS in contrast-
enhanced scans.

Materials and methods

Patients

This retrospective single-center study was approved by the
institutional review board. Written informed consent was

waived as only clinically obtained CT scans and laboratory
parameters were used. The picture archiving and communica-
tion system and radiological information system were
screened by a radiologist for patients with the following inclu-
sion criteria:

1. Patients ≥ 18 years
2. Recent laboratory test with HbS concentration within 7

days prior or after the CT examination
3. Contrast-enhanced, portal venous phase dual-layer spec-

tral detector CT (SDCT) including the chest with stan-
dardized examination protocol between January 2017
and September 2019

4. Referral to CT from the department of gastroenterology
and hepatology

In addition to these portal venous phase scans, a second set
of thoracic SDCT in angiographic phase was included in order
to evaluate applicability to other contrast injection protocols.
A total of 3 scans were excluded due to deviation from the
standard scanning protocol. Detailed patient flow is depicted
in Fig. 1.

Image acquisition and reconstruction

All examinations were conducted on a clinical 64-row dual-
layer, spectral detector CT (IQon, Philips Healthcare). Patients
were scanned in supine position. Following scan presets were
used for portal venous scans: tube voltage 120 kVp, enabled
tube current modulation (DoseRight 3D-DOM, Philips
Healthcare), pitch 0.671, rotation time 0.33 s, collimation 64
× 0.625 mm, matrix 512 × 512. For angiographic scans, the
following presets were employed: tube voltage 120 kVp, tube
current modulation (DoseRight 3D-DOM, Philips
Healthcare), pitch 0.485, rotation time 0.5 s, collimation 64
× 0.625 mm, matrix 512 × 512.

In each patient, 100 ml of iodinated contrast media
(Accupaque 350, GE Healthcare) was administered via an
antecubital vein using an automated injector (Medrad
Stellant CT injection system, Bayer Healthcare). For portal
venous phase and angiographic scans, the flow rate was set
to 3.0 ml/s and 4.0 ml/s and image acquisition started 50 s and
5 s after reaching a threshold value of 150 HU in the descend-
ing aorta, respectively.

Conventional and VNC images were reconstructed in axial
plane in a slice thickness of 2 mm and a section increment of 1
mm. Conventional images of portal venous and angiographic
scans were reconstructed using a hybrid-iterative reconstruc-
tion algorithm (iDose 4, level 3, filter B, Philips Healthcare).
VNC images were reconstructed with a dedicated spectral
image reconstruction algorithm (Spectral 3, Filter B, Philips
Healthcare). As recommended by the AAPM Report No. 204
[23], the size-specific dose estimate (SSDE) was used to
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report radiation dose. The effective diameter was computed
based upon measurements of the anterior-posterior and lateral
diameter and used to determine the conversion factor for the
32 cm CTDIvol as per dose report.

Quantitative image analysis

Region of interest (ROI)-based quantitative image analysis
was conducted in contrast-enhanced conventional images by
a radiologist with 1 year of experience in thoracic imaging.
Two ROI were placed in the left ventricle and one ROI was
placed in the descending thoracic aorta at the level of the left
ventricle (Fig. 2). ROI were drawn as large as possible with a
minimum diameter of 1 cm; however, the inclusion of sur-
rounding tissues was avoided. ROI were then copied and past-
ed onto VNC reconstructions. For each ROI, attenuation and
standard deviation (SD) were recorded and all three ROI were
averaged for statistical testing.

Serum hemoglobin

For each patient, HbS levels were retrieved from the hospital
information system. Only laboratory tests within ± 7 days of the
SDCT exam were included. Three groups, healthy, mild/
moderate anemia, and severe anemia, were defined according
to the following HbS concentrations as defined by the World
Health Organization (WHO) guidelines [24, 25]: Male patients
with HbS ≥ 13.0 g/dl and female patients with HbS ≥ 12.0 g/dl
were considered healthy. Females with HbS 8.0–11.9 g/dl and
males with HbS 8.0–12.9 g/dl were assigned to the mild/
moderate anemia group. In all patients, a HbS < 8.0 g/dl was
defined as severe anemia.

Statistic assessment

Statistical analysis was performed using JMP (v14, SAS
Institute). Continuous variables are provided as mean ± stan-
dard deviation. T test, ANOVA, and Wilcoxon test with ap-
propriate adjustments for multiple comparisons (i.e., Tukey-
Kramer or Steel-Dwass) have been employed after testing for

normal distribution using Shapiro-Wilk test. Furthermore, lin-
ear regression was used to evaluate the relationship between
hemoglobin and attenuation on CI and VNC images. Receiver
operating characteristics (ROC) and Youden’s index were
employed to assess performance. Statistical significance was
defined as p ≤ 0.05.

Results

Study population

A total of 522 patients, 301 men and 221 women with a mean
age of 63 ± 14 years (range 21–90 years), were included. Of
these 522 patients, 485 patients underwent scanning in portal
venous phase (chest, abdomen, and pelvis) and 37 patients
underwent scanning in angiographic phase (Fig. 1). Mean
CTDIvol was 11.06 mGy and average DLP was 823.74
mGy*cm. Average SSDE for the used protocol was 13.2 ±
2.6 mGy, and no significant differences between angiographic
and portal venous phase were found (13.2 ± 3.9 mGy and 13.2
± 2.4 mGy, respectively; p = 0.545).

The mean time between the hemoglobin test and the SDCT
examination was 1.2 ± 1.5 days (range 0–7 days). HbS levels
varied from 5.6–17.6 g/dl, with a mean of 11.6 ± 2.4 g/dl.
Mean HbS was slightly higher in men than in women (11.9
± 2.5 g/dl vs. 11.2 ± 2.1 g/dl). Thirty-seven patients (23 men
and 14 women) had severe anemia, 284 patients (162men and
122 females) had mild to moderate anemia, and 201 patients
(116 men and 85 women) were healthy. Detailed patient char-
acteristics are reported in Table 1.

Differences in portal venous and angiographic phase

Averaged attenuation (HUBlood) and corresponding image
noise (SDBlood) from ROI in the left ventricle and the de-
scending aorta were 156.0 ± 30.8 HU on portal venous im-
ages and 227.9 ± 90.3 HU on thoracic angiographies. In
corresponding VNC images, mean attenuation was 37.8 ±
5.4 HU and 38.7 ± 6.3 HU, respectively (electronic

Fig. 1 Detailed patient inclusion
and exclusion chart
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supplementary material 1). As no significant differences
between VNC reconstructions of portal venous and angio-
graphic phase could be established (p = 0.780) and HUBlood

showed nearly identical correlations to HbS in both angio-
graphic and portal VNC reconstructions (38.7 ± 6.3 HU and
37.8 ± 5.2 HU; p = 0.352), VNC attenuation values of portal
venous scans and angiographic scans were pooled for fur-
ther analysis.

Quantitative CT measurements

Mean HUBlood in contrast-enhanced scans did not differ be-
tween groups of patients with severe anemia, mild/moderate
anemia, and healthy patients (all p > 0.05). However, signifi-
cant differences regarding HUBlood in VNC images were ob-
served between all groups for both men and women (all
p ≤ 0.05, Table 1, Fig. 3).

Fig. 2 Placement of circular region of interest in the left ventricle and the
descending aorta in a 42-year-old anemic male patient (serum hemoglo-
bin 5.6 g/dl; upper row) and in a 59-year-old healthy male patient (serum
hemoglobin 14.5 g/dl; lower row) in contrast-enhanced portal venous

phase scans (left) and the corresponding virtual non-contrast reconstruc-
tions (right). Of note, the “interventricular septum sign” is slightly visible
in the virtual non-contrast reconstruction in the upper row

Table 1 Detailed patient characteristics. Data are presented as mean ± standard deviation unless otherwise indicated. Patients were assigned to three
gender-specific groups according to recent hemoglobin tests and the WHO anemia definition

Men Women

Healthy
(N = 116)

Mild/moderate
anemia (N = 162)

Severe anemia
(N = 23)

Healthy
(N = 85)

Mild/moderate anemia
(N = 122)

Severe anemia
(N = 14)

Age (years) 60.4 ± 15.9 64.5 ± 11.6 60.3 ± 14.2 65.5 ± 12.8 62.0 ± 15.6 64.6 ± 17.3

Serum hemoglobin (g/dl) 14.4 ± 1.0 10.8 ± 1.5 7.2 ± 0.6 13.3 ± 1.0 10.1 ± 1.1 7.4 ± 0.4

Number of portal venous contrast scans 109 157 22 77 109 11

Number of angiographic contrast scans 7 5 1 8 13 3

Attenuation (contrast enhanced) in HU 151.7 ± 47.4 147.5 ± 29.3 142.2 ± 28.9 177.8 ± 51.2 182.6 ± 43.8 196.7 ± 68.3

Attenuation (virtual non-contrast) in HU 43.2 ± 4.5 37.1 ± 4.2 31.2 ± 4.8 39.9 ± 3.8 34.9 ± 4.9 29.2 ± 2.5
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Differentiation between groups based on VNC
measurements

In ROC analysis, differentiation between healthy and any
type of anemia yielded an area under the curve (AUC) of
0.857 for men and an AUC of 0.833 for women. Sensitivity
and specificity using cutoffs of 39.2/37.6 HU were 0.72/
0.77 and 0.85/0.81, respectively (Fig. 4a). To differentiate
b e twe en s e v e r e a n em i a a n d o t h e r c o n d i t i o n s
(mild/moderate anemia and/or healthy), an AUC of 0.879
for men and 0.932 for women was obtained. Youden’s in-
dex indicated 33.6 HU for men and 32.7 HU for women as
optimal thresholds yielding a corresponding sensitivity/
specificity of 0.78/0.87 and 1.00/0.79 for men and women,
respectively (Fig. 4b). As indicated by quantitative mea-
surements, contrast-enhanced scans performed poor (AUC
of 0.544 and 0.490, respectively).

Correlation between VNC measurements and HbS

While no significant correlation was found between HUBlood

in contrast-enhanced scans and HbS (p > 0.05), a linear rela-
tionship between HUBlood in VNC images and HbS was ob-
served (p ≤ 0.05, Fig. 5). The formula that may be used to
estimate the HbS based on ROI measurements in VNC recon-
structions is − 0.875 + 0.329 × HU (95% confidence interval
[− 1.886, 0.136] + [0.303, 0.356] × HU).

Discussion

This study evaluated whether virtual non-contrast (VNC) re-
constructions of contrast-enhanced scans obtained from spec-
tral detector CT (SDCT), a dual-layer-based approach to dual-
energy CT correlate with serum hemoglobin (HbS) and thus
might be helpful for approximating HbS and detect anemia.
We found that the attenuation of blood on VNC differs be-
tween different degrees of severity of anemia and suggest
cutoff values to distinguish between healthy patients and pa-
tients with mild/moderate and severe anemia. Furthermore, a
formula that may be used to estimate HbS is provided.

Several approaches to dual-energy CT are clinically avail-
able. The system used in this study acquires attenuation profiles
of low- and high-energy photons on the detector level; there-
fore, this information is available for all scans without prospec-
tive protocol decision [17]. For this scanner, Sauter et al dem-
onstrated that computation of VNC provides accurate estima-
tions of true non-contrast images, irrespective of contrast injec-
tion protocol [22]. In an ex vivo study, Duan et al demonstrated
the validity of VNC images irrespective of iodine concentration
present [26]. Nevertheless, validity of VNC is applicable to soft
tissue and parenchymatous organs, only, as several studies in-
dicated limited validity in bone. These reports argue that in
bone, calcium might be removed erroneously instead of iodine
resulting in false negative values in VNC [18, 22, 27]. The
results we found for blood in VNC are well in line with values
reported in aforementioned studies [21, 22].

Fig. 3 Boxplots of mean
attenuation in conventional (CI)
and virtual non-contrast images
(VNC) in healthy patients and
patients with mild/moderate and
severe anemia. Note that differ-
ences between men and women
are likely due to limited sample
size in combination with outliers.
Significant differences are indi-
cated by asterisks (***p ≤ 0.001,
n.s.)
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While previous described signs on unenhanced chest CT
examinations, such as the “aortic ring sign” and the “interven-
tricular septum sign,” are functional tools in clinical routine
and their combination with quantitative attenuation values
yielded a very high sensitivity and specificity to discriminate
anemic from non-anemic patients in a study from Kamel et al
[11], high interobserver variances have been reported for the
assessment of such morphologic signs [9]. While the “inter-
ventricular septum sign” might be depictable in some anemic
patients (Fig. 2), it appears to be a less applicable means of

visual analysis in VNC images, likely due to differences in
noise and texture [11, 22, 28]. The same accounts for the
earlier proposed aortic ring sign [11]. Thus, reliable quantita-
tive measurements validated on large patient collectives are
highly desirable to provide confident guidance in the detection
of anemia. This idea has been investigated earlier in
unenhanced CT scans: Different previous studies described
significant correlations between attenuation measurements
and HbS [6, 10, 12, 15, 16]. In line with these studies, we
found comparable AUC values, sensitivity, and specificity
[10, 12]. However, all these aforementioned approaches rely
on unenhanced CT images to diagnose anemia, which ham-
pers their practical implementation. In clinical routine, most
CT examinations are performed after intravenous contrast me-
dia administration, making an assessment of anemia impossi-
ble. Jung et al demonstrated the possibility to assess anemia
and HbS in a single, unenhanced trigger scan [12]. Although
this method may circumvent the issue of contrast-enhanced
scans, image noise in trigger scans is high and even aggravat-
ed in larger patients, possibly resulting in a greater uncertainty
of measurements [12]. Furthermore, the acquisition of
unenhanced trigger scans might be started simultaneously
with or after contrast agent injection, resulting in uncertainty
about true absence of contrast media. As stated by Jung et al,
vessel calcifications at the height of the unenhanced trigger
scan might alter CT attenuation and consequently represent
another limitation. SDCT-derived VNC reconstructions cir-
cumvent these obstacles and allow for an anemia diagnosis
despite contrast-enhanced images, irrespective of the contrast
phase and influences of body weight due to enabled dose
modulation.

Fig. 4 a Receiver operator characteristic curves for differentiation
between anemic and healthy individuals for men (blue) and women
(red). Youden’s index suggests optimal cutoffs of 37.6 HU for women
and 39.2 HU for men, respectively. b Receiver operator characteristic

curves for differentiation between severe anemia and other conditions
for men (blue) and women (red). Youden’s index suggests optimal cut-
offs of 33.6 HU for women and 32.7 HU for men, respectively

Fig. 5 Relation betweenmean attenuation in Hounsfield units (HU) with-
in the left ventricle and the descending aorta in virtual non-contrast
(VNC) images and serum hemoglobin levels in g/dl (HbS). 95% confi-
dence of the estimation equation is shown indicated in light blue
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It needs to be acknowledged that most patients undergoing
contrast-enhanced CT will undergo laboratory testing for glo-
merular filtration rate, and in routine practice, these tests fre-
quently go in hand with a blood count [29–31]. However, not
every patient requires a laboratory test and thus analytical data
may not be available at the time point of imaging, e.g., in
trauma patients [30, 32]. Of note, a general need for a labora-
tory workup for every patient before intravenous contrast me-
dia is not supported by current guidelines, e.g., the manual on
contrast media by the American College of Radiology and
guidelines by the European Society for Urogenital
Radiology [33, 34]. Therefore, non-invasive estimation of
HbS may hold a benefit in these patient collectives.
Furthermore, a retrospective assessment of HbS may be ben-
eficial in closed prospective trials.

As demonstrated, presence of anemia and/or HbS can be
estimated from any thoracic SDCT scan allowing for an oppor-
tunistic assessment. Further improvements, e.g., automatic ROI
placement, may allow for a fully automated reporting of HbS
with every SDCT exam. In our understanding, this may prove
particularly beneficial in oncologic patients in which anemia
represents an independent predictor of poor prognosis and is
further associated with a negative impact on quality of life,
longer hospital stays, and thus greater healthcare costs [1, 3].

Apart from the retrospective design, this study has several
limitations. First, despite the possibility to assess the anemic
state of a patient with only little effort in CT images, the
standard tool to assess HbS remains the laboratory test, which
a lot of hospitalized patients undergo either way. This is the
likely reason why CT-based estimation of HbS using
unenhanced scans has not gained clinical relevance so far.
Yet, the recent advent of artificial intelligence may provide
the opportunity for an increasing opportunistic usage of CT
data, such as an automated estimation of HbS with every dual-
energy CT scan. Thus, future studies should focus on a fully
automated approach to determine anemia in contrast-
enhanced SDCT examinations and on adding an estimated
HbS to each radiology report. Subsequently, future studies
should identify the impact of imaging-based anemia diagnosis
on patient care. Second, it needs to be acknowledged that
while we included a large cohort of patients undergoing ve-
nous phase imaging, the sample size of angiographic phase
scans included in this study was smaller; however, as results
obtained were unambiguous and in line with earlier reports
from literature, we refrained from including further patients
and assume transferability to other contrast media application
protocols. Third, we did not perform a comparison of VNC
with true non-contrast images. Nevertheless, numerous stud-
ies demonstrated the accuracy of VNC images in comparison
to true non-contrast images [20–22, 35]. Furthermore, formu-
las and/or cutoff values reported may not be applicable to all
patients, e.g., measurements may lead to a false positive result
in patients with dyslipidemia. Fourth, all patients were

referred to CT from the Department of Gastroenterology and
Hepatology; a selection bias cannot be excluded. Last, as a
SDCT was used for this study, results are limited to this tech-
nological approach; however, as there is an increasing body of
evidence demonstrating the accuracy of VNC images for all
available dual-energy CT approaches, it can be assumed that
similar performance will be observed in these.

To conclude, this study demonstrated that an approxima-
tion of serum hemoglobin and anemia can be conducted based
on simple attenuation measurements in contrast-enhanced
SDCT examinations by means of virtual non-contrast images.
Cutoff values to determine a mild, moderate, and severe ane-
mia according to WHO definitions are 39.2 HU and 33.6 HU
for men and 37.6 and 32.7 HU for women, respectively.
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