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Should radiologists care about kV? Phantom and clinical study
of effects of kV on hemoperitoneum HU in the setting
of splenic injuries
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Abstract
Purpose Evaluate the potential effects of X-ray tube voltage (kV) changes on Hounsfield unit (HU) measurements of
hemoperitoneum in patients with blunt splenic injuries.
Methods Eight different tissue equivalent electron density plugs in the Electron Density Phantom were scanned (muscle,
adipose, breast, liver, lung (exhale), lung (inhale), trabecular bone, and dense bone). The phantom was scanned at different kV
values (70, 80, 100, 120, and 140 kV). In the clinical study, the local trauma registry database was queried for splenic injuries
between January 2015 and December 2016 with a final cohort of 110 patients. The average HU numbers of hemoperitoneum
found in three different anatomic locations (pelvic, perisplenic, and perihepatic) were compared at different kV values (100 kV,
120 kV, and 140 kV). ANOVA and pairwise t tests were performed for statistical analysis.
Results In both studies, HU measurements generally decreased as kV increased, and vice versa. One hundred ten patients were
reviewed: 29 for 100 kV, 66 for 120 kV, and 15 for 140 kV. For the perihepatic group, significant differences were observed in
average HU in the following pairwise comparisons: 100/140 (13.7 (5.3), p < 0.05) and 120/140 (10.3 (4.5), p < 0.05). For the
perisplenic group, significant differences were observed in 100/120 (7.0 (3.5), p < 0.05) and 100/140 (13.2 (4.9), p < 0.05). No
significant difference was observed in the pelvic location (p = 0.5594).
Conclusions HU measurements of hemoperitoneum in patients with blunt splenic injuries significantly varied with the use of
different kV values. Radiologists should be aware of the possible effects of altering kVon HU.
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Introduction

Multiple novel computed tomography (CT) imaging tech-
niques have been developed and employed to reduce radiation
dose in response to the concern of potential association of
radiation with certain malignancies [1]. These include tube
current modulation [2], iterative reconstruction algorithms

[3], and most recently automatic X-ray tube voltage (kV) se-
lection [4].

Besides well-established tube current modulation, automat-
ic kVadjustment based on body habitus, tissue type of interest,
and scan type allows for further dose reductions while main-
taining a good contrast-to-noise ratio. Hu et. al. reported that
the utilization of the automated kV selection reduces radiation
dose by 14–17% when compared with the standard 120 kV
protocol in abdominal CT scans [5].

Of interest in the present study is the potential effect of kV
on Hounsfield unit (HU) measurements in hemoperitoneum.
HU is a CT quantity that corresponds to X-ray attenuation.
HU is normalized to water being a value of 0. Measurement of
HU has many clinical applications, including presence or ab-
sence of lipid in an adrenal nodule [6], characterization of fat-
containing lesions [7], identification of fluid (simple or com-
plex) [8], and identification of air [9]. HU cutoff values often
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aid radiologists in making clinical diagnoses. Although
hemoperitoneum is not typically a diagnostic dilemma, in pa-
tients with trauma, occasionally HUmeasurements are used to
troubleshoot whether intraperitoneal fluid is hemorrhagic or
not. In patients with indeterminate intraperitoneal fluid, a HU
cutoff value of > 30 is often utilized, and typically determined
to be hemorrhagic [10].

Higher kV increases X-ray photon penetration
through a patient’s body, translating to decreased image
contrast. For clinical scenarios where HU cutoff values
aid radiologists in decision-making, there is potential for
missed diagnoses if kV alters HU measurements to a
significant degree. The purpose of the study is to eval-
uate the effect of changing tube voltages (kV) on aver-
age HU measurements in patients with a known source
of hemoperitoneum.

Methods

This was an IRB-approved, HIPAA-compliant single-institu-
tion retrospective study.

Phantom study A phantom study was performed using
the Electron Density Phantom (Computerized Imaging
Reference Systems, Inc.). The phantom was scanned
using a SOMATOM Force CT scanner (Siemens
Healthineers). Eight different tissue equivalent electron
density plugs in the Electron Density Phantom were
scanned (muscle, adipose, breast, liver, lung (exhale),
lung (inhale), trabecular bone, and dense bone). The
Electron Density Phantom was also scanned at different
kV values (70, 80, 100, 120, and 140 kV). The Electron
Density Phantom was scanned using a routine abdomi-
nal protocol with collimation of 192 × 0.6 mm, rotation
time of 0.5 s, pitch of 0.6, 90 mAs, and different kV
values (70, 80, 100, 120, and 140 kV). All images were
reconstructed using convolution kernel I41f and strength
of 3 with a slice thickness of 5 mm. The CT images of
the phantom were analyzed by an ABR-certified diag-
nostic medical physicist by drawing a circle on each of
the eight different tissue equivalent electron density
plugs.

Clinical study The trauma registry database was queried for
patients diagnosed with splenic injury between January 2015
and December 2016 (n = 412). This was done because the
spleen is the most frequently injured solid parenchymal organ
within the abdomen [11], and a definitive source of
hemoperitoneum is necessary for the present study. A total
of 200 patients between the dates of 1/16 and 12/16 were
reviewed. Patients with preoperative CT abdomen and pelvis
with intravenous contrast imaging and detectable

hemoperitoneum were included in the study. Patients without
detectable hemoperitoneum were excluded (n = 59). Patients
imaged after splenectomy or laparotomy were excluded (n =
18). Duplicate patients and patients without a CTwere exclud-
ed (n = 10). Three additional patients who were scanned at
80 kV were excluded for statistical purposes. The final cohort
was 110 patients.

Multiple CT scanners were included in this study;
however, most were obtained on a Siemens Edge
Scanner using a standard trauma monoenergetic,
weight-based kV protocol.

A second-year medical student (DH) reviewed all
studies under the direct supervision of JL (Abdominal
and Emergency Radiology Faculty, 7 years’ experience).
Free fluid was measured in three different anatomic lo-
cations: the pelvic region, the perihepatic region, and
the perisplenic region. The following criteria were used
for anatomic locations for HU measurement: a measur-
able region of interest (ROI) of at least 50 mm2, up to
1 ROI per patient in the pelvic region, up to 3 ROIs
(averaged) in the perihepatic region, and up to 2 ROIs
in the perisplenic region. Measurements were made as
large as possible without including surrounding tissues.
Slice thickness of 1.5 mm was utilized to minimize the
effects of volume averaging. For each anatomic loca-
tion, effort was made to record measurements in differ-
ent slices and different areas to obtain a more represen-
tative sample for a ROI.

The average HU numbers of hemoperitoneum found
in the three different anatomic locations were measured
at different kV values (80 kV, 100 kV, 120 kV, and 140
kV). The 80 kV value was excluded from comparison
analysis due to insufficient number of just 3 patients
imaged at this kV value to provide enough statistical
power.

All analyses were completed in SAS 9.4 (SAS
Institute Inc., Cary, NC, USA). First, ANOVA testing
was performed at each anatomical region to ascertain
differences in HU based on kV. Subsequent pairwise t
testing was performed for anatomical regions that were
found to have a statistically significant difference in kV
subgroup means based on the ANOVA test.

Results

Phantom study The CT images of the phantom were
analyzed by an ABR-certified diagnostic medical physi-
cist by drawing a circle on each of the eight different
tissue equivalent electron density plugs. Figure 1 pro-
vides an example CT image of the phantom with sam-
ple measurement. Figure 2a represents image enhance-
ment (HU) of the phantom for tissue densities of
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muscle, adipose, breast, and liver, and Figure 2b repre-
sents image enhancement of the phantom for tissue den-
sities of lung (exhale), lung (inhale), trabecular bone,
and dense bone.

The results from the phantom study indicate a trend that as
kV increases, HU decreases, and vice versa. This is particu-
larly true for the equivalent density plugs of dense bone and
trabecular bone tissues.

Clinical study One hundred ten patients were retrospec-
tively reviewed: 29 for 100 kV, 66 for 120 kV, and
15 for 140 kV. Figure 3a is an example of an HU
measurement of large volume hemoperitoneum at
100 kV and Fig. 3b is an example of an HU measure-
ment of small-volume hemoperitoneum at 140 kV.
ANOVA testing was performed at each anatomical re-
gion to ascertain differences in HU based on kV within

Fig. 2 a HU values of phantom
with muscle, adipose, breast, and
liver tissue equivalent electron
density plugs at different tube
voltages (kV). b HU values of
phantom with lung (exhale), lung
(inhale), trabecular bone, and
dense bone tissue equivalent
electron density plugs at different
tube voltages (kV)

Fig. 1 CT image of phantom with different electron density plugs. Red
circle indicates sample HU measurement
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each group, i.e., pelvis, perihepatic, and perisplenic
(Table 1).

Figure 4a–c below are graphical representations of the
mean HU and standard error for each kV subgroup, using
the data from Table 1.

Subsequent pairwise t test comparisons within the
perihepatic and perisplenic groups were performed (Table 2).
No pairwise comparison for the pelvic group was performed
as this anatomical region was not found to have a statistically
significant difference in kV subgroup means based on the
ANOVA test.

As expected, HU measurement decreased as kV increased,
and vice versa. For the perihepatic group, significant differ-
ences were observed in average HU in the following pairwise
comparisons: 100/140 kV (average difference 13.7 (5.3), p <
0.05) and 120/140 kV (10.3 (4.5), p < 0.05). For the
perisplenic group, significant differences were observed in
the 100/120 kV (7.0 (3.5), p < 0.05) and 100/140 kV (13.2
(4.9), p < 0.05) subgroups. There was no significant difference
observed in the pelvic location.

Discussion

This study demonstrates that HU measurements of
hemoperitoneum decreased as kV increased, and vice versa.
This finding is in accordance with the general trend observed
from the results of the phantom study as well. HU measure-
ments of hemoperitoneum in patients with blunt splenic inju-
ries varied significantly with different tube voltages for the
perihepatic and perisplenic groups. The two greatest mean
differences among subgroups were the 100/140 kV
perihepatic and 100/140 kV perisplenic pairings which may
be expected due to a 40 kV difference between subgroups.
The lowest mean HU for each anatomical region was found
in the 140 kV subgroup. In most cases, hemoperitoneum with
HU numbers falling below a 30 HU average was not ob-
served. Instances where a kV subgroup mean was below 30
HU were the 140 kV perihepatic group (average HU 20.8),
140 kV perisplenic group (29.3), and 140 kV pelvic group

Fig. 3 a CT image of large-volume hemoperitoneum imaged at 100 kV
with HU measurement. b CT image of small-volume hemoperitoneum
imaged at 140 kV with HU measurement

Table 1 Results of ANOVA
testing for each anatomical
region. There is an overall
significant difference among the
kV subgroup means within the
perihepatic and perisplenic group,
but not the pelvic group. The level
of significance is 0.05, and
significant p values are marked
with an asterisk

Outcome Number of
subjects

kV 100/120/140 Mean
(standard error)

Test statistic (degree of freedom), p
value

Pelvis 83 100 34.6 (2.7) F(2,80) = 0.59, p = 0.5594

120 34.2 (1.9)

140 29.7 (4.0)

Perihepatic 73 100 34.5 (3.5) F(2,70) = 3.62, p = 0.0318*

120 31.1 (2.1)

140 20.8 (4.0)

Perisplenic 102 100 42.5 (3.0) F(2,99) = 3.89, p = 0.0237*

120 35.5 (1.9)

140 29.3 (3.9)
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(29.7). These are all mean values so there were several in-
stances in the present study where strict use of a 30 HU cutoff
for indeterminate free fluid in patients would result in under-
diagnosis of hemoperitoneum.

Not all kV subgroups demonstrated statistically significant
differences in kV subgroup means, however. For the
perihepatic group, there was no significant difference ob-
served between the 100 and 120 kV subgroups. For the
perisplenic group, there was no significant difference ob-
served between the 120 and 140 kV subgroups. This is likely
because of an insufficient number of patients imaged at these
kV values to provide enough statistical power. A difference of
only 20 kV (100/120 and 120/140) between subgroups is like-
ly to demonstrate less of a difference in subgroup means com-
pared with a difference of 40 kV between subgroups (100/
140).

There was no significant difference observed in the pelvis,
despite the significant differences observed in the other two
anatomical regions. This is likely due to beam hardening pres-
ent because of the bony pelvis, leading to preferential attenu-
ation of lower-energy X-ray photons. This results in increased
mean energy of the X-ray beam after passing through high-
density tissue within the pelvis.

Intravenous contrast was used in all patients in this study.
IV contrast is recommended for detection of hemoperitoneum
in CT because rapid infusion of contrast material can maxi-
mize the difference in attenuation between hematoma and
adjacent normal parenchyma [12]. Blood attenuation will in-
crease with IV contrast, but the use of IV contrast material in
CT may result in a relative decrease in attenuation of blood
especially if blood is adjacent to well-enhanced organs [12].
This is a difference in the clinical study from the phantom
study, which assumed no contrast in its tissue equivalent elec-
tron density plugs.

Limitations of this study include that the splenic injury
patient population may include concomitant injuries, includ-
ing bowel injuries which could alter the HU of the free fluid
measured in the abdomen. This study did not utilize a pure
splenic injury cohort, which we believe more accurately

Table 2 Pairwise t test comparisons for the perihepatic and perisplenic
groups. The kV subgroups that are significantly different from one
another are the 100/120 and 120/140 kV subgroups for the perihepatic

group and the 100/120 and 100/140 kV subgroups for the perisplenic
group. The level of significance is 0.05, and significant p values are
marked with an asterisk

Outcome kV 100/120/140
group 1

kV 100/120/140
group 2

Mean difference
(standard error)

Test statistic (degree of freedom),
p value

Perihepatic 100 120 3.5 (4.0) t(70) = 0.85, p = 0.3955

100 140 13.7 (5.3) t(70) = 2.59, p = 0.0116*

120 140 10.3 (4.5) t(70) = 2.28, p = 0.0257*

Perisplenic 100 120 7.0 (3.5) t(99) = 1.99, p = 0.0493*

100 140 13.2 (4.9) t(99) = 2.69, p = 0.0083*

120 140 6.1 (4.4) t(99) = 1.41, p = 0.1613

Fig. 4 a This graph plots the mean and standard error for the pelvic kV
subgroups (data from Table 1). b This graph plots the mean and standard
error for the perihepatic kV subgroups (data from Table 1). c This graph
plots the mean and standard error for the perisplenic kV subgroups (data
from Table 1)
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represents the trauma population in general. AAST grades of
splenic injuries were not provided.

Additional limitations of the present study include a
single-center retrospective study, analysis of other imag-
ing variables such as patient size were not recorded,
timing of imaging after contrast administration was not
recorded, and patients who had other medical reasons
for free fluid were not excluded from the study. Also,
limitations related to exclusion criteria such as small
number of the 80 kV subgroup restricted statistical anal-
ysis. Due to a limited population size in the clinical
study, fewer kV values were analyzed in the clinical
study (100, 120, and 140 kV) compared with the phan-
tom study (70, 80, 100, 120, and 140 kV).

Conclusions

Our results demonstrate that altering kV varies tissue attenu-
ation in a clinical environment. Specifically, HU measure-
ments of hemoperitoneum in patients with blunt splenic inju-
ries significantly varied with the use of different kV values. In
some circumstances, this could alter patient care. Radiologists
should be aware of the possible effects of altering kVon HU.
Variation in HU secondary to change in kV may have other
clinical implications especially with thresholding techniques
utilized with computer-aided detection. Further studies are
needed to determine if dose modulation techniques may influ-
ence other tissues.
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