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Background Many incidental liver lesions are benign and require no additional
workup. Investigation of such lesions can have a negative impact of both the patient
and health care system. However, the impact of how radiologists report these incidental lesions is not clear. We aimed to investigate how reporting of incidental liver lesions
on trauma computed tomography (CT) scan affects follow-up.
Methods This is a retrospective single-center analysis of body CT scans performed
following abdominal trauma. Information was collected on the reporting of incidental
low-density liver lesions and any additional imaging performed.
Results A total of 3,595 trauma body CT scan reports were reviewed. Incidental liver
lesions were identified in 527 (15%) patients, with 347 (10%) fulfilling the inclusion criteria. Additional imaging was requested by the referring doctor for 43 out of 285 patients
(15%) when lesions were mentioned in the body of the report only, compared with 41
out of 62 patients (66%) when mentioned in the conclusion (odds ratio [OR] = 10.99,
p < 0.0001). When additional imaging was recommended in the report, follow-up was
arranged for 36 out of 52 patients (69%), compared with 48 out of 285 patients (16%)
when it was not suggested (OR = 11.58, p < 0.0001). Additional imaging was requested
for 84 of the 347 patients (24%), with 24 of these performed at our institution. All
patients followed-up at our institution were diagnosed with a benign lesion.
Conclusion Reporting incidental hypodense liver lesions in the conclusion or specifically recommending further additional imaging, both led to significantly increased
likelihood of additional imaging being performed. Radiologists who encounter such
lesions should consider excluding them from the conclusion if there are no malignant
features or patient risk factors.

Introduction
Computed tomography (CT) in the trauma setting is a vital
tool to allow early detection of intra-abdominal injuries.
However, the increased use of cross-sectional imaging has
also resulted in increased detection of incidental findings,
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with reported frequency of up to 53%1; and some studies
even show a higher incidence of incidental findings than
traumatic injuries on trauma abdominal CT scans.2
Although incidental findings can be clinically significant, it is well reported in the literature that the majority
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of incidental findings on trauma CTs are benign and do not
require further investigation or intervention.1-6 Inappropriate
management of incidental findings can lead to unnecessary
additional investigations, potentially risky interventions,
increased exposure to ionizing radiation, increased patient
anxiety, increased length of hospital stay, and increased burden on the health care system.6-8
Liver lesions are a commonly encountered incidental finding on CT.9,10 These lesions can often be confidently diagnosed
based on characteristic imaging features, such as sharp margins and homogeneous low attenuation (<20 Hounsfield’s
units [HU]) on noncontrast or portal venous phase
imaging.11 Additionally, lesions which cannot be fully characterized on CT and are deemed “indeterminate” have also
been shown to have a low (1%) risk of malignancy,9 with the
majority eventually diagnosed as cysts or hemangiomas. The
American College of Radiology (ACR) White Paper on management of incidental liver lesions recommends against further investigation for incidental liver lesions less than 1 cm
in low-risk patients, and lesions with distinctively benign
imaging features. They define low risk patients as those
with no known malignancy, no hepatic dysfunction, and
no other hepatic risk factors.11 When further investigated,
it has been shown that benign liver lesions require more
follow-up time and repeated examinations compared with
malignant lesions, and repeated examinations were often
redundant.8
In our practice, radiologists may choose to recommend
further investigations or follow-up of a lesion in the report;
however, the ultimate decision to follow-up and the request/
plans for further investigations are made by the referring unit,
in line with local guidelines for requesting of imaging studies. We have noticed anecdotally a relatively high frequency
of additional imaging for incidental liver lesions with benign
and indeterminate features detected on trauma CT scans.
These lesions may not need additional imaging as defined in
the ACR White Paper. However, we have also noticed marked
heterogeneity in the reporting of such lesions by different
radiologists.
The aim of this study was to investigate the frequency of
incidental liver lesions on trauma CT scans, frequency of additional imaging investigations being performed for hypodense
lesions with benign imaging features, and whether differences in reporting of such lesions influenced follow-up.
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Methods
Approval for the study was obtained by our institutional
review board including a waiver of informed consent. This
was a retrospective single-center analysis of trauma body
CT scans performed at the Alfred Hospital between June 1,
2018 and September 1, 2019. All CT scans were performed on
320-detector row CT scanners; Canon Aquilion Genesis and
Canon Aquilion One (Canon Medical Systems Corporation,
Otawara, Japan). The injection protocol was 80 mL OM350 at
4 mL/s (portal venous phase), 22-second delay, 40 mL OM350
at 4 mL/s (arterial phase). This generates a dual-injection,
single-pass acquisition of chest–abdomen–pelvis with thoracic and lumbar spine reconstructions (from thoracic inlet
to pubic symphysis).
The Radiology Information System (RIS) and Picture and
Communications Archive (PACS) were used to identify all
patients who underwent abdominal CT in the emergency
department for the purposes of identification of traumatic
injuries. The hospital electronic medical record (EMR) was
then identified. Information was collected on reporting
of incidental low-density liver lesions with benign features, defined as lesions <20 HU and with sharp margins
(►Fig. 1A, B), and images were checked by an additional
radiologist (study investigator), in addition to the initial
reporting radiologist. Information that was collected included
whether the lesion was reported within the body and/or conclusion of the report, description of the lesion (including size
and density), further investigations that were recommended
in the report, further investigations that were ordered, and
the results of those investigations.
Exclusion criteria included lesions which were identified
as being high density (higher density than the background
liver parenchyma), related to perfusion changes, focal fatty
sparing/infiltration, patients with known malignancy or
comparable prior imaging, and patients who died during
their admission. The records of included patients were then
searched to identify follow-up of the lesion with a method
considered to be gold standard for that patient (e.g., ultrasound, triphasic CT, or biopsy depending on the lesion characteristics) to obtain a definitive diagnosis (►Fig. 1C).
Results were pooled and analysis was performed
using Microsoft Excel (Microsoft, Redmond, Washington,
United States) with real statistics add on. Data are presented

Fig. 1 (A, B), Axial contrast enhanced CT through upper abdomen (A) and coronal reformation (B) show a well-defined sharply marginated
hypodense lesion in peripheral portion of segment 6 of the liver (arrow) measuring 21 mm (CT attenuation 15 HU). A diagnosis of cyst was
suggested. (C) Ultrasound in intercostal oblique sagittal view of liver, performed 4 days later, shows a simple cyst corresponding to CT.
No further follow-up was necessary. CT, computed tomography; HU, Hounsfield’s units.
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as numbers and percentages, median (range, low–high), or
mean (± standard deviation) relevant to the type of data.
Statistical analysis was performed using Pearson’s Chi-square
test for independence with results reported as odds ratio
(OR) and p-values, or Fisher’s exact test with results reported
as p-value. A p-value of less than 0.05 was considered statistically significant.

Table 1 Demographics and lesion outcomes of patients
included in the study

Results
A total of 3,595 trauma body CT scans were performed
during the study period and all scan reports were reviewed.
Incidental liver lesions were reported in 527 (15%) patients,
with 347 lesions (10%) fulfilling the inclusion criteria for the
study (►Fig. 2). Patient and lesion demographics are shown in
►Table 1. Of the included lesions, the majority were reported
as likely benign lesions (311, 90%) with 36 (10%) reported as
either indeterminate hypodense lesions, or a diagnosis was
not offered in the report.
As shown in ►Table 2, when the liver lesion was mentioned in the body of the report only, additional imaging
was ordered for 43 out of 285 patients (15%), however, when
mentioned in the conclusion of the report, imaging follow-up
was ordered in 41 out of 62 patients (66%), OR of 10.99 and
p < 0.0001.
When additional imaging was specifically recommended
in the report, this was ordered by the referring unit for
36 out of 52 patients (69%) compared with when it was not
suggested in 48 out of 295 patients (16%), OR of 11.58 and
p < 0.0001.
Overall, additional imaging was arranged by the referring
trauma unit for 84 of the 347 patients (24%). A total of 24 of
these patients were followed-up at our institution while the
remaining 60 patients had imaging organized elsewhere with
results not available for these patients. Additional imaging

Total patients with incidental hypodense liver
lesion on CT

347

Patients with liver lesion followed-up
n (%)

84 (24.2)

Patients with additional imaging at our
institution
n (%)

24 (6.9)

Age (y)
Mean ± SD

64 ±18.2

Male gender (%)

60.8

Malignant liver lesions identified (%)

0

Benign liver lesions identifieda (%)

100

Liver lesion sizea (mm)
Median (range)

12.5 (4–43)

Liver lesion densitya (Hounsfield’s units)
Median (range)

30 (1–60)

a

Abbreviations: CT, computed tomography; SD, standard deviation.
a
Lesions with additional imaging at our institution.

Table 2 Rates of follow-up of lesions based on radiologist
reporting

a

Percentage of additional imaging of lesion when
mentioned in body of report

15

Percentage of additional imaging of lesion when
mentioned in conclusion of report

66a

Percentage of additional imaging of lesion when follow-up
recommendation not given

16

Percentage of additional imaging of lesion when follow-up
specifically recommended

69b

Odds ratio = 10.99, p < 0.0001
Odds ratio = 11.58, p < 0.0001

b

was performed at a median of 5 days (range: 1–87 days) after
the initial CT scan. Ultrasound was used in all patients.
The median size of the followed-up lesions was 12.5 mm
(range: 4–43 mm) and median density 30 HU; range: 1–60 HU).
Of the 24 lesions followed-up at our institution, 16 were
reported as likely cysts on CT, and these were all diagnosed
as simple cysts on follow-up ultrasound with a median size
of 14.5 mm and density of 17.5 HU. The remaining eight
lesions were reported as either indeterminate hypodense
lesions or a diagnosis not offered. Of these, five were diagnosed as simple cysts on ultrasound, one as a hemangioma,
and the remaining two lesions could not be seen on ultrasound (subcentimeter) and were not further investigated.
The median size in this group was 7 mm (p = 0.07) and density 31 HU (p = 0.34).

Discussion

Fig. 2 Flow chart identifying lesion selection for the study.
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Benign liver lesions have characteristic imaging features, and
in most instances can be confidently diagnosed on CT.11 In
addition, hypodense liver lesions which are too small to be
confidently characterized on CT are also almost always benign
and are can usually diagnosed as cysts or hemangiomas with
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additional imaging.7 As recommended in the ACR White
Paper on management of liver lesions, any lesion with distinctly benign imaging features and indeterminate lesions
without suspicious imaging features in low-risk patients do
not require any further workup.
Our study identified a significantly higher rate of follow-up
(OR = 10.99) if the lesion was mentioned in the conclusion
of the report (66% compared with 18% if not mentioned,
p < 0.0001) and if further investigations were suggested
within the report (69% compared with 16% if not mentioned,
OR = 11.58, p < 0.0001). This highlights significant potential
to reduce unnecessary burden associated with follow-up
by not specifically recommending further investigations for
characteristically benign liver lesions and excluding them
from the conclusion. Similar observations have been made
in studies on incidental liver lesions on breast magnetic resonance imaging (MRI). DiPiro et al12 compared breast and
abdominal subspecialists’ follow-up recommendations for
incidental liver lesions on MRI, and found that abdominal
subspecialists disagreed with 28 of 30 breast subspecialist
follow-up recommendations, and in cases where the referring clinician followed breast subspecialists’ recommendations for further imaging, 94% of lesions were benign. Knox
et al13 assessed the characteristics of incidental liver lesions
on breast MRI and found that no lesions with characteristic
imaging features were clinically significant at follow-up, and
concluded that if recommendations to not follow-up for such
lesions were implemented, the rate of additional imaging
would have reduced from 37.3 to 5.3%.
In this study, incidental hypodense liver lesions were
identified on 10% of trauma CT scans, with the majority characterized by the reporting radiologist on CT as either cysts or
hemangiomas (90%). All lesions with additional imaging at
this institution confirmed this diagnosis. This is consistent
with data reported in other studies of both trauma3,5 and
nontrauma12,13 scans. The majority of patients were organized to be followed-up in the community with an abdominal ultrasound, and unfortunately, we were unable to access
these results for this study. Of the 24 lesions further investigated at our institution, no lesions were determined to have
a malignant etiology.

further follow-up lead to a greater than 10-time increase in
the likelihood of additional investigations being ordered. In
addition, the findings of this study support consensus recommendations that small lesions less than 30 HU should not
be followed-up when they have nonaggressive features and
in the absence of known extra-hepatic malignancy or preexisting hepatic risk factors.
The authors suggest radiologists recommend excluding
these lesions from the conclusion, or specifically recommending that that additional investigations are not required.
Otherwise, this practice can place a burden on the patient
and hospital with associated direct and indirect cost implications which may otherwise be avoided.
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Limitations
The authors acknowledge several limitations to this study.
First, the study was a single-center retrospective study and
practice of reporting and follow-up is limited to the consensus of those at this center with wide variability between
medical practices of different doctors. In addition, many of
the 84 identified lesions were lost to follow-up (either not
performed or performed at another institution with results
not able to be confirmed), and as such only a small number of
patients were able to have a definitive diagnosis.

Conclusion
In conclusion, reporting benign-appearing incidental liver
lesions as part of the conclusion or specifically recommending
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