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Abstract

Objectives: The objective of the study is to identify
computed tomography (CT) findings that differentiate
hepatic abscess from hepatic metastasis in a patient with
a history of extrahepatic malignancy.

Materials and methods. This retrospective study included
30 patients with 93 hepatic abscesses and 40 patients with
125 hepatic metastases who had a history of extrahepatic
malignancy and underwent contrast-enhanced dynamic
CT with arterial phase (AP) and portal venous phase
(PVP). The diagnosis of hepatic abscess and hepatic
metastasis was made using pathological confirmation or
clinical diagnosis. Margin, patchy parenchymal enhance-
ment, arterial rim enhancement, dynamic change of
arterial rim enhancement, size discrepancy of lesions
between arterial and portal phases, bile duct dilatation,
perilesional hyperemia, and perilesional low density were
evaluated by two radiologists independently. Significant
findings for differentiating two groups were identified at
univariate and multivariate analysis with nomogram for
predicting hepatic abscess. Interobserver agreement was
also analyzed for each variable.

Results: Multivariate analysis revealed that patchy
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parenchymal enhancement (P < 0.001), arterial rim
enhancement persistent through PVP (P < 0.001), and
perilesional hyperemia (P = 0.013) were independent
significant findings to predict hepatic abscess than
metastasis. Among them, arterial rim enhancement
persistent through PVP showed a highest odds ratio
(OR 33.73) on multivariate analysis and a highest
predictor point on a nomogram for predicting hepatic
abscess. When two of these three criteria were combined,
80.7% (75/93) of hepatic abscess were correctly identi-
fied, with a specificity of 85.6% (107/125). When all three
criteria were satisfied, specificity was up to 100% (125/
125).

Conclusions: At contrast-enhanced dynamic CT, patchy
parenchymal enhancement, arterial rim enhancement
persistent through PVP, perilesional hyperemia, and
their combinations may be reliable CT features for
differentiating hepatic abscess from metastasis in pa-
tients with a history of primary extrahepatic malignancy.
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MRI Magnetic resonance imaging
HBPI Hepatobiliary phase image
TP Transitional phase

Hepatic metastasis is the most common malignant lesion
of the liver and is even more common than primary
hepatic tumors [l]. Characteristic imaging findings of
hepatic metastasis have been reported, including rim
enhancement, centripetal enhancement, and capsular
retraction adjacent to a mass [2]. On the other hand,
hepatic abscess is a localized collection of necrotic
inflammatory materials from a bacterial, fungal, or
parasitic infection [3] and its characteristic imaging
findings are “double target sign” and “‘cluster sign” [4—
6].

Although the treatment strategy of these two diseases
is completely different, differentiating hepatic abscess
from hepatic metastasis by imaging is still challenging to
the radiologists [7]. Even though several studies have
attempted to identify the imaging features that differen-
tiate hepatic abscess and metastasis [8—10], all of these
studies have evaluated magnetic resonance imaging
(MRY]) findings to find out the differential points. To our
knowledge, there has been only one paper dealing with
comparison of computed tomography (CT) finding be-
tween hepatic abscess and metastasis [11]. However, they
included a single case of abscess in a non-metastasis
group for comparison with hepatic metastasis. Thus, this
study could not provide the accurate differential point
between two groups.

Peripheral rim enhancement has been known to be a
non-specific imaging finding that can be observed in
various benign and malignant lesions including hepatic
metastasis and abscess [10—13]. Although several studies
have shown interest in whether rim enhancement is seen
or not in metastasis, only a few studies discussed the
dynamic change of the rim enhancement to differentiate
hepatic abscess from metastasis using MRI [10, 14, 15].
Among them, one recent study [10] found that persistent
rim enhancement through transitional phase (TP) on
gadoxetic acid-enhanced MRI suggested hepatic
microabscess, whereas disappearance or absence of
arterial rim enhancement on TP imaging indicated hep-
atic metastasis. Similar results were reported by Balci
et al. [15] and Choi et al. [14]: Arterial rim enhancement
of abscesses was enhanced on hepatobiliary phase image
(HBPI). This finding is referred to as non-defect of
arterial enhancing rim on HBPI. However, the results
from these studies were derived from MRI findings and
focused on the changes in arterial enhanced rim through
transitional or hepatobiliary phases on MRI using hep-
atocyte-specific contrast. Therefore, it is not appropriate
to apply this finding to the contrast-enhanced CT.

However, to the best of our knowledge, no studies exist
on dynamic changes in rim enhancement on CT as a
diagnostic feature for hepatic abscess.

Thus, the purpose of this study was to investigate the
imaging findings of hepatic abscess on contrast-enhanced
CT to differentiate from hepatic metastasis and to assess
the value of a dynamic change of rim enhancement on
CT for differentiating hepatic abscess from metastasis.

Materials and methods
Patient population

Our institutional review board approved this study and
waived the requirements to obtain informed consent
because of the retrospective nature of clinical and
imaging data collection. Between January 2012 and April
2017, we searched our radiologic database for patients
who had underlying primary extrahepatic malignancy
and underwent contrast-enhanced abdomen CT with the
terms “‘abscess” or “‘metastasis’ of the liver on radiologic
reports.

We found 60 patients with hepatic abscess and 57
patients with hepatic metastasis. Of these 117 patients, 47
were excluded for absence of either arterial phase or
portal phase (n = 21), loss of follow-up without patho-
logical confirmation or clinical diagnosis of abscess or
metastasis (n = 15), lesions such as cyst or hemangioma
other than abscess or metastasis identified by MRI
(n = 8), or poor image quality for interpretation
(n = 3). Thus, data on 30 patients with hepatic abscess
(13 males and 17 females, mean age 68.2 years; age range
45-83 years) and 40 patients with hepatic metastasis (20
males and 20 females, mean age 61.5 years; age range
37-87 years) were analyzed. Among the 30 patients in
the abscess group, 4 were pathologically diagnosed by
biopsy, and the others were clinically diagnosed. Clinical
diagnosis of hepatic abscess was performed when lesions
disappeared or decreased in size with antibiotic treat-
ment on follow-up CT or MRI. The 30 patients with
hepatic abscess had a total of 93 hepatic abscesses as
follows: 9 patients had only one lesion, 7 patients had
two or three, 3 patients had four, and the remaining 11
patients had five or more. The most common underlying
primary extrahepatic malignancy was pancreatic cancer
(n = 11), followed by extrahepatic bile duct cancer
(n = 8), ampulla of Vater cancer (n = 7), gall bladder
(n = 3), and breast (n = 1). In contrast, among the 40
patients in the metastasis group, 28 were pathologically
diagnosed by surgery (n = 17) or biopsy (n = 11), and
the others were clinically diagnosed. Clinical diagnosis of
hepatic metastasis was based on development of new
focal hepatic lesions or increased size on follow-up CT or
MRI and responding to chemotherapy. A total of 125
metastases were identified in the 40 patients as follows: 9
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patients had solitary metastasis, 11 patients had two
metastases, 4 patients had three or four, and 16 patients
had 5 or more metastatic lesions. The most common
underlying primary extrahepatic malignancy was col-
orectal cancer (n = 16), followed by pancreatic cancer
(n = 9), extrahepatic bile duct cancer (n = 4), breast
cancer (n = 3), lung cancer (n = 2), Ampulla of Vater
cancer (n = 1), gallbladder cancer (n = 1), renal cell
carcinoma (n = 1), nasopharyngeal carcinoma (n = 1),
small bowel gastrointestinal stromal tumor (GIST)
(n = 1), and stomach GIST (» = 1) (Fig. 1). The ab-
scess group showed a significantly higher proportion (13/
30; 43.3%) of elevated total bilirubin (normal
range < 1.2 mg/dL) than the metastasis group (7/40;
17.5%) (P = 0.036). Laboratory data at the time of CT
examinations are shown in supplementary Table 1.

CT examination

All scans were obtained using three commercially available
multi-detector CT (MDCT) scanners (Scope, and Defini-
tion Flash, Siemens, Forchheim, Germany; Discovery
CT750 HD, GE Medical Systems, Milwaukee, WI, USA).
Axial scans were acquired at a section thickness of 3 mm
with a 3-mm reconstruction interval, field of view of
300-370 mm, gantry rotation time of 0.5 s, tube current-
time product of 110-140 mA, and peak voltage of
100-130 kVp. For 16-, 64-, and 128-detector CT examina-
tions, detector collimations were 0.75, 0.625, and 0.5 mm
with table speeds of 13.5, 12.0, and 46.8 mm per rotation,
respectively. Coronal reformatted images were obtained
based on axial images with 3-mm section thickness.
Unenhanced and contrast-enhanced CT scans were
performed with full inspiration during short breath-

holds. Non-ionic contrast medium (Iohexol, Bonorex
350; Central Medical Service, Seoul, Korea) was
administered at 3.0 mL/s with an automatic dual-headed
power injector (OptiVantage DH, Mallinckrodt, St
Louis, MO, USA) into 18- or 20-gage intravenous can-
nula (2 ml/kg body weight). An arterial phase scan was
obtained 20 s after a bolus-tracking trigger setting of CT
value 100 Hounsfield units (HU) of the thoracic aorta.
Portal venous phase (PVP) was acquired 55s after
arterial phase scanning.

Image analysis

All CT images were reviewed by two radiologists (OOO
and OOQO; 2 and 9 years of experience in abdominal CT
imaging interpretation, respectively) independently on a
picture archiving and communication system (PACS).
Both readers were aware of the alternative diagnoses of
hepatic abscess or metastasis. However, they were blin-
ded whether each lesion belonged to either the abscess or
metastasis group and blinded to clinical information and
histopathological results. After the first independent
image analysis, interobserver agreement was assessed for
evaluated CT imaging parameters. Then, the two
reviewers met to make final decisions by consensus for
each discordant case.

We evaluated qualitative imaging parameters of
(a) multiplicity (single or multiple, two or more lesions),
(b) margin (well defined or fuzzy, evaluated at the tumor
periphery on axial AP and PVP), (¢) patchy parenchymal
enhancement (patchy or geographic enhancement
throughout the liver on AP [16]), (d) bile duct dilatation,
(e) perilesional hyperemia (fuzzy-marginated hyperen-
hancement outside the tumor border on AP that became

; January 2012 to April 2017

117 patients with extrahepatic malignancy underwent abdominal CT
having the terms “abscess” or “metastasis” on radiologic reports

47 patients are excluded:
- Absence of either arterial or portal phase (n=21)
—*| - Follow-up loss without confirmation of abscess or metastasis (n=15)

- Poor image quality for interpretation (n=3)

[ - Lesions other than abscess or metastasis identified by MR (n=8)
\
\

l

30 patients with hepatic abscess

- Pathologically proven abscess (n=4)

- Disappeared or decreased in size on follow-up
after antibiotics (n=26)

l

93 abscesses

40 patients with hepatic metastasis

- Pathologically proven metastasis (n=28)

- New focal lesion or increased size on follow-up
or responding to chemotherapy (n=12)

125 metastasis

Fig. 1. Flow chart of inclusion and exclusion criteria.
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isodense with normal liver parenchyma in PVP [17, 18]),
(f) perilesional low density on PVP (indicating edema of
the surrounding normal hepatic parenchyma [4]),
(g) significant size discrepancy of the lesion between
arterial and portal venous phases (decreased longest
diameter > 30% on PVP) [19, 20]), (h) arterial rim
enhancement, and (i) dynamic change of arterial rim
enhancement (arterial rim enhancement persistent
through PVP, arterial rim enhancement disappeared
through PVP, or no rim on any phase). In order to re-
duce the confusion between arterial rim enhancement
and perilesional hyperemia, arterial rim enhancement
was limited to ring-like area with hyperenhancement
along the periphery of central hypodense area in arterial
phase, with thickness of 3 mm or less. Otherwise, it was
defined as perilesional hyperemia when surrounding
hyperenhancement was greater than 3 mm in thickness
and fuzzy outer margin.

The lesion size was measured with longest transverse
diameter of each lesion (in centimeters) measured in the
axial plane on each phase. When measuring the size of
the lesion with rim enhancement, the size was measured
up to the outer margin including rim enhancement.

Statistical analysis

The »* or Fisher’s exact test compared categorical vari-
ables for differentiating between two groups (sex, mul-
tiplicity, margin, perilesional hyperemia, patchy
parenchymal enhancement, bile duct dilatation, perile-
sional low density, size discrepancy between arterial and
portal venous phases, arterial rim enhancement, and
dynamic change of arterial rim enhancement). Student’s
t test was performed for continuous variables (age and
size). To differentiate two diseases, stepwise logistic
regression was used to make a multivariable regression
model based on Akaike Information Criteria and select
significant variables. Nomogram was constructed on the
basis of this prediction model. Interobserver agreement
was determined for each variable using Kappa statistics.
Conventional interpretation was  poor  agree-
ment, < 0.20; fair, 0.20-039; moderate, 0.40-0.59; sub-
stantial, 0.60-0.79; and almost perfect, 0.80.

All statistical analysis was performed using statistical
software (SPSS version 17, SPSS, Chicago, IL; and R
version 3.3.2, R Foundation for Statistical Computing,
Vienna, Austria). Significant differences were defined as
P < 0.05.

Results
Demographic characteristics

Baseline demographic characteristics of patients are
demonstrated in Table 1. No significant demographic
differences were observed between the two groups in sex
or multiplicity of lesions (P > 0.05). In contrast, pa-

tients with hepatic abscess were significantly older than
those with hepatic metastasis (68.2 4+ 10.3 years vs.
61.5 £ 12.0 years).

CT imaging characteristics

The results of qualitative analysis are summarized in
Table 1. In univariate analysis, hepatic abscess more
frequently showed well-defined margin on PVP
(P < 0.001), patchy parenchymal enhancement
(P < 0.001), size discrepancy of the lesion between AP
and PVP (P < 0.001), bile duct dilatation (P < 0.001),
perilesional hyperemia (P < 0.001), and perilesional low
density on PVP (P < 0.001). Arterial rim enhancement
was more frequently seen in hepatic abscess than hepatic
metastasis as well (P < 0.001). Given the changes of rim
enhancement through arterial to portal venous phases,
arterial rim that was persistent through PVP was more
frequent in hepatic abscess, whereas hepatic metastasis
more frequently showed that arterial rim disappeared on
PVP and there was no enhanced rim on any phase
(P < 0.001). At quantitative analysis, the lesion size of
hepatic abscess was significantly smaller than that of
hepatic metastasis [1.6 cm £ 1.1 (range 0.5-7.8 cm) vs.
29 cm £ 2.0 (range 0.7-8.0 cm), respectively;
P < 0.001].

In multivariate analysis (Table 2), patchy parenchy-
mal enhancement (P < 0.001), arterial rim enhancement
persistent through PVP (P < 0.001), and perilesional
hyperemia (P < 0.001) were revealed as significant
variables for predicting hepatic abscess rather than
hepatic metastasis. A regression coefficient-based
nomogram was constructed from the significant vari-
ables (Fig. 2). Sensitivity, specificity, accuracy, positive
likelihood ratio (LR +), and negative likelihood ratio
(LR—) for significant imaging findings and their com-
binations are demonstrated in Table 3 and supplemen-
tary Table 2. When two of the three criteria were
combined, 807% (95% CI 71.2-88.1%) of hepatic ab-
scesses were identified with a specificity of 85.6% (95%
CI 78.2-91.2%). When all three criteria were satisfied,
specificity was 100.0% (95% CI 97.1-100.0%) (Figs. 3, 4,
5). Interobserver agreement for all imaging findings was
substantial to perfect (k = 0.64-0.86).

Discussion

Our study demonstrated that, among various CT find-
ings, patchy parenchymal enhancement, arterial rim
enhancement persistent through PVP, and perilesional
hyperemia were significant independent variables for
predicting hepatic abscess than metastasis. Combining
two of these criteria resulted in specificity of 85.6%.
Combining all three criteria resulted in specificity maxi-
mized to 100.0%, which could be considered reliable for
predicting hepatic abscess. In addition, we presented a
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Table 1. Characteristics and univariable analysis of hepatic abscess and metastasis on contrast-enhanced CT

Variables Abscess Metastasis Total P value K value

N =130 N =40 N =70

By patient

Age 68.2 +10.3 61.5 £ 12.0 643 £ 11.7 0.017

Sex
Male 13 (43.3%) 20 (50.0%) 33 (47.1%) 0.756
Female 17 (56.7%) 20 (50.0%) 37 (52.9%)

Multiplicity
Single 9 (30.0%) 9 (22.5%) 18 (25.7%) 0.664
Multiple 21 (70.0%) 31 (77.5%) 52 (74.3%)

Variables Abscess Metastasis Total P value K value

N =93 N =125 N = 218

By lesion

Size 1.6 £ 1.1 29420 24+ 1.8 < 0.001

Margin on AP
Well defined 39 (41.9%) 54 (43.2%) 93 (42.7%) 0.852 0.75
Fuzzy 54 (58.1%) 71 (56.8%) 125 (57.3%)

Margin on PVP
Well defined 85 (91.4%) 85 (68.0%) 170 (78.0%) < 0.001 0.76
Fuzzy 8 (8.6%) 40 (32.0%) 48 (22%)

Patchy parenchymal enhancement
Presence 75 (80.6%) 31 (24.8%) 106 (48.6%) < 0.001 0.84
Absence 18 (19.4%) 94 (75.2%) 112 (51.4%)

Arterial rim enhancement
Presence 81 (87.1%) 57 (45.6%) 138 (63.3%) < 0.001 0.86
Absence 12 (12.9%) 68 (54.4%) 80 (36.7%)

Dynamic change of arterial rim enhancement
Arterial rim enhancement persistent through PVP 68 (73.1%) 22 (17.6%) 90 (41.3%) < 0.001 0.78
Arterial rim enhancement disappeared on PVP 13 (14.0%) 35 (28.0%) 48 (22.0%)
No rim on any phase 12 (12.9%) 68 (54.4%) 80 (36.7%)

Size discrepancy between AP and PVP
Presence 42 (45.2%) 21 (16.8%) 63 (28.9%) < 0.001 0.77
Absence 51 (54.8%) 104 (83.2%) 155 (71.1%)

Bile duct dilatation
Presence 60 (64.5%) 10 (8.0%) 70 (32.1%) < 0.001 0.86
Absence 33 (35.5%) 115 (92.0%) 148 (67.9%)

Perilesional hyperemia
Presence 70 (75.3%) 39 (31.2%) 109 (50.0%) < 0.001 0.66
Absence 23 (24.7%) 86 (68.8%) 109 (50.0%)

Perilesional low density on PVP
Presence 14 (15.1%) 0 (0.0%) 14 (6.4%) 0.986 0.64
Absence 79 (84.9%) 125 (100%) 204 (93.6%)

AP, arterial phase, PVP, portal venous phase

nomogram for individualized risk estimation that calcu-
lates the numerical probability of hepatic abscess.

In our study, all imaging findings related to rim
enhancement, namely, rim enhancement on AP and dy-
namic change of arterial rim enhancement were signifi-
cantly different between hepatic abscess and metastasis
(P < 0.05). However, of these findings, arterial rim
enhancement persistent through PVP was only the
independent significant variable related to rim enhance-
ment for predicting hepatic abscess. Further, among all
significant variables, arterial rim enhancement persistent
through PVP showed a highest odds ratio (33.73) on
multivariate analysis and a highest predictor point on a
nomogram for predicting hepatic abscess. Whereas the
presence of rim enhancement is considered a character-
istic sign of hepatic abscess, it is a well-known finding
that can also be seen in malignancies, especially hepatic

metastasis. It has been reported that rim enhancement in
hepatic abscesses is reported to correspond to the gran-
ulation tissue of the abscesses [21], and that of hepatic
metastasis is associated with the viable tumors in tumor
periphery [22-24]. A previous study using gadoxetic acid-
enhanced MRI by Choi et al. [10] also found that arterial
rim enhancement that was persistent through the tran-
sitional phase of liver dynamic MRI indicated hepatic
abscess over metastasis. They hypothesized that the fi-
bro-inflammatory process with vascular-rich granulation
tissue in the periphery of the abscess, where hepatocyte
function begins to recover, is responsible for persistent
rim enhancement [10]. Although our study revealed that
rim enhancement on AP was a significant predictor for
hepatic abscess over metastasis (P < 0.001 in univariate
analysis), we observed this feature in about half (45.6%)
of the metastasis group and considered it as a less specific
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Table 2. Univariate and multivariate analyses for distinguishing abscess from metastasis

Variable Univariate Multivariate
OR (95% CI) P value OR (95% CI) P value
Margin on AP
Well defined 0.95(0.55, 1.63) 0.852
Fuzzy 1 (Ref.)
Margin on PVP
Well defined 5.00 (2.32, 12.09) < 0.001
Fuzzy 1 (Ref.)
Patchy parenchymal enhancement
Presence 12.63 (6.69, 24.92) < 0.001 32.82(11.1, 141.14) < 0.001
Absence 1 (Ref)) 1 (Ref))
Arterial rim enhancement
Presence 8.05 (4.12, 16.89) < 0.001
Absence 1 (Ref))
Dynamic change of arterial rim enhancement
Arterial rim enhancement persistent through PVP 12.73 (6.77, 24.91) < 0.001 33.73 (11.35, 145.49) < 0.001
Arterial rim enhancement disappeared on PVP or no rim on any phase 1 (Ref.) 1 (Ref))
Size discrepancy between AP and PVP
Presence 4.08 (2.21, 7.71) < 0.001
Absence 1 (Ref.)
Bile duct dilatation
Presence 20.91 (10.03, 47.62) < 0.001
Absence 1 (Ref))
Perilesional hyperemia
Presence 6.71 (3.72, 12.48) < 0.001 2.77 (1.24, 6.29) 0.013
Absence 1 (Ref)) 1 (Ref))
Perilesional low density on PVP
Presence 67317741.05 (0.00, NA) 0.986
Absence 1 (Ref))
AP, arterial phase; PVP, portal venous phase
0 10 20 30 40 50 60 70 80 90 100
L n 1 1 1 1 1 1 1 P 1l ]
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Patchy parenchymal enhancement T !
No
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Arterial rim enhancement persistent through PVP T !
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Perilesional hyperemia —
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Total T T T T T T T T T T T T 1
0 20 40 60 8 100 120 140 160 180 200 220 240
Probability of hepatic abscess T — T T T T 1
0.1 02 0304050607 08 09
Fig. 2. Nomogram for predicting the probability of hepatic translated into probability of hepatic abscess. Patchy

abscess than hepatic metastasis. Top: predictor points are
found on uppermost point scale that corresponds to each
variable. Bottom: points for all variables are added and

finding. Considering that arterial rim enhancement per-
sistent through PVP is an independent finding and had
high specificity (82.4%), it could be more important as a
differential point for predicting hepatic abscess.

Several studies have reported that perilesional
hyperemia is one of the imaging features that can be
associated with hepatic abscess, derived from decreased

parenchymal enhancement: 1, Arterial rim enhancement
persistent through PVP: 1, perilesional hyperemia: 1.

localized portal flow caused by acute inflammation of the
hepatic parenchyma surrounding the abscess and com-
pensatory arterial flow increase [4, 25]. Toshifumi et al.
[26] suggested this to differentiate hepatic abscesses from
metastases. Similar to previous studies, our study also
demonstrated that perilesional hyperemia was an inde-
pendent significant finding for hepatic abscess.
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Table 3. Diagnostic performance of four significant imaging findings and combinations for predicting hepatic abscess

Combination Value of diagnostic performance % (95% CI)
Sensitivity Specificity Accuracy LR+ LR—-

Patchy parenchymal enhancement 75/93 94/125 169/218 3.25(2.36-4.48)  0.26 (0.17-0.39)
80.7 (71.2-88.1) 75.2 (66.7-82.5)  77.5 (71.4-82.9)

Arterial rim enhancement persistent through PVP  68/93 103/125 171218 4.15 (2.79-6.19)  0.33 (0.23-0.46)
73.1 (62.9—81.8)  82.4(74.6-88.6) 78.4 (72.4-83.7)

Perilesional hyperemia 70/93 86/125 156/218 2.41 (1.81-3.21)  0.36 (0.25-0.52)
75.3 (65.2-83.6) 68.8 (59.9-76.8)  71.6 (65.1-77.5)

Any two 75/93 107/125 95/125 5.60 (3.61-8.69)  0.23 (0.15-0.34)
80.7 (71.2-88.1) 85.6 (78.2-91.2)  83.5(77.9-88.2)

All three 47/93 125/125 172/218 - 0.49 (0.40-0.61)

50.5 (40.0-61.1)

100 (97.1-100.0)

78.9 (72.9-84.1)

Data in parentheses are 95% confidence interval

As the specificity of all three combinations is 100%, LR + in all three combinations cannot be calculated with a formula
CI, confidence interval; LR +, positive likelihood ratio; LR—, negative likelihood ratio; AP, arterial phase; PVP, portal venous phase

Fig. 3. A 70-year-old woman with extrahepatic bile duct
cancer(cholangiocarcinoma) and multiple hepatic abscesses.
Dynamic contrast-enhanced CT with multiple hepatic lesions in
both hepatic lobes with fuzzy outer margin and clear inner
margin. Arterial phase imaging A, B shows patchy
parenchymal enhancement of the liver and perilesional

hyperemia (arrowheads). Intrahepatic biliary dilatation was
noted due to underlying hilar cholangiocarcinoma. Portal
venous phase imaging C shows persistent rim enhancement
(arrows in C) from arterial phase (arrows in a). These features
were regarded as hepatic abscesses and disappeared in
follow-up CT D with antibiotic treatment alone during follow-up.
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Fig. 4. A 46-year-old woman with colon cancer and hepatic
metastasis. Dynamic contrast-enhanced CT with two hepatic
lesions in segments IV (arrow in A) and V (arrow in B) (A, B).
Patchy parenchymal enhancement and perilesional

Various conditions have been recognized as reasons for
focal or segmental hepatic parenchymal enhancement,
including arterioportal shunt, portal vein compression or
thrombosis, aberrant blood supply, steal effect, hepatic
venous outflow obstruction or thrombosis, and biliary
obstruction with or without cholangitis [24, 27]. Therefore,
focal or segmental hepatic parenchymal enhancement is
considered a non-specific finding that can be associated
with various diseases rather than being specific to a par-
ticular disease including hepatic abscess. Our study,
however, found that patchy parenchymal enhancement of
the liver was an independently significant finding for dis-
criminating between hepatic abscess and metastasis.
Whereas 24.8% (31/125) of hepatic metastases showed
patchy parenchymal enhancement of the liver, 80.6% (75/
93) of hepatic abscesses had this feature. Although speci-
ficity was relatively low (69%, 86/125) compared with
other independent findings, we expect that patchy
parenchymal enhancement could be supportive in differ-

hyperemia were not observed on arterial phase image.
Arterial (A, B) and portal (C, D) phase images showed no
rim enhancement. Features were diagnosed as hepatic
metastasis via surgical resection.

entiating hepatic abscess from metastasis. Further, when
combined with arterial rim enhancement persistent
through PVP, specificity increased to 100%.

Dual-energy CT has been admitted to reflect the in-
creased blood vessels of the lesion and it can be expressed
more easily by using color-corded iodine-specific and
virtual monochromatic images. [28-32]. All of the patchy
parenchymal enhancement, arterial rim enhancement
persistent through PVP, and perilesional hyperemia,
which were significant imaging findings suggesting hep-
atic abscess in this study, are considered to the features
related to increased blood flow by inflammation. Con-
sidering this, we expect that diagnostic performance of
CT for prediction of hepatic abscess could be improved
with dual-energy CT.

Our study had several limitations. Firstly, it was
limited by the retrospective review of select patient
groups, so there was an inevitable selection bias. Because
we included all patients with underlying history of
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Fig. 5. A 56-year-old man with pancreatic tail cancer and
hepatic metastasis. Dynamic contrast-enhanced CT with two
hepatic lesions in segments Il and V with fuzzy outer margin
and unclear inner margin (A, B). Patchy parenchymal
enhancement and perilesional hyperemia were not

malignancy, our results might not be applied to all pa-
tients without underlying malignancy. Secondly, histo-
logical proof was not obtained for some included lesions.
However, in cases without pathologic confirmation, we
included only strongly suspected abscesses and metas-
tases according to our criteria. Thirdly, an external anal-
ysis was not performed using an independent validation set
to validate the ratios used to construct the nomogram.
Thus, these values need to be verified through a larger
prospective study in the future. Fourthly, we did not
consider the size cut-off (lower or upper limits) when
selecting the patients. Because larger lesion could show
more obvious image features on CT, the results might not
be applied to smaller lesions. Although size itself could
affect the multivariate analysis as an independent variable,
the number of smaller lesions (n = 54) was much smaller
when setting the size cut of 1 cm than larger lesions
(n = 164) in this study. So we suggested that the effects of

observed on arterial phase image. Arterial phase imaging
(A, B) shows arterial rim enhancement that disappeared on
portal phase image (C, D). The lesions were diagnosed as
hepatic metastasis via biopsy using transabdominal
ultrasound.

size could be minimized than expected. Lastly, the sub-
group analysis was not performed using patients with
biliary or pancreatic malignancies. The differentiation of
hepatic abscess from hepatic metastasis is more challeng-
ing especially in the patients with biliary or pancreatic
malignancies because these conditions were prone to de-
velop both hepatic abscess and hepatic metastasis. How-
ever, in this study, the number of the patients with biliary
or pancreatic malignancies was so small that we could not
perform subgroup analysis.

In summary, dynamic contrast-enhanced CT could be
helpful for differentiating hepatic abscess from metasta-
sis in patients with a history of primary extrahepatic
malignancy. Among CT imaging findings, patchy
parenchymal enhancement, arterial rim enhancement
persistent through PVP, and perilesional hyperemia were
significant independent variables for predicting hepatic
abscess.
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