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Abstract

Background: In order to investigate whether 1-mm thin
slices and multiplanar reconstructions (MPRs) of multi-
detector computed tomography (CT) datasets inter-
preted in addition to isotropic 5-mm thick slices in one
session improve the detection of peritoneal carcinoma-
tosis.
Methods: The abdominal CT datasets of 44 patients with
histologically proven tumors of the abdomen or pelvis
were retrospectively evaluated for peritoneal carcinoma-
tosis by four radiologists with variable experience (radi-
ologist 1: ‡10 years, radiologists 2 and 3: 1.5 years,
radiologist 4: 0.5 years). In three successive steps, the
radiologists evaluated first the axial 5-mm slices, second
the 1-mm slices, and third the MPRs and rated their
diagnostic confidence.
Results: Specificity was nearly unchanged for all the four
radiologists. Sensitivity improved for the most experi-
enced and the least experienced radiologists and was
unchanged for the two readers with intermediate skills.
Except for the third step of radiologist 4, no statistically
significant differences in diagnostic performance were
detected. The diagnostic confidence of all the four readers
benefited to variable degrees from interpretation of the
1-mm slices and MPRs.
Conclusions: While 5-mm slices are sufficient for the
detection of peritoneal carcinomatosis, 1-mm slices and
MPRs can improve sensitivity and diagnostic confidence.
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Peritoneal carcinomatosis occurs in a wide range of
malignant tumors such as ovarian, gastrointestinal,
endometrial, urothelial, and breast cancer as well as
malignant melanoma [1–4]. Seeding of the peritoneal
cavity occurs as a result of circulation of peritoneal fluid
after the metastatic spread of a primary tumor [5–7].
Peritoneal carcinomatosis can manifest as nodular or
plaque-like lesions, ascites, or the tumorous infiltration
of mesenteric fatty tissue [8]. Patients with peritoneal
implants have an unfavorable prognosis. In a review of
studies including patients with different primary tumors,
mean survival was 1–8 months in patients with malig-
nant ascites [9] and 5–32 months in patients with peri-
toneal metastases from colorectal cancer [10]. Therefore,
reliable confirmation or the exclusion of peritoneal car-
cinomatosis is important for the individual patient�s
prognosis and therapeutic management.

Computed tomography (CT) is the most widely used
imaging modality for diagnosing peritoneal carcinoma-
tosis. Studies including patients with different primary
tumors reported sensitivities ranging from 41% to 79%
and a specificity of up to 100% [3, 11–13]. For detection
of peritoneal carcinomatosis in patients with ovarian
cancer, sensitivity was found to be as high as 85% to
93% [14, 15]. These results were obtained with single-row
CT scanners. Multidetector-row CT (MDCT) technol-
ogy shortens the examination time and allows the gen-
eration of thin slices with subsequent multiplanar
reconstruction (MPR). This new CT technique has beenCorrespondence to: Tobias Franiel; email: tobias.franiel@charite.de
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shown to improve the evaluation of local tumor extent
and metastatic spread in patients with various malig-
nancies [16–19]. MPRs of axial thin slices can be used to
evaluate the abdominal and pelvic organs and compart-
ments in several planes and may therefore improve the
detection of peritoneal implants [20]. Only little data are
available on the use of MDCT in diagnosing peritoneal
carcinomatosis. Therefore, we conducted a study to
investigate whether the additional interpretation of thin
slices (1 mm) and MPRs improves the detection of per-
itoneal carcinomatosis and radiologists� diagnostic con-
fidence compared to the interpretation of isotropic 5-mm
thick slices alone.

Patients and methods

Patients

The study was approved by the local ethics committee.
A total of 44 patients with abdominal or pelvic cancer
were retrospectively included in the study.

Twenty-two patients (15women, 7men) hadperitoneal
carcinomatosis. There were seven patients with ovarian
cancer, five with colon cancer, five with gastric cancer,
three with pancreatic cancer, and two with rectal cancer.
The patients had a median age of 64 years (range 32–
84 years) at the time of the CT examination. The median
interval between CT and histologic confirmation of peri-
toneal carcinomatosis was 6 days (range 1–30 days). The
tissue for histology was obtained by surgery in 16 cases:
ascites puncture in 4, and biopsy in 2 instances.

The 22 patients in the control group (6 women, 16
men) had colon cancer in 15 cases, rectal cancer in 4,
gastric cancer in 2, and pancreatic cancer in 1 case.
Median age at the time of CT was 66 years (range 41–
86 years). The median interval between CT and tissue
acquisition for histology was 6 days (range 1–30 days).
The absence of peritoneal carcinomatosis was confirmed
by surgery and histologic workup in all cases.

CT protocol

All patients underwent CT scanning after the injection of
120 mL Ultravist 370 (Bayer Schering Pharma, Berlin,
Germany) at a flow rate of 2.5 mL/s into an antecutibal
vein followed by 30 mL saline. Twelve patients of the
peritoneal carcinomatosis group and four patients of the
control group additionally received an oral contrast
agent. The CT scan extending from above the diaphragm
to below the pubic bone was started with a delay of 60 s.

All axial source images were obtained on 16-detector
row scanners (17 patients with peritoneal carcinomatosis
and 21 patients of the control group) or 4-detector
row scanners (4 patients with peritoneal carcinomatosis
and 1 control patient) (Aquilion 16/Aquilion 4, Toshiba,
Otawara, Japan). Collimation was 1 mm on both scan-
ners with a pitch of 0.938 for 16-detector row CT and

1.375 for 4-detector row CT. All CT examinations were
performed at 120 kV without gantry tilting and a maxi-
mum tube current of 200 mA to achieve a predetermined
signal-to-noise ratio. The source datasets served to gen-
erate axial thick slices with a thickness of 5.0 mm and
20% overlapping reconstruction. In addition, axial
thin slices with a thickness of 1.0 mm and 20% overlap
were generated as well as coronal and sagittal MPRs
with a slice thickness of 5.0 mm without overlap. The
data were electronically transferred to the archive and
stored (SIENET MagicStore VE42A, Siemens, Erlangen,
Germany).

Radiological analysis

The axial slices and coronal and sagittal MPRs were
evaluated by a radiologist with over 10 years of experience
in interpreting abdominal CT (radiologist 1), two radiol-
ogists with 1.5 years of experience in interpreting
abdominal CT (radiologists 2 and 3), and one radiologist
with 0.5 years of experience in this area (radiologist 4). The
CT data of all patients including axial 5-mm thick slices,
axial 1-mm thin slices, andMPRs were evaluated for signs
of peritoneal carcinomatosis in a single session starting
with the axial 5-mm slices. Each radiologist made a diag-
nosis regarding the presence/absence of peritoneal carci-
nomatosis and rated his diagnostic confidence on a
10-point scale (1 = very unsure to 10 = definitely sure).
The second step, the evaluation of the axial 1-mm slices
using the same procedure, followed immediately after the
analysis of the 5-mm slices. In the third step, the radiolo-
gists interpreted the coronal and sagittal MPRs. Once a
step was completed, the images were no longer available in
any of the subsequent readings. The correct diagnoses
were disclosed to the readers after completing the evalua-
tion of the CT data of all patients.

The readers knew that all patients had an abdominal
or pelvic tumor that might potentially cause peritoneal
carcinomatosis but had no information regarding the
kind of tumor and its localization before interpreting the
CT images.

All radiologists interpreted the images on identical
consoles using the ViewForum R4.2 V1L2 software
(Philips Medical Systems Nederlands B.V., DA Best,
Netherlands).

Statistical analysis

Statistical analysis was done using SPSS for Windows,
version 13.0. Sensitivity, negative predictive value (NPV),
specificity, and positive predictive value (PPV) were
determined for each radiologist and each of the three
reading steps. The Wilcoxon test for paired samples was
used to compare the diagnoses made on the basis of the
5-mm axial thick slices, 1-mm axial thin slices, and
coronal/sagittal reconstructions and the diagnostic
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confidence ratings. P-values £ 0.05 were considered to
indicate statistical significance.

Interobserver agreement was calculated using the
kappa test with the following degrees of agreement: <0.2
poor, 0.21–0.40 adequate, 0.41–0.60 moderate, 0.61–0.80
good, and 0.81–1.00 excellent [21].

Medians, 25% and 75% quantiles, minimum and
maximum values were calculated for the diagnostic
confidence scores for each radiologist and diagnostic
step.

Results

Radiologist 1 improved sensitivity and NPV for the
detection of peritoneal carcinomatosis to 96% by inter-
pretation of the axial 1-mm thin slices (second step) and
to 100% by interpretation of the MPRs (third step)
(Table 1). Specificity and PPV were fairly constant
ranging from 95% to 96% in all the three readings. The
differences in diagnostic performance between the three
steps were statistically not significant (P = 0.157,
P = 0.317).

Radiologists 2 and 3 with the same level of experience
did not achieve improvement in sensitivity, specificity,
PPV, or NPV in the second or third step (Table 1). These
parameters were nearly constant in all the three readings
except for a decrease in sensitivity from 91% to 86% and
NPV from 91% to 88% in the MPR reading for radi-
ologist 2. The differences in diagnostic performance be-
tween the second and third steps were not significant
(P = 0.317).

Radiologist 4 increased sensitivity and NPV from
64% to 82% and 71% to 83%, respectively, in the MPR
reading (Table 1), while specificity decreased from 91%
to 86% and PPV from 88% to 86%. The difference in
diagnostic performance between interpretation of the
MPRs and 1-mm thin slices was statistically significant
(P = 0.025).

Interobserver agreement between radiologists 1 and
2/3 was good with j values ranging between 0.63 and
0.78 for the three steps (Table 2), while agreement
between radiologists 1 and 4 was moderate for the 5-mm
slices (j = 0.53) and 1-mm slices (j = 0.55) and good
only for the MPRs (j = 0.64). Interobserver agreement
between radiologists 2 and 3 with the same level of
experience was excellent (j-values of 0.86 to 0.91).
Interobserver agreement between radiologists 2 and 4
and radiologists 3 and 4 was moderate with j-values
ranging between 0.62 and 0.68.

For radiologist 1, diagnostic confidence increased
significantly between the first and second steps
(P = 0.005) and reached a maximum score of 10 but did

Table 2. Diagnostic agreement: kappa-values for the two slice thick-
nesses and MPRs for the whole study population

Kappa-values

Axial 5-mm
thick slices

Axial 1-mm
thin slices

Coronal and
sagittal MPRs

Radiologists 1/2 0.68 0.77 0.77
Radiologists 1/3 0.63 0.73 0.78
Radiologists 1/4 0.53 0.55 0.64
Radiologists 2/3 0.86 0.86 0.91
Radiologists 2/4 0.68 0.68 0.68
Radiologists 3/4 0.62 0.62 0.68

Table 3. P-values of the increases in diagnostic confidence for the
pairwise comparison of axial 5-mm slices with 1-mm slices and coronal/
sagittal MPRs with 1-mm thin slices for each of the four radiologists

P-value of increase in diagnostic confidence

Axial 1-mm
slices vs. axial

5-mm thick slices

MPRs vs.
axial 1-mm thin

slices

Radiologist 1 0.005 0.20
Radiologist 2 0.017 £ 0.001
Radiologist 3 0.102 0.680
Radiologist 4 0.770 0.043

Table 1. Sensitivity, NPV, specificity, and PPV for each reader and each of the three reading steps

Axial 5-mm
thick slices

Axial 1-mm
thin slices

Coronal and
sagittal MPRs

Radiologist 1 Sensitivity 86% (19/22) 96% (21/22) 100% (22/22)
NPV 88% (21/24) 96% (21/22) 100% (21/21)
Specificity 96% (21/22) 96% (21/22) 96% (21/22)
PPV 95% (19/20) 96% (21/22) 96% (22/23)

Radiologist 2 Sensitivity 91% (20/22) 91% (20/22) 86% (19/22)
NPV 91% (21/23) 91% (21/23) 88% (21/24)
Specificity 96% (21/22) 96% (21/22) 96% (21/22)
PPV 95% (20/21) 95% (20/21) 95% (19/20)

Radiologist 3 Sensitivity 82% (18/22) 82% (18/22) 82% (18/22)
NPV 85% (22/26) 85% (22/26) 85% (22/26)
Specificity 100% (22/22) 100% (22/22) 100% (22/22)
PPV 100% (18/18) 100% (18/18) 100% (18/18)

Radiologist 4 Sensitivity 64% (14/ 22) 64% (14/ 22) 82% (18/22)
NPV 71% (20/ 28) 71% (20/ 28) 83% (19/23)
Specificity 91% (20/22) 91% (20/22) 86% (19/22)
PPV 88% (14/16) 88% (14/16) 86% (18/21)
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not change significantly between the second and third
steps (P = 0.20) (Table 3 and Fig. 1). Diagnostic confi-
dence for radiologist 2 increased significantly between the
first and second steps and between the second and third
steps (P = 0.017, P £ 0.001), while there were no sta-
tistically significant changes for radiologist 3 (P = 0.102,
P = 0.680). Radiologist 4 had no statistically significant
change in diagnostic confidence between the first and
second steps (P = 0.770) but a statistically significant
increase between the second and third steps (P = 0.043).

Discussion

Published sensitivities for the detection of peritoneal
carcinomatosis by CT range from 41% to 93% and the
specificities from 78% to 96% [3, 13–15]. The highest
sensitivities of 85% to 93% were achieved in patients
with ovarian cancer [14, 15] compared to sensitivities of
41% to 79% in patients with colorectal or appendix
cancer [3, 13]. All studies just quoted used spiral or
conventional CT with an axial slice thickness of
5–10 mm. In our study, sensitivity for the interpretation
of the 5-mm axial sections ranged from 82% to 91% for
radiologists 1 to 3. This is intermediate between the re-
ported sensitivities for ovarian cancer and the colorectal/
appendix cancer and reflects the fact that our patient
population included patients with different primary
abdominal and pelvic tumors. The most experienced
radiologist (radiologist 1) had a sensitivity of 96% when
looking at the 1-mm thin slices and 100% when looking
at the reconstructions. Therefore, MDCT with the
option of generating 1-mm thin slices with isotropic
voxels and MPRs appears to be superior in detecting
peritoneal carcinomatosis when the images are inter-
preted by a highly experienced radiologist compared with

the performance reported for spiral and conventional CT
with a slice thickness of 5–10 mm. Radiologists 2 and 3
with identical levels of training showed no or only
slightly improved sensitivity, and the benefit of 1-mm
thin slices and MPRs is thus not immediately apparent
for this group of less experienced readers. However, at
least one of the two readers (radiologist 2) definitely
benefited by a statistically significant gain in diagnostic
confidence when interpreting the 1-mm slices and MPRs.
The least experienced reader (radiologist 4) mainly ben-
efited from the interpretation of the MPRs, which re-
sulted in an increase in sensitivity from 64% to 82% and
a statistically significant increase in diagnostic confi-
dence. Thus, the generation of 1-mm slices and above all
MPRs appears to be beneficial for this group of radiol-
ogists as well.

A study investigating diagnostic accuracy in relation
to the size of peritoneal implants showed that sensitivity
dropped as low as 25% to 50% for implants smaller than
1 cm [14]. Since pathology reports do not provide
detailed information on each individual implant, we
could not perform a comprehensive analysis of cases with
implants <1 cm. Therefore, studies including larger
numbers of cases with proven implants <1 cm are nee-
ded for a final appraisal of both techniques regarding the
detection of small peritoneal implants.

In agreement with other studies, we found a high
specificity and PPV suggesting that the features of peri-
toneal carcinomatosis are highly specific. Nevertheless,
there are some conditions that can mimic peritoneal
carcinomatosis. These are tuberculosis, mesenteritis,
disseminated peritoneal leiomyomatosis, and extramed-
ullary hematopoiesis [22–26].

We think that there are several reasons why the
only statistically significant improvement of diagnostic

Fig. 1. A 75-year-old patient with ovarian cancer and peritoneal implants (open arrows). Axial 5-mm thick slice (A) and axial
1-mm thin slice (B). All four radiologists diagnosed peritoneal carcinomatosis on the axial 5-mm thick slices with a diagnostic
confidence of 10.
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performance was seen for the least experienced radiolo-
gist and only after the interpretation of the MPRs. The
first reason is that there are always several peritoneal
implants and typically several different signs of perito-
neal carcinomatosis and that therefore the correct diag-
nosis could be made even when the radiologist
overlooked one implant or one sign (Fig. 2A, B). The
second reason is that 5-mm slices through the abdomen
and pelvis are detailed enough for an adequate diagnosis
of peritoneal carcinomatosis in most cases. A possible
third reason is the relatively small number of cases
investigated. The most experienced reader (radiologist 1)
who had three false-negative diagnoses made correct
diagnoses when looking at the 1-mm thin slices and
MPRs in all three instances, thereby increasing sensitivity
and NPV to 100%. Nevertheless, the improvement in
diagnostic performance was not statistically significant.

In our study, we included patients with peritoneal
carcinomatosis regardless of its extent. Our study pop-
ulation thus represents a good cross-section of patients
with peritoneal carcinomatosis. This also means that
there were many clear-cut cases and the radiologists
already assigned the highest ratings to their diagnostic
confidence when looking at the 5-mm slices. Thus, radi-
ologists 1 to 3 often did not need the extra spatial
information provided by the MPRs. Only the least
experienced radiologist (radiologist 4) benefited from the
MPRs by markedly improving his sensitivity while
specificity remained nearly constant.

A limitation of our study is the lack of correlation of
the peritoneal implants identified by the radiologists with
the histopathologic gold standard. This is due to the
retrospective design of our study but also the fact that it
would be very time-consuming to establish the histologic

gold standard with exact localization of all peritoneal
implants.

In summary, our results show that 5-mm thin slices ac-
quiredwithmulti-detectorCTare sufficient for diagnosis of
peritoneal carcinomatosis when the images are interpreted
by radiologists with at least 1.5 years of experience in
abdominal CT. Additional 1-mm thin slices and MPRs
further improve sensitivity and diagnostic confidence when
a highly experienced radiologist interprets the data.
A radiologist with little experience benefits from extra
looking at MPRs, which results in similar sensitivities and
NPVs as for radiologists with 1.5 years of experience.
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