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Abstract

Purpose It is still a challenge to make early differentiation of peritoneal tuberculosis (PTB) and peritoneal carcinomatosis
(PC) clinically as well as on imaging and laboratory tests. We aimed to develop a model to differentiate PTB from PC based
on clinical characteristics and primary CT signs.

Methods This retrospective study included 88 PTB patients and 90 PC patients (training cohort: 68 PTB patients and 69 PC
patients from Beijing Chest Hospital; testing cohort: 20 PTB patients and 21 PC patients from Beijing Shijitan Hospital).
The images were analyzed for omental thickening, peritoneal thickening and enhancement, small bowel mesentery thicken-
ing, the volume and density of ascites, and enlarged lymph nodes (LN). Meaningful clinical characteristics and primary CT
signs comprised the model. ROC curve was used to validate the capability of the model in the training and testing cohorts.
Results There were significant differences in the following aspects between the two groups: (1) age; (2) fever; (3) night sweat;
(4) cake-like thickening of the omentum and omental rim (OR) sign; (5) irregular thickening of the peritoneum, peritoneal
nodules, and scalloping sign; (6) large ascites; and (7) calcified and ring enhancement of LN. The AUC and F1 score of the

model were 0.971 and 0.923 in the training cohort and 0.914 and 0.867 in the testing cohort.
Conclusion The model has the potential to distinguish PTB from PC and thus has the potential to be a diagnostic tool.

Keywords Peritoneal tuberculosis - Peritoneal carcinomatosis - Computed tomography - Machine learning

Introduction

Tuberculosis (TB) is a communicable disease and one of the
leading causes of death globally [1]. Before the coronavirus
(COVID-19) pandemic, TB has been the top cause of death
from a single infectious agent [1]. Mycobacterium Tuberculosis
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(MTB) can involve any part of body such as the meninges, the
abdomen or the retina via blood or lymphatic [2]. Peritoneal TB
(PTB) is one of the commonest manifestations of abdominal
TB [3]. The diagnosis of this disease still poses a great chal-
lenge and may be delayed due to the nonspecific clinical pres-
entation, radiologic, histologic, and molecular techniques [4].
Peritoneal carcinoma (PC) is a malignant tumor of the
peritoneum, which can be primary or secondary, infiltrat-
ing into the peritoneum and proliferating on its surface [5].
It can be challenging to differentiate PTB from PC either
on clinical or imaging [6]. Computed tomography (CT) has
shown good performance as a diagnostic tool, monitoring
imaging changes and screening method for detecting peri-
toneal lesions. Several studies have compared PTB with PC
on CT [7, 8]. However there have been different viewpoints
in meaningful CT findings and significant overlaps between
the two persists [7, 8]. Some clinical studies recommended
laparoscopy as the most important tool to differentiate PTB
from PC [9, 10]. However, laparoscopic biopsies are invasive
as well as expensive. As a result, it is necessary to develop
an accurate and non-invasive method of PTB identification.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00261-022-03749-1&domain=pdf

1546

Abdominal Radiology (2023) 48:1545-1553

Patients following the inclusion
criteria from from April 2011 to
August 2021 in hospital 1(n=176)

\ 4 A 4

Proven PTB by Proven PC by
Pathology (n=92) Pathology (n=84)

Patients following the inclusion
criteria from from May 2016 to August
2020 in hospital 2 (n=71)

A 4 Y

Proven PTB by Proven PC by
Pathology (n=39) Pathology (n=32)

\/

n=6

Poor image quality or motion artefact

n=10

\

u=10

diabetes or HIV seropositivity

A

n=5

Y

n=23

Incomplete CT images or clinical information |

n=15

\
Training cohort (n=137)
PTB (n=68)

PC (n=69)

Fig.1 The flowchart of patient selection

We hypothesized that the CT findings of PTB and PC
may be useful for discriminating these two diseases. The
aim of this study was to evaluate whether CT findings
could distinguish PTB from PC and develop a simple dis-
crimination model successfully.

Materials and methods
Participants

This retrospective study was approved by the ethics of the
local hospital and the requirement for informed consent
was waived.

In the study, all patients were enrolled according to the
inclusion and exclusion criteria.The inclusion criteria were
as follows: (a) the diagnosis of PTB was the combination
of positive cultures for MTB, demonstration of caseating
granulomata on pathology and clinical improvement after
anti-tuberculosis treatment; PC was confirmed by pathol-
ogy or demonstration of malignant cells in the ascitic fluid;
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(b) all patients underwent enhanced abdominal CT with
informed consent; (c) all CT scans were performed before
biopsy, chemotherapy, radiotherapy, or surgery. The exclu-
sion criteria included the following: (a) poor image quality
or motion artefact; (b) diabetes or HIV seropositivity; (c)
incomplete CT images or clinical information.

According to the criteria, as shown in Fig. 1, we
recruited a total of 88 patients with PTB and 90 patients
with PC. Specifically, 68 patients with PTB and 69 patients
with PC from hospital 1 were enrolled as the training
cohort from April 2011 to August 2021. In addition, a
testing cohort from hospital 2 was subsequently enrolled,
including 20 patients with PTB and 21 patients with PC
from May 2016 to August 2020.

CT image acquisition

All CT examinations were performed by Revolution CT
(GE Healthcare, USA), or Brilliance CT (Philips Health-
care, the Netherlands). The scanning parameters were as fol-
lows: tube current, 100-250 mAs; tube voltage, 100-120 kV;
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Fig.2 Axial CT section through the abdomen in the venous phase in
a 67-year-old man with PTB. a, b, ¢ Smooth thickening of the perito-
neum (long white arrow), smudged thickening of the omentum (short

collimation, 1 mm; pitch, 1; reconstruction interval, 0.5 mm;
and acquisition matrix, 512X 512. All patients underwent
contrast-enhanced CT scanning simultaneously using multi-
phase scan protocols. Precontrast, arterial phase (3040 s),
portal vein phase (70-90 s), and delay phase (120-180 s)
were obtained. 80 mL of nonionic contrast material (Iopa-
midol, 300 mgl/mL) was injected intravenously at a flow
rate of 2.5-3.0 mL/s.

Image analysis

All images were analysed on Extended Brilliance Work-
space (EBW). Original transverse and post-processed
images which included maximum intensity projection
(MIP) and multiple-planar reconstruction (MPR) images
were reviewed for each patient. CT images were indepen-
dently reviewed by two radiologists with at least 10 years
of experience in analysing abdominal images who were

white arrow), scalloping sign (short black arrow), high-density ascites
(star) and calcified LN (long black arrow)

blinded to the final clinical diagnosis. The primary signs
were as follows:

(a) Omental thickening was classified as smudged (infil-
tration with unclear soft issue density) (Fig. 2), nodular
(Fig. 3), cake-like (soft-tissue replacement) (Fig. 4) in
those with diffuse enhancement and the omental rim (OR)
sign [7] which defined as the whole or part of the omentum
was clearly observed in the venous phase, regardless of
omental thickness (thin or thick) and enhancement (mod-
erate or significant) (Fig. 5).

(b) Peritoneal involvement included diffuse smooth
thickening (Fig. 2), irregular thickening focally, peritoneal
nodules (Fig. 6), whether peritoneal enhanced and scallop-
ing sign (Fig. 2). The scalloping sign [11] was defined as
the indentations of the visceral surfaces of intraperitoneal
organs.

(c) Small bowel mesentery thickening was defined as
diffuse increased density with soft-tissue density masses

Fig.3 Axial CT section through the abdomen in the venous phase in
a 66-year-old man with PC. Scalloping sign (long white arrow), nod-
ular thickening of the omentum (short white arrow) and high-density
ascites (star)

Fig.4 Axial CT section through the abdomen in the venous phase in
a 56-year-old woman with PC. Cake-like thickening of the omentum
(long white arrow), diffuse thickening of the mesentery (short white
arrow) and high-density ascites (star)
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Fig.5 Axial and coronal CT section through the abdomen in the
venous phase in a 20-year-old woman with PTB. a, b Smooth thick-
ening of the peritoneum (long white arrow), thickened with crowded
vascular bundles of the mesentery (short white arrow), OR sign
(short black arrow) and high-density ascites (star)

(Fig. 4), thickened with crowded vascular bundles (Fig. 5)
and mesenteric nodules.

(d) The volume and density of ascites were docu-
mented. Ascites were considered hyperdense when more
than 20 HU (Fig. 2) and hypo when less. The volume of
ascites was classified as large, moderate and slight ascites.
It was considered large when it filled the entire abdomen
and pressed the organs and peritoneum, moderate when it
localized around the liver, spleen or bilateral paracolic sul-
cus and small when it located predominantly in the pelvis.

(e) The enlargement and enhancement of lymph nodes
(LN) were also documented. The enlarged LN was defined
as the short axis diameter was more than 1 cm in the ret-
roperitoneal and mesenteric stations (Fig. 6). In addition,
the presence of calcification (Fig. 2), necrosis and ring
enhancement of LN were also looked for.

@ Springer

Fig.6 Coronal CT section through the abdomen in the venous phase
in a 50-year-old woman with PC. Peritoneal nodules of the peritoneum
(long white arrow), cake-like thickening of the omentum (short white
arrow), enlarged LN (long black arrow) and high-density ascites (star)

Statistical analysis and model construction

Statistical analysis was performed with SPSS software
(version 21) and the Python Scikit-learn package. Kappa
test was used to evaluate the two radiologists agreements
of primary CT signs (x values of poor, fair, moderate,
substantial, and near-perfect agreement were < 0.00,
0.21-0.40, 0.41-0.60, 0.61-0.80, and 0.81-1.00, respec-
tively). For the qualitative analysis, the Pearson chi-square
test was used for categorical variables. For quantitative
analysis, Student’s 7 test was used for normally distributed
continuous variables. Statistical tests were conducted with
p <0.05 as an indicator of statistical significance.

In the training cohort, both the clinical characteristics and
primary CT signs with significant differences were selected
to build a model by logistic regression. It was a traditional
machine learning model in medical applications and recently
used in the field. The model was trained and validated on the
training cohort which were randomly divided into two parts
by the ratio of 7:3 using five-fold cross validation. Finally,
the best model which was separately selected was tested on
the external testing cohort.

The performance of the model in both cohorts was evalu-
ated with receiver operator characteristic (ROC) curve, and
the area under the curve (AUC) was calculated. In addition,
the accuracy, precision (positive predictive value), recall
(sensitivity) and F1 score in both two cohorts. F1 score is
the harmonic average of the precision and recall, ranging
from O to 1.
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Table 1 Clinical characteristics from PTB and PC in training cohort and testing cohort

Clinical characteristics Training cohort p-value Testing cohort p-value

PTB(n=068) PC(n=69) PTB(n=20) PC(n=21)

Gender, n (%)
Male 37(54.41) 32(46.38) 0.347 13(65.00) 9(42.86) 0.155
Female 31(45.59) 37(53.62) 7(35.00) 12(57.14)
Age (mean +SD years) 48.48+19.64 56.22+10.69 0.020* 47.55+19.13 57.52+10.28 0.043*
Fever, n (%) 26(38.24) 2(2.90) 0.00* 7 0 0.003*
Abdominal pain, n (%) 34(50.00) 26(37.68) 0.146 11 8 0.278
Abdominal distention, n (%) 41(60.29) 37(53.62) 0.430 14 12 0.393
Night sweat, n (%) 20(29.41) 0(0.00) 0.00* 5 0 0.014*

Differences were assessed by Student’s t test or chi-square test. SD standard deviation. *p <0.05

Results
Patient clinical characteristics

The clinical characteristics of all 178 patients were listed in
Table 1. As shown in Table 1, there were significant differ-
ences in age, fever and night sweat between PTB patients
and PC patients in both the training and testing cohorts
(p <0.05). Besides, the gender, abdominal pain, and disten-
tion of PTB and PC patients had no significant difference in
either the training cohort or testing cohort.

Primary CT signs (Table 2)

There was excellent interobserver agreement with regard
to the primary signs of omentum, peritoneum, mesentery,
ascites, LN and scalloping sign (k=0.772, 0.783, 0.887,
0.837, 0.894, and 0.864, respectively).

Omentum

Most PTB and PC patients showed omental thickening and
there was no significant differences between two groups. Spe-
cifically, cake-like thickening of the omentum was more fre-
quently observed in PC patients than PTB patients in both two
cohorts (p <0.05). Besides, there was significant difference in
OR sign between two groups (p <0.05). The remaining signs
(smudged thickening and nodular thickening) had no signifi-
cant difference in two groups.

Peritoneum

The irregular thickening and nodules of peritoneum were more
frequent in PC patients than PTB patients between two cohorts
(p<0.05). As for the smooth thickening of peritoneum and
peritoneal enhancement, there were no significant difference in

two groups. There was significant difference with the scallop-
ing sign between PTB patients and PC patients in two cohorts
(p<0.05).

Mesentery

The primary signs of mesentery including diffuse thickening,
thickened with crowded vascular bundles, and mesenteric nod-
ules showed no significant difference between PTB and PC
patients in either training cohort or testing cohort.

Ascites

Large ascites was more common in PC patients than PTB
patients in both two cohorts (p <0.05). Besides, slight ascites,
moderate ascites and the density of ascites showed no signifi-
cant difference between two groups.

LN

Among the signs of LN, there were significant differences in
calcified LN and the ring enhancement of LN between two
groups (p <0.05). The remaining signs including enlarged LN
and LN with necrosis had no significant differences in two
cohorts.

Model performance

As a result, 11 variables were selected to build the model
which included three significant clinical characteristics and
eight primary CT signs. The ROC curves and AUCs of the
model in the training and testing cohorts are shown in Fig. 7.
The model showed a favorable discriminatory ability in the
training cohort, with an AUC of 0.971 and F1 score of 0.923,
which was confirmed in the testing cohort AUC of 0.914 and
F1 score of 0.867. In addition, the accuracy, precision and
recall of the model in both the training cohort were 0.927,
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Table 2 Primary CT signs from

. T CT signs Training cohort p-value Testing cohort p-value
PTB and PC in training cohort
and testing cohort PTB PC PTB PC
(n=68) (n=69) (n=20) (n=21)
Omentum, n (%)
Smudged thickening 27(39.71) 23(33.33) 0.439 9 7 0.444
Nodular thickening 11(16.18) 16(23.19) 0.302 4 6 0.523
Cake-like thickening 9(13.24) 26(37.68) 0.001* 2 8 0036*
OR sign 12(17.65) 2(2.90) 0.004* 4 0 0.031*
Peritoneum, n (%)
Smooth thickening 12(17.65) 5(7.25) 0.065 6 3 0.224
Irregular thickening 0(0) 15(21.74) 0.000* 0 4 0.040%
Peritoneal nodules 31(45.59) 47(68.12) 0.008* 5 12 0.037*
Peritoneal enhancement 22(32.35) 18(26.09) 0.420 7 0.837
Scalloping sign 2(2.94) 37(53.62) 0.000%* 0 0.001*
Mesentery, n (%)
Diffuse thickening 5(7.35) 7(10.14) 0.563 1 2 0.578
Thickened with crowded 39(57.35) 43(62.32) 0.553 11 13 0.654
vascular bundles
Mesenteric nodules 7(10.29) 6(8.70) 0.750 2 3 0.675
Ascites, n (%)
High-density ascites 32(47.06) 23(33.33) 0.101 10 9 0.647
Low-density ascites 29(42.65) 40(57.97) 0.073 8 11 0.427
Slight ascites 19(27.94) 16(23.19) 0.524 6 6 0.920
Moderate ascites 16(23.53) 8(11.59) 0.066 5 0.645
Large ascites 26(38.24) 39(56.52) 0.032%* 7 14 0.043%*
LN, n (%)
Enlarged LN 26(38.24) 18(26.09) 0.128 8 7 0.658
Calcified LN 12(17.65) 2(2.90) 0.004* 4 0 0.031*
LN with necrosis 10(14.71) 4(5.80) 0.085 4 1 0.136
Ring enhancement of LN 12(17.65) 1(1.45) 0.001%* 5 0 0.014*

Differences were assessed by chi-square test. *p <0.05

1.00, and 0.857, which was confirmed in the testing cohort
0.857, 1.00, and 0.765.

Discussion

In order to prevent morbidity, it is essential to make early
diagnosis of diffuse peritoneal disease and differentiation
between PTB and PC. However, it is still a challenge to
make early identification clinically as well as on imaging
and laboratory tests. The main finding of this study is that
we developed a machine learning model for differentiating
PTB from PC based on significant clinical characteristics
and primary CT signs, which achieved good accuracy in an
independent external testing cohort.

The analysis of clinical characteristics showed that the
age of PTB patients had significant difference with PC
patients, whereas sex did not show significant difference,
similar to the results of previous studies [12]. Most patients
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with PTB are young or middle-aged [4] and patients with PC
are old-aged [13]. PTB is a chronic inflammation caused by
infection with MTB [2]. Besides, fever and night sweat were
the typical symptoms as reported in previous studies [14,
15]. Our results are consistent with other studies [8]. It was
hardly seen that PC patients had fever and night sweat. There
were significant differences in fever and night sweat between
two groups. These clinical findings may be helpful for dif-
ferentiating PTB from PC. As for abdominal distention and
pain, they were the most common initial symptoms of the
two diseases [8]. These atypical and nonspecific symptoms
had no significant difference between two groups.

The omentum of most patients in our study was thickened
and similar to previous studies [16, 17]. Our study found that
the cake-like thickening of the omentum was more frequent
in PC patients than PTB patients (p < 0.05) as well as several
studies [7, 8]. This sign was predominant in PC and a good
sign to rule out PTB. It is reported to be frequently associ-
ated with higher grade, non-mucinous and invasive tumors
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Fig.7 ROC curves of the model. a Training cohort b Testing cohort

[18]. The smudged and nodular type were the common form
of omentum with PTB [19]. However, there were no signifi-
cant difference between two groups. The omental changes
in PC were associated with irregular tumor growth, while
changes in PTB were associated with inflammatory hyper-
emia and edema. Ramanan et al., mentioned the OR sign,
which is circular in morphology outlining the perimeter of
the omentum whether thick or thin [7]. Actually, we found
the OR sign to be highly specific of PTB as well as previous
study. However, the frequency of OR sign in our study was
lower than previous reported. PTB triggers a fairly diffuse
and uniform inflammation. Hence, the fat density substance
of the omentum provides a high contrast clearly outlining
this peritoneal enhancement as a rim around it.

Peritoneal changes were thought to be the strongest dif-
ferentiator of PTB from PC [20] and a previous study sug-
gested that smooth thickening of the peritoneum was the
most specific predictor of PTB [6]. However, there was no
significant difference in our study. Irregular thickening of
the peritoneum and peritoneal nodules had significant dif-
ferences between two groups. Theses differences may be
caused by CT section thickness. The thinner section which
increased resolution and picked up more of the subtle focal
characteristics. The enhancement of the peritoneum did not
differentiate PTB from PC, which was similar to previous
study [21]. It is reported that scalloping sign may suggest PC
[22]. In our study too, the scalloping sign was more frequent
in PC than PTB. This sign may be caused mainly by large
peritoneal deposits.

False Posilive Rate

The most common type of mesenteric thickening was
thickened with crowded vascular bundles in both two groups
[23]. Specifically, it includes a stellate pattern which is due
to perivascular bundle thickening that causes the normal fat
to highlight mesenteric vessels or pleated appearance of the
mesentery with fixation of bowel loops which shows soft-
tissue thickening of the mesentery leaves [24]. The thicken-
ing mesentery result from tumorous soft tissue of PC and
edema of PTB. This sign had no significant difference in
two groups.

Most patients in our study had ascites between two
groups. The density of ascites had no significant differ-
ence in two groups. Ascites may be clear in early stage and
have a high density in late stage when it is filled with high
protein and cellular contents [25]. We observed that large
ascites were more common in PC patients than PTB patients
and had significant differences. As for slight and moderate
ascites, there were no significant differences.

Calcified LN which is caused by traces of the TB infec-
tion after recovery and the ring enhancement of LN can
indicate PTB [26]. Although the amount of these two signs
was not large, there was significant difference between two
groups. In our study, 38% PTB patients and 26% PC patients
had enlarged LN. But there was no significant difference
between two groups. The presence of necrotic LN has been
considered as a useful indirect sign to rule out PC [27].
However, the two groups had no significant difference on
this sign.

The model established in our study showed excellent clas-
sification power, whether in the training cohort or the testing
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cohort, whereas it was precise enough for clinical use. F1
score provides greater focus on the classification of inter-
est. According to the F1 score, the model also showed good
predictive performance in both training and testing cohorts.
This implies that the model will show good stability and
generalizability in clinical practice.

However, several limitations in this study still exists.
First, our study only created a model based on primary CT
signs, they were nonquantitative, future study should focus
on the quantitative analysis. Second, this study was a retro-
spective analysis and the number of patients was not very
large.

Differentiating PTB from PC has been challenging thus
far on CT with many overlapping findings. In conclusion,
we created a model based on the clinical characteristics and
primary CT signs. The model has significant value in dis-
tinguishing PTB from PC. Our study may potentially aid
in early differentiation by integrating the multidisciplinary
approach currently based on clinical characteristics and pri-
mary CT signs. Future large-scale multicenter studies should
to be carried out to further confirm the results so that this
model can be used as a diagnostic tool in routine clinical
practice.
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