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Abstract: Gastrointestinal tuberculosis (GITB) and Crohn’s disease (CD) are close mimics. This
prospective study aimed to evaluate the diagnostic performance of perfusion computed tomography
(CT) in differentiating GITB from CD. Consecutive patients with ileocaecal thickening underwent
perfusion CT of the ileocaecal region between January 2019 and July 2020. Two radiologists (blinded
to the final diagnosis) independently assessed blood flow (BF), blood volume (BV), mean transit
time (MTT), and permeability at perfusion CT. These parameters were compared among the patients
with GITB as well as active and inactive CD. Receiver operating characteristic curves were utilized
for determining the diagnostic performance of perfusion CT. Interclass correlation coefficient and
Bland–Altman analysis were performed to compare the observations of the two radiologists. During
the study period, 34 patients underwent perfusion CT. Eight patients had diagnoses other than
intestinal tuberculosis or CD. Thus, 26 patients (mean age 36 ± 14 years, 18 males) with GITB
(n = 11), active CD (n = 6), and inactive CD (n = 9) were evaluated. BF, MTT, and permeability
showed significant differences among the groups, while BV did not differ significantly among the
groups. BF and permeability had 100% sensitivity and 100% specificity, while MTT had 61.5–100%
sensitivity and 70–100% specificity for differentiating GITB from active CD and active from inactive
CD. The interclass correlation coefficient for perfusion CT parameters was 0.88–1. Perfusion CT is a
novel imaging technique that can improve the diagnostic performance of differentiating tuberculosis
from CD.

Keywords: perfusion; tuberculosis; Crohn’s disease; computed tomography

1. Introduction

Crohn’s disease (CD) and gastrointestinal tuberculosis (GITB) are common causes
of intestinal diseases. These two conditions are an important diagnostic dilemma in
countries where TB is endemic and where inflammatory bowel diseases, including CD,
are increasing [1]. CD and GITB are difficult to differentiate owing to overlapping clinical,
radiological, endoscopic, and histological features. Both of these diseases have similar
clinical features, including abdominal pain, diarrhea, intestinal obstruction, and loss of
weight [2]. The imaging findings are also similar with the presence of bowel thickening,
mural enhancement and stratification, and lymphadenopathy. Endoscopic findings include
ulceration, strictures or narrowing, pseudo-polyps, skip lesions, and so on, with overlap in
the types of ulcers between the two conditions. Histology may demonstrate granulomatous
pathology in both entities. Caseating necrosis, although specific for GITB, is an infrequent
finding [3]. Both of these entities show changes in chronic architectural distortion that are
non-specific. Unfortunately, GITB is usually a paucibacillary condition and microbiological
tests are positive only in a minority of patients [4]. As differentiation is often not possible,
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clinicians in endemic regions often start antitubercular therapy (ATT) empirically and
assess the response to therapy. Unfortunately, clinical response to empirical ATT can occur
even in CD, thus a repeat colonoscopy may be needed to be sure of an early mucosal
response. This strategy, apart from being costly, has potential risks, including ATT-induced
hepatitis and the progression of CD as a result of the delay in the initiation of CD-specific
therapy. Therefore, the differentiation of the two diseases has immense clinical significance,
considering the entirely different therapeutic strategies and prognoses.

Imaging plays an essential role in evaluating small bowel and colonic diseases. Con-
ventional imaging techniques (barium studies) have been used to differentiate GITB and
CD in the past, but, as they cannot provide information about the extra-luminal features
of both diseases, their role in the differentiation of the two is limited [5]. Spectral CT has
also been evaluated to assess Crohn’s disease in terms of disease activity. It demonstrated a
higher accuracy than conventional CT in predicting intestinal activity [6]. However, its role
in the differentiation of gastrointestinal TB and CD has not been studied.

A few recent CT imaging techniques (carbon dioxide enterography and positron emis-
sion tomography/CT enterography) have shown encouraging results in the differentiation
of the two diseases [7,8]. However, these techniques are not widely available and entail high
costs and a lot of time. In addition, a few CT-based predictive models for the differentiation
of the two diseases have also been evaluated [6,9,10]. However, they are not commonly
used because of the lack of standardization of the variables used in different predictive
models. Thus, an accurate and reproducible imaging test to differentiate between the two
diseases is required.

Perfusion CT (PCT) is a novel technique used in oncology for diagnosis, prognosis,
and treatment response evaluation and has proved to be highly accurate [11,12]. However,
most studies assessing bowel perfusion have investigated the large bowel. In contrast, its
role in the small bowel is relatively unexplored, with only a single study demonstrating the
feasibility of PCT in the small bowel [13].

Furthermore, many studies have evaluated the microvascular environment and mesen-
teric vasculature in the two diseases. These studies have shown significant differences in
the vascularity of GITB and CD [14–19]. Thus, based on this hypothesis, we conducted
this prospective study to evaluate whether PCT enterography can help differentiate GITB
and CD.

2. Materials and Methods

The present study was conducted in accordance with the Declaration of Helsinki and
ICMR guidelines for ethical human research. The study protocol was approved by the
institutional ethics committee. Informed written consent was obtained from all participants
prior to inclusion.

Patient Selection
Consecutive patients (age > 18 years) presenting to the gastroenterology OPD who

were clinically suspected of having GITB or CD and who were diagnosed with ileocaecal
thickening were included in the study (study period: January 2019 to July 2020). The
clinical pointers towards GITB/CD included one or more of the following: diarrhea, ab-
dominal pain attributable to the small bowel, or sub-acute intestinal obstruction. Ileocaecal
thickening was diagnosed on ultrasound, CT, or magnetic resonance imaging. We excluded
pregnant females, patients allergic to intravenous or oral contrast, patients with renal
insufficiency, and patients refusing to give consent.

CT Data Acquisition
The scans were acquired on a multi-detector row CT scanner (Somatom Definition

Flash 128 multi-detector row CT scanner, Siemens Healthcare, Erlangen, Germany). A
neutral oral contrast agent, polyethylene glycol (1.2 L), was administered over 30 min before
the image acquisition. First, a CT scanogram of the abdomen was obtained. Following this,
a low-dose non-contrast CT scan from the inferior surface of the liver to the iliac crest was
obtained for localizing the ileocaecal junction. A pre-defined volume (measuring 15 cm
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on the z-axis) was centred at the ileocaecal junction. Then, an intravenous injection of
20 mg of hyoscine butyl bromide was administered. An abdominal band restraint was
used to minimize movements of the abdominal wall. Next, an iodinated contrast agent,
40 mL (300 mg I/mL; Omnipaque 300, GE Healthcare, Chicago, IL, USA), was injected,
followed by 30 mL of normal saline, both injected at 5.5 mL/s using a pressure injector. The
following scanning parameters were used: tube current–exposure time product (mAs) of 90,
tube voltage setting (kVp) of 70, pitch of 0.7, and reconstruction slice thickness of 1.5 mm
with a reconstruction increment of 1 mm. The low-dose dynamic scan (15 cm) centered
on the ileocaecal junction was obtained at 1.5 s intervals, 3 s following the intravenous
injection of the contrast. The total duration of the examination was 52.5 s.

Perfusion CT Analysis
Data analysis was performed using dedicated software (Volume Perfusion CT and

Syngo Multimodality Workplace, Siemens Healthcare). The first step consisted of motion
correction, which was carried out using the inbuilt motion-correction algorithm and manu-
ally excluding the distorted sections owing to the patient’s motion. Then, automatic bone
identification and segmentation were performed, followed by placing a region of interest
(ROI) on the abdominal aorta proximal to its bifurcation. The application automatically
constructed the perfusion maps using the deconvolution pharmacokinetics model. Four
ROIs were placed on each axial section of the bowel wall of the involved segment, with
a 1 cm interval between each section. The image was magnified to such an extent that
the involved bowel cross section covered approximately 25% of the screen. The size of
the ROI was decided according to the extent of bowel thickening: an ROI of 0.1 cm2 for
bowel thickening of less than 5 mm, 0.2 cm2 for bowel thickening of 5–10 mm, and 0.3 cm2

for bowel thickening of >10 mm. If there was asymmetrical bowel wall thickening, the
ROI size was taken according to the maximum thickening present in the respective bowel
wall as per the criteria mentioned above. While placing the ROIs on the bowel wall, care
was taken to exclude visible vessels and non-enhancing areas within the visualized bowel
wall (Figure 1). The ROI size was adjusted so that there were no partial volume effects
while sampling.
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Figure 1. Technique of region of interest (ROI) placement. 1, 2, 3, and 4 represent the ROIs placed
on the anterior, lateral, posterior, and medial walls, respectively, on the axial section of the involved
bowel loop.

Four PCT parameters were assessed. These included the following:
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BF: blood flow [mL/100 mL/min], defined as the flow rate through the vasculature
in the tissue of interest; BV: blood volume [mL/100 mL], defined as the volume of blood
flowing within the vasculature of the tissue of interest; MTT: mean transit time [seconds],
defined as the average time taken by the contrast medium to travel from the artery to
the vein; and PMB: permeability [mL/100 mL/min], defined as the total blood flow from
plasma to the interstitial space.

The PCT parameters were estimated independently by two radiologists (with eight
years and two years of experience in abdominal CT), who were blinded to the final diag-
nosis. For each patient, each radiologist recorded several values of perfusion parameters,
ranging from a minimum of 48 values to a maximum of 160 values, depending on the total
length of the thickened bowel segment in the respective patient (a total of 16 values for
the perfusion parameters were recorded for each section of bowel wall thickening and
subsequent measurements were taken at a distance of 1 cm). Then, the mean of the values
was calculated and inter-observer agreement was assessed.

Reference Standard
The internationally approved criteria were used for the diagnosis. For the diagnosis

of CD, the European Crohn’s and Colitis Organization and European Society of Gastroin-
testinal and Abdominal Radiology guidelines were used [20]. To evaluate CD activity, we
used the Crohn’s Disease Activity Index (CDAI) with a cut-off of 150 to divide active and
inactive CD.

For GITB, the INDEX-TB definition was used [21]. If a microbiological test like my-
cobacterial culture or a standard polymerase-chain-reaction-based test (Xpert MTB/RIF)
was positive, a diagnosis of microbiologically confirmed GITB was made. However, if
mycobacterial tests were negative or if there was diagnostic confusion, we started a diag-
nostic trial of ATT. In such patients, a colonoscopy was repeated at two months to assess for
mucosal healing. Early mucosal response (ulcer healing at two months after a diagnostic
trial of antitubercular therapy), as suggested by the Indian Council of Medical Research
Standard Treatment Workflow, was used to confirm the diagnosis of GITB [22,23].

Statistical Analysis
The data were coded and recorded in the Microsoft Excel spreadsheet program. De-

scriptive statistics were elaborated as the mean and standard deviation for continuous
variables and proportions and percentages for categorical variables. When comparing two
groups, comparisons were made using the Mann–Whitney U-test and the Kruskal–Wallis
test was used when comparing more than two groups. For paired data, the Wilcoxon-signed
rank test was used. Receiver operating characteristic (ROC) curves were plotted to deter-
mine the diagnostic performance and best cut-off for perfusion parameters in predicting a
dichotomous outcome. An interclass correlation coefficient and Bland–Altman analyses
were performed to compare the observations of the two radiologists. SPSS v. 23.0 (IBM
Corp., Armonk, NY, USA) was used for data analysis. A p-value of <0.05 was considered
statistically significant for all analyses.

3. Results
3.1. Demographic Data

Over the study period, 34 patients underwent PCT. GITB and CD were diagnosed in
11 and 15 patients, respectively. Out of the CD patients, the number of active and inactive
CD cases was 6 and 9, respectively. Other diagnoses (n = 8) included appendicitis (n = 1),
amoebic colitis (n = 1), adenocarcinoma of the caecum (n = 1), ulcerative colitis (n = 1),
non-specific colitis (n = 3), and complicated enteric fever (n = 1). Thus, we included 26
patients in the analysis. The mean (±SD) age was 36 ± 14 years, 18 males. One CD patient
had fistulizing disease. Colonic involvement was observed in three patients with GITB and
four patients with CD.
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3.2. PCT Parameters

All PCT scans were diagnostic. The mean values of the perfusion parameters in the in-
active CD, GITB, and active CD patients were BF (mL/100 mL/min) of 54.3, 89.5, and 295.6,
respectively (p = 0.001); BV (mL/100 mL) of 9.03, 10.85, and 10.54, respectively (p = 0.47);
MTT (seconds) of 11.9, 8.8, and 5.2, respectively (p = 0.001); and PMB (mL/100 mL/min) of
11.6, 21.3, and 65.9, respectively (p = 0.001) (Table 1, Figure 2).

Table 1. Mean perfusion CT parameters in the three groups.

Parameters Inactive Crohn’s
Disease (n = 9)

Gastrointestinal
Tuberculosis (n = 11)

Active Crohn’s
Disease (n = 6) p

Blood Flow
(mL/100 mL/min) 54.25 ± 9.15 89.49 ± 15.73 295.60 ± 21.92 0.001

Blood Volume
(mL/100 mL) 9.03 ± 2.00 10.85 ± 3.74 10.54 ± 0.81 0.417

Mean Transit Time
(s) 11.89 ± 2.33 8.76 ± 2.57 5.23 ± 1.95 0.001

Permeability
(mL/100 mL/min) 11.55 ± 3.28 21.27 ± 6.43 65.97 ± 5.32 0.001

Upon pair-wise comparison of the perfusion variables between the groups, BF, MTT,
and PMB showed statistically significant differences among all of the groups. BV did not
show a statistically significant difference between the groups.

3.3. Diagnostic Performance of PCT

The highest sensitivity, specificity, and AUC were achieved with BF and PMB (Table 2).
The diagnostic performance for differentiating GITB from the entire CD group (both active
and inactive) and GITB from the inactive CD was lower than that for other groups (Table 2).
BV showed the lowest diagnostic performance. Figures 3 and 4 demonstrate the perfusion
maps of cases of CD and GITB, respectively.
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Figure 2. (A) Graphical depiction showing the trend followed by the perfusion parameters. (B) Corre-
sponding box and whisker plots. There is an increasing gradient in blood flow (BF) and permeability
(PMB) from inactive CD to gastrointestinal tuberculosis to active CD. A reverse gradient is noted
for mean transit time (MTT). (BF: Blood Flow, BV: Blood Volume, MTT: Mean Transit Time, PMB:
Permeability, TB: Tuberculosis).
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Figure 3. Case of Crohn’s disease. (A) Axial section from the perfusion CT base image showing
enhancing mural thickening of the terminal ileum (white arrow with black striations) and caecum
(white arrow). (B) Corresponding color-coded perfusion maps showing MIP, BF, BV, MTT, and PMB
images. (C) Colonoscopic image of the same patient showing deep serpiginous ulcers (marked with a
circle and an arrow). (D) Histopathological findings of the same patient: ileal mucosal biopsy shows
an excess of mononuclear inflammatory cells admixed with eosinophils in the lamina propria along
with foci of pyloric metaplasia (marked with a circle and an arrow) (H&E X200) (MIP: maximum
intensity projection; BF: blood flow; BV: blood volume; MTT: mean transit time; PMB: permeability;
H&E: haematoxylin and eosin).
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Table 2. Diagnostic performance of perfusion CT parameters between groups.

Parameters Sensitivity
(95% CI)

Specificity
(95% CI) PPV (95% CI) NPV (95%

CI)

Diagnostic
Accuracy
(95% CI)

AUC

Gastrointestinal tuberculosis vs. Crohn’s disease
Blood Flow (mL/100 mL/min)

(cut-off: 64.64 mL/100 mL/min)
69.2%

(39–91)
100.0%

(69–100)
100.0%

(66–100)
71.4%

(42–92)
82.6%

(61–95) 0.692

Blood Volume (mL/100 mL)
(cut-off: 12.68 mL/100 mL))

100.0%
(75–100)

30.0%
(7–65)

65.0%
(41–85)

100.0%
(29–100)

69.6%
(47–87) 0.558

Mean Transit Time (s) (cut-off: 9.51 s) 61.5%
(32–86)

70.0%
(35–93)

72.7%
(39–94)

58.3%
(28–85)

65.2%
(43–84) 0.600

Permeability (mL/100 mL/min)
(cut-off: 13.9 mL/100 mL/min)

61.5%
(32–86)

90.0%
(55–100)

88.9%
(52–100)

64.3%
(35–87)

73.9%
(52–90) 0.623

Gastrointestinal tuberculosis vs. active Crohn’s disease
Blood Flow (mL/100 mL/min)

(cut-off: 268.5 mL/100 mL/min)
100.0%

(40–100)
100.0%

(69–100)
100.0%

(40–100)
100.0%

(69–100)
100.0%

(77–100) 1

Blood Volume (mL/100 mL)
(cut-off: 9.8 mL/100 mL)

100.0%
(40–100)

50.0%
(19–81)

44.4%
(14–79)

100.0%
(48–100)

64.3%
(35–87) 0.562

Mean Transit Time (s) (cut-off: 7.2 s) 100.0%
(40–100)

70.0%
(35–93)

57.1%
(18–90)

100.0%
(59–100)

78.6%
(49–95) 0.875

Permeability (mL/100 mL/min)
(cut-off: 59.1 mL/100 mL/min)

100.0%
(40–100)

100.0%
(69–100)

100.0%
(40–100)

100.0%
(69–100)

100.0%
(77–100) 1

Gastrointestinal tuberculosis vs. inactive Crohn’s disease
Blood Flow (mL/100 mL/min)

(cut-off: 65.95 mL/100 mL/min)
100.0%

(69–100)
100.0%

(66–100)
100.0%

(69–100)
100.0%

(66–100)
100.0%

(82–100) 1

Blood Volume (mL/100 mL)
(cut-off: 12.79 mL/100 mL)

30.0%
(7–65)

100.0%
(66–100)

100.0%
(29–100)

56.2%
(30–80)

63.2%
(38–84) 0.611

Mean Transit Time (s) (cut-off: 8.5 s) 70.0%
(35–93)

88.9%
(52–100)

87.5%
(47–100)

72.7%
(39–94)

78.9%
(54–94) 0.811

Permeability (mL/100 mL/min)
(cut-off: 18.81 mL/100 mL/min)

80.0%
(44–97)

100.0%
(66–100)

100.0%
(63–100)

81.8%
(48–98)

89.5%
(67–99) 0.900

Active vs. inactive Crohn’s disease
Blood Flow (mL/100 mL/min)

(cut-off: 268.5 mL/100 mL/min)
100.0%

(40–100)
100.0%

(66–100)
100.0%

(40–100)
100.0%

(66–100)
100.0%

(75–100) 1

Blood Volume (mL/100 mL)
(cut-off: 9.57 mL/100 mL)

100.0%
(40–100)

66.7%
(30–93)

57.1%
(18–90)

100.0%
(54–100)

76.9%
(46–95) 0.722

Mean Transit Time (s) (cut-off: 7.2 s) 100.0%
(40–100)

100.0%
(66–100)

100.0%
(40–100)

100.0%
(66–100)

100.0%
(75–100) 1

Permeability (mL/100 mL/min)
(cut-off: 43.54 mL/100 mL/min)

100.0%
(40–100)

100.0%
(66–100)

100.0%
(40–100)

100.0%
(66–100)

100.0%
(75–100) 1

3.4. Interobserver Agreement

The interobserver agreement between the two radiologists for evaluating the perfusion
parameters was excellent. The interclass correlation coefficients were 1.0, 0.88, 0.91, and
0.99 for BF, BV, MTT, and PMB, respectively.

3.5. Radiation Dose

The mean CTDI vol and DLP were 32.52 ± 6.04 mGy and 407.42 ± 75.81 mGy.cm,
respectively.
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Figure 4. Case of gastrointestinal tuberculosis. (A) Post-processing perfusion CT images showing
ROI placement and values of perfusion parameters. (B) Corresponding color-coded perfusion maps
showing MIP, BF, BV, MTT, and PMB images. (C) Colonoscopic images of the same patient showing an
oedematous and hyperaemic ileocaecal valve with a small ulcer (marked with a circle and an arrow).
(D) Histopathological findings of the same patient: ileocaecal mucosal biopsy shows a non-caseating
granuloma (marked with a circle and *) in the lamina propria (H&E X200) (MIP: maximum intensity
projection; BF: blood flow; BV: blood volume; MTT: mean transit time; PMB: permeability; H&E:
haematoxylin and eosin).

4. Discussion

In this prospective study, we evaluated PCT parameters in three groups: GITB, ac-
tive CD, and inactive CD. We found that three out of the four perfusion parameters (BF,
MTT, and PMB) showed a statistically significant difference. The PCT parameters had
high sensitivity and specificity for diagnosing CD and GITB. We also found an excellent
correlation between the two observers, indicating that the modality is reproducible. This
study emphasizes the potential role of PCT in the differentiation of GITB and CD and is a
first-of-its-kind evaluation of perfusion CT in solving this important clinical dilemma.

Correctly differentiating between the two diseases is essential, as an incorrect diagnosis
has profound implications [1]. For example, if GITB is wrongly diagnosed as CD and
immunosuppressive drugs are given, it will result in a flare-up and dissemination of
TB throughout the body, whereas, if a patient with CD is wrongly diagnosed as having
GITB, it will not only cause a delay in the initiation of the correct therapy but also lead to
unnecessary exposure of the patient to antitubercular therapy, which may cause multiple
harmful effects like a liver injury. Many of the world’s most populous regions (including
India and China) grapple with this problem—they are endemic for tuberculosis, while
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inflammatory bowel diseases are rising in these regions. It is now well recognized that a
diagnostic delay in Crohn’s disease, also attributed to the administration of ATT, may result
in increased surgical requirements. Interestingly, administration of ATT in CD has also
been reported to result in the conversion of the inflammatory phenotype to the stricturing
phenotype, suggesting that unnecessary ATT in CD should be avoided where possible.

Routine laboratory tests, including total leukocyte count, differential leukocyte count,
low hemoglobin, raised erythrocyte sedimentation rate, raised C-reactive protein, and
raised faecal calprotectin levels, can be seen in the active phases of both diseases [24,25].
Colonoscopy can help in the differentiation of the two diseases in a subset of cases, but there
is a significant overlap in the colonoscopic features of GITB and CD, and no single finding
is unique for the diagnosis of either of the two conditions. As far as histopathological
analysis is concerned, both CD and GITB are chronic granulomatous diseases, and there
are minimal histopathological differences between them. If the granulomas are associated
with caseous necrosis or the stain for AFB is positive, then the biopsy is diagnostic for
GITB. However, the yield of sampling is very poor, thus histopathology is diagnostic in
very few cases (<30%) [3]. In addition, sampling bias is also of great concern in biopsy
assessment and has a significant impact on the diagnostic results. Furthermore, there is a
lack of feasible methods to carry out such sampling bias studies, as it is not feasible to take
numerous needle biopsies from the same patient just to support such research [26].

In recent times, there has been an increasing emphasis on molecular diagnosis of TB.
According to a report on the use of primers (IS 6110) for the diagnosis of ITB, the sensitivity
and specificity of the test were 46% and 95%, respectively [27]. This means that, although a
positive PCR (polymerase chain reaction) can support the diagnosis of GITB, a negative
PCR cannot exclude GITB. GeneXpert TB (“Xpert MTB/RIF”) is a cartridge-based nucleic
acid amplification test that can not only identify MTB DNA but also detect resistance to
Rifampicin. It is useful in pulmonary TB and TB of the lymph nodes, but the sensitivity of
this test for GITB is very low (around 23%) [28].

Imaging modalities like barium studies have been used to differentiate GITB and CD
in the past. Still, as they cannot provide information about the extra-luminal features, their
role in differentiating between the two diseases is limited [29]. Routine abdominal CT fails
to distend the small bowel, thus it is challenging to evaluate the mural changes, including
enhancement characteristics associated with GITB or CD. CT enterography features may
help differentiate GITB from CD [5]. A long segment ileal involvement with more than
three segments involved and skip areas with engorged vasa recta favor the diagnosis of CD,
whereas multi-segmental symmetrical mural thickening of the ileocaecal area and necrotic
lymph nodes supports the diagnosis of GITB [5,30,31]. However, the precise differentiation
between the two entities is only possible in some patients.

Spectral CT has been utilized to assess CD activity and severity [6]. In one study,
spectral CT demonstrated a higher accuracy (99.6% versus 94.7%), sensitivity (99.1% versus
93.4%), and specificity (99.9% versus 94.4%) than conventional CT in predicting CD activity.
However, its role in intestinal TB and CD differentiation has not been studied.

Therefore, despite previous attempts at imaging to differentiate between the two
entities, none of them are accurate enough to distinguish the two diseases. Therefore, there
is a need for an accurate, objective, and clinically applicable method for the differentiation
of GITB and CD.

Furthermore, in cases of CD, accurate differentiation between active and inactive CD
cases is also very important. In CD, both inflammatory and fibrotic types of strictures can
be observed. The strictures can be detected by other radiological modalities like CT en-
terography, MR enterography, and ultrasonography, but determining whether the stricture
is inflammatory or fibrotic is challenging [30]. It is important to make this distinction, as
the management of the disease relies on it. Active CD cases can be managed well with
medical management. However, for chronic or inactive CD patients who develop fibrotic
strictures, no therapeutic agent is available that can inhibit or reverse the fibrosis. The
only management strategy available for these cases is endoscopic dilatation. Therefore,
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differentiation between the two types of CD is indispensable. In such a scenario, perfusion
CT, being highly sensitive, specific, and reproducible, can serve as a great tool to help
differentiate active and inactive CD.

The results of our study (values of the perfusion parameters in CD and GITB) can be
explained as follows.

Early inflammation in CD is characterized by increased perfusion, whereas, paradoxi-
cally, in chronically inflamed tissues, there is a decrease in the regional blood flow, leading
to prolonged ischemia and microinfarction [15–19]. Studies that have evaluated vascu-
lar changes in GITB have revealed differing results [14–19]. Some studies have reported
thrombosis of medium and large vessels and endarteritis of submucosal vessels, leading to
mucosal ulceration, whereas others have reported mildly increased vascularity in TB ulcers.
Thus, active CD shows the highest BF, BV, and PMB and the shortest MTT. On the other
hand, inactive CD (showing chronic inflammation and fibrinoid vascular occlusion) results
in lower BF, BV, and PMB with higher MTT. The perfusion values of GITB lie between
active and inactive CD. This is because a mixed picture is observed in GITB, wherein mild
hyper-vascularity is observed in ulcers and endarteritis is observed in submucosal vessels.

This explanation of the perfusion trends is also supported by a study comparing active
and inactive CD by dynamic MRI, in which the type I signal intensity curve (early upslope
with a late plateau) was observed in 100% of active CD cases and the type II signal intensity
curve (slow contrast material wash-in with late wash-out) was observed in 100% of inactive
CD cases [30].

Our study also found an excellent correlation between the two radiologists. This
proves that perfusion CT does not suffer from significant interobserver variability, which
has also been validated by previous studies [11,32].

Finally, there may be concerns regarding the radiation dose of perfusion CT. The
radiation dose of perfusion CT in our study is significantly less than in other studies that
have attempted perfusion CT. Goh et al. conducted a study for the evaluation of radiation
dose delivered in volumetric helical perfusion CT of the thorax, abdomen, or pelvis [33].
They reported a mean CTDI volume of 96.2 mGy (range: 32.3 to 169.4 mGy) and a mean
DLP of 1288.8 mGy.cm (range: 648 to 2456 mGy.cm). Another study by Sitek et al. showed
a mean radiation dose of 7.75 mSv [13]. This reduction in the radiation dose in our study is
due to the fact that we acquired only a limited scan for perfusion. This was possible as the
NCCT was performed before the perfusion scan for localization of the ileocaecal junction,
so that the actual perfusion scan itself could be performed for a small region of interest. In
addition, the CT scanning parameters were also adjusted in such a way that the radiation
dose was minimized without compromising the diagnostic quality. We set the scanning
parameters for perfusion CT to 70 kVp and 90 mAs, which is significantly less than those
used in other studies. Thus, if the scanning parameters are optimized, we can reduce the
radiation dose of perfusion CT, as depicted in our study.

Our study had a few limitations. First, we had a relatively small sample size. However,
as this is the first study to evaluate perfusion CT in the differentiation of GITB and CD,
it is highly relevant in the current scenario. Another limitation of the study was that
physiological factors such as post-prandial status and atherosclerotic changes could affect
vascular measurements. However, all patients who underwent perfusion CT had the same
preparation before CT. None of them demonstrated CT features of significant stenosis of
the superior or inferior mesenteric arteries.

5. Conclusions

Our study shows that perfusion CT has high sensitivity, specificity, and reproducibility
in differentiating GITB from CD, as well as active from inactive CD, and may play a critical
role in guiding management. Future studies on larger patient populations should try
to confirm the performance of perfusion CT for the purpose of discriminating between
these entities.



Diagnostics 2023, 13, 1255 11 of 12

Author Contributions: Conceptualization, R.S., P.G., U.D. and V.S.; methodology, R.S., P.G., U.D. and
V.S.; software, U.D.; validation, R.S., P.G., U.D., V.S., K.K.P. and H.S.; formal analysis, R.S., P.G., U.D.,
V.S., K.K.P. and H.S.; investigation, R.S., P.G., U.D. and V.S.; resources, R.S., P.G., U.D., V.S., K.K.P.
and H.S.; data curation, R.S., P.G., U.D., V.S., K.K.P. and H.S.; writing—original draft preparation,
R.S.; writing—review and editing, R.S. and P.G.; visualization, V.S.; supervision, U.D.; project
administration, U.D. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Decla-
ration of Helsinki and approved by the Institutional Ethics Committee of PGIMER Chandigarh
(INT/IEC/2019/000366).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patient(s) to publish this paper.

Data Availability Statement: The datasets generated during and/or analyzed during the current
study are available from the corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Goyal, P.; Shah, J.; Gupta, S.; Gupta, P.; Sharma, V. Imaging in discriminating intestinal tuberculosis and Crohn’s disease: Past,

present and the future. Expert Rev. Gastroenterol. Hepatol. 2019, 13, 995–1007. [CrossRef]
2. Pulimood, A.B.; Amarapurkar, D.N.; Ghoshal, U.; Phillip, M.; Pai, C.G.; Reddy, D.N.; Nagi, B.; Ramakrishna, B.S. Differentiation

of Crohn’s disease from intestinal tuberculosis in India in 2010. World J. Gastroenterol. 2011, 17, 433–443. [CrossRef] [PubMed]
3. Pulimood, A.B.; Peter, S.; Ramakrishna, B.; Chacko, A.; Jeyamani, R.; Jeyaseelan, L.; Kurian, G. Segmental colonoscopic biopsies

in the differentiation of ileocolic tuberculosis from Crohn’s disease. J. Gastroenterol. Hepatol. 2005, 20, 688–696. [CrossRef]
4. Dhali, A.; Das, K.; Dhali, G.K.; Ghosh, R.; Sarkar, A.; Misra, D. Abdominal tuberculosis: Clinical profile and outcome. Int. J.

Mycobacteriol. 2021, 10, 414–420. [CrossRef] [PubMed]
5. Zhao, J.; Cui, M.Y.; Chan, T.; Mao, R.; Luo, Y.; Barua, I.; Chen, M.; Li, Z.-P.; Feng, S.-T. Evaluation of intestinal tuberculosis by

multi-slice computed tomography enterography. BMC Infect. Dis. 2015, 15, 577. [CrossRef] [PubMed]
6. Peng, J.C.; Feng, Q.; Zhu, J.; Shen, J.; Qiao, Y.Q.; Xu, J.R.; Ran, Z.H. Usefulness of spectral computed tomography for evaluation of

intestinal activity and severity in ileocolonic Crohn’s disease. Ther. Adv. Gastroenterol. 2016, 9, 795–805. [CrossRef] [PubMed]
7. Kalra, N.; Gulati, A.; Gupta, P.; Dhaka, N.; Sehgal, S.; Singh, S.; Gupta, V.; Sharma, K.; Vaiphei, K.; Rajwanshi, A.; et al. Comparison

of virtual computed tomography enteroscopy using carbon dioxide with small-bowel enteroclysis and capsule endoscopy in
patients with small-bowel tuberculosis. Eur. Radiol. 2020, 31, 3297–3305. [CrossRef]

8. Singh, A.K.; Kumar, R.; Gupta, P.; Kumar, M.P.; Mishra, S.; Mandavdhare, H.S.; Singh, H.; Prasad, K.K.; Dutta, U.; Sharma,
V. FDG-PET-CT Enterography Helps Determine Clinical Significance of Suspected Ileocecal Thickening: A Prospective Study.
Dig. Dis. Sci. 2021, 66, 1620–1630. [CrossRef]

9. Kedia, S.; Sharma, R.; Nagi, B.; Mouli, V.P.; Aananthakrishnan, A.; Dhingra, R.; Srivastava, S.; Kurrey, L.; Ahuja, V. Computerized
tomography-based predictive model for differentiation of Crohn’s disease from intestinal tuberculosis. Indian J. Gastroenterol.
2015, 34, 135–143. [CrossRef]

10. Yadav, D.P.; Madhusudhan, K.S.; Kedia, S.; Sharma, R.; Pratap Mouli, V.; Bopanna, S.; Dhingra, R.; Pradhan, R.; Goyal, S.;
Sreenivas, V.; et al. Development and validation of visceral fat quantification as a surrogate marker for differentiation of Crohn’s
disease and intestinal tuberculosis. J. Gastroenterol. Hepatol. 2017, 32, 420–426. [CrossRef]

11. Sahani, D.V.; Holalkere, N.S.; Mueller, P.R.; Zhu, A.X. Advanced hepatocellular carcinoma: CT perfusion of liver and tumor
tissue—Initial experience. Radiology 2007, 243, 736–743. [CrossRef]

12. Sahani, D.V.; Kalva, S.P.; Hamberg, L.M.; Hahn, P.F.; Willett, C.G.; Saini, S.; Mueller, P.R.; Lee, T.-Y. Assessing tumor perfusion and
treatment response in rectal cancer with multisection CT: Initial observations. Radiology 2005, 234, 785–792. [CrossRef] [PubMed]

13. Sitek, A.; Sheiman, R.G. Small-bowel perfusion measurement: Feasibility with single-compartment kinetic model applied to
dynamic contrast-enhanced CT. Radiology 2005, 237, 670–674. [CrossRef]

14. Kuwajerwala, N.K.; Bapat, R.D.; Joshi, A.S. Mesenteric vasculopathy in intestinal tuberculosis. Indian J. Gastroenterol. 1997, 16,
134–136. [PubMed]

15. Pober, J.S.; Sessa, W.C. Inflammation and the Blood Microvascular System. Cold Spring Harb. Perspect. Biol. 2015, 7, 5–9. Available
online: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4292166/ (accessed on 5 June 2020). [CrossRef]

16. Deban, L.; Correale, C.; Vetrano, S.; Malesci, A.; Danese, S. Multiple Pathogenic Roles of Microvasculature in Inflammatory Bowel
Disease: A Jack of All Trades. Am. J. Pathol. 2008, 172, 1457–1466. [CrossRef]

17. Angerson, W.J.; Allison, M.C.; Baxter, J.N.; Russell, R.I. Neoterminal ileal blood flow after ileocolonic resection for Crohn’s disease.
Gut 1993, 34, 1531–1534. [CrossRef]

http://doi.org/10.1080/17474124.2019.1673730
http://doi.org/10.3748/wjg.v17.i4.433
http://www.ncbi.nlm.nih.gov/pubmed/21274372
http://doi.org/10.1111/j.1440-1746.2005.03814.x
http://doi.org/10.4103/ijmy.ijmy_195_21
http://www.ncbi.nlm.nih.gov/pubmed/34916461
http://doi.org/10.1186/s12879-015-1325-x
http://www.ncbi.nlm.nih.gov/pubmed/26695641
http://doi.org/10.1177/1756283X16668309
http://www.ncbi.nlm.nih.gov/pubmed/27803734
http://doi.org/10.1007/s00330-020-07410-7
http://doi.org/10.1007/s10620-020-06361-9
http://doi.org/10.1007/s12664-015-0550-y
http://doi.org/10.1111/jgh.13535
http://doi.org/10.1148/radiol.2433052020
http://doi.org/10.1148/radiol.2343040286
http://www.ncbi.nlm.nih.gov/pubmed/15734934
http://doi.org/10.1148/radiol.2372041403
http://www.ncbi.nlm.nih.gov/pubmed/9357183
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4292166/
http://doi.org/10.1101/cshperspect.a016345
http://doi.org/10.2353/ajpath.2008.070593
http://doi.org/10.1136/gut.34.11.1531


Diagnostics 2023, 13, 1255 12 of 12

18. Wakefield, A.J.; Sankey, A.; Dhillon, A.P.; Sawyerr, A.M.; More, L.; Pittilo, M.; Rowles, P.T.; Hudson, M.; Lewis, A.A.M.; Pounder,
R.E. Granulomatous Vasculitis in Crohn’s Disease. Gastroenterology 1991, 100, 1279–1287. [CrossRef]

19. Shah, P.; Ramakantan, R. Role of vasculitis in the natural history of abdominal tuberculosis—Evaluation by mesenteric angiogra-
phy. Indian J. Gastroenterol. 1991, 10, 127–130. [PubMed]

20. Maaser, C.; Sturm, A.; Vavricka, S.R.; Kucharzik, T.; Fiorino, G.; Annese, V.; Calabrese, E.; Baumgart, D.C.; Bettenworth, D.;
Borralho Nunes, P.; et al. ECCO-ESGAR Guideline for Diagnostic Assessment in IBD Part 1: Initial diagnosis, monitoring of
known IBD, detection of complications. J. Crohns Colitis 2019, 13, 144–164. [CrossRef] [PubMed]

21. Sharma, S.K.; Ryan, H.; Khaparde, S.; Sachdeva, K.S.; Singh, A.D.; Mohan, A.; Sarin, R.; Paramasivan, C.N.; Kumar, P.; Nischal,
N.; et al. Index-TB Guidelines: Guidelines on extrapulmonary tuberculosis for India. Indian J. Med. Res. 2017, 145, 448–463.

22. Sharma, V.; Mandavdhare, H.S.; Dutta, U. Letter: Mucosal response in discriminating intestinal tuberculosis from Crohn’s
disease-when to look for it? Aliment. Pharmacol. Ther. 2018, 47, 859–860. [CrossRef] [PubMed]

23. Standard Treatment Workflow (STW) for the Management of ADULT ABDOMINAL TUBERCULOSIS ICD-10-A18.3. Avail-
able online: https://stw.icmr.org.in/images/Adult_Extr_Tuberculosis/1_Adult_Abdominal_TB_18032022.pdf (accessed on 18
January 2023).

24. Almadi, M.A.; Ghosh, S.; Aljebreen, A.M. Differentiating intestinal tuberculosis from Crohn’s disease: A diagnostic challenge.
Am. J. Gastroenterol. 2009, 104, 1003–1012. [CrossRef] [PubMed]

25. Amarapurkar, D.N.; Patel, N.D.; Rane, P.S. Diagnosis of Crohn’s disease in India where tuberculosis is widely prevalent. World J.
Gastroenterol. 2008, 14, 741–746. [CrossRef]

26. Li, Q.; Wang, F.; Chen, Y.; Chen, H.; Wu, S.; Farris, A.B.; Jiang, Y.; Kong, J. Virtual liver needle biopsy from reconstructed
three-dimensional histopathological images: Quantification of sampling error. Comput. Biol. Med. 2022, 147, 105764. [CrossRef]

27. Jin, T.; Fei, B.; Zhang, Y.; He, X. The Diagnostic Value of Polymerase Chain Reaction for Mycobacterium tuberculosis to Distinguish
Intestinal Tuberculosis from Crohn’s Disease: A Meta-analysis. Saudi J. Gastroenterol. 2017, 23, 3–10. [PubMed]

28. Kumar, S.; Bopanna, S.; Kedia, S.; Mouli, P.; Dhingra, R.; Padhan, R.; Kohli, M.; Chaubey, J.; Sharma, R.; Das, P.; et al. Evaluation
of Xpert MTB/RIF assay performance in the diagnosis of abdominal tuberculosis. Intestig. Res. 2017, 15, 187–194. [CrossRef]

29. Da Rocha, E.L.; Pedrassa, B.C.; Bormann, R.L.; Kierszenbaum, M.L.; Torres, L.R.; D’Ippolito, G. Abdominal tuberculosis:
A radiological review with emphasis on computed tomography and magnetic resonance imaging findings. Radiol. Bras. 2015, 48,
181–191. [CrossRef]

30. Kalra, N.; Agrawal, P.; Mittal, V.; Kochhar, R.; Gupta, V.; Nada, R.; Singh, R.; Khandelwal, N. Spectrum of imaging findings on
MDCT enterography in patients with small bowel tuberculosis. Clin. Radiol. 2014, 69, 315–322. [CrossRef]

31. Sharma, R.; Madhusudhan, K.S.; Ahuja, V. Intestinal tuberculosis versus crohn’s disease: Clinical and radiological recommenda-
tions. Indian J. Radiol. Imaging 2016, 26, 161. [CrossRef]

32. Goh, V.; Halligan, S.; Hugill, J.A.; Bassett, P.; Bartram, C.I. Quantitative Assessment of Colorectal Cancer Perfusion Using MDCT:
Inter- and Intraobserver Agreement. Am. J. Roentgenol. 2005, 185, 225–231. [CrossRef] [PubMed]

33. Goh, V.; Dattani, M.; Farwell, J.; Shekhdar, J.; Tam, E.; Patel, S.; Juttla, J.; Simcock, I.; Stirling, J.; Mandeville, H.; et al. Radiation
dose from volumetric helical perfusion CT of the thorax, abdomen or pelvis. Eur. Radiol. 2011, 21, 974–981. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/0016-5085(91)70014-O
http://www.ncbi.nlm.nih.gov/pubmed/1748492
http://doi.org/10.1093/ecco-jcc/jjy113
http://www.ncbi.nlm.nih.gov/pubmed/30137275
http://doi.org/10.1111/apt.14495
http://www.ncbi.nlm.nih.gov/pubmed/29446132
https://stw.icmr.org.in/images/Adult_Extr_Tuberculosis/1_Adult_Abdominal_TB_18032022.pdf
http://doi.org/10.1038/ajg.2008.162
http://www.ncbi.nlm.nih.gov/pubmed/19240705
http://doi.org/10.3748/wjg.14.741
http://doi.org/10.1016/j.compbiomed.2022.105764
http://www.ncbi.nlm.nih.gov/pubmed/28139494
http://doi.org/10.5217/ir.2017.15.2.187
http://doi.org/10.1590/0100-3984.2013.1801
http://doi.org/10.1016/j.crad.2013.10.009
http://doi.org/10.4103/0971-3026.184417
http://doi.org/10.2214/ajr.185.1.01850225
http://www.ncbi.nlm.nih.gov/pubmed/15972428
http://doi.org/10.1007/s00330-010-1997-y
http://www.ncbi.nlm.nih.gov/pubmed/21085968

	Introduction 
	Materials and Methods 
	Results 
	Demographic Data 
	PCT Parameters 
	Diagnostic Performance of PCT 
	Interobserver Agreement 
	Radiation Dose 

	Discussion 
	Conclusions 
	References

