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ABSTRACT
Many patients with Crohn’s disease (CD) require surgical intervention during their lifetime. A correct 
preoperative assessment of the intestinal length is necessary to predict and quickly treat postop-
erative nutritional disorders. The aim of this paper is to explain the method used in our hospital to 
measure intestinal length in patients with CD and its usefulness for making the correct therapeutic 
decision. Vessel analysis software is used to measure small bowel length through computed to-
mography enterography (CTE) or magnetic resonance enterography (MRE). The method permits 
two-dimensional and three-dimensional curved multiplanar reconstructions and allows each loop 
to be stretched using a point-by-point identification of the intestinal lumen. Subsequently, the soft-
ware allows the creation of a virtual image, on which the intestinal length is measured linearly. This 
methodology was tested on three patients; patients 1 and 3 were examined using CTE, and pa-
tient 2 was examined using MRE. The outcomes were discussed at a multidisciplinary team meeting 
(MDT). As a result, surgical ileocolic resection was recommended for patient 1 and medical therapy 
for patients 2 and 3. Intestinal length measurements have proved vital during MDTs for making 
appropriate therapeutic decisions.
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Many patients with ileocolic Crohn’s disease (CD) require one or more surgical inter-
ventions during their lifetime. In these patients, the indication for surgery is based 
on various criteria, such as the presence of stricturing or perforating disease, risk for 

postoperative recurrence, grade of inflammatory activity, and length of the intestinal loops 
involved. If the bowel resection is too extensive and residual small intestine is less than 75 cm, 
the patient may suffer from short bowel syndrome.1

The exact length of the small intestine remains controversial in the literature, and its mea-
surement depends on the techniques used. In addition, some studies have reported that the 
length of the small bowel appears to be variable, depending on the age, sex, weight, and 
height of the patient.2,3 A study by Regan et al.4 found that stenosis in patients with CD can 
occur because of the increased contractile activity of fibroblasts at the level of the extracellu-
lar matrix, appreciable both in healthy areas and in macroscopically inflamed regions. For this 
reason, patients with CD have a shorter bowel than that of the normal population.2,3

In this paper, we describe a method for measuring intestinal loops through computed to-
mography enterography (CTE) or magnetic resonance enterography (MRE) using vessel anal-
ysis software. The method enables two-dimensional (2D) and three-dimensional (3D) curved 
multiplanar reconstructions (MPRs) and allows each loop to be stretched. Subsequently, the 
software creates a virtual image through which intestinal length can be measured linearly. 
This method has been used successfully in the evaluation of patients with acute diverticulitis, 
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revealing a correlation between the lengths 
of colon involved, considered as a percent-
age of the entire colon, and the need for a 
patient to be hospitalized.5 The same meth-
od can be used to measure the intestinal 
length in patients with CD in many clinical 
situations, particularly when it is necessary to 
plan a surgical intervention in patients who 
have already undergone intestinal resection 
to avoid short bowel syndrome.1 

Technique
In our hospital, MRE and CTE are per-

formed after the oral administration of a 
polyethylene glycol solution (PEG). We ad-
minister 1.5–2.0 L of PEG in doses of 100 mL 
starting 35 min before the MR and CT exam-
inations. 

When a patient has a known diagnosis of 
CD, we perform CTE only after the injection 
of an iodinated contrast medium. The CT 
technical parameters are presented in Table 
1. 

In MRE, the sequences are performed be-
fore and after the intravenous administration 
of a paramagnetic contrast medium: a sin-
gle-shot T2-weighted and balanced steady-
state-free precession sequence, T2-weighted 
fat-suppressed sequence, multiphase 3D 
T1-weighted fat-suppressed postcontrast 
image sequence, and diffusion-weighted im-
aging (values usually 0–800 or 0–600 s/mm2) 
sequence. The MR parameters are set out in 
Table 2.

The imaging criteria for CD diagnosis are 
summarized in Table 3.

The CT and MR examinations are revised 
using postprocessing technologies such as 
MPR, and a specific postprocessing 2D and 
3D software (Vue PACS Carestream) is ap-
plied to these images. We select the series of 
images for the reconstruction using the “view 
as” button and then select “vessel analysis”. In 
this way, we obtain 3D and 2D reconstruc-
tions in axial, coronal, and sagittal planes. 
Using the manual protocol, we create a vir-
tual image that makes the intestine tubular 
through the point-by-point identification of 
the intestinal lumen distended through PEG. 
On the image thus obtained, we can perform 
the necessary measurements to evaluate the 
patient using a linear measurement. 

The time needed to perform the measure-
ments is variable. Based on our calculations, 
between 20 and 30 min is required for each 
measurement, to which the time necessary 
to view the images and draft the report must 
be added.

Indications for surgical resection or the 
modification/confirmation of medical thera-
py are discussed in a multidisciplinary team 
meeting (MDT), held in our department once 
a week, in which radiologists, gastroenterolo-
gists, surgeons, and pathologists participate.

Case 1 

Patient 1 is a 74-year-old man with known 
CD treated through medical therapy. He was 
hospitalized for persistent abdominal pain 
and serotonin fever (>38°C), but his symp-
toms did not respond to medical therapy. His 
bowel movements were regular, and there 
was only one incident of vomiting. At admis-
sion, his blood tests were normal except for 
C-reactive protein (CRP) values (19.8 mg/L; 
normal values <5.0). The patient underwent 
CTE (Figure 1), and the results were discussed 

in the MDT. The MDT decision was to perform 
intestinal resection, with the intestine mea-
sured during ileocolonic resection using a 
radiological measurement.

Case 2 

Patient 2 is a 43-year-old woman with 
known stenosing CD treated through medi-
cal therapy. She was hospitalized for worsen-
ing abdominal pain with constipation. Blood 
tests: normocytic anemia (hemoglobin: 10.4 
g/dL; normal values 12.0–15.0), erythrocyte 
sedimentation rate (ESR): 43 mm (normal val-
ues 0–20), CRP: 6 mg/L (normal values <5.0). 
During hospitalization, the treatments were 
effective, and her condition continued to im-
prove. 

Subsequently, MRE was performed (Fig-
ure 2), and the results were discussed in 
the MDT. The MDT decision was to continue 
medical therapy.

Case 3 

Patient 3 is a 36-year-old man with known 
CD treated through medical therapy. He was 
experiencing severe pain following diarrhea 
(about 2–4 discharges per day). He had also 
experienced weight loss of approximately 
5–6 kg in the previous 2 months. 

In the endoscopic examination, the ile-
ocecal valve appeared substenotic and was 
covered by edematous and bleeding muco-
sa, and a single ulcer was detected. The mu-
cosa of the ileum also appeared edematous 
and sensitive to bleeding with ulcers.

Blood tests on admission to the hospital were 
normal except for CRP (20.3 mg/L; normal values 
<5.0) and ESR (30 mm; normal values 0–20).

Table 1. Computed tomography parameters

Type of CT scanner 64-row spiral CT 

Slice thickness 1.5 mm

Interval 1.25 mm

Automated tube current 
modulation (200–700 mA)

Pitch 0.969 mm/rot

Rotation time 0.9 s

Modality of intravenous 
injection of iodinated 
contrast medium

100–130 mL of iodinated contrast agent is administered in two 
separate and consecutive boluses: the first bolus at a rate of 1.5 mL/s 
(1/3 of the total amount of iodinated contrast agent given to the 
patient), the second bolus at a rate of 3 mL/s (the remaining 2/3 of the 
total amount of iodinated contrast agent given to the patient). The 
images are acquired 75 s after intravenous injection. This modality of 
administration allows an arterial and portal study of the abdomen in a 
single scan.

CT, computed tomography; mm, millimeters; mA, milliampere; s, second.

Main points

•	 Many patients with ileocolic Crohn’s disease 
require one or more surgical interventions 
during their lifetime. In these patients, the 
indication for surgery is based on various 
criteria, such as the presence of stricturing 
or perforating disease, risk of postoperative 
recurrence, grade of inflammatory activity, 
and length of the intestinal loops involved.

•	 If the bowel resection is too extensive and 
residual small intestine is less than 75 cm, 
the patient may suffer from short bowel 
syndrome. 

•	 The preoperative assessment of intestinal 
length is useful for predicting and quickly 
treating postoperative nutritional disorders. 

•	 We recommend that vessel analysis soft-
ware be employed for measuring the small 
bowel loops using computed tomography 
and magnetic resonance enterography.
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The patient underwent CTE to determine 
the appropriate treatment (Figure 3), and the 
results were discussed in the MDT. The MDT 
decision was to not perform surgical therapy 
because of the high risk of short bowel syn-
drome and to continue medical therapy.

Discussion
Previously, the measurement of the 

length of the small intestine was performed 
using a barium X-ray.3 Currently, the calcu-
lation of the length of the intestine is con-
ducted through MRE or CTE, using vascular 
imaging software,6 2D MPR,7 or an automatic 
calculation method.8

In our hospital, two gastrointestinal ra-
diologists use the method described here to 
measure intestinal length (both small bowel 
and colon) in all patients with CD, especially 
in patients with extensive alteration of the 
small bowel who must undergo surgery. Cor-
onal and sagittal MPR using CTE or coronal 
and axial images from MRE do not allow the 
small bowel to be visualized in its longitudi-

Table 3. Imaging criteria for the diagnosis of Crohn’s disease

Mural thickening Wall thickness more than 3 mm

Bowel wall edema In CT scans: hypodensity of submucosal layer
In MR imaging: wall hyperintense signal compared with skeletal muscle on T2-weighted sequences

Mucosal ulcers Deep depressions in the mucosal surface

Bowel wall enhancement
Stratified in active inflammatory subtype: intense enhancement of the mucosa and serosa and 
hypodensity (CT) or low signal intensity (MR) of submucosa
Homogeneous in fibro-stenotic subtype

Engorgement of vasa recta Hyperemia of the near mesentery

Perienteric stranding Loss of the normal sharp interface between the bowel wall and mesentery

Fibrofatty proliferation Excess of mesenteric fat

Stenosis (fibrostenotic subtype) Upstream dilatation with loop caliber greater than 3 cm

Fistula (fistulizing/perforating subtype) Communication with a near structure (e.g., enteroenteric, enterocolic, enterocutaneous, enterovesicular 
fistulas)

Abscess Capsulated fluid collection near pathological loop; it could contain air

Lymph node enlargement Short diameter greater than 1 cm

CT, computed tomography; MR, magnetic resonance.

Table 2. Magnetic resonance parameters

Sequence details T1
Gradient echo

T2
Gradient echo

T2
Spin echo

T2 fat-saturated
Spin echo

DWI

Pulse sequence FSPGR FIESTA SSFSE SSFSE EPI

Patient position Supine

Anatomical coverage From the top of the liver dome to pubic symphysis

RF coil Phased array (multi-
channel RF coil)

Phased array (multi-
channel RF coil)

Phased array (multi-
channel RF coil)

Phased array (multi-
channel RF coil)

Phased array (multi-
channel RF coil)

Breath-hold during MR 
examination/respiratory 
gating

Yes (single or 
multiple) Yes (single or multiple) Yes (single or multiple) Yes (single or multiple) Respiratory triggering

Plane Axial/coronal Axial/coronal Axial/coronal Axial/coronal Axial/coronal

TR, ms Short/minimum Short/minimum Long (optimal) Long (optimal) Long (optimal)

TE, ms Minimum Minimum 60–100 (optimal) 100 60

Flip angle (degrees) >70 (or optimal) >45 (or optimal) 180 (or optimal) 180 (or optimal) <90 (or optimal)

NEX >1 (or optimal) >1 (or optimal) >1 (or optimal) >1 (or optimal) >1 (or optimal)

Slice thickness, mm 4 (3D acquisition)
6–7 (2D acquisition) 6–7 6–7 5 6

Slice gap, mm 0.5–1 0.5–1 0.5–1 1 1

Matrix 256 256 or site 
optimal 256 256 or site optimal 256 256 or site optimal 320 224 or site optimal 320 224 or site optimal

Slice acquisition order Interleaved/
sequential Interleaved/sequential Interleaved/sequential Interleaved/sequential Interleaved/sequential

FOV (cm) 22–48 (or optimal to 
cover all anatomy)

22–48 (or optimal to 
cover all anatomy)

22–48 (or optimal to 
cover all anatomy)

22–48 (or optimal to 
cover all anatomy)

22–48 (or optimal to 
cover all anatomy)

b value - - - - 600–800

MR, magnetic resonance; DWI, diffusion-weighted imaging; RF, radiofrequency; TR, repetition time; TE, echo time; NEX, number of excitations; mm, millimeters; cm, centimeters; 
FOV, field of view; FSPGR, fast-spoiled gradient echo; FIESTA, fast imaging employing steady-state acquisition; SSFSE, single-shot fast-spin echo; EPI, echo-planar imaging.
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nal extension if a long section of intestine is 
affected by the pathology. In this paper, we 
have described a method to measure intesti-
nal length and presented three patients with 
CD. 

Patient 1 had a diseased intestine less 
than a meter long and no response to med-
ical therapy; he therefore underwent ileal 
resection surgery. After ileocolonic resection, 
the intestine measurement was consistent 
with the radiological measurement, and no 

complications in the postsurgical course 
were identified. Patient 2 exhibited signs of 
disease activity, and the CT showed small 
bowel alteration affecting the last 40 cm of 
the ileum. He responded to medical thera-
py, and therefore, in the MDT, it was decided 
to continue with this course of treatment. 
Patient 3 had extensive bowel involvement 
with the consequent high risk of short bowel 
syndrome; it was therefore decided to con-
tinue medical therapy. 

The technique described in this paper is 
used to calculate the length of both the small 
intestine and colon. The measurement was 
performed on the colon for diverticular dis-
ease.5 In CD, it has greater practical utility for 
measuring the healthy or pathological small 
intestine to avoid performing an extensive 
resection that would lead to short bowel syn-
drome. Breathing artifacts do not hinder the 
measurement either in CT or MR. 

If patients have fistulas, they are a can-
didate for bowel resection surgery, and the 
radiological support consists of measuring 
the length of the pathological small bowel 
loops, residual normal bowel, and distance 
of the fistula from the ileocecal valve or from 
the Treitz. In the case of stenosis, using this 
method enables the length of the stenosis 
to be measured. In addition, for stenosis or 
skip lesions, their distance from the ileocecal 
valve can be calculated, providing informa-
tion that could be useful in cases of stricturo-
plastic therapy or the endoscopic dilation of 
the stenosis.

In conclusion, the vessel analysis method 
is easy to perform to measure the extent of 
the disease, and it is usually available in ra-
diological departments. The measurements 
performed by us have always proved useful 
during MTDs for both clinicians and sur-
geons to make the correct therapeutic (med-
ical or surgical) decision. 

.

Figure 1. Computed tomography enterography (a) reveals extensive small bowel alteration affecting the last 80 cm of the ileum, characterized by the presence 
of multiple thick-walled and reduced-caliber tracts alternating with normal or increased caliber tracts, which are also represented in the reconstructions obtained 
through vessel analysis. In this reconstruction, it is possible to accurately assess the overall extent of the disease and each lesion. Last ileal loop: length of 45 mm, 
lesion 1: 32 mm, lesion 2: 54 mm, lesion 3: 130 mm, lesion 4: 32 mm, lesion 5: 40 mm. Lesions 2 and 3 exhibit increased density of the perivisceral adipose tissue. 
Between lesions 3 and 4 and between lesions 4 and 5, the loops are dilated (maximum caliber: 35 mm). Multiplanar coronal reconstruction (b) does not allow the 
small bowel to be visualized in its longitudinal extension because of the long section of intestine affected by the pathology.

Figure 2. Magnetic resonance enterography (a) reveals small bowel alteration affecting the last 40 cm of the 
ileum, characterized by the presence of four thick-walled and reduced-caliber tracts, which are represented 
in the reconstructions obtained through vessel analysis. In this reconstruction, it is possible to accurately 
assess the overall extent of the disease and each lesion. Lesion 1: length of 70 mm, lesion 2: 10 mm, lesion 
3: 14 mm, lesion 4: 100 mm. Coronal T1 image performed after the intravenous injection of gadolinium 
contrast medium (b) does not allow the small bowel to be visualized in its longitudinal extension because 
of the long section of intestine affected by the pathology; however, it was possible to measure the length of 
each pathological loop in the various planes.
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Figure 3. Computed tomography enterography reconstruction (a) reveals extensive alteration of the small loops, both the distal jejunum and ileum, including 
the last ileal loop and ileocecal valve, for at least 140 cm. The ileocecal valve is poorly identifiable. Immediately upstream, further ileal loops are observed with 
thickened walls (maximum thickness 10 mm) with an extension of approximately 30 cm and a lumen of reduced caliber (3 mm). The ileum upstream and distal 
jejunum have at least eight pathological tracts with thickened walls (maximum thickness 7 mm), with a longitudinal extension varying from 2 to 6 cm, and reduced 
caliber (residual lumen of 4 mm), alternating with tracts of normal or slightly increased caliber (maximum caliber: 25 mm). These alterations are also associated with 
hypervascularization, increased density of adipose tissue, and reactive lymph nodes in the mesentery. (b) At the request of the surgeon, the healthy intestine was 
measured and was approximately 70 cm. 
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