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Abstract. - OBJECTIVE: The widespread avail-
ability of Ultrasound machines and their relatively
low cost and functionality make them an attractive
tool to use during the treatment of ongoing Crohn’s
Disease (CD). This study aims at exploring the val-
ue of conventional, power Doppler and contrast-en-
hanced ultrasound during the active stages of CD.

PATIENTS AND METHODS: 24 patients in the
active stages of Crohn’s disease were enrolled in
the study. The full, medial and lateral intestinal
wall thicknesses and the thickness ratio of medial
to lateral intestinal wall of the segmental lesions
were measured by conventional ultrasound. The
diseased intestinal wall was also examined by
power Doppler ultrasound to assign Limberg clas-
sification types: 3 cases were Limberg Il, 9 cases
were Limberg Il and 12 cases were Limberg IV
type. Importantly, the full and medial thickness-
es of the intestinal walls with different Limberg
types were compared, and statistically significant
differences were found (p<0.05). Finally, images
of the diseased segments were taken by con-
trast-enhanced ultrasound, and the contrast agent
bolus arrival, the inflow and the peak enhance-
ment times were calculated in order to be able to
distinguish intestinal wall thickness differences
according to different Limberg types.

RESULTS: Cases with Limberg types Il and IV
mostly showed total intestinal enhancement, while
Limberg Il type cases showed mostly medial in-
testinal enhancement. When comparing the inflow
and peak times of contrast-enhanced ultrasound
of patients with different Limberg types, the differ-
ences found were statistically significant (p<0.05).

CONCLUSIONS: This study confirms incras-
sation of the intestinal wall being the main ultra-
sonic appearance of active CD. Both power and
contrast-enhanced ultrasound are effective tools
in the management of active CD: while power ul-
trasound can be used to carry out Limberg typ-
ing, contrast-enhanced ultrasound can analyze
and diagnose incrassation segments of the in-
testinal wall with different disease stages.
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Introduction

Crohn’s disease (CD) is a common inflamma-
tory bowel disease, which can occur in any por-
tion of the intestinal tract, however the terminal
ileum and proximal colon are the most common
sites affected. In recent years, the occurrence of
Crohn’s disease in China has been increasing year
after year'. A characteristic of Crohn’s disease
is the alternation of active and remission stages.
During the active stage serious complications can
ensue, such as toxic enteritis, abscess formation,
perforations or fistulae. Recurrent disease can
seriously reduce the quality of living of patients
often resulting in severe anxiety and depression,
leading to abandoning the treatment and even
committing suicide’. Being able to accurately
diagnose every episode of the active disease is
important for providing the best treatment, and
ultrasound is a simple and very effective means
of assessing the activity of Crohn’s disease’. For
this study, 24 active stage patients were chosen to
compare the use of conventional, power Doppler
and contrast-enhanced ultrasound for the patients’
follow-up after Crohn’s disease diagnosis.

Patients and Methods

Patients

24 patients with symptomatic Crohn’s Disease
(CD) admitted in our hospital from the period
of June 2012 to May 2014 were selected for the
study. All cases met the diagnostic criteria for
CD specified in the “Chinese consensus norms
of diagnosis and treatment of inflammatory bow-
el disease” (2008); all cases were confirmed
by colonoscopy and pathological examination
to exclude patients whose lesion segments were
at the rectum or perianal. There were a total of
24 patients, 14 male and 10 female; ages ranged
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from 19 to 64 years old, average age of 33.1+£3.9
years; for 17 cases this was the first time they had
been diagnosed with CD; the score of the Crohn’s
disease activity index (CDAI) ranged from 150 to
450, with an average of 342.5+£83.7. The Ethics
Committee of our hospital approved the study and
all patients signed an informed consent.

Methods
Instruments

For color Doppler ultrasonography the Amer-
ican GE Logiq E9 type machine was used, with
the following probe frequencies: a probe frequen-
cy of 2-5 MHz (Alpharetta, GA, USA) a high-fre-
quency linear array probe at 4-9 MHz; and a
probe for ultrasonic imaging at 4-9 MHz. Images
were processed by a low mechanical index using
Real-time imaging technology.

Detection Methods

After 4 h water deprivation and fasting for
12 h, patients received cathartic (constant Kang-
zheng Qing) of 2000-3000 ml, 2.5% isotonic and
1000 ml mannitol 1 h before examination. Patients
were firstly treated with conventional ultrasonic
check. Through low frequency probe, ileocecal, as-
cending colon, transverse colon, descending colon
and sigmoid, were sequentially scanned. Then we
changed into high frequency probe until suspicious
lesions segment was found, and we selected the
maximum longitudinal to sting the instrument at
a low mechanical index Real-time imaging mode
with bolus injection of ultrasonic contrast agent.
SonoVue (injected through peripheral intravenous)
at a dose of 2.4 ml was used with 5 ml 0.9% nor-
mal saline to wash the vessel. We started collecting
images at the same time and recording the situation
of intestinal perfusion injected with contrast agent
within 180 s. Then, we saved the static section of
the lesion segment of intestinal wall to scan and
measure the thickness.

Observation Index
Conventional Ultrasonic Appearance

The lateral (muscularis propria and serosa)
and medial thicknesses (muscularis mucosae and
submucosa) of the intestinal wall were measured.
An increase of > 4 mm in thickness of the intes-
tinal wall was considered significant.

Ultrasound Appearance

A semi-quantitative approach was adopted in
order to assign a Limberg grading to the ul-

trasonographic images. Possible Limberg scores
included 5 grades, as follows: Grade O: normal
intestinal wall. Grade I: thickened intestinal wall.
Grade II: thickened intestinal wall with occur-
rence of short vessels. Grade III: thickened intes-
tinal wall with occurrence of long vessels. And
grade IV: thickened intestinal wall with occur-
rence of long vessels connected to the mesentery.

Contrast-enhanced Ultrasound Appearance

The times of contrast agent bolus arrival and
peak enhancement were measured, and the inflow
time (peak time minus arrival time) was calculat-
ed. The arterial phase spanned a time from 30 to
40 s after injecting the contrast agent, the venous
phase from 40 to 120 s after the injection, and the
lag phase from 120 to 180 s after that.

Statistical Analysis

SPSS17.0 (SPSS Inc., Chicago, IL, USA) was
used to make the statistical analyses. The #-test
was used for measurement data, indicated by
x+SD. The X?-test was used to compare the rates.
A p<0.05 was considered statistically significant.

Results

Conventional Ultrasonic
Appearanceof Crohn’s Disease
in Active Stages

The main sign of conventional ultrasonic ex-
amination was an increase in the full thickness
of the diseased intestinal wall (Figure 1), with
the thickness of the medial intestinal wall clearly
increased (Figure 2) and the thickness of lateral
intestinal wall appearing normal. The incrassa-
tion of the wall in 24 patients was from 5.5 to
12.1 mm, and the average was 8.7+0.5 mm; the
incrassation of the lateral intestinal wall from 1.4
to 4.1 mm, and the average was 2.9+£0.5 mm; the
incrassation of medial intestinal wall was 3.3 to
8.7 mm, and the average was 6.1+0.4 mm. The
thickness ratio of medial to lateral intestinal wall
was 1.1 to 3.0 mm, all were more than 1, with an
average of 2.4+0.7 mm.

Diagnostic Appearance of Crohn’s
Disease in the Active Stage with
a Power Doppler Ultrasound

Among 24 patients with Crohn’s disease, 3
cases were Limberg II type (12.5%), 9 cases
were Limberg III type (37.5%) and 12 cases were
Limberg IV type (50.0%).
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Figure 1. Conventional ultrasound showing the increased
full thickness of the intestinal wall in Crohn’s disease during
the active stage.

Appearance of Crohn’s Disease i
n the Active Stage using Contrast-
enhanced Ultrasound

Comparisons of Ultrasonic Appearance
in Patients with Different Limberg Types

The full and medial thickness of the intestinal
walls with different Limberg types were com-
pared, and the differences found had statistical
significance (p<0.05). On the other hand, when
comparing the lateral and medial thicknesses of
intestinal walls with different Limberg types, the
differences found were not statistically significant
(p>0.05). The results are shown in Table L.

Comparisons of Contrast-enhanced
Ultrasound Patterns of Patients
with Different Limberg Types

Limberg types III and IV cases mostly showed
total intestinal contrast-enhanced ultrasound, while

Figure 2. Conventional ultrasound showing the increased
thickness of medial intestinal wall in Crohn’s disease during
the active stage.

Limberg II type cases showed mostly medial intes-
tinal enhancement (Table II).

Comparisons of contrast-enhanced
ultrasound enhanced-times in patients
with different limberg types

Among 24 patients, the arrival time of acous-
tic contrast agent was in the range from 9 to 25
s, and the average was 14.0£0.9 s; the peak time
to contrast-enhancement was from 14 to 36 s,
and the average was 24.4+1.6 s; inflow time was
from 5 to 23 s, and the average was 10.5+£1.4 s.
When comparing the inflow and peak times of
contrast-enhanced ultrasound in patients with dif-
ferent Limberg typing, the differences found were
statistically significant (»p<0.05). However, when
comparing the arrival times of contrast-enhanced
ultrasound, the differences found did not have
statistical significance (p>0.05). The results are
shown in Table III.

Table I. Comparison of ultrasonic appearance of patient’s colons with different Limberg types (x+s).

Limberg Number Full thickness Thickness Thickness Thickness
typing of cases of intestinal of medial of lateral ratio of medial
wall (mm) intestinal intestinal and lateral
wall (mm) wall (mm) intestinal wall
1I type 3 6.4 +0.4# 3.6+ 0.7# 31+04 21+03
I type 9 7.8+0.7* 53 +0.6* 2.8+0.6 22+04
IV type 12 10.3£0.8 73+£04 29+03 2.3+0.3

Note: #Comparison to Limberg III type and IV type, p<0.05; *Comparison to Limberg IV type, p<0.05.
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Table II. Comparisons of contrast-enhanced ultrasound patterns in colons of patients with different Limberg types [n (%)].

Limberg Number Total intestinal Mainly medial
typing of cases enhancement intestinal enhancement
I type 3 0@ 2 (66.7)

III type 9 7(77.8) 2(22.2)

IV type 12 8 (66.7) 3(25.0)

Table Ill. Comparisons of contrast-enhanced ultrasound enhanced-time in patients with different Limberg types (x+ SD, s).

Limberg The number Arrival Peak Inflow
typing of cases time time time

II type 3 126+ 1.7 30.7 £ 3.7# 18.1 £+ 4.1#
III type 9 124+ 1.8 27.1 £2.5% 10.7 + 1.2*
IV type 12 122+1.5 21117 89+13

Note: #Comparison to Limberg III and IV types, p<0.05; *comparison to Limberg IV type, p<0.05.

Discussion

Crohn’s disease is a chronic disease with char-
acteristic recurrent attacks, thus it needs repeated
check-ups and treatments. Studies show that radio-
active CT is unsuitable for checking Crohn’s disease
repeatedly®. Furthermore, endoscopy has important
value in the diagnosis of activity of Crohn’s disease,
but it frequently causes severe pain and is not rec-
ommended for all patients®. Finally, capsular endos-
copy is considered a method of significant progress
in the diagnosis of inflammatory bowel diseases, but
it cannot show the state of the intestinal wall, thus
it should be used cautiously in patients suspected
of having intestinal wall narrowing®. Consequently,
advantages such as its low price, non-invasiveness,
non-radiation, and good repeatability, have made
ultrasonic examination a major technique for check-
ing the evolution of CD’.

Crohn’s disease in the active stages causes intes-
tinal damages that range from damage to the mu-
cous layer to damage throughout the entire intestinal
wall. The patients at a severe stage of the disease
will suffer from intestinal fistulas®. With continu-
ous infiltration of inflammatory cell throughout the
intestinal wall, blood supply increases, and vessels
expand; and after continual infiltration, connective
tissue proliferation and edema calidum appear, and
fibrosis begins’. The main manifestations in the
whole progress are incrassation of the intestinal
wall and increase in blood supply, with influences
of CD on every layer of the intestinal wall being
different. Ultrasonic examination is not sensitive to
the changes of the mucous layer in the early stages,
but it can detect changes in the intestinal wall ef-
fectively, especially changes in its thickness'’. The

appearance of ultrasonic examination of CD in the
active stages shows the thickness of segments of the
intestinal wall being increased. With this research,
the thicknesses of the medial and lateral intestinal
walls are further identified, and it is shown that
differences in the thickness of the two layers are
related to different inflammatory and pathological
stages of disease, which allow for better judgement
of the disease activity status. Other studies have
shown that power ultrasound can assess the in-
flammation status of the intestinal wall effectively
and can identify medium and small vessels in the
intestinal wall'!. With more severe inflammation of
the intestinal wall, the blood vessels are increased,
and the degree of Limberg typing also increases
accordingly'>". In this study, we show that focusing
mainly on the thickness of the medial intestinal wall
during ultrasound investigations can help determine
the status of the disease by showing a thicker medial
intestinal wall at higher Limberg types. Contrast-en-
hanced ultrasound enhances sensitivity to minor
blood vessels, lowers the velocity of the blood flow,
and is widely used in the diagnosis and assessment
of inflammatory bowel diseases'*'>. A contrast-en-
hanced ultrasound of CD distinguishes mainly 4
patterns: high enhancement of the full thickness of
the intestinal wall, high enhancement of the medial
intestinal wall, high enhancement of the submucosa,
and no enhancement of the intestinal wall. The latter
two are mainly characteristic of patients with CD in
the remission stage, and the first two are common in
patients with active CD. In this research, Limberg
I and IV types showed mainly total intestinal
enhancement, suggesting that the inflammation of
the lateral intestinal wall was severe in those cases.
Limberg II type showed mainly enhancement of the
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medial intestinal wall, suggesting that inflammation
had only mildly progressed to the lateral intestinal
wall, and the increase in thickness was mainly due
to the thickened medial intestinal wall. Our results
also suggest that Limberg typing does not relate
well to the arrival time of the acoustic contrast
agent, but instead the Limberg type is closely related
to the inflow and peak times in a contrast-enhanced
ultrasound, showing a negative correlation: with in-
creasing Limberg typing, peak time and inflow time
of contrast-enhanced ultrasound decrease. This al-
lows one to assess the activity of CD to some extent.

Conclusions

Incrassation of intestinal wall is the main ul-
trasonic appearance in active CD. Using power
ultrasound it is possible to accurately carry out
Limberg typing, and applying contrast-enhanced
ultrasound can diagnose incrassation of the in-
testinal wall in different types. Ultrasonographic
techniques are not only simple and effective
means for initial diagnostic screening of sus-
pected CD, but are very valuable for evaluating
management of active CD.

Acknowledgements:

This study was funded by the key scientific and techno-
logical projects supported by Department of Science and

Technology of Henan Province (201303137).

Conflict of Interests:
The authors declare no Conflict of interest.

References

1) ZHanGg T, Yang J, Ding C, LI'Y, Gu L, Wrl Y, Cao L,
GonG J, ZHu W, Li N, L J. Preoperative intra-ab-
dominal sepsis, not penetrating behavior itself,
is associated with worse postoperative outcome
after bowel resection for cd: a retrospective cohort
study. Medicine (Baltimore) 2015; 94: e1987.

2) HA F, Knaue H. Crohn’s disease: a clinical update.
Therap Adv Gastroenterol 2015; 8: 352-359.

3) WonG DD, Forees GM, Zetesco M, MasoN R, PAwLIK
J, Menpetson RM. Crohn’s disease activity: quanti-
tative contrast-enhanced ultrasound assessment.
Abdom Imaging 2012; 37: 369-376.

4) PElno G, Nicoal E, Cataitano OA, CawmpionE S,
D’ArmiENTO FP, SAwvAaTORE M, CuocoLo A, SELVAGGI
F. PET/MR versus PET/CT imaging: impact on

the clinical management of small bowel Crohn’s
disease. J Crohns Colitis 2015; 10; 277-285.

5) HaL B, Houeran G, McNawara D. PillCam CO-
LON 2 (©) as a pan-enteroscopic test in Crohn’s
disease. World J Gastrointest Endosc 2015; 7:
1230-1232.

6) NemetH A, Kopvov U, Kouraouzibis A, WURM JOHANSSON
@G, THortaclus H, Amre D, Euakiv R, SEbman EG, TotH E.
Use of patency capsule in patients with established
Crohn’s disease. Endoscopy 2016; 48: 373-379.

7) Maconi G, AstHANA AK, BolzaccHiNi E, DELUERA A,
FurrFAro F, Bezzio C, SALvatore V, Maier JA. Splanch-
nic hemodynamics and intestinal vascularity in
crohn’s disease: an in vivo evaluation using dop-
pler and contrast-enhanced ultrasound and bio-
chemical parameters. Ultrasound Med Biol 2016;
42: 150-158.

8) Neve H, EnseerG D, Raun P, Permz U, MONKEMULLER K,
TreiBER G, Kiauck S, MALFERTHEINER P, Rickes S. Impact
of high-resolution transabdominal ultrasound in
the diagnosis of complications of Crohn’s disease.
Scand J Gastroenterol 2010; 45: 690-695.

9) Pizarro T, PAsTORELLI L, Bamias G, GARG RR, Reuter BK,
Mercapo JR, CHiEPPA M, ArseNeau KO, Ley K, Cowmr-
Netu F. SAMPI/YitFc mouse strain: a spontaneous
model of Crohn’s disease-like ileitis. Inflammat
Bowel Dis 2011; 17: 2566-2584.

10) SeraFIN Z, Biatecki M, Biatecka A, SconFiENza LM,
Kiopocka M. Contrast-enhanced ultrasound for
detection of Crohn’s disease activity: systematic
review and meta-analysis. J Crohns Colitis 2016;
10: 354-362.

11) Horus TALABUR Horie CS, BRUUNEN R, Roovers L,
GRrOENEN MJ, JoosteN FB, Wanas PJ. Contrast en-
hanced abdominal ultrasound in the assessment
of ileal inflammation in crohn’s disease: a compar-
ison with MR enterography. PLoS One 2015; 10:
e0136105.

12) Zink F, Kratzer W, ScHmipt S, OEzTUERk S, MASON
RA, Porzner M, Kraus J, Haente MM, GRrAETER T.
Comparison of two high-end ultrasound systems
for contrast-enhanced ultrasound quantification of
mural microvascularity in Crohn’s disease. Ultra-
schall Med 2016; 37: 74-81.

13) Kivrak T, SunsuL M, CinciN A, Kani T, Durmus E, Banz-
RAGCH M, Bozeay M, AvpiN Y, IMErYuz N, SARI I, AKIN
H, Basaran Y. Two-dimensional speckle tracking
echocardiography is useful in early detection of
left ventricular impairment in patients with Crohn’s
disease. Eur Rev Med Pharmacol Sci 2016; 20:
3249-3254.

14) FraoueLL M, BrancHi F, CriBiu FM, OrLANDO S, CasAzzA

G, MagarotTOo A, Massiront S, BotTi F, CONTESSINIFAVE-

sani E, Conte D, Basiusco G, Carriou F. The role of

ultrasound elasticity imaging in predicting ileal fi-
brosis in Crohn’s disease patients. Inflamm Bowel

Dis 2015; 21: 2605-2612.

NinvAaGar V, Missere M, Restano G, GANGemi E, Di

Matteo M, Pierro A, SaALLusTio G, Bonomo L. MR-en-

terography with diffusion weighted imaging: ADC

values in normal and pathological bowel loops, a

possible threshold ADC value to differentiate ac-

tive from inactive Crohn’s disease. Eur Rev Med

Pharmacol Sci 2016; 20: 4540-4546.

15

~



