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Abstract

Introduction: Intestinal ultrasound [IUS] is useful for assessment of inflammation, complications, 
and treatment follow-up in inflammatory bowel disease [IBD] patients. We aimed to study outcomes 
and impact on disease management for point-of-care [POC] IUS in IBD patients.
Methods: Two patient cohorts undergoing POC IUS [January 2016–July 2018 and October 
2019–December  2019] were included retrospectively. Disease management after IUS was 
analysed and IUS outcomes were compared with symptoms, biomarkers, and additional 
imaging within 8 weeks from IUS. To study differences in use of IUS over time, cohorts were 
compared.
Results: In total, 345 examinations (280 in Crohn’s disease [CD]/65 in ulcerative colitis [UC]) 
were performed. Present inflammation on IUS was comparable between symptomatic and 
asymptomatic CD [67.6% vs 60.5%; p = 0.291]. In 60%, IUS had impact on disease management 
with change in medication in 47.8%. Additional endoscopy/magnetic resonance imaging [MRI] 
was planned after 32.8% examinations, showing good correlation with IUS in 86.3% [ρ = 0.70, 
p <0.0001] and 80.0% [ρ = 0.75, p <0.0001] of cases, respectively. Faecal calprotectin was higher 
in active versus inactive disease on IUS [664 µg/g vs 79 µg/g; p <0.001]. Over the years, IUS was 
performed more frequently to monitor treatment response and the use of MRI was reduced within 
the cohort.
Conclusions: POC IUS affects clinical decision making and could detect preclinical relapse in CD 
patients, with potential to reduce additional endoscopy or MRI. In addition, the paradigm expands 
towards monitoring treatment and close follow-up for IUS. Based on our results, we propose a 
POC IUS algorithm for follow-up of IBD patients.
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1.  Introduction

Inflammatory bowel disease [IBD] is a common denominator for the 
chronic inflammatory conditions ulcerative colitis [UC] and Crohn’s 
disease [CD]. The chronic and relapsing pattern causes long-term 
bowel damage and complications such as stenosis and perforating 
disease in CD patients.1 Therefore, complete and objective control 
of inflammation is the preferred treatment target leading to superior 
long-term outcomes.2,3 Currently, this ‘treat to target’ concept is the 
ultimate strategy in the treatment of IBD patients.1,4

To adequately control inflammation, close monitoring of the dis-
ease is crucial.5 Clinical symptoms such as abdominal pain, diar-
rhoea, and rectal blood loss as well as non-invasive biomarkers such 
as C-reactive protein [CRP] and faecal calprotectin [FCP] are useful 
to guide clinical decision making, but are not always sensitive and 
accurate and lack information on disease severity and extent.6–8

Diagnostic modalities for monitoring IBD patients include en-
doscopy, magnetic resonance imaging [MRI], computed tomography 
[CT], and intestinal ultrasound [IUS]. Endoscopy is considered 
the reference standard for assessment of mucosal disease activity.9 
However, it is impossible to frequently implement this technique due 
to burden for the patient, costs, and waiting lists.9,10 MRI is useful 
for the assessment of complications and small bowel inflammation. 
However, implementation is also limited by costs and waiting lists.11 
CT scans are quick but generally only recommended in the acute set-
ting due to radiation exposure. Since IUS is non-invasive, accurate, 
reliable, and cheap, it is a suitable tool for frequent assessment of the 
bowel, especially in a point-of-care [POC] setting.12–17 Additionally, 
it has been shown that patients prefer IUS over other modalities.18

POC medicine is defined as medical testing at or near the site of 
patient care, with fast results which facilitate rapid clinical decision 
making. POC tests for CRP and FCP are already widely available, 
but lack the ability to objectify complications, location, severity, and 
extent of disease activity.19,20 On the contrary, IUS has the poten-
tial to identify these and thereby guide immediate decision making. 
Whereas studies have shown good accuracy and reliability of IUS, 
there are limited data on the impact of IUS outcomes on daily clin-
ical decision making.21,22

In this retrospective study, we studied a large cohort of IBD pa-
tients who were evaluated with POC IUS in a real-world outpatient 
setting, and aimed to provide insight on the impact of POC IUS in 
daily clinical practice. Additionally, we compared IUS outcomes 
with symptoms, biomarkers, and additional imaging or endoscopy. 
Furthermore, we highlighted the potential of POC IUS to reduce the 
need and cost of additional imaging and to avoid treatment delay. 
Our findings may serve as a basis for future prospective studies and 
for the optimal implementation of POC IUS in IBD patients.

2.  Methods

2.1.  Patient population and study design
IBD patients who were evaluated with POC IUS at the outpatient IBD 
clinic of the Amsterdam University Medical Center were included 
consecutively from implementation in our clinic [January 2016] up 
to reaching 250 patients in July 2018. To compare evolution of POC 
IUS in clinical practice over time, we collected a second cohort retro-
spectively before the COVID pandemic between October 2019 and 
December 2019. All patients were identified using the IUS outpatient 
lists in the electronic health cohort. All data were retrieved from elec-
tronic patient records. Exclusion criteria were: no formal IUS report 
available; under 18 years of age; or no confirmed IBD diagnosis at 
the moment of data collection.

2.2.  Patient, biomarker, and treatment data
The following baseline data were collected: age at IUS, gender, age 
at diagnosis, disease phenotype [Montreal classification], medication 
use, previous surgery, clinical symptoms, and biochemical markers 
[FCP and CRP]. Data on clinical symptoms were collected and 
scored at data collection as follows: general well-being good vs bad, 
presence/absence of abdominal pain, diarrhoea, rectal blood loss, 
urgency, bloating, loss of appetite, and extra-intestinal manifest-
ations. Patients were considered symptomatic when they had at least 
one symptom. FCP and CRP values were collected and compared 
with IUS when they were available within 4 weeks from IUS. FCP 
values >50  µg/g and CRP values >5  mg/L were considered as ele-
vated, reflecting active inflammation. The following data on disease 
management after IUS were collected: medication started, stopped or 
adjusted; additional endoscopy or imaging planned; endoscopic dila-
tion planned; surgery planned; continuation without change.

2.3.  IUS examinations
All examinations were performed by investigators specifically trained 
in IUS (SB [>200 IUS in 2016], FV [>500 IUS in October 2019], KG 
[>500 IUS in October 2019], MJ [>200 IUS in October 2019]). All 
IUS examinations at our clinic are performed by systematically scan-
ning the bowel from the ileum through all segments of the colon and 
the rectum. Additionally, a sweep of the remaining small bowel is 
performed. Patients were not fasting. IUS parameters as mentioned 
below were noted in a standardised report. All the examinations 
were performed with a Philips EPIQ 5G machine with C5-1, L12-5, 
and L18-4 transducers or with a Hitachi Noblus machine with C5 
and L13 transducers. At colour Doppler, the velocity was adjusted 
for slow flow detection with a maximum velocity scale of 5–7 cm/s.

2.4.  IUS parameters
IUS data were collected by assessing IUS reports and the reason for 
IUS was documented. Bowel wall thickness [BWT], colour Doppler 
signal [CDS], presence of fatty-wrapping, loss of colonic haustrations, 
loss of wall layer stratification, presence of reactive lymph nodes, 
and absence of small bowel motility were scored per segment [ter-
minal ileum, ascending colon, transverse colon, descending colon, 
sigmoid, and rectum]. Presence of disease activity was scored per 
segment and confirmed when BWT >2.0 and 3.0 mm for the small 
bowel and colon, respectively, and a second parameter was patho-
logical [Supplementary Table 1, available as Supplementary data 
at ECCO-JCC online]. In addition, presence of complications was 
documented. Quality of the images was also documented and scored 
as good [proper evaluation], moderate [sufficient but incomplete 
evaluation], poor [hard to draw conclusions], and very poor [no 
conclusions possible]. Furthermore, reasons for poor acquisition 
were collected [i.e., artefacts, reduced quality due to bowel gas, ab-
dominal fat, complex anatomy due to surgery, etc.]. Uncertainty was 
scored by evaluation of the IUS report stating that the ultrasonog-
rapher was uncertain due bowel gas, minor findings, abdominal fat, 
or complex anatomy. Inconclusive was scored as poor image quality. 
The IUS results were considered adequate when a maximum of one 
bowel segment [excluding the rectum] could not be assessed.

2.5.  Additional imaging
The following data on endoscopy and MRI performed after IUS were 
collected by assessing reports: presence of inflammation, location of 
inflammation, presence of complications, and location of complica-
tions per segment. When additional imaging was performed within 
8 weeks of IUS and the results of IUS and additional imaging were 
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considered adequate, the outcomes were compared. All endoscopies 
were performed by an accredited gastroenterologist, according to 
local protocol. Endoscopic disease activity was defined as an eMayo 
score ≥1 and a Simple Endoscopic Score for CD [SES-CD] score ≥3 in 
at least one segment. Findings were considered comparable when dis-
ease activity, complications, or normal findings were detected in the 
same locations in the bowel. Since this was a retrospective study, we 
did not compare disease severity between IUS, endoscopy, and MRI.

2.6.  Statistical analysis
Descriptive statistics were used to study the population. Differences 
in proportions were tested with the chi square test. Differences in not-
normally distributed continuous variables were tested using a Mann–
Whitney U test, and correlation was computed using Spearman’s 
correlation coefficient. A value of 0.00–0.10 was considered as negli-
gible correlation, 0.10–0.39 as weak correlation, 0.40–0.69 as mod-
erate correlation, 0.70–0.89 as strong correlation, and 0.90–1.00 as 
very strong correlation.23 Agreement between dichotomous variables 
was also tested with Cohen’s kappa statistics. A value of 0.0–0.20 
was considered as slight agreement, 0.21–0.4 as fair agreement, 
0.41–0.60 as moderate agreement, 0.61–0.80 as substantial agree-
ment and 0.81–1.0 as almost perfect agreement.24,25 A p-value <0.05 
was considered statistically significant. All analyses were performed 
with SPSS 25.0 software [IBM Corporation, Armonk, NY, USA].

2.7.  Ethical approval and patient consent
This study was approved by the ethical committee of the Academic 
Medical Center Amsterdam. All data were anonymously extracted 
from the patient records and retrieving informed consent was there-
fore not necessary.

3.  Results

3.1.  Patient population
We studied 301 patients with confirmed IBD, in whom 345 IUS 
examinations were performed. Of these, 242 had CD and 59 UC 
[280 CD and 65 UC examinations, respectively]. Cohort character-
istics are described in Table 1.

3.2.  Intestinal ultrasound
The indications for IUS are shown in Table 2, the most common 
being symptoms of active disease and/or elevated FCP. Of 345 IUS 
examinations, 190 [55.1%] showed active disease and 113 [32.8%] 
showed no signs of inflammation. In 37 [10.7%] examinations, pres-
ence of inflammation was uncertain, and in five [1.4%] the examin-
ations were inconclusive. A total of 73 complications were detected 
in CD patients [i.e., strictures, abscesses, phlegmons, and fistulas]. 
The results of the IUS examinations are summarised in Table 3. 
Uncertainty and low image quality were explained by a variety of 
reasons [i.e., minor findings, bowel gas, abdominal fat, complex sur-
gical history], as shown in Table 4.

3.3.  Disease management after IUS
Disease management after IUS is shown in Table 5. In 207/345 
[60%] cases, the treatment plan was changed [i.e., medication, im-
aging, surgery]. Medication use was changed in 99/207 [47.8%] 
cases and in 122/207 [58.9%] cases, additional imaging or endos-
copy was planned after IUS. In 77/207 [37.2%] cases, additional 
evaluation was performed because this was considered necessary by 
the treating gastroenterologist [i.e., more information needed or IUS 

insufficient]. Surgery was performed 16 times after IUS. Reasons for 
additional evaluation are shown in Table 6.

3.4.  IUS versus clinical symptoms
In total, 254/345 [73.6%] patients who underwent IUS were symp-
tomatic. IUS examinations with uncertain or inconclusive outcome 
were excluded from comparison with clinical symptoms [n = 42]. 
IUS showed inflammation and/or complications in 145/222 [65.2%] 
symptomatic patients. In comparison, IUS showed inflammation 
and/or complications in 44/81 [54.3%] asymptomatic patients 
[p = 0.080]. In 117/173 [67.6%] symptomatic CD patients, IUS 
showed inflammation and/or complications. Conversely, IUS showed 
inflammation and/or complications in 43/71 [60.5%] asymptomatic 
CD patients [p = 0.291]. In 28/49 [57.1%] symptomatic UC pa-
tients, IUS showed active disease. In comparison, IUS showed active 
disease in 1/10 [10.0%] asymptomatic UC patients [p = 0.007].

3.5.  IUS versus biomarkers
FCP measurements were available within 1 month of IUS in 229/345 
[66.4%] cases, and the median time between FCP measurement 
and IUS was 7  days (interquartile range [IQR] 1–16). FCP levels 
were compared with those IUS examinations with certain outcome 
[n = 195]. The median FCP level was 664  µg/g [IQR 278–1800] 
and 75 µg/g [IQR 22–351] in all IBD patients who had IUS exam-
inations showing active or inactive disease, respectively [p <0.001]. 
In CD patients, the median FCP level was 517 µg/g [IQR 224–1706] 
versus 79 µg/g [IQR 25–276] [p <0.001], and for UC patients the 
median FCP level was 1720 µg/g [IQR 400–3304] versus 75 µg/g 
[IQR 18–772] in IUS examinations showing active or inactive dis-
ease [p <0.001]. IUS showed active disease in 110/155 [71.0%] cases 
with FCP >50  µg/g versus 6/40 [15.0%] cases with FCP <50  µg/g 
[p <0.001]. The same comparisons were made for an FCP cut-off of 
150 µg/g and of 250 µg/g, based on previous work.26,27 IUS showed 
active disease in 101/137 [73.7%] cases with FCP >150 µg/g versus 
14/58 [24.1%] cases with FCP <150 µg/g [p <0.001], and IUS showed 
active disease in 90/113 [79.6%%] cases with FCP >250 µg/g versus 
26/82 [31.7%] cases with FCP <250 µg/g [p <0.001].

CRP measurements were available within 1 month of IUS in 275 
[79.7%] cases, and the median time between CRP measurement and 
IUS was 5  days [IQR 0–17]. CRP levels were compared with IUS 
examinations with certain outcome [n = 259]. When comparing active 
disease or complications versus inactive disease on IUS, the median 
CRP level in was 5.5 mg/L [IQR 1.9–20.1] versus 2.1 mg/L [IQR 0.8–
5.5] [p <0.001]. In CD patients, the median CRP level was 6.7 mg/L 
[IQR 1.8–20.5] versus 1.9 mg/L [IQR 0.7–3.7] [p <0.001], and in UC 
patients the median CRP level was 3.6 mg/L [IQR 1.4–20.8] versus 
1.8 [IQR 0.6–6.4] [p = 0.076]. IUS showed disease activity or com-
plications in 86/111 [77.5%] cases with CRP level >5 mg/L versus 
76/148 [51.4%] in cases with CRP level <5 mg/L [p <0.001].

3.6.  Endoscopy after IUS
Endoscopy was planned following IUS in 89 cases and was per-
formed within 8 weeks after IUS in 65 cases. The median time be-
tween IUS and endoscopy was 4 weeks [IQR 1–6]. Of these, 51 IUS 
examinations and endoscopies had a certain outcome, which were 
analysed further. Overall, presence or absence of disease activity was 
comparable between IUS and endoscopy 44 out of 51 times [86.3%] 
[p <0.001] and showed strong correlation [ρ = 0.70, p <0.0001]. 
The kappa agreement was substantial [κ = 0.61; p <0.001]. In 36/41 
[87.8%] cases, both IUS and endoscopy showed active disease. In 
5/13 [38.5%] cases, endoscopy showed active disease whereas IUS 
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did not. Of these, 2/5 had rectal disease and 1/5 had minor findings 
on IUS, not considered as active disease. Of the remaining two with 
normal IUS, one had ileitis and one had left-sided Crohn’s colitis 
[SES-CD 4] on endoscopy. Faecal calprotectin levels were elevated 
in all these five patients[4/5 FCP >150 µg/g and 1/5 FCP >50 µg/g]. 
In 2/10 [20.0%] cases, IUS showed active colonic disease whereas 
endoscopy did not. Both patients [one CD and one UC] were treated 
with corticosteroids for several weeks before endoscopy was per-
formed. In 12/12 cases with a stricture on IUS, this stricture was also 
seen on endoscopy. However, endoscopy identified a stricture which 
was not seen on IUS in four cases. Full comparison between IUS and 
endoscopy is shown in Table 7.

3.7.  MRI after IUS
MRI was planned after IUS in 24 cases of which 19 were conducted 
within 8 weeks. The median time between MRI was 4 weeks [IQR 
3–7]. In 15 cases, the IUS results were considered adequate [see 
below] and were analysed further. Overall, assessment of disease ac-
tivity and strictures was comparable between IUS and MRI in 12/15 
[80.0%] [p <0.001] cases and showed strong correlation [ρ = 0.75, 
p <0.0001]. The agreement was moderate [κ = 0.47; p = 0.032]. In 
15 IUS and MRI examinations with certain outcome [i.e., adequate 
image quality and no doubt] and MRI performed within 8 weeks, 
9/12 [75.0%] IUS examinations showed active disease comparable 
to MRI versus 3/12 [25.0%] IUS examinations that did not show ac-
tive disease where MRI showed active disease [p = 0.018]. Full com-
parison between IUS and MRI is shown in Table 7.

3.8.  Certain versus uncertain IUS
Differences between patients with certain [n = 303] or uncertain 
[n = 42] IUS outcomes were analysed. Image quality in IUS with un-
certain outcome was poor or very poor in 12/42 [28.6%] cases versus 
22/303 [7.3%] in patients with certain outcome [p <0.001]. The most 
frequent reasons for poor IUS quality were abdominal fat and pres-
ence of bowel gas. The proportion of symptomatic patients was com-
parable between cases with certain versus uncertain IUS outcome 
(222/303 [73.3%] versus 32/42 [76.3%]; p = 0.687). In addition, no 
significant difference was observed between CD and UC patients [data 
not shown]. Median FCP level was not significantly different between 
patients with uncertain versus certain IUS outcome (181 µg/g [IQR 
47–600] versus 350  µg/g [IQR 97–1351] [p = 0.134]). The median 
CRP level in patients with uncertain IUS outcome was 2.7 mg/L [IQR 
1.1–5.4] versus 3.3 mg/L [IQR 1.1–11.7] in patients with certain IUS 
outcome [p = 0.374]. Endoscopy was planned in 17/42 [40.5%] cases 
with uncertain IUS outcome versus 72/303 [23.8%] cases with cer-
tain IUS outcome [p = 0.020]. When endoscopy was performed within 
8 weeks after IUS, endoscopy showed active disease in 7/10 [70%] 
cases with uncertain IUS outcome versus 41/51 [80.4%] cases with 
certain IUS outcome [p = 0.624]. In 2/53 [3.8%] cases with certain 
IUS outcome, the endoscopy outcome was inconclusive [i.e., due to 
faecal contamination, pain,or technical difficulties.]. Additional MRI 
was planned in 5/42 [11.9%] cases with uncertain IUS outcome versus 
19/303 [6.3%] with certain IUS outcome [p = 0.179]. When MRI was 
performed within 8 weeks after IUS, MRI showed active disease in 0/4 
[0%] cases with uncertain IUS outcome.

3.9.  IUS from 2016–2018 versus IUS in 2019
Characteristics of the two cohorts were compared. Totals of 250 and 
95 IUS examinations were performed in the first and second cohort, 
respectively. For the same period in 2016 [October–December] and 

Table 2. Indications for IUS [patients could have more than one 
indication].

Indication n [%]

Symptoms of active disease 198 [57.4%]
Suspicion of stricture/abscess 85 [24.6%]
Elevated FCP 130 [37.7%]
Elevated CRP 115 [33.3%]
Monitoring treatment response 40 [11.6%]

IUS, intesrinal ultrasound; FCP, faecal calprotectin; CRP, C-reactive protein.

Table 1. Cohort characteristics 

IUS examinations n = 345

CD patients n = 242
Examinations in CD patients; n n = 280 
Male; n [%] 92 [38.0%]
Age at IUS; median [range], years 37 [27–52]
Disease duration at time of  
IUS in median years [IQR]

10 [4–19]

Montreal classification in CD patients  
 A1 [<16 years] 45 [18.6%]
 A2 [17–40 years] 164 [67.8%]
 A3 [>40 years] 33 [13.6%]
 L1 [ileum] 106 [43.8%]
 L2 [colon] 36 [14.9%]
 L3 [ileocolonic] 99 [40.9%]
 + L4 [upper GI] 1 [5.8%]
  L4 only 1 [0.4%]
 B1 [non stricturing, non-penetrating] 138 [57.0%]
 B2 [stricturing] 58 [24.0%]
 B3 [penetrating] 46 [19.0%]
 P [perianal disease] 66 [27.3%]
Previous surgical resection at time of IUS  
 ICR and ileal re-resections 113 [40.4%]
 [partial] colonic resection 31 [11.1%]
Medication use at time of IUS 112 [40.0%]
  Biologics [infliximab, adalimumab,  

vedolizumab, ustekinumab]
64 [22.9%]

  Immunomodulators  
[thiopurines/methotrexate]

48 [17.1%]

  Corticosteroids [oral/topical]  
5-ASA [oral/topical]

10 [3.6%]

UC patients n = 59
IUS examinations in UC patients; n 65
Male; n [%] 22 [37.3%]
Age at IUS; median [range], years 40 [27–51]
Disease duration at time of IUS in  
median years [IQR]

7 [5–13]

Disease extent  
 E1 [proctitis] 5 [8.5%]
 E2 [left-sided] 19 [32.2%]
 E3 [pancolitis] 35 [59.3%]
Previous surgical resection at IUS 0 [0%]
Medication use at time of IUS 25 [38.5%]
 Biologics 17 [26.2%]
 Immunomodulators 13 [20.0%]
 Corticosteroids [oral/topical] 38 [58.5%]
 5-ASA  
  Tofacitinib

3 [4.6%]

CD, Crohn’s disease; IUS, intestinal ultrasound; IQR, interquartile range; 
GI, gastrointestinal; 5-ASA, 5-aminosalicylate; UC, ulcerative colitis; ICR, 
ileocaecal resection.
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2019 [October–December], 40 and 95 IUS examinations were per-
formed, respectively. Distributions of age, gender, disease duration, age 
at disease onset, and Montreal classification were not different be-
tween cohorts. In addition, presence of clinical symptoms was equally 
distributed in both cohorts. In the first cohort, FCP was more fre-
quently ≥50 µg/g [83.7% vs 53.7%, p <0.0001] and ≥250 µg/g [57.1% 
vs 40.0%, p = 0.004] compared with the second cohort. Other bio-
chemical parameters were not significantly different between cohorts.

In the first cohort, confirmation of active inflammation [63% vs 
43%, p = 0.001] and complications [30.2% vs 11.1%, p <0.0001] 

was more often an indication to request IUS than in the second co-
hort. In addition, IUS showed active disease more often in the first 
cohort as opposed to the second cohort [70% vs 55.8%, p = 0.017]. 
In the second cohort, monitoring treatment response was more 
often an indication to perform IUS when compared with the first 
cohort [25.0% vs 6.4%, p <0.0001]. Furthermore, patients in the 
first cohort were treated less with corticosteroids [9.6% vs 39%, 
p <0.0001] and biologics [35.2% vs 51.6%, p = 0.004], whereas use 
of thiopurines and methotrexate was similar between the cohorts. 
Disease management after IUS was comparable, except for a more 
frequent decision to continue current treatment in the second cohort 
[36.4% vs 49.5%, p = 0.019].

There were no differences in certainty of the IUS conclusion, visi-
bility of segments, and detection of complications. Furthermore, the 
results of subsequent endoscopy or MRI and their correlation with 
IUS did not differ between the groups. However, we did perform 
MRI more frequently in the first cohort when compared with the 
second cohort [8.4% vs 2.1%, p = 0.024]. There was no difference in 
amount of performed endoscopies between the cohorts.

3.10.  Proposal of a POC IUS algorithm
In Figure 1 we propose a POC IUS algorithm, based on the results of 
this study and previous studies.

Table 3. Summary of IUS findings.

3a. Disease activity

CD [n = 280] Inflammation No inflammation Uncertain Inconclusive

Overall 161 [57.5%] 83 [29.6%] 31 [11.1%] 5 [1.8%]
Ileum 118 [42.1%] 128 [45.7%] 23 [8.2%] 11 [3.9%]
Ascending colon 33 [11.8%] 233 [83.2%] 3 [1.1%] 11 [3.9%]
Transverse colon 26 [9.3%] 239 [85.4%] 3 [1.1%] 12 [4.3%]
Descending colon 32 [11.4%] 235 [83.9%] 6 [2.1%] 7 [2.5%]
Sigmoid 34 [12.1%] 226 [80.7%] 12 [4.3%] 8 [2.9%]
Rectum 7 [2.5%] 124 [44.3%] 8 [2.9%] 141 [50.4%]
Ileocolonic anastomosis [n = 113] 48 [17.1%] 55 [48.7%] 8 [7.1%] 3 [2.7%]
Proximal small bowel 9 [3.2%] 265 [94.6%] 0 [0%] 6 [2.1%]

Ileum affected length

Length cm 0–5 5–10 10–15 15–20 20–25 25–30 >30 Unknown
n = 118 14 28 22 8 8 8 3 27a

% 11.9% 23.7% 18.6% 6.8% 6.8% 6.8% 2.5% 22.9%
UC [n = 65]     
Overall 29 [44.6%] 30 [46.2%] 6 [9.2%] 0 [0%]
Ascending colon 6 [9.2%] 58 [89.2%] 1 [1.5%] 0 [0%]
Transverse colon 7 [10.8%] 58 [89.2%] 0 [0%] 0 [0%]
Descending colon 22 [33.8%] 42 [64.6%] 1 [1.5%] 0 [0%]
Sigmoid 28 [43.1%] 33 [50.8%] 3 [4.6%] 1 [1.5%]
Rectum 25 [38.5%] 19 [29.2%] 4 [6.2%] 17 [26.2%]

3b. Complications in CD

 Present Absent Uncertain Inconclusive

Stricture 48 [17.1%] 209 [74.7%] 22 [7.9%] 6 [2.1%]
Prestenotic dilation 29 [10.4%] 236 [84.3%] 8 [2.9%] 7 [2.5%]
Phlegmon 12 [4.3%] 260 [92.9%] 1 [0.4%] 7 [2.5%]
Abscess 6 [2.1%] 264 [94.3%] 3 [1.1%] 7 [2.5%]
Fistula 7 [2.5%] 261 [93.3%] 6 [1.8%] 6 [1.8%]

Uncertain = doubt regarding disease activity due to various reasons [i.e., suboptimal images, minor findings]. Inconclusive = no conclusions possible due to poor 
image quality

IUS, intestinal ultrasound; CD, Crohn’s disease; UC, ulcerative colitis.
aReasons for unknown length not shown

Table 4. Image quality and reasons for uncertainty.

Image quality

Good 243 [70.4%]
Moderate 68 [19.7%]
Poor 29 [8.4%]
Very poor 5 [1.4%]
Reasons for uncertainty [patients could have more than one reason]
Minor findings 28 [8.1%]
Bowel gas 31 [9.0%]
Abdominal fat 34 [9.9%]
Complex surgical history 8 [2.3%]
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4.  Discussion

In this study we describe the validity of POC IUS and its impact on 
disease management in a large real-world cohort of IBD patients. In 
our cohort, IUS revealed presence of disease activity in more than half 
of patients, leading to change in medication in almost half of these pa-
tients. This is in line with previous work.21 In most cases, treatment was 
initiated or upscaled as opposed to downscaling or stopping treatment.

When comparing IUS findings with clinical symptoms, we ob-
served a large proportion of asymptomatic CD patients with signs of 
inflammation and/or complications on IUS. In CD patients, symptoms 
show poor correlation with biochemical or endoscopic disease activity 
and complications.21,28,29 Therefore, IUS had an important role in the 

detection of preclinical or subclinical relapse in CD patients, especially 
when combined with biochemical markers. Conversely, clinical symp-
toms are more reliable in UC patients, as shown by our data and in 
previous studies.30–32 Therefore, presence of disease activity on IUS in 
UC patients, together with clinical disease activity or elevated bio-
chemical markers, could be sufficient to guide disease management. 
Additionally, IUS is sufficient in most UC patients with symptoms and/
or elevated biomarkers to confirm disease activity and to determine 
disease extent, as also suggested previously.33

Endoscopy did not provide additional information regarding 
presence of inflammation in 86.3% of cases when the IUS re-
sults were considered adequate. As such, IUS has significant cost-, 

CD
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Consider IUS at
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detect pre-clinical

relapse (e.g. 1 year)

IUS not necessary

Perform IUS

Clear activity in CD Clear activity in UC

Consider proctitis
in UC

Consider small
bowel disease and
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assessment

of
complications
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Consider
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based on IUS

Assess treatment
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Figure 1. Proposal of a point-of-care intestinal ultrasound algorithm. CD,  Crohn’s disease; UC, ulcerative colitis; IUS, intestinal ultrasound. 
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time- and burden-saving potential. Several studies have shown 
high accuracy, sensitivity, and specificity for IUS when compared 
with other modalities in both CD and UC patients.17,33–40 In our 
cohort, we also showed comparable detection of inflammation for 
IUS and endoscopy. However, it is important to note that we did 
not compare disease severity between the two modalities and that 
we did not include IUS examinations with uncertain outcome in 
the comparison.

In our cohort, we found endoscopically active disease in 5/13 pa-
tients despite ‘normal’ IUS. Two of these patients had rectal disease, and 
in the other three IUS did not detect ileal or colonic disease. Additionally, 
in 7/10 [70%] patients with uncertain outcome on IUS, active disease 

was observed with endoscopy. Hence, a certain proportion of patients 
will benefit from additional investigation even when IUS does not indi-
cate disease activity. Clinical disease activity and/or elevated biomarkers 
could guide the decision to perform additional evaluation in these cases.

In approximately 25% of CD patients a complication was found, 
most often a stricture with or without prestenotic dilation. Since 
many CD patients develop strictures over time, POC IUS could play 
an important role in early detection of strictures and guiding de-
cision making in these patients. In our cohort, IUS guided disease 
management such as referring patients for endoscopic dilation and/
or surgery. Although data are lacking on identifying with IUS stric-
tures which are most suitable for endoscopic dilation, anti-inflam-
matory treatment, or surgery, IUS has the potential to guide disease 
management, and ongoing studies are focusing on this [Netherlands 
Trial Register: NL9105].

IUS is less accurate when assessing the proximal small bowel or 
the rectum.33 In our study, MRI showed small bowel disease more 
often than IUS in a small proportion of patients. Taylor et al. found 
similar results when MRI and IUS were compared in small bowel 
CD.38 Furthermore, proctitis was more frequently shown with en-
doscopy than with IUS. This is in line with previous work, showing 
that IUS is generally not feasible for assessment of the rectum.33 
However, since IUS was comparable with endoscopy for assessment 
of the rectum in 65% of cases, it could be useful in some cases, 
especially in patients with established proctitis and in combination 
with FCP. However, a recent study found perineal ultrasound to be 
a more accurate but non-invasive alternative to assess the rectum 
when compared with endoscopy.41

Furthermore, we have studied the implementation of IUS over 
time in clinical practice. When we started using IUS in our clinic 
in 2016, all examinations were performed by one physician, pre-
dominantly to confirm active disease or diagnose complications in 
patients with clinical symptoms or elevated biomarkers. In recent 
years, the paradigm for IUS has expanded towards monitoring treat-
ment response and reassuring regarding quiescent disease. This has 
resulted in an increased demand for IUS examinations, and more 
physicians who were trained at our clinic are now performing IUS. 
Concurrently, MRI was performed less frequently in the second co-
hort. In this cohort more patients received therapy with probably 
milder disease activity, and hence fewer MRI requests. However, the 
increase of IUS in the second cohort might also be a valid reason for 
the decline in MRI. Although future research should confirm this 
statement, we show that with sufficient expertise, IUS could be used 
as first non-invasive choice in a POC setting.

Overall, our findings indicate that POC IUS has the potential 
to reduce the need for endoscopy and MRI, with the latter already 
occurring in clinical practice. It seems that additional evaluation 
should mainly be considered when the results of IUS are uncertain, 
in case of suspicion of small bowel disease or proctitis, or in cases 
of extensive complications such as multiple strictures and complex 
fistulising disease. Indeed, in our cohort, endoscopy was more often 
planned when the IUS outcome was uncertain. Other indications for 
endoscopy include stricture dilation or screening for malignancy. 
It has been postulated that endoscopy or MRI should also be con-
sidered for decisions such as starting and monitoring treatment with 
biologics. This too may be subject for debate, since studies have 
shown that IUS can be reliably used for follow-up of biologic treat-
ment.1,12,14,42–44 More studies on this topic are expected in the future.

Other studies that investigated the implementation of POC IUS 
are limited. Novak et al. studied POC IUS in 49 CD patients by com-
paring POC IUS with regular care in a blinded study.21 They found 
that POC IUS changed clinical management in 60% of patients, 

Table 5. Treatment decisions after IUS.

CD examinations 
[n = 280]

UC examin-
ations [n = 65]

No change 106 [37.9%] 32 [49.2%]
Imaging n = 122 104 18
Endoscopy   
 Total 73[26.1%] 16 [24.6%]
 Dilation stricture 13 [12.3%] -
MRI 23 [8.6%] 1 [3.1%]
CT scan 8 [3.5%] 1 [3.1%]
Medication change n = 99
Biologics   
 Start 25 [8.9%] 3 [4.6%]
 Dose intensification 4 [1.4%] 3 [4.6%]
 Dose de-escalation 1 [0.4%] -
 Stop 1 [0.4%] -
Immunomodulators   
 Start 23 [8.2%] 3 [4.6%]
 Stop 2 [0.7%] 1 [1.5%]
Tofacitinib - 1 [1.5%]
 Stop   
Corticosteroids [oral/topical]   
 Start 9 [3.2%] 4 [6.2%]
 Stop 1 [0.5%] -
Budesonide   
 Start 8 [2.9%] 1 [1.5%]
 Stop - 1 [1.5%]
5-ASA 0 [0%] 6 [9.2%]
Inclusion in clinical trial 1 [0.5%] 1 [1.5%]
Surgical resection 
Total 16 [5.7%] -

IUS, intestinal ultrasound; CD, Crohn’s disease; UC, ulcerative colitis; 
MRI, magnetic resonance imaging; CT, computed tomography; 5-ASA, 
5-aminosalicylate

Table 6. Reasons for additional endoscopy, MRI or CT.

N = 122

IUS insufficient/additional evaluation deemed necessary 77
Baseline evaluation before starting or follow-up of bio-
logic treatment

13

Stricture dilation 14
Evaluation of treatment response 3
Extensive complications 4
Inclusion in clinical trial 8
Melaena 1
Suspicion of malignancy 2

IUS, intestinal ultrasound; MRI, magnetic resonance imaging; CT, com-
puted tomography.
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which is similar to our findings. Additionally, they showed that many 
asymptomatic CD patients had signs of active disease on IUS, also 
in concordance with our findings. Shatanantan et al. compared POC 
IUS in 74 IBD patients with ileocolonoscopy in a blinded study, and 
found high sensitivity and specificity of POC IUS for detection of 
disease activity in both UC and CD.22 A  third study found also a 
high correlation for IUS and endoscopic disease activity in CD pa-
tients.45 In our cohort we found similar findings. We studied a large 
real-world cohort and further demonstrated the impact of IUS on 
clinical decision making. Furthermore, we performed a detailed ana-
lysis of IUS outcomes and reasons for uncertainty in daily clinical 
practice. With regards to uncertainty: bowel gas, ,and mild inflam-
mation all contributed to poor image quality or uncertainty. In these 
patients, endoscopy or other cross-sectional imaging techniques 
are more suitable to detect inflammation. However, endoscopy was 
performed only in a small number of patients with uncertain IUS 
outcome; thus controlled studies are needed to elucidate the role of 
additional endoscopy in patients with uncertain outcomes at IUS, as 
inflammation might be limited or absent. On the contrary, an unsuc-
cessful endoscopy could be an additional reason for IUS to objectify 
disease activity, predominantly in the terminal ilem [TI] or proximal 
small bowel.45

To illustrate the use of POC IUS in daily clinical practice, we 
propose an algorithm which may have the potential to reduce un-
necessary additional evaluation in the future and to reduce delay 
in disease management. In a recent review, Allocca et al. also pro-
posed a POC IUS algorithm based on the available literature.46 This 
algorithm is mostly comparable with our suggestion. However, we 
defined a somewhat different strategy between UC and CD pa-
tients, since absence of symptoms is more reliable in UC patients. 
Additionally, we propose when additional imaging should be per-
formed after IUS, such as when the IUS outcome is uncertain. We 
also propose to assess treatment response at different time points in 
CD and UC patients, since recent studies suggest that UC patients 

respond to treatment earlier than CD patients.14,47 However, pro-
spective studies are needed to optimise the implementation of POC 
IUS for the monitoring of IBD patients. In particular, the best timing 
for assessment of treatment response and IUS evaluation in patients 
without symptoms and normal biomarkers is unknown. From a lo-
gistic point of view it would also be challenging to frequently per-
form scheduled IUS in every IBD patient in a large clinic with a large 
cohort of patients. This emphasises the need for proper risk assess-
ment. In our algorithm we propose to perform POC IUS once a year 
in CD patients. However, it is plausible that predicted disease pro-
gression should also be taken into account when determining the 
frequency of scheduled IUS.

Our study has several limitations. First, this was a retrospective 
observational cohort study. Therefore, comparisons with symp-
toms, biochemical markers, and other imaging modalities were 
probably less reliable than in a prospective controlled setting. 
We could not properly account for time, change of symptoms, 
and change of medication between IUS and additional imaging. 
Additionally, we did not compare severity between IUS and endos-
copy or MRI, as endoscopy/MRI might show already improvement 
after starting any treatment based on IUS findings. Also, there is 
a considerable risk for selection bias between the first and second 
cohort, as IUS became more standard care over time. Hence, 
reasons for IUS could have changed accordingly. In addition, we 
did not have a control group receiving no IUS and therefore we 
could not determine the absolute effect on disease management for 
IUS. However, we were able to study a large cohort of patients. 
Additionally, real-world data are more representative of the clinical 
situation, which could also be considered a strength. For instance, 
our data may reliably show the incidence of problems that may 
arise when performing IUS, such as poor image quality and unre-
liable results due to bowel gas, abdominal fat, or mild disease ac-
tivity. Regardless, we show a clear impact of IUS in clinical disease 
management in a real-world cohort.

Table 7. Comparison of IUS findings versus endoscopy and when IUS and additional imaging were adequate and performed within 
2 months.

IUS versus endoscopy 

n = 51 Comparable findings IUS active IUS inconclusive Endoscopy active Endoscopy inconclusive

Overall 44/51 [86.3%] 38/51 [74.5%] - 41/51 [80.4%] -
TI 37/38 [97.4%] 19/51 [37.3%] 2/51 [3.9%] 20/51 [39.2%] 11/51 [21.6%]
AC 38/43 [88.4%] 3/51 [5.9%] - 4/51 [7.8%] 8/51 [15.7%]
TC 36/45 [80.0%] 10/51 [19.6%] - 9/51 [17.6%] 6/51 [11.8%]
DC 44/51 [86.3%] 15/51 [29.4%] - 14/51 [27.5%] -
SC 44/50 [88.0%] 17/51 [33.3%] - 16/51 [31.4%] -
Rectum 26/40 [65.0%] 10/51 [19.6%] 11/51 [21.6%] 21/51 [41.2%] -
Stricture 47/51 [92.2%] 12/51 [23.5%] - 16/51 [31.4%] -

n = 15 Comparable findings IUS present MRI present

Disease activity
Overall 12 [80.0%] 9 [60%] 12 [80.0%]
Ileal disease 12 [80.0%] 8 [53.3%] 11 [73.3%]
Proximal small bowel disease 9 [60.0%] 1 [6.7%] 4 [26.7%]
Complications
Stricture 12 [80.0%] 5 [33.3%] 8 [53.3%]
Intra-abdominal abscess 15 [100%] 0 [0%] 0 [0%]
Intra-abdominal fistula 12 [80.0%] 1 [6.7%] 1 [6.7%]

Overall = presence/absence of disease activity for endoscopy and presence/absence of disease activity and/or complications for MRI. IUS inconclusive = segment 
not investigated due to various reasons. Endoscopy inconclusive = not investigated due to various reasons [i.e., sigmoidoscopy, technical difficulties, etc.].

AC, ascending colon; DC, descending colon; IUS, intestinal ultrasound; MRI, magnetic resonance imaging; SC, sigmoid colon; TC, transverse colon; TI, ter-
minal ileum. 
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In conclusion, POC IUS significantly affects disease management 
in the follow-up of IBD patients and has the potential to reduce the 
need for additional endoscopy and MRI. We have proposed an al-
gorithm for implementation of POC IUS. Prospective studies are 
needed to study the optimal implementation and timing of POC IUS 
in close monitoring and treatment follow-up in daily clinical care.
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