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Innovations in Care Delivery
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Background: Stool characteristics are used as a measure of ulcerative colitis (UC) disease activity, but they have not been validated against
objective inflammation. We aimed to determine whether stool characteristics measured by trained artificial intelligence (Al) and physicians cor
relate with inflammation in UC.

Methods: Patients hospitalized with acute severe UC (ASUC) were asked to capture images of all bowel movements using a smartphone appli-
cation (Dieta®). Validated Al was used to measure five stool characteristics including the Bristol stool scale. Additionally, four physicians scored
each image for blood amount, mucus amount, and whether stool was in a toilet or commode. Al measurements and mean physician scores
were rank-normalized and correlated with rank-normalized CRP values using mixed linear regression models. Mann-Whitney tests were used
to compare median CRP values of images with and without mucus and with and without blood.

Results: We analyzed 151 stool images collected from 5 patients admitted with ASUC (mean age 42 years, 40% male). Overall, Bristol stool
scale and fragmentation positively correlated with CRR while stool consistency negatively correlated with CRP. The median CRP of images with
mucus was higher than that of images without mucus.

Conclusions: Smartphone application Al measurements of Bristol stool scale, stool consistency, and stool fragmentation significantly correlate
with CRP values in hospitalized patients with ASUC. Additionally, median CRPs are higher when mucus is seen. Further training of smartphone-
based Al algorithms to validate the association of stool characteristics with objective inflammation may yield a novel, noninvasive tool for UC
disease monitoring.

Lay Summary

We used artificial intelligence and manual scoring to evaluate stool pictures obtained via mobile app, taken by patients with severe ulcerative
colitis. We found that several stool characteristics correlated with C-reactive protein, a blood marker of inflammation and disease activity.
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Introduction smartphone-based artificial intelligence (Al), could determine
stool characteristics with high accuracy and was superior to
patient self-reporting.’ We aimed to explore the clinical utility
of Al applied to stool images acquired via smartphone appli-

cation in patients hospitalized with ASUC.

The management of acute, severe ulcerative colitis (ASUC)
in the hospital warrants daily assessment and evaluation of
disease activity to determine the appropriateness of contin-
uing corticosteroids, initiating rescue therapy, or surgery.!
Daily changes in patient-reported rectal bleeding, stool fre-
quency, and form assist with clinical decision-making in the

context of objective changes in inflammatory markers, but
may be subject to interpretation and recall bias. Smart toilet
technology may mitigate recall bias*; however, this requires
the installation of special technology into existing plumbing.
We previously study that more easily accessible technology,

Methods

This prospective observational pilot study was reviewed and
approved by the Cedars-Sinai Institutional Review Board.
Informed consent was obtained prior to patient participation.
Consecutive patients admitted to the hospital with ASUC
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captured images of each bowel movement using a smart-
phone application (Dieta®). The Dieta® mobile application
was designed for patients to capture images of stool that are
then classified by computer vision Al into multiple contin-
uous data points for five different visual characteristics of
stool. The Al classified stool image characteristics were Bristol
stool scale (1 to 7), consistency (0, liquid to 100, solid), edge
fuzziness (0, very clear to 100, very fuzzy), fragmentation (0,
single piece to 100, many pieces), and volume (0, very small
volume to 100, very large volume). Representative images of
these characteristics can be found in Pimental et al.3

Stool images were also annotated by humans using the
Dieta Stool Annotation Portal. This web application allows
users to observe multiple views of each stool image and ad-
just brightness, contrast, saturation, and resolution. Using an
annotation guide developed for this study, four physicians,
including an inflammatory bowel disease specialist, labeled
stool images for blood amount, mucus amount, and whether
stool was in a toilet or bedside commode. Representative
images of these characteristics can be found in Supplementary
Figure 1. Discrepancies were resolved by consensus.

For each participant, patient demographics and relevant
clinical information were recorded. Demographics included
age, gender, race, and ethnicity. On admission, vitals signs,
stool frequency, quantity of blood in stool, hemoglobin,
and erythrocyte sedimentation rate were recorded to estab-
lish Truelove and Witts Severity Index for ulcerative colitis.
Serum C-reactive protein (CRP) was measured on admission

Table 1. Demographics and clinical information.

and daily while hospitalized. We additionally recorded fecal
calprotectin, the presence of enteric infections, treatment re-
ceived, and length of hospitalization.

Each stool image obtained was associated with a serum
CRP value obtained within 12 hours of the image. Image
characteristics determined by AI and physician ratings were
rank-normalized and correlated with rank-normalized CRP
values using mixed linear regression models. We additionally
used Mann—Whitney tests to compare median CRP values of
images with the presence or absence of blood and/or mucus.

Area Under the Receiver Operating Characteristic was cal-
culated to evaluate the predictive performance of the linear
mixed models used to correlate Al-assessed stool character-
istics and CRP levels. CRP levels were dichotomized by me-
dian, tagging levels as below or equal and above median.
Subsequently, predicted values were derived from each fitted
linear mixed-effects model. The ROC curve was constructed
utilizing the predicted values and the dichotomized CRP vari-
able. The AUC value was calculated to provide a quantitative
measure of the model’s discriminative ability in distinguishing
between CRP levels below and above the median based on
each Al-classified stool image characteristic.

Results

In total, 151 stool images were collected from 5 patients
(mean age 42 years, 40% male). Detailed demographics and
clinical information can be found in Table 1. Each patient

Sex

Male 40%
Female 60%
Race

White 80%
Asian 20%
Ethnicity

Hispanic 40%
Non-Hispanic 60%

Truelove-Witts Severity

Age (Mean = SD)

Number of daily bowel movements on admission (Mean = SD)
Temperature on admission (Mean = SD)

Heart rate on admission (Mean = SD)

Hemoglobin on admission (Mean = SD)

Erythrocyte sedimentation rate (ESR) on admission (Mean = SD)
C-reactive protein (CRP) on admission (Mean = SD)

Fecal calprotectin on admission (Mean = SD)

Length of hospitalization (Mean = SD)

Number of stool photos obtained (Mean = SD)

Patients with enteric infections

Patients who received intravenous corticosteroids and infliximab

Patients who received other treatments

40% moderate, 60% severe
41.8 = 20.66 years

16.4 = 6.11 bowel movements
98 £0.61 °F

89.8 =+ 19.98 bpm

13.68 = 1.79 g/dL

17.75 + 5.05 mm/hr

51.46 +31.33 mg/L

1684.8 = 1741.12 pglg

12.4 + 6.66 days

30.2 = 38.92 photos

1 campylobacter, 2 cytomegalovirus
4 patients

1 azithromycin, 1 oral corticosteroid, 1 azathioprine, and ganciclovir
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Table 2. P-values obtained by mixed linear regression models of CRP versus stool characteristics.

P-value

Bristol Consistency Fragmentation Edge fuzziness Volume Mucus amount Blood amount
All Images (7 = 151) .026" .047° .050° 116 983 195 .540
Toilet (n=353) .024° .038" .087 221 .673 731 471
Commode (1 = 52) 913 .898 721 675 391 .569 551

‘Represents statistically significant P-value.
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Figure 1. Median serum CRP (mg/L) of stool images in which blood was or was not observed (A) and median serum CRP (mg/L) of stool images in

which mucus was or was not observed (B).

provided between 1 and 98 stool images, with a mean of
30.2 images per patient. On admission, patients had a mean
CRP of 51.46 mg/L and a mean fecal calprotectin of 1684.8
ug/g. The baseline Truelove and Witts Severity Index was ei-
ther moderate or severe. Patients were hospitalized for an
average of 12.4 days. Campylobacter infection was detected
in 1 patient and cytomegalovirus viral inclusions were
present in 2 patients. 4 of the 5 patients received intrave-
nous corticosteroids and infliximab. Fifty-three images were
captured in a toilet; the remaining images were captured in a
bedside commode.

Serum CRP was positively correlated with Al-interpreted
Bristol stool scale (P = .026), stool consistency (P = .047), and
stool fragmentation (P =.049), but not with stool volume or
edge fuzziness. On subgroup analysis, only images obtained
in a toilet maintained a statistically significant association
(Table 2). Additionally, the median CRP corresponding to
images without blood was marginally higher than that of
images with blood (P =.07502; Figure 1A) and the median
CRP of images with mucus was significantly higher than that
of images without mucus (P = .01083; Figure 1B).

The AUC values for CRP with the Bristol scale, consist-
ency, and fragmentation were 0.70, 0.691, and 0.70, re-
spectively. Specifically focusing on images captured within a
toilet environment, the AUC values for CRP in combination
with the Bristol scale, consistency, and fragmentation were

notably higher, measuring 0.81, 0.80, and 0.82, respectively
(Figure 2).

Discussion

We found that Al classification of stool Bristol scale, consist-
ency, and fragmentation obtained via smartphone application
may correlate well with serum CRP in ASUC patients, with
AUCs ranging from 0.6891 to 0.8211. The Al performed best
using images of stools in toilets compared to images obtained
in commodes likely due to the Al having been trained using
images of stools in toilets alone. In the future, Al could also
be trained to classify stool images for blood and mucus
amounts. Notably, interpretation of the results of this study is
limited by the small sample size and potentially confounding
infections identified. Additionally, the AI utilized in this study
was validated in a population of irritable bowel syndrome
patients and therefore may not directly translate to the ASUC
population. Large studies should be pursued to further val-
idate the use of Al classification of stool images for use in
ASUC disease monitoring.

Supplementary Material

Supplementary data are available at Crobn’s & Colitis 360
online.
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Figure 2. Area under the receiver operating characteristic (AUROC) curves of the artificial intelligence (Al) model for prediction of CRP by the
Al-predicted stool characteristics (Bristol, consistency, and fragmentation). Predictive performance of the Al model in the classification of CRP above or
below the median. True positive rate of CRP classification performance as the x-axis and false positive rate as the y-axis. AUC ranges from ~0.7 to 0.8
when evaluating each model, which indicates a good rate of True positive CRP predictions.
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