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Abstract. — OBJECTIVE: Patients with acute
severe and medical refractory ulcerative colitis
have a high risk of postoperative complications
after total abdominal colectomy (TAC). The ob-
jective of this retrospective study is to use ma-
chine learning to analyze and predict short-term
outcomes.

PATIENTS AND METHODS: 32 patients with
ulcerative colitis were treated with total abdomi-
nal colectomy between 2011 and 2017. Biograph-
ical data, preoperative therapy, blood chemis-
try, nutritional status, surgical technique, blood
transfusion and preoperative length of stay were
the features selected for the statistical analyses
and were used as input for the machine learning
algorithms to predict the rate of complications.

RESULTS: Traditional statistical analysis
showed an overall postoperative morbidity rate
of 34% and a mortality rate of 3%. Preoperative
low serum albumin levels (<2.5 g/dL) were relat-
ed to a higher risk of minor infectious complica-
tions with statistical significance (p<0.05). Pre-
operative length of stay (>4 days), blood trans-
fusions (=1 unit) and body temperature (=37.5°C)
demonstrated a major impact on infectious mor-
bidity with statistical significance (p<0.05). Pa-
tients treated with steroids and rescue therapy
presented a higher risk of minor infectious com-
plications (p<0.05). Evaluating only preopera-
tive features, machine learning algorithms were
able to predict minor postoperative complica-
tions with a high strike rate (84.3%), high sensi-
tivity (87.5%) and high specificity (83.3%) during
the testing phase.

CONCLUSIONS: Machine learning is demon-
strated to be useful in predicting the rate of mi-
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nor postoperative complications in high-risk ul-
cerative colitis patients, despite the small sam-
ple size. It represents a major step forward in
data analysis by implementing a retrospective
study from a prospective point of view.

Key Words:
Ulcerative colitis, Machine learning, Postoperative
complications.

Introduction

Ulcerative colitis (UC) is a chronic inflamma-
tory disease of the colon and rectum'?. Chronic
refractory UC, acute severe UC (ASUC) non-re-
sponsive to rescue therapy, toxic megacolon, per-
foration or massive bleeding and, more rarely,
dysplasia/carcinoma, are indications for surgery.

Patients undergoing surgery for UC are expo-
sed to the risks of wound infection, intra-abdomi-
nal abscess, sepsis, bowel obstruction, and other
postoperative complications*>.

Age, comorbidities, preoperative medical tre-
atment, immune impairment due to medical tre-
atment, malnutrition, urgent status and prolonged
time from admission to surgical treatment, are si-
gnificant risk factors for postoperative morbidity®.

The present study investigated with a new pre-
diction method the short-term outcomes of total
abdominal colectomy (TAC) on a cohort consi-
sting of 32 high-risk selected patients with chro-
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nic refractory UC who were being treated with
steroids, ASUC patients who were not responsive
to rescue therapy or patients with an urgent status.
The goal was to analyze the impact of preopera-
tive data on the occurrence of postoperative com-
plications in this high-risk, subgroup of patients.

In a retrospective study, a computer program
based on machine learning (ML)’ was developed
to predict postoperative complications by exami-
ning data available before surgery. Results obtai-
ned by conventional statistical methods and those
achieved from an ad hoc algorithm based on ML
were evaluated.

Patients and Methods

Thirty-two selected patients with a high risk for
perioperative complications who underwent TAC
for UC in the Abdominal Surgical Unit of the F.
Policlinico Gemelli — IRCCS (Rome, Italy) from
September 2011 and October 2017 were retro-
spectively analyzed. All the data were collected
from charts review. Twenty-four patients (75%)
underwent TAC by the laparoscopic approach and
8 (25%) underwent open surgery. The conversion
rate was 12.5% (4 patients; included in the laparo-
tomy group for statistical analysis).

The laparoscopy specimen was extracted throu-
gh a small (@ 4 cm) Pfannenstiel incision in 7
patients (29.2%), while in 17 patients (70.8%), the
specimen was extracted through a minor enlarge-
ment of the trocar incision in the right flank, where
an ileostomy was placed at the end of surgery.

Table I. Clinical patients’ characteristics.

Twenty-one patients required a semi-urgent
colectomy for ASUC (according to the Truelove’s
criteria®) that did not respond to rescue therapy
(steroid and biological drugs). Two patients had
surgery because of an urgent status (toxic mega-
colon and massive bleeding). Nine patients pre-
sented with chronic refractory UC that was being
treated with steroids and had not received biolo-
gical drugs within 6 weeks before surgery. In our
clinical practice, we usually prefer to delay surgi-
cal treatment until at least 6 weeks after biological
therapy if possible.

Biographical data, preoperative therapy, pre-
and postoperative blood chemistry, nutritional
status (lymphocyte count and albumin), time
from admission to surgery, surgical technique
(laparoscopy or laparotomy), operative time,
blood transfusion, postoperative complications
and postoperative length of stay were recorded
(Table I). The main goal of our study was to test
a new prediction model of postoperative morbi-
dity with the development of ad hoc algorithms
based on ML.

Postoperative morbidity was classified as mi-
nor infectious (wound infection), major infectious
(intra-abdominal abscess or sepsis) and non-in-
fectious (bowel obstruction, thrombosis, pulmo-
nary embolism and cardiovascular complications)
complications.

Statistical Analysis

Data were first analyzed by univariate (unpai-
red Student’s #-test and chi-square test) and multi-
variate analyses and later by a computer program

Age, mean (SD), years
Gender, n (%)
Male
Female
Length of disease before surgery, mean (SD), years
Time from admission to surgery, n (%)
<4 days
> 4 days
Preoperative therapy, n (%)
Rescue therapy (steroids and biological drugs)
Steroids
No
Haemoglobin, mean (SD)
White Blood Cell, mean (SD)
Lymphocyte count, mean (SD)
Serum albumin, mean (SD)
Blood transfusion, n (%)
Yes (= 1)
No

53 ( 13.8)

17 (53)
15 (47)
9 (+6.8)

20 (62.5)
12 (37.5)

21 (65.6)
9 (28.1)
2(6.3)

11,1 &2.,3)

8780 (& 3380)

1550 (= 784.7)

3,1 @& 0,75)

13 (40.6)
19 (59.4)
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based on machine learning algorithms (ML).
p-values < 0.05 were considered to be statistically
significant.

For ML evaluation, we implemented a software
using the Python programming language’ and the
SciPy ecosystem’ and we were able to simulate a
prospective study in which known data are used
to fit a prediction model for the unknown ones. In
particular, the goal was to predict postoperative
complications by only assessing the preoperative
data. The data-processing methodology is shown
in Figure 1.

The Machine Learning (ML) approach allows
to create a mathematical model directly from data
in order to make predictions without being expli-
citly programmed for the given problem, and wi-
thout doing any preliminary assumption on data
in itself. It can be seen as an alternative approach
to traditional statistics and it is closely related to
computational statistics.

During the first step, called data gathering, re-
cords of the 32 patients were retrospectively iden-
tified from the hospital archive and reorganized
in a dataset. The second step was data pre-pro-
cessing, which consisted of the following three
sub-steps:

Feature extraction: all data present in the origi-
nal dataset are transformed in derived values,
called features, in order to be more compu-
ter-readable and easy to guess. For example,
complications were represented as binary
variables (0: absence, 1: presence) and classi-
fied as minor infectious, major infectious and
non-infectious complications.

Data normalization: in order to avoid numeri-
cal problems, data are normalized to have zero
mean and unitary variance.

Feature selection: features such as biographical
data (age and sex), preoperative therapy (ste-
roids and biological drugs), preoperative blood
chemistry (RBC, WBC and serum creatinine),
nutritional status (lymphocyte count and albu-
min), surgical technique (laparoscopy or lapa-
rotomy), blood transfusion and preoperative
length of stay (time from admission to TAC)
are selected and used as inputs into the ML al-
gorithms.

The last step is called model validation, and it is
meant to assess how well the model will generali-
ze on new independent datasets coming from the
real world. The general technique consists of par-
titioning data into a training set and a testing set.
The former is considered “known”, and it is used
to fit a statistical model. The latter is considered
“unknown”, and it is used to test predictions. In
this case, we fit a multivariate classification model
using Support Vector Machine (SVM) and quan-
titatively assess its prediction performance using
the leave-one-out cross-validation (LOOCYV) te-
chnique. The results of this method are expressed
through the following three indicators: strike rate
(percentage of correct predictions), sensitivity
(true positive rate) and sensibility (true negative
rate).

In particular, for each complication type, the
ML software performs the following activities:

» Consider the single patient

* Create a prediction model using SVM on all
patients but the one considered (model trai-
ning)

* Predict the presence of considered complica-
tion and patient (model testing)

* lterate over patients

* lterate over complications

Data gathering

[ Digitalized clinical records] C :

\

/ Data pre-processing \

Feature extraction
Data normalization

Feature selection

Model validation

:: Model training
Model testing

/

Figure 1. Data processing methodology.
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» Compute the rate of correct predictions (strike
rate), sensitivity and specificity. Only results
with high performances in all three features
(sensitivity, specificity and strike rate) can be
considerable predictive and reliable.

Results
Operative time was higher in the laparoscopic

group than the time in the open group (240+35 min
vs. 190435 min, p<0.01). A progressive decrease in

operative time was observed in laparoscopic pa-
tients over recent years (mean: 210+20 min in the
last year). Postoperative length of stay was shorter
in the laparoscopic group compared to the length
of stay in the laparotomy group (9+4.3 vs. 13£6.4
days, p=NS). A progressive decrease in hospital
length of stay was observed with the laparoscopic
approach (mean: 6.5+2 days in the last year).
Overall, the postoperative morbidity rate was
34% (11/32 patients). The mortality rate was 3%
(1/32 patients). The results of univariate analysis
are reported in Table II. Preoperative low serum

Table Il. Results of different features on postoperative complications.

Minor infectious

Major infectious Non-infectious

Features complications complications complications
Sex
Male 6/18 (33%) 3/18 (16.6%) 1/18 (5.5%)
Female 2/14 (14%) 1/14 (7%) 2/14 (14%)
p=0.23 p=043 p=NS
Surgical approach
Laparoscopy 2/20 (10%) 2/20 (10%) 2/20 (10%)
Laparotomy 6/12 (50%) 2/12 (17%) 1/12 (8.5%)
p<0.05 p=0.59 p=0.88
Blood transfusion
Yes 8/13 (61.5%) 3/13 (23%) 1/13 (7.5%)
No 0/19 (0%) 1/19 (5%) 2/19 (10%)
p<0.01 p=0.14 »=0.79
Preoperative length of stay
>4 days 5/12 (41.5%) 3/12 (25%) 1/12 (8%)
<4 days 3/20 (15%) 1/20 (5%) 2/20 (10%)
p<0.05 p=0.36 p=0.63
White Blood Cell
>10.500 mmc 2/7 (28.5%) 1/7 (14%) 0/7 (0%)
<10.500 mmc 6/25 (24%) 3/25 (12%) 3/25 (12%)
p=0.36 p=0.36 p=0.32
Hemoglobin
>10.5 g/dL 1/19 (5%) 2/19 (10.5%) 2/19 (10.5%)
<10.5 g/dL 7/13 (54%) 2/13 (15%) 1/13 (7.5%)
p<0.01 p=0.80 p=0.95
Serum albumin
>3.5 g/dL 1/15 (6.5%) 1/15 (6.5%) 1/15 (6.5%)
2.5-35¢g/dL 4/11 (36%) 2/11 (18%) 1/11 (9%)
<2.5g/dL 3/6 (50%) 1/6 (16.5%) 1/6 (16.5%)
p<0.05 p=042 p=0095
Lymphocyte count
>900 mmc 5/23 (22%) 4/23 (17%) 2/23 (8.5%)
<900 mmc 3/9 (33%) 0/9 (0%) 1/9 (11%)
p=0.37 p=0.60 p=042
Body temperature
>37.5°C 4/9 (44%) 3/9 (33%) 2/9 (22%)
<37.5°C 4/23 (17%) 1/23 (4%) 1/23 (4%)
p=0.11 p<0.05 p=0.12
Preoperative therapy
Steroids 2/9 (22.2%) 1/9 (11.1%) 0/9 (0%)
Rescue therapy 6/21 (28.5%) 3/21 (14%) 3/21 (14%)
No 0/2 (0%) 0/2 (0%) 0/2 (0%)
p<0.05 »=0.19 p=033
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albumin (<2.5 g/dL) was related to a higher risk
of minor infectious complications with statisti-
cal significance (p<0.05). Preoperative length of
hospital stay (>4 days), pre- and/or intraoperative
blood transfusions (=1 unit) and body temperatu-
re (>37.5°C) showed a major impact on infectious
morbidity with statistical significance (p<0.05).
Patients treated with steroids and those who re-
ceived rescue therapy had a higher risk of minor
infectious complications (p<0.05).

ML algorithms evaluating preoperative fea-
tures (age, sex, therapy with steroids/biological
drugs, hemoglobin level, WBC and serum crea-
tinine, nutritional status, blood transfusion and
preoperative length of stay) and surgical tech-
nique were able to predict minor postoperative
infectious complications with a high strike rate
(84.3%), high sensitivity (87.5%) and high specifi-
city (83.3%) during the testing phase. This finding
is meaningful in terms of the prediction power of
the model, as the LOOCYV is a robust validation
technique. Training performances are always bet-
ter by definition, as in this phase, the model it-
self is created; however, for the same reason, the
training does not provide reliable insights about
the prediction power. In both cases, the results
are encouraging for minor infectious complica-
tions, while they were not significant for major
infectious and non-infectious complications. The
results obtained using the ML method are shown
in Figure 2.

Discussion

Treatment of ulcerative colitis represents a very
important challenge for surgeons and gastroente-
rologists. Patients affected by UC are often expo-
sed to a high risk of postoperative complications
due to steroids and biological therapy, malnutri-
tion, the need for massive surgical excision and/
or urgent conditions. The indications for surgery
in our study were either urgent status, ASUC or
chronic refractory UC with corticosteroid depen-
dence. In this study, we only considered patients
who underwent TAC with end ileostomy as the
first surgical treatment, with the ileal pouch anal
anastomosis (IPAA) procedure being postponed
for a later date. According to most authors!2,
this procedure is the best approach in high-risk
patients. Bikhchandani et al'' summarize the ad-
vantages of a 3-stage (subtotal colectomy first)
vs. 2-stage IPAA in best nutritional status at the
time of [PAA. The 3-stage approach provides the
ability to taper steroids and immunosuppressant,
avoids complex pelvic dissection in the setting of
systemic inflammation and enables surgeons to
rule out indeterminate and Crohn’s colitis by an
accurate pathological diagnosis of the specimen
before the IPA A procedure.

In the present study, surgery was mostly per-
formed via the laparoscopic approach (75%). La-
paroscopy reduces surgical trauma and adhesions
by facilitating the next surgical step of IPAA"-.

0.875
0.9 0833 0843

0.3 0.25

0.2
0.1
0

INFECTIOUS MINOR COMPLICATIONS

MACHINE LEARNING:
CLASSIFICATION OF PERFOMANCES BY COMPLICATION TYPE -
TESTING PHASE

0.892

INFECTIOUS MAJOR COMPLICATIONS

MSENSITIVITY MSPECIFICITY

0.931

0.843
0.812

0.05

NON-INFECTIOUS COMPLICATIONS

STRIKE RATE

Figure 2.
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Operative time was higher in the laparoscopic
group with a progressive decrease in recent years
(mean: 210 min in last year), most likely due to
improvement of skills and confidence with lapa-
roscopy. The hospital stay was shorter in laparo-
scopic patients (9 + 4.3 vs. 13 £ 6.4 days, p = NS),
with a decreasing trend over the last year (mean:
6.5 days in last year) as a result of improved expe-
rience.

In accordance with data in the literature's-',
the results of this study suggest that laparoscopic
TAC is a safe and valid approach in the surgical
treatment of UC, even in an urgent setting with
patients in critical conditions, which can reduce
the global morbidity associated with UC. The
laparoscopic approach proved to be highly bene-
ficial in terms of minor infectious complications
compared to laparotomy (10% vs. 50%, p<0.05),
likely because of smaller surgical wounds. The
two wound infections in laparoscopic patients oc-
curred only in cases with a Pfannenstiel incision.

The difference between laparoscopy and lapa-
rotomy in terms of major infectious and non-in-
fectious complications was not statistically signi-
ficant, which may have occurred because of the
low incidence of intra-abdominal abscess, sepsis,
bowel obstruction, thrombosis, cardiovascular
complications and pulmonary embolism in the
overall sample.

ML software represents a major step forwards
in data analysis. ML finds natural patterns within
input and output data and develops predictive mo-
dels.

In this study, ML algorithms were used to simu-
late a prospective study in which known data are
used to fit a prediction model for unknown data
(morbidity was assumed as the event to guess).
Our goal was to predict postoperative compli-
cations using data available before surgery on a
cohort of high-risk patients. ML enables surgeons
to predict the risk of complications with more ac-
curacy prior to surgery, enabling them to poten-
tially correct preoperative risk factors or decide to
postpone surgical treatment if possible.

ML predicted minor infectious complications
in surgical patients with a high strike rate (84.3%),
high sensitivity (87.5%) and specificity (83.3%).
Therefore, ML has been demonstrated to be use-
ful in predicting minor infectious complications,
despite of the small number of patients.

The prediction rate was lower for major in-
fectious (strike rate: 81.2%; sensitivity: 25%; spe-
cificity: 89.2%) and non-infectious complications
(strike rate: 84.3%; sensitivity: 5%; specificity:

93.1%). The rarity of those events and the small
sample could explain the loss of sensitivity, sen-
sibility and strike rate in the ML model. Never-
theless, the prediction performances of ML could
improve in a larger series of high-risk surgical
patients. It is possible and desirable to optimize
the results by improving the ML algorithm with
a wider feature selection, regularization and mo-
del averaging, which could make the model more
effective in predicting also other types of compli-
cations.

None of our cases were obviously elective ope-
rations and so delaying to a better clinical condi-
tion, but to reliably predict complications before
surgery could justify for example an early and
prolonged use of antibiotics, most frequent medi-
cations or other specific attentions focused on the
adverse event preoperative predicted.

Conclusions

ML software represents a major step forward
in data analysis by implementing a retrospective
study from a prospective point of view. Proper-
ly applied ML algorithms contribute to increased
global understating of our patients and enable
clinicians to comprehend what should be done
in a clinical practice when classical statistical
methods are inadequate. In the present study, the
ML analysis of data predicted minor infectious
complications with high accuracy, even with a
small sample size.

The potential advantages of ML in health care
are many and depend on the setting of the specific
problem. In this case, the main ones are:

— Helps in identifying a potential postoperative
complication and quantifies this risk with a
probability estimation.

— Helps in better personalizing medicine in dif-
ferent patients.

— May support clinical trials development.

From the practical point of view, once the
model has been developed and validated with
the help of a Data Scientist as in this case, using
it is actually very straight-forward: the clini-
cian only needs to input patient data in the same
format as required by the model (basically a
new “row of the table”) and he/she will receive
an estimation of probability for post-operative
complications.

Given that for a future single patient all the
information used to fit the model are available,
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that information can be input in the previously
fit model to receive an estimated probability for
post-operative complications which can be used
by clinicians as a support for decision involving
the patient.
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