
©Copyright 2021 by Turkish Society of Colon and Rectal Surgery 
Turkish Journal of Colorectal Disease published by Galenos Publishing House.

REVIEW

99

Address for Correspondence/Yazışma Adresi: Zi Qin Ng, MD,
St John of God Midland Hospital, Clinic of General Surgery, Australia
E-mail: kentng@hotmail.co.uk ORCID ID: orcid.org/0000-0002-6272-4640
Received/Geliş Tarihi: 12.02.2021 Accepted/Kabul Tarihi: 08.03.2021

Introduction
Colorectal surgery forms a significant core of general surgery, 
in both elective and emergency settings. As the life expectancy 
increases, the global population will be further burdened 
with chronic diseases expectedly. Similarly, the incidence of 
other conditions such as diverticular disease and colorectal 
malignancy are predicted to increase.1,2 With an increasing 
older population, clinicians will face a significant dilemma 

of weighing the risks and benefits of surgical intervention of 
increasing complexity against underlying comorbidities.

There has been long-term optimism that artificial intelligence 
(AI) will be able to address various areas of deficiency in 
medicine. AI represents an umbrella term of increasing 
models of machine learning. AI is believed to mimic human 
cognitive abilities including “learning” and “problem 
solving”. Models include Bayesian inference, decision trees, 

ÖZ

ABSTRACT

Kolorektal cerrahide hastaların preoperatif değerlendirilmesi, hastaları optimize etmek ve postoperatif morbidite ve mortaliteyi azaltmak için 
son on yılda önemli bir odak haline gelmiştir. Geçmişte çeşitli puanlama sistemleri geliştirilmiştir, ancak genellikle bunların gerçek dünya klinik 
uygulamasında kullanımı sınırlı kalmıştır. Tıpta yapay zekanın (YZ) tanısal ve prognostik açısından kullanımı giderek daha fazla test edilmektedir. 
Bu, elektronik sağlık kayıtlarının hastanelerde giderek daha fazla kullanıldığı büyük verinin gelişmesiyle aynı zamana denk gelmektedir. YZ, temel 
demografik veriler, biyokimya ve radyoloji sonuçlarından oluşan hazır verileri oluşturarak hastanın ameliyat öncesi risk değerlendirmesine her 
yönden yardımcı olma potansiyeline sahiptir. Bu derlemede, kolorektal cerrahide hastaların ameliyat öncesi değerlendirilmesinde YZ’nin potansiyel 
kullanımını, güncel sorunları, sınırlamaları ve gelecekteki gelişmeleri tartışacağız.
Anahtar Kelimeler: YZ, ameliyat öncesi, değerlendirme, veri, kolorektal

The pre-operative assessment of patients in colorectal surgery has become an important focus in the last decade to optimize the patients and reduce 
the post-operative morbidity and mortality. Various scoring systems have been developed in the past but are usually limited by its use in real world 
clinical setting. Artificial intelligence (AI) in medicine is increasingly evaluated for its use for diagnostic and prognostic value. This is coincided with 
the development of big data where electronic health records are increasingly used in hospitals. AI has the potential to assist in the pre-operative risk 
assessment of patient from all aspects by composing the readily available data comprising of basic demographics, biochemistry, and radiology results. 
In this review, we discuss about the potential use of AI in pre-operative assessment of patients in colorectal surgery, the current issues and limitations 
and future development.
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linear discriminants, support vector machines, logistic 
regression and artificial neural networks (ANN).3,4

The recent surge in interest in AI spans various medical 
specialties and coincides with the popularisation of the 
concept of “big data”.5,6 Traditionally, this has involved large 
and complex data sets that cannot be easily analysed. More 
recently, however, big data has been described using the 5 
Vs: volume, velocity, variety, variability and value. Hospital 
systems, meanwhile, are constantly being improved as 
evidenced by the progressive widespread use of electronic 
health records. These data, whilst readily available, are often 
untapped but can be utilised in various AI models. For 
example, in the field of gastroenterology, the prospectively 
collected database of an enormous number of digital images 
of polyps is currently used for machine learning so that 
the AI model can assist in further enhanced detection and 
discrimination of polyps in colonoscopy.3

In this review, the discussion will focus on data that are 
readily available in our daily clinical practice and the 
potential use of AI in integrating these data into meaningful 
composite data to guide pre-operative management in 
colorectal surgery.

How does AI Work?
Traditionally, machine learning was the most common 
form of AI where mathematical algorithm is built upon 
a given set of data and provides an output (prediction or 
prognostication). Deep learning is a newer form of machine 
learning, which has shown its promise through both ANN 
and convolutional neural networks. ANN can provide 
remarkable performance in diagnostic and prognostic 
prediction through appropriate learning process and 
adjusting the value of the connection weight to optimise the 
best result. The availability of big data has helped overcome 
its limitations of overfitting.

Five main stages are employed in developing and deploying 
machine learning models (Figure 1):

1. Ingestion: Identifying data sources and collecting data in 
batch, real time or streaming.

2. Store: Data need to be stored and joined. Metadata can 
exist on premise and/or in the cloud.

3. Train: Using various methods (e.g. AutoML, Python, R 
and SSML), machine learning models can be developed.

4. Deploy: Models needs to be packaged and registered for 
deployment.

5. Consume: Models can be consumed in various ways 
depending on the deployment pathway. For example, by 
using RESTFUL APIs, models can be integrated in new or 
existing applications and reports.

What is Already Available and What Else do We Need?
Big data are already present in our daily clinical practice, 
be it in written or electronic form. Conventional research 
methods rely on manual search of health records, which can 
be time consuming, prone to errors and labour intensive. For 
prospective databases to be successful, they require dedicated 
research personnel and the commitment of all clinicians to 
ensure data adequacy and integrity. The lack of participation 
stems from common themes, such as involvement is “time 
consuming”, “too cumbersome” and “irrelevant to their 
personal practice”. Although many hospitals are moving 
towards using electronic health records, which may address 
some of these issues, a lack of uniformity and governance 
may hinder other aspects.

During the hospital admission, patient’s demographics 
such as age, gender, nationality, race and occupation are 
recorded. Clinical details are also collected-symptoms and 
clinical signs (such as heart rate, blood pressure, respiratory 
rate, oxygen saturation and temperature and abdominal 
examination findings) that are part of usual documentation. 
Biochemistry results such as haemoglobin, platelet count, 
white cell count, C-reactive protein, renal function, liver 
function, iron studies and tumour markers are easily 
accessible. Imaging results including computed tomography 
(CT), magnetic resonance imaging and/or positron emission 
tomography with endoscopic results are the current 
standard of care in the workup of colorectal disease. Hence, 
we need an automatic integration system for these data to 
be inputted into AI for various purposes as explained in the 
following sections.

AI in Pre-operative Scoring Systems
Various scores/classifications have been developed in 
the past but frequently overlooked in the clinical setting 
because of impracticality.7,8 For example, the POSSUM score 
consists of 18 parameters to estimate the risk of morbidity 
and mortality in patients undergoing general surgery.9 
Although most of the parameters are relevant, often one size 
does not fit all. They are mostly utilised for standardisation 
in research protocols. Hence, most clinicians often based 
the fitness of patients for surgery on their bedside clinical 
judgement, which can be affected by the level of experience.

The American Society of Anaesthesiologist score, though 
universal and easy to use to gauge the fitness of patients 
prior to both elective and emergency surgery, cannot be 
used for prognostication.9 More recently, the National 
Emergency Laparotomy Audit that originated from the 
UK is increasingly used to provide a calculated mortality 
risk in emergency surgery. Although the 30-day mortality 
did not differ between the pre-use and post-use period, a 
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significant decrease was found in unplanned admissions to 
the intensive care unit.10 Likewise, some of the parameters 
are not transferable to the elective setting or tailored to 
certain emergency procedures.

The ideal pre-operative scoring system should be applicable 
to both elective and emergency settings. With the availability 
of big data, different variables can be fed into the AI for 
machine learning to create a new score and independently 
and continuously self-validate its sensitivity and specificity. 
Having a unique score for individual procedures may be 
even possible!

AI in Pre-operative Imaging and Decision Making
The pre-operative use of modern imaging techniques 
for diagnosis, prognostication and surgical planning is 
increasing. Some studies have shown that the use of AI in 
this area can demonstrate a reliably high degree of sensitivity 
and specificity in diagnosis.11

Despite improved imaging techniques, detection of certain 
“lesions” in staging CT scans still pose a dilemma in its 
significance. For instance, it is not uncommon to detect small 
pulmonary nodules for which consensus on their identity 
and significance may not be reached even in the setting of a 
multidisciplinary meeting. Given that their significance can 
alter the management of the patient, the use of AI may help 
differentiate benign from malignant lesions, as shown in a 

study where AI has a higher sensitivity and specificity in the 
detection of lung cancer nodules.12

AI has the capability to reconstruct the area of interest from 
two-dimensional data obtained from imaging and endoscopic 
findings and project them to a three-dimensional structure 
to clearly display the tumour in relation to the surrounding 
vital structures for pre-operative surgical planning.13 This 
is extremely useful in anticipated difficult cases such as 
local tumour invasion where pre-emptive involvement 
of urological and vascular expertise and management can 
minimise morbidity.

AI in Predicting Post-operative Outcomes
Post-operative complications often lead to unplanned 
return to theatre, unplanned critical care need or prolonged 
hospital stay and readmissions. Some of the most undesired 
complications in colorectal surgery are anastomotic leak, 
wound infection, pneumonia and thromboembolic events. 
Tools to evaluate individual patient risk of complications 
can help counsel patients and determine most feasible 
options that minimise risk.4 Radiological investigations 
have unused big data that could be interpreted by AI for 
risk assessment of these potential morbidities. Firstly, the 
role of aorto-iliac classification index on CT scan has been 
evaluated to correlate with the risk of anastomotic leak in 
colorectal surgery.14 This is relevant in the older population 
that is usually burdened with chronic atherosclerotic disease. 

Figure 1. A graphic illustration of the five stages of machine learning life cycle

Machine Learning Life Cycle
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Secondly, on the CT scan, the radiological quantitative 
measurement of visceral adiposity has been reported to 
be a far more accurate surrogate marker for complications 
than body mass index.15 The association of body mass 
index with surgical outcomes, especially in the emergency 
setting, has been paradoxical. Benjamin et al.16 showed 
that underweight and class III obesity were associated 
with increased complications, whereas mild obesity was 
protective. With the increasing obesity endemic, this will 
help further stratify patients with high-risk status and 
optimise them pre-operatively through weight reduction. 
Thirdly, the measurement of psoas muscle area as a marker 
for sarcopenia has been shown to be an independent 
prognostic factor for post-operative complication.17,18

When considered together with other underlying factors, AI 
has the capability to simplify this and provide an objective 
“final score” that can be used to inform shared decision 
making.

How do We Use It? Comprehensive Assessment by AI and 
Practical Clinical Utility
AI was envisaged to produce a comprehensive risk assessment 
encompassing the results of pre-operative scoring and the 
aforementioned imaging findings to identify patients who 
have high-risk status and frailty who would benefit from 
a period of prehabilitation in terms of nutrition, muscle 
strength and psychological training.19

We illustrate in the following an example of the clinical use 
of AI (Figure 2). By using non-clinical data from the Patient 
Administration Systems and a simple machine learning stack 
(e.g. SQL, Jupyter Lab, Sci-Kit Learn, Flask and HTML5), a 
proof of concept such as below can be developed and locally 
hosted to assess the risk of inpatient mortality.

To simplify the use of this model, only five features were 
selected after analysis of over 30 variables:
1. Age-patient’s age in years as an integer
2. Length of stay-expected or actual length of stay in days 
as an integer
3. Sex- “1” for male; “0” for female
4. Admitted by emergency department-was the patient 
admitted from emergency department? “1” for yes; “0” for 
no
5. Specialty of admitting doctor- “1” if any of the following 
specialty: general surgery, oncology, general practice, 
geriatrics, palliative, cardiology
Remember that the risk assessment from AI does not 
consider the patient and family wishes. Ultimately, the 
outcome produced by AI should be used as an adjunct to 
guide decision rather than to replace the open discussion 
between all parties.

Other Uses: AI for Colorectal Diseases for Management
The global network of connection has enabled multinational 
collaborations and the establishment of national registries. 
AI can create and cross-link all registries to create an even 
“bigger” set of big data. This has the benefits of recruiting 
a large number of patients in a short period of time for the 
following purposes:
(i) Monitoring of effectiveness and side effects of a new 
neoadjuvant or adjuvant therapy. For instance, long-term 
oncological data in patients who are placed on a “watch and 
wait” strategy for locally advanced rectal cancer following 
complete clinical response is still unknown.20 Another new 
strategy where total neoadjuvant chemotherapy is employed 
for rectal cancer is an area of interest.21

(ii) Monitoring of complications and long-term value of a 
new procedure. For example, the recent interest in complete 
mesocolic excision and/or central vascular ligation for 
colonic cancers has sparked a debate on whether it should 
be undertaken owing to its potential serious complications 
and contradictory evidence on its benefits long-term 
oncologic outcome. This can be addressed by creation of a 
multinational registry through AI.22

(iii) Study of rare colorectal diseases such as gastrointestinal 
stromal tumour,23 primary colonic lymphoma24 and 
neuroendocrine tumour.25 The clinical presentation, 
risk factors and clinical outcomes will enhance better 
understanding of the tumour biology and advise future 
management strategies.

Potential Issues with AI
Despite the promise that AI offers, the clinician must be 
aware of its current strengths and limitations. At present, 
AI consists mainly of supervised learning through input of 

Figure 2. An example of using AI with five simple variables to predict 
inpatient mortality risk
AI: Artificial intelligence
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data. The quality of big data still relies on the type of data 
and its method of collection. The systems are not universally 
linked, and extraction of important outcomes is difficult. 
For example, the Bi-National Colorectal Cancer Audit is 
not mandatory for all colorectal cancer surgery; therefore, 
voluntary contribution of data will not accurately reflect 
practice across these countries.26 Data privacy legislation that 
varies between jurisdictions and states is also a hindrance 
to data sharing without individual consents. For the future, 
appropriate storage of big data should instil confidence in 
protecting confidentiality and privacy of patients. State and 
national health departments should collaborate to obtain 
the consent through an “opt-out” policy.
We hoped that current limitations can be overcome so 
that the current phase of supervised AI can be propelled 
into unsupervised learning and finally the establishment 
of a “final score”. AI should be reinforced with continuous 
learning using prospective data that share the universal 
language to improve sensitivity and specificity and provide 
real-time decision. This will hopefully address the potential 
issues of overfitting and spectrum bias with current AI.

Conclusion
The current development of AI promises to bring about an 
exciting paradigm shift in clinical management, especially 
in the pre-operative assessment of patients in the field 
of colorectal surgery. The future AI is anticipated to be 
integrated to routine clinical care to reduce the post-
operative morbidity and mortality.
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