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The advent of digital
technology is transforming
health care in general, but
also gastroenterology and
hepatology. Electronic devices can
automatically and precisely take
measurements of physiological
parameters or support an
improved and less error-prone
documentation. Mobile devices,
such as smartphones or various
wearables, e.g. smart watches,
which can transmit ECGs live,
open up new possibilities for
monitoring and prevention,
especially in rural areas (mHealth).
Wearables, in particular, could be
helpful in stimulating a change in
lifestyle, if necessary. In addition
to progress in treatment and
prevention of diseases, digital
medicine is also developing into
a significant economic factor. A
study by PricewaterhouseCoopers
on the socio-economic impact of
mHealth indicated that mHealth-
solutions could save 99 billion
EUR in healthcare costs in the
European Union (EU) and add 93
billion EUR to the European gross
domestic product [1].

In gastroenterology,
considerable efforts are being
made to improve medical care
and prevention, by means of
increased digital processes,
particularly for gastrointestinal
inflammatory and oncological
diseases. The main developments
are the documentation of
gastroenterological patients in
electronic health records (EHRs),
use of artificial intelligence (AI)
in endoscopy, automation and

artificial intelligence (AI) in pathological diagnostics,
development of smartphone Apps and use of wearables.

ELECTRONIC HEALTH RECORDS

Electronic health records are already the standard of
clinical documentation in various countries. Their advantages
are obvious. They offer direct and universal access to relevant
patient information to both physician and patient. In a
nationwide survey, 65% of all of Canadian general practitioners
felt that patient care improved after the introduction of EHRs.
The benefits were seen in the improved availability of laboratory
results, warnings of potential medication errors and possible
remote access to patient records. Only less than 5% reported
that EHRs had a negative impact on the quality of care [2].
A study from the US reached similar conclusions as patients
treated in hospitals with fully implemented EHRs, e.g. for
acute myocardial infarction, had fewer heparin overdose errors
(45.7% vs. 72.8%, p<0.01) than patients treated without EHRs.
Also, they were more likely to be treated according to guidelines
[3]. Finally, studies also showed that the increased use of EHRs
can support physician productivity [4].

Electronic health records also offer enormous scientific
potential. By evaluating a large number of EHRs, correlations
of diseases with environmental factors, drugs and co-
morbidities can be assessed, potentially improving future
patient management. A study conducted by Sidebottom et al.
[5] compared the impact of primary and secondary prevention
between two rural populations in New Ulm, Minneapolis/
USA (16,470 inhabitants). Almost the entire population was
represented in one health care network and interventions
were specifically planned based on the EHR (e.g. programs for
weight control, algorithms for identifying persons at high risk
for coronary heart disease etc.). As a result, the proportion of
residents with controlled blood pressure significantly increased
by 6.2 percent. Furthermore, as the age of the cohort increased,
the 10-year Atherosclerotic Cardiovascular Disease risk scores
(5.1) increased less than in the control population (5.9).

In adults with non-alcoholic fatty liver disease (NAFLD),
about 25% of deaths are due to cardiovascular disease.
Reducing this risk requires the identification and modification
of appropriate risk factors such as hypertension. An American
cross-sectional study [6] identified additional, non-traditional
risk factors on the basis of EHRs. For example, a significantly
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increased MELD score was associated with an increased risk of
cardiovascular disease. Furthermore, albumin and sodium were
inversely associated with cardiovascular disease. Statistically,
heart disease was more common in individuals with a NAFLD
fibrosis score above 0.676 than in individuals with a lower
score. These studies indicated that the use of computer-based
algorithms to detect and possibly halt a negative course of a
disease at an early stage is desirable.

Such algorithms may also be an aid to prevent the
premature progression of liver disease. For example, a recent
registry study on more than 130,000 European patients showed
that diabetes mellitus was the strongest independent predictor
of hepatocellular carcinoma or liver cirrhosis [7]. Such an
observation may help to establish individual risk profiles for
personalized prevention and improve both disease prevention
and resources of the health care system.

Electronic health records may also be helpful for the
identification of patients at risk for specific health conditions
and inclusion of these patients in standardized surveillance
programs. Colorectal cancer screening using automated
messages linked to EHRs resulted in twice as many people
being screened over two years [8].

Finally, the digitalization of medical documentation can
also contribute to a closer networking of different health care
providers. A study from England showed that liver enzyme
tests were the third most frequently ordered laboratory tests in
primary care since 2001 [9]. More than 20% of the patients had
abnormal results [10]. However, very few patients, probably
less than 5%, are being diagnosed with a liver disease [11].

ARTIFICIAL INTELLIGENCE

Artificial intelligence is currently discussed in many areas.
However, there is no uniform definition. Artificial intelligence
basically describes computer programs performing functions,
such as learning and problem solving, that we associate with
human intelligence. A further differentiation is made into
machine learning and deep learning.

Machine learning has found its way into many areas of our
daily life: Internet searches, identification of objects in pictures
(e.g. face recognition) or the conversion of speech into text. These
techniques require predefined patterns and algorithms to work,
for example as a decision tree. In a second step, the algorithms
gain the ability to differentiate specific patterns through constant
repetition. However, machine learning techniques are limited
in their ability to process natural data without prior training
[12]. Deep learning is a subarea of machine learning, using
neural networks and a constantly growing data representation
by increasing levels of abstraction [13].

In gastroenterology, deep learning strategies are regularly
applied in endoscopy. For example, additional use of Al
technology significantly increased the adenoma detection
rate and the average number of adenomas found per patient
[14]. Artificial intelligence particularly helped with smaller
adenomas. Furthermore, accuracy of polyp detection was
estimated to be as high as 96.4% in other reports [15]. However,
larger multicenter randomized studies are still needed.

Neural networks may also be a significant aid in the
histological diagnosis of gastrointestinal tumours. Kather et al.
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[16] illustrated that neural network might be used to determine
the instability of microsatellites just from the conventional
histology of a tumor, which was important with respect to
(immuno-) therapeutic options.

For the visual assessment of radiological images Al may
help to objectify the qualitative assessment and reduce the
intra-/interobserver variability [17-19].

APPS AND TRACKERS

With new functions such as the recording of pulse and ECG,
pedometer, sleep behavior and other options, smartphones are
also ideal for more intensive and continuous monitoring and
integration into medical care. The acceptance of most patients
with chronic diseases for appropriate monitoring can be
assumed. In a survey conducted in the USA on 40 patients with
liver cirrhosis with an average MELD of 22 [22], 60% of those
surveyed said that they would use a smartphone App for daily
monitoring of their cirrhosis. Their wishes and expectations
were being able to communicate with their physician (80.0%),
to receive notification concerning their medication (63%),
transmission of diagnostic results and appointment reminders
(75%), more information regarding the clinical status (78%),
low salt dietary recipes (63%).

Twenty one of 25 patients with liver cirrhosis and hepatic
encephalopathy stated that they would also use smartphone
games if they could clearly identify cognitive deterioration.

The smartphone App ,,EncephalApp Stroop” developed
by Bajaj et al. [21] may be used for the screening of minimal
hepatic encephalopathy. A time-controlled stroop test can be
used to measure psychomotor speed. The test consists of two
components: three hash marks (###) appear in three different
colors (green, red, or blue) and also vary in size. The total time
required to complete five correct runs of connecting hash
marks size and color and the required number of attempts are
monitored [22-24].

The ,,Patient Buddy” App [25] was designed particularly
for patients with liver cirrhosis. An accompanying study by
Ganapathy et al. [26] monitored patients for 30 days via the App
after an inpatient stay due to liver cirrhosis. On a separate device,
patients were also monitored for drug intake, salt intake and
weight gain. In addition, weekly cognitive tests and cirrhosis-
related symptoms were obtained. The study demonstrated
that the ,,Patient Buddy” App successfully prevented hospital
admissions related to hepatic encephalopathy, by generating
warning messages and encouraging early outpatient visits.

However, digital smartphone applications may also support
physicians. For example, the mobile application ,,MyGlhealth”
[27] systematically collects information on gastrointestinal
symptoms and summarizes them in a regular report to the
treating physician. Thus, the physician has a comprehensive
overview prior to the first patient contact. Similarly, the
»SonarMD” health platform exists for patients with chronic
inflammatory bowel disease [28]. The platform sends regular
questionnaires to the patient regarding current symptoms. All
trends or signs of changes in the course of the disease are then
presented to a physician for further assessment, who in turn
can contact the patient at short notice and adjust the treatment
strategy if necessary.
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PORTABLE BIOSENSORS

Fitness trackers have become widely used in recent years
and are currently the most popular portable biosensors. They
are generally used to monitor the number of steps, sleep,
and possibly heart rate. In gastroenterology, however, few
applications for biosensors have been established so far. An
already existing device is ,,AbStats” [29] consisting of a flat
microphone that is attached to the abdominal wall measuring
frequency of intestinal contractions. An initial study on 40
patients reported that abdominal acoustic monitoring may
successfully postoperatively predict an ileus [30].

Overall, the development of clinically relevant Apps or
portable biosensors is still in the early stages. A recently
published meta-analysis of 550 studies [31] illustrated a lack
of meaningful studies demonstrating a positive effect. In
addition, there was no single effect of portable devices (without
medical feedback) on reducing weight, blood sugar levels,
blood pressure and cholesterol levels. However, such integrative
developments would be clinically relevant for the future and
therefore highly desirable.

OUTLOOK

Overall, digital strategies will increasingly be applied in
clinical medicine and patient care. Smartphone applications
and portable biosensors will lead to an improved and more
integrated care among diverse health care providers. Thus,
they may become an additive health care structure. Artificial
intelligence will be of significant aid in improving diagnoses,
increasing reliability and procedure rate in radiology and
histology. Even though many of the strategies are still in their
infancy, an increase in awareness among physicians is necessary
in order to accompany the technological development, obtain
medically meaningful study results, and further improve
digital strategies in patient care. As the technological resources
increasingly become available a successful digital transformation
will advance gastroenterology and hepatology to a new level.
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