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Abstract
   Artificial intelligence has made many headlines in the past 12 months, spearheaded by the capabilities demonstrated with genera-
tive AI by ChatGPT. Within almost every industry and every branch, there is an ever-rising optimism that AI can solve everything 
ranging from climate problems to food shortages. Namely in medicine, the most promising uses of AI so far lie within diagnostics uti-
lizing image analysis. To utilize the machine learning abilities and capabilities of AWS’ Sage Maker algorithm to improve classification 
and diagnosis of hiatal hernia. Machine learning prediction models from AWS were used to classify and diagnose hiatal hernia using 
the Hill classification. The dataset model was previously trained with Sage Maker to achieve high accuracy and sensitivity for ana-
lyzing the researched dataset. It was acquired by performing gastroscopic examinations in the Neo Clinic Oslo in 2022. All patients 
received primary gastroesophageal reflux disease (GERD) evaluation. During the study period, 982 patients underwent gastroscopic 
examinations. In total, 112 Hill I, 70 Hill II, 35 Hill III and 12 Hill IV hernias were identified and classified. The Hill I hernia was the 
most commonly found type of hill hernia. The present small, single-center proof-of-concept study shows once more that AI has great 
potential in aiding modern medicine. Machine learning derived analytic models were able to accurately detect and classify present 
hill hernias out of many endoscopic findings. Harnessing this ability and expanding it to most other diagnostics using image analysis 
can further improve adequate diagnosis and classification of certain conditions. 
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Introduction
The protrusion of abdominal contents through the hiatus of the 

diaphragm into the mediastinum is a common disorder known as 
hiatal hernia. This condition is usually characterized by involve-
ment of the gastroesophageal junction (GEJ) and a possible inclu-
sion of any other abdominal structure. The extent of which either 
structure is involved as well as the possibility of other abdominal 
organs’ herniation through the hiatus has resulted in the anatomi-
cal classification from types I through IV. To make a statement 
about the competence of the gastroesophageal closing mechanism, 
Hill et al. (1996) introduced the classification of hiatal hernias into 
Hill I through Hill IV [1]. The Hill classification describes the con-
stitution of the gastroesophageal valve (while an endoscope is in-
serted), ranging from a wall-like and tightly closed valve (Hill 1) up 
to a basically non-existent valve, leaving the GEJ wide open (Hill 
4). Alongside the aforementioned “type” classification, both “Hill” 
and “type” classifications tend to be vaguely (if at all) classified in 
diagnoses [2].

Most recently the potential of AI tools was demonstrated by 
generative AI, i.e. ChatGPT [3-5]. With AI tools on the rise, every 
industry is optimistic that AI has a solution for most problems they 
encounter. In life sciences and modern medicine, the most promis-

ing uses lie with image analysis [6-8]. Other than image analysis, AI 
has further enormous potential to support clinical routine work-
flow and computer-aided diagnosis (CAD) in gastroenterology in 
general. Outside of the current main application of AI in endoscopy, 
more recent research showed encouraging results in other upper 
gastrointestinal settings, such as eosinophilic esophagitis, gastro-
esophageal reflux disease and motility disorders [9]. Accordingly, 
AI and CAD systems will most likely be increasingly utilised in daily 
clinical practice and therefore a basic understanding will be re-
quired among physicians.

While there are solutions integrated into modern hardware for 
automated polyp detection readily available through Olympus and 
Fujifilm, which already increase the quality of diagnostic endosco-
pies, even more potential for enhancement comes with machine 
learning.

To improve detection and classification of any number of endo-
scopic findings, the present, small proof-of-concept study utilized 
the machine learning services hosted by Amazon Web Services 
(AWS). Machine learning is a new field of computer science, offer-
ing a multitude of algorithms capable of “learning” a relation be-
tween input and output variables. This learning process takes place 
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using training samples and optimizing a prediction model [10,11]. 
Using fast and reliable AI tools offers the potential of obtaining de-
tailed and correct diagnoses in a moment’s notice – especially in 
the field of image diagnostics. Feeding those algorithms with big 
amounts of data should make these type of diagnoses robust and 
valid alternatives as compared to man-made diagnoses, especially 
in cancer-specific predictive modellings as well as diagnosis pre-
diction in Alzheimer disease [6-8]. 

Methods
Patients underwent endoscopic examination assessing the axial 

length of hiatus hernia as well as the gastroesophageal flap valve 
using the Hill classification. No primary gastroesophageal reflux 
disease (GERD) evaluation was performed, although around 50% 
of patients were reported to actively take proton pump inhibitors. 
No esophagitis assessment or columnar metaplasia assessment 
took place. All the 982 gastroscopies were performed by the author 
of this research paper. The gastroscopic examinations took place 
in 2022.

All patients examined were older than 18 years and had not 
undergone any previous hiatus surgeries. Median age of patients 
was 44 years. Some subjects had to be excluded for technical rea-
sons, i.e. the performing specialist was unable to take an adequate 
picture during the endoscopic examination. The demographic dis-
tribution of the patient population was relatively evenly spread 
(Table 1). 

All of the gastroscopic images were taken with a modern, AI-
supported Olympus EVIS X1 CV-1500 endoscopy system. A GIF-
1100 EVIS X1 video gastroscope was connected to the endoscopy 
system and used for image acquisition. None of the included AI-
tools were used, as they are pretrained only for polyp detection. 
The captured images were then uploaded to AWS and previously 
defined, custom labels, were fitted to all images to identify Hill I 
through Hill IV hiatal hernias. These custom labels were acquired 
by initial training of the AWS machine learning model.

Results
The rapidly increasing opportunities offered by AI tools and 

machine learning algorithms were effectively used in identifying 
the different types of Hill hernias. In 2022, 982 patients underwent 
gastroscopic inspection. Neither GERD evaluation, esophagitis as-
sessment nor columnar metaplasia assessments were performed, 
as previously described. Out of the 982 examined patients, 660 
(67.2%) were male and 322 (32.7%) were female. 520 patients 
were older than 50 years (52.9%) while the remaining 462 pa-
tients were younger than 50 years (47%). 

Characteristics n %
Male 660 67.2

Female 322 32.7
Age < 50 520 52.9
Age > 50 462 47.0

Table 1: Demographics of the patient population. 67.2% were 
male, 32.7% female. 52.9% were younger than 50 years, 47.0% 

were older than 50 years.

The score that is used defines an average model performance 
of the entire test dataset is called the “F1 Score” and is defined by 
measuring different metric as follows

It is used for binary classification traditionally referred to as 
positive and negative. Precision measures the quality of the pre-
diction when it predicts the positive class. Recall (or sensitivity in 
some cases) measures how completely a model predicts the actual 
class members in a dataset. Combined, these measurements make 
up the F1 score, which is the harmonic mean of the precision and 
recall. Explained in another way: The F1 score determines how ac-
curately the model can recognize the different classes. An F1 score 
of 1 would indicate a 100% success rate, but this is however unlike-
ly. In image recognition a F1 score above 0.8 would be considered 
fairly accurate. 

In total, 112 Hill I, 70 Hill II, 35 Hill III and 12 Hill IV hernias 
were identified and classified, as can be seen from figure 1A. In uni-
son with the Hill I label being the most extensively trained dataset 
(129 test images were used), the Hill I hernia was the most com-
monly found type of hill hernia. Hill I hiatal hernias are by far the 
most common type – the major significance of this type of hernias 
is in their association with reflux disease. Hill I hiatal hernias are 
also the most difficult to objectively define and ever since a major 
focus of controversy in diagnosis and diagnostics [12]. The proper 
classification of hiatal hernia is crucial for treatment options.

The dataset model was trained on AWS using Sage Maker for 
1.167 hours and achieved a F1 score of 0.825, resulting from an 
average precision of 0.818 and an overall recall of 0.839. F1 scores 
for the individual labels/Hill hernias were 0.833 for Hill I, 0.800 
for Hill II, 0.667 for Hill III, 0.833 for Hill IV. According to each indi-
vidual F1 score, the label performance for Hill III hernias should be 
slightly worse than for the anatomically rather similar Hill II her-
nia. For training the dataset on AWS Sage Maker, 129 test images 
for Hill I, 65 for Hill II, 24 for Hill III and 8 for Hill IV were taken 
and utilised. 
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Discussion 
Most hiatal hernias are found incidentally and are usually dis-

covered during routine chest radiographs, computed tomographies 
or routine gastroscopies. The aim of the study was not to debate 
the optimal hernia classification but rather a proof of concept dem-
onstrating how a relatively small dataset can be trained to recog-
nize a condition.

This presence of hiatus hernia is rarely categorized in size when 
they are found, and this is an area where automated AI aided class-
ficiation can provide useful. Not knowing the grade of hernia can 
potentially have implications later in those cases where a patient 
develops further symptoms and is considered for surgery.

Several classification systems have been proposed for the gas-
troesophageal junction but we have emphasized the Hill classifica-
tion here. There is evidence to suggest that this is the most prac-
tical classification to assess the reflux barrier [13], in part due to 
easily differentiated classes visually. The classification consist of 
grade I to grade IV where the degree of fold closure around the 
scope provide a fast and easy way to separate smaller hernia from 
the larger. Using our algorithm instant recognition and classifica-
tion of the type of hiatal hernia, if present, can ensure a much more 
adequate therapy down the road. Determining the appropriate 

Label F1 Score Test Images Precision Recall Threshold
Hill I 0.833 129 0.750 0.983 0.359
Hill II 0.800 65 0.086 0.750 0.719
Hill III 0.667 24 0.667 0.667 0.175
Hill IV 0.833 8 0.833 0.667 0.112

Table 2: Label performance for each individual Hill type hernia during dataset model training. Corresponding to Hill I hernias being the 
most common hernias, 129 test images were fed to the AWS Sage Maker algorithm.

Figure 1: Hill hernias identified in this project. 112 Hill I hernias, 70 Hill II hernias, 35 Hill III hernias and 12 Hill IV hernias were identi-
fied (A). Representative images of Hill I-IV hernias were acquired during gastroscopic examinations (B).

course of treatment for this condition can be complex, even with 
proper classification. While smaller hernias or asymptomatic ones 
can be managed through conservative therapy with medications 
and without a significant impact on patients’ lifestyles, symptom-
atic and/or larger hernias may require surgical intervention. As-
sessing the necessity of a surgical intervention involves careful 
evaluation of individual symptoms, the size of the hernia, possible 
complications and the overall health status of the patient. Postop-
erative complications such as infection, recurring hernias, difficul-
ties while swallowing or injury to surrounding structures can be 
avoided if no surgical intervention is needed. An early diagnosis 
may negate the need for a surgical intervention, which is especially 
desirable for patients who are not suitable for surgery due to exist-
ing health conditions, progressed age or comorbidities.

As expected, the number of smaller hernias and early-stage her-
nias was much higher compared to more progressed ones (Hill I: 
112, Hill II: 70, Hill III: 35, Hill IV: 12; see fig. 1B). In retrospec-
tive, this finding proves the utilized machine learning model to be 
much more accurate and sensitive than previously anticipated. 
There was a discrepancy in the F1 score of the Hill IV hernia being 
higher than for Hill 3 where one would expect lower F1 score when 
n is lower. One possible explanation for this is that Hill IV stand 
out more, but probably would be lower with a larger dataset. Be-
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ing able to classify and identify small and early-stage hernias has 
the potential to guarantee early and cushioning therapy. Especially 
Hill I hiatal hernias are difficult to objectively define, which has led 
to major controversies in diagnosis and diagnostics [12]. This type 
of hiatal hernia makes up more than 95% of all identified hernias 
– the major problematic of the most common type of is it being as-
ymptomatic, thus mostly being discovered through routine checks 
or simply after the patient experiences symptoms.

The effectiveness of AI in identifying hernias during endoscopic 
examinations depends on different factors such as the advance-
ment and sophistication of the utilized algorithms, the quality of 
training data and training itself as well as the integration of such 
technologies into daily clinical practice and the specialist’s knowl-
edge about them. While AI showed promising results in previous 
research settings and clinical applications such as cancer-specific 
predictive modeling and diagnosis prediction of Alzheimer disease 
utilizing deep learning algorithms [7,8], the widespread incorpora-
tion into daily clinical practice requires ongoing validation through 
large-scale studies and supportive regulatory in order to ensure 
and prove its effectiveness, reliability and safety. 

Conclusion
This small proof of concept study shows how a relatively small 

dataset can be used to automate classification of a condition using 
artificial intelligence. This opens up the possibility of future off-
the-shelf solutions where clinicians can train dataset on the fly to 
recognize various conditions in their practice. 
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