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Abstract (in Polish):
Rozwój nowych technologii daje możliwość tworzenia innowacyjnych metod, których zastosowanie 
w medycynie może okazać się przełomem. Techniki te mogą być stosowane na wielu poziomach 
procesu diagnostyczno-terapeutycznego, począwszy od zbierania wywiadu, a skończywszy na leczeniu 
domowym pacjenta. W ostatnim czasie coraz bardziej powszechne staje się wykorzystywanie narzędzi 
telekomunikacyjnych łączących wiele technologii cyfrowych. Telemedycyna rozwinęła się znacząco w 
czasie pandemii COVID-19, kiedy liczba kontaktowych wizyt lekarskich była ograniczona ze względu 
na zagrożenie epidemiologiczne. Nowe technologie to jednak nie tylko komunikacja cyfrowa. Sztuczna 
inteligencja jest coraz częściej wykorzystywana w medycynie w celu ułatwienia procesu diagnostycznego.

Abstract (in English):
The development of new technologies gives the opportunity to create innovative methods, the application 
of which in medicine may turn out to be a breakthrough. These techniques can be used at many levels 
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of the diagnostic and therapeutic process, ranging from interview collecting and ending with home 
treatment of the patient. Recently, it has become more and more common to use telecommunications 
tools combining many digital technologies. Telemedicine developed significantly during the COVID-19 
pandemic, when the number of contact medical visits was limited due to the epidemiological threat. New 
technologies, however, are not only digital communication. Artificial intelligence is increasingly used in 
medicine to facilitate the diagnostic process. The applied algorithms make it possible to detect defects at 
the stage imperceptible with the use of conventional methods.
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Introduction
In the last twenty years there has been a huge breakthrough in new technologies. Many portable 

devices have been created, which today are used not only for communication. Computers, smartphones, 
tablets and various types of accessories are tools for work and entertainment. They have also found their 
application in medicine, which was particularly significant during the COVID-19 pandemic. The aim of 
the work is to review the use of new technologies in various fields of medicine.

Overview
1. Digitalization of patient care

The development of new technologies at the turn of the last few years has contributed to the 
digitization of healthcare. This phenomenon is based on many pillars - the patient, devices or medical 
entities. Access to the latest networks, especially broadband, streamlines this process and makes it 
extremely smooth. The use of digital devices is changing the methods of providing healthcare to remote. 
This is a great convenience for both health care personnel and, above all, for the patient. The accuracy and 
technical capabilities of mobile devices should be continuously validated. In addition, algorithms should 
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be constructed in such a way as to extract only the quintessence from the received data. These techniques 
can be used at many levels of the diagnostic and therapeutic process, starting from the history taking [1]

Digital devices play a vital role in patient care and chronic disease monitoring. They allow not only to 
monitor the patient’s health, but also to better understand the course and pathophysiology of civilization 
diseases, such as diabetes or hypertension. An important element is also good data transfer, which allows 
individual monitoring elements to connect. Digital devices used in medicine include sensors, wireless 
devices, portable imaging devices - used e.g. in ultrasound. However, it should be mentioned that a 
smartphone turns out to be an extremely useful piece of equipment in the era of today’s technology - it 
is both a monitoring device and enables the collection and processing of data obtained by sensors placed 
on the body [2,3]

Modern adapters and their software enable real-time control of patient parameters. An example 
is ECG electrodes connected to a smartphone. Thanks to the attached application, they enable saving 
the electrocardiogram in PDF format and sending it to the server of the medical entity for verification 
by the doctor. In addition, the artificial intelligence has been equipped with algorithms for detecting 
the most common, life-threatening abnormalities, i.e. atrial fibrillation [4]. In a manner analogous to 
devices connected to a smartphone, technologies aimed at monitoring glucose or blood pressure were 
developed. Blood pressure measuring devices are like watches. They use applanation tonometry. In 
addition, smartwatches have become more and more common, most of which have the function of 
measuring heart rate, saturation or CTK. Higher-class equipment also has the ability to perform an ECG 
and measure body fat [5].

Continuous glucose monitoring (CGM) uses minimally invasive sensors. It involves the implantation 
of a small percutaneous electrode into the subcutaneous tissue of the abdomen or upper arm, where 
the chemical reaction of the oxidase makes it possible to determine the electrical signal reflecting the 
concentration of glucose. This signal is converted to glucose concentrations and sent to your smartphone 
or tablet at 5-minute intervals for real-time continuous monitoring [6]. Several aspects of CGM have 
been shown to be effective in patients with diabetes, including the prevention of hypoglycemic episodes 
with early detection, and as a method of long-term glycemic control resulting from positive behavioral 
changes such as diet, exercise, and medication use made easier by awareness of glucose measurements 
and trends in real time [4]

2. Telemedicine and artificial intelligence in ophthalmology
Conventional diagnostic methods for ophthalmic diseases are based on clinical judgment and, 

increasingly, on the use of imaging techniques in various modalities. This process is time consuming 
and expensive, but also makes ophthalmology one of the specialties where the latest technologies can 
be of particular importance. Application to ophthalmic images such as digital fundus and visual field 
studies has been reported to achieve automated screening and diagnosis of common vision-threatening 
diseases including diabetic retinopathy, glaucoma, retinopathy of prematurity [4].  In these diseases, the 
development of technology and the use of newer and newer algorithms can be a valuable addition to 
diagnostic processes. There is also a chance to use them as an alternative to existing solutions. It will also 
be possible to introduce innovative screening programs that will allow the detection of diseases at an early 
stage. Solutions of this type will enable the introduction of treatment in the initial stages of the disease, 
and thus increase the chances of returning to a physiological state [8]. Augmented reality (AR), where 
real-time computer-aided information is generated and graphically supplemented on a display, could 
also have wide implications for healthcare. AR integrates virtual objects with real-world space, while 
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VR (virtual reality) typically blocks information from the real environment and transports users into 
a virtual simulated world. VR devices are used to treat patients with visual impairments. However, this 
technology limits peripheral vision, as well as due to the way of use - the use of goggles and headphones 
that limit the arrival of stimuli from the real world - carries the risk of falls and related injuries [10].  For 
this reason, the advantage of AR over VR is perceived. Recently, augmented reality technology has also 
found its application in ophthalmic surgery, replacing the traditional operating microscope [11]. Digital 
innovations have found their application in many eye diseases (Fig. 1.).

Fig. 1. Application of digital technologies in ophthalmic diseases

Despite the intensive development of digital technologies, automation and their use are still 
underestimated in the medical industry. The main concern is the risk that suboptimal implementation 
of digital technology may result in harm to the patient. It should be noted, however, that research into 
the use of new technologies can facilitate and accelerate the diagnostic and therapeutic process. A key 
element in the implementation of this innovation should be the establishment of appropriate health care 
standards [12].

3. New technologies in gynecology and obstetrics
Gynecology and obstetrics are fields of medicine that are the quintessence of almost all medical 

specialties. In addition to typical gynecology diseases related to the female reproductive system, this 
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specialty also includes issues in internal medicine, endocrinology and elements of surgery. In addition, 
obstetrics has its own specificity, which consists in taking care not only of the patient, but also of her 
child. The complexity of this field gives the opportunity to use new technologies to a large extent [13].

AI in gynecological cancers
In recent decades, more and more scientists have used advanced technology to predict various 

diseases. This also applies to gynecological cancers. Ultrasonography is the first-line examination used 
in the diagnosis of these diseases. Its main disadvantage is the subjectivity of the examination, which 
consists of the class of equipment or the doctor’s experience. The use of neural networks is an answer to 
this problem. A study by Aramendía-Vidaurreta et al. shows that the accuracy of automatic identification 
of malignant adnexal tumors is close to 99%. The examination algorithm was based on the patient’s 
age and ultrasound characteristics (e.g. entropy, fractal dimension, Gabor method) [14]. The prognosis 
of gynecological cancer is currently based on the FIGO classification. The modern shift towards new 
radiological or molecular biomarkers is the next step in stratifying treatment. The use of artificial 
intelligence has an advantage over the examination performed by less experienced sonographers. The 
implementation of this solution, due to the lack of input from a specialist, is of key importance for 
making decisions related to the extension of diagnostics or referral for specialist treatment in primary 
health care. It also provides an opportunity to improve the screening program [15].

Endometrial cancer is the most common gynecologic malignancy and has clinical and pathological 
features, such as pelvic and para-aortic node metastases, that reduce women’s survival. Accurate clinical 
staging of endometrial cancer will assist in effectively staging patients for the best surgical and/or 
adjuvant treatment. Texture features assessed by magnetic resonance imaging are used to assess the 
prognosis in endometrial cancer. MRI combined with AI can discriminate clinicopathological prognoses 
before treatment, thus providing clinical benefit to patients. Scientific research shows that the diagnostic 
accuracy of artificial intelligence is comparable to that achieved by radiologists. It is believed, that AI 
could help radiologists or serve as a reasonable alternative for pre-operative assessment of the depth of 
myometrial invasion in stage I endometrial cancer. However, this study also found that AI was more 
likely to misinterpret patients with coexisting benign leiomyomas or polypoid tumors [16].

The screening program for early detection of gynecological cancers is based on cytology. In most 
countries, cytology has been used as the primary screening method since the 1950s. The Pap smear was 
first analyzed using the Papanicolaou test, but is now evaluated according to the Bethesda system. Liquid-
based cytology (LBC) is another screening test [17]. However, this method has some limitations, is time-
consuming and, like ultrasound, is subjective. Numerous research teams are trying to develop a system 
to help detect abnormalities and obtain more accurate results. Most researchers propose classification 
methods based on neural networks. They make it possible to isolate individual elements of the image and 
assign the examined material to the appropriate category. This method is highly effective both in the case 
of smears and liquid cytology [18].

The problem of gynecological cancers is not only based on the diagnosis of these diseases. The 
treatment process is also a big challenge. Due to individual differences in cancer patients and the 
emergence of multi-drug resistance, many patients have poor drug sensitivity, resulting in unsatisfactory 
therapeutic results. Artificial intelligence is helpful in guiding activities aimed at meeting this challenge. 
The use of its elements allows you to predict the effects of treatment using a given method. The algorithms 
are based not only on the size of the tumor or clinical stage, but also on the subjective examination of the 
patient. This is to select the most optimal solution for the patient, which is in line with the assumptions 
of personalized medicine [19].

NEW TECHNOLOGIES IN MEDICINE



66

New technologies in reproductive medicine
Rapid technological progress, as well as the related increase in the amount of data necessary to 

process it, has exceeded the capabilities of conventional statistical methods. By analyzing medical data, 
artificial intelligence is getting better and better at detecting potential relationships that may indicate 
abnormalities or the need for medical intervention. It has also found its application in reproductive 
medicine. It is a helpful tool for experts aimed at selecting the most optimal method of infertility 
treatment, increasing the percentage of pregnancies and reducing the financial burden. The quality of 
the embryos is the most important factor in the success of IVF, but methods for accurately assessing the 
quality of eggs, sperm and embryos are still lacking. It is difficult to predict the probability of a successful 
pregnancy and to fully understand the reason for failures.[20]  Reproductive success is greatly influenced 
by the quality of the oocytes. Due to the fact that despite normal morphology, the oocyte may show 
aneuploidy, it is necessary to understand the mechanisms underlying these abnormalities and develop a 
diagnostic algorithm. Such an attempt was made by Cavalera et al. The research team observed mouse 
oocytes during their maturation from the embryonic vesicle to metaphase II and took photos for time-
lapse analysis. They calculated the cytoplasmic movement velocity profile and then analyzed the data 
using an artificial neural network to identify competent or incompetent oocytes. The accuracy of this 
method was over 90% [21].

Semen analysis is the first step in the diagnosis of infertility. Sperm morphology reflects the types of 
abnormalities in semen samples. This test is crucial for fertility. Today, computer-assisted semen analysis 
systems are used for research and routine analysis in humans or animals. The system can report motility 
percentage and kinematic parameters and identify sperm subpopulations [22].  Due to the inherent lack 
of objectivity and difficulty in assessing sperm morphology manually, and the high degree of inter-
laboratory variability, automated image-based methods need to be developed to obtain more objective 
and precise results. One third of male factor infertility is idiopathic, which means that semen analysis 
methods cannot detect many causes of infertility. The use of artificial intelligence gives an opportunity to 
discover relationships invisible to humans and to develop reproductive medicine [23]. Precise assessment 
of embryo viability is a major factor in the success of IVF treatment. In most cases, embryologists 
select embryos through a visual examination. Evaluation of embryos is therefore subjective, which may 
translate into the ultimate success rate. Therefore, the introduction of automatic morphological analysis 
of embryos and blastocysts using AI seems to be an attractive solution [24].  Many couples who are being 
treated for infertility are considering in vitro fertilization. The main barrier remains the high cost of 
IVF with low pregnancy rates. The use of forecasting models based on artificial intelligence gives the 
opportunity to personalize the selected methods and improve treatment results. The literature shows 
that the accuracy of forecasting varies between 59 and 84.4%. Therefore, this method requires continuous 
development in order to achieve higher efficiency rates [25].

Artificial intelligence in obstetric monitoring
Optimizing the accuracy of fetal examinations is another area where AI can have direct clinical 

relevance. Machine learning capabilities will enable the creation of personalized algorithms and AI-
based software with interactive visualization and automated quantification. This is to speed up clinical 
decision-making and reduce analysis time. A particularly important role of artificial intelligence is 
seen in fetal echocardiography and in the diagnosis of the central nervous system. The introduction 
of 3D/4D technology has made it possible to expand display options, which are increasingly used for 
automatic image analysis. Some manufacturers offer tools to facilitate echocardiographic imaging and its 
interpretation. This technology also gives the opportunity to accurately assess the anatomy of the heart 
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and other organs important for the fetus and to detect potential defects already at the prenatal stage. This 
makes it possible to plan the therapeutic process before the child is born and to prepare parents to care 
for a sick child. The undoubted advantage of technologies based on artificial intelligence is to help less 
experienced practitioners identify highly complex anatomical structures in a standardized and objective 
way.

4. Summary
As AI systems continue to be developed and integrated into clinical processes, there are huge 

expectations about what their impact will be on healthcare. The use of these tools may be essential in 
modernizing the training models of future physicians. The development of technology will also change 
the treatment models for many diseases. It will have a significant impact on the functioning of the health 
care system. However, it should be remembered that the tasks performed by automated elements must 
be constantly monitored by qualified medical personnel. In addition, there are barriers that AI cannot 
overcome – tasks that require emotional intelligence, such as bonding, building trust, or spotting signs 
or symptoms that require empathy

Conclusions
1.	 The COVID-19 pandemic has undoubtedly influenced the development of telemedicine and the 

digitization of healthcare. It reduced the number of contact doctor visits and also contributed 
to the popularization of solutions such as ePrescription or eReferral.

2.	 New technologies, i.e. artificial intelligence or augmented reality, give the opportunity to develop 
diagnostic methods and screening tests. This will make it possible to introduce treatment at an 
early stage of the disease and increase the chances of survival for patients.

3.	 Many fields of medicine are increasingly using artificial intelligence. However, it is not possible 
to fully automate patient care. Activities carried out by AI must be regularly controlled by 
qualified personnel.

Bibliography
1.	 Bhavnani  SP, Narula  J, Sengupta  PP. Mobile technology and the digitization of 

healthcare. European Heart Journal. 2016;37(18):1428-1438. doi:10.1093/eurheartj/ehv770
2.	 Walsh JA, Topol EJ, Steinhubl SR. Novel wireless devices for cardiac monitoring. Circulation. 

2014;130(7):573-581. doi:10.1161/circulationaha.114.009024
3.	 Silva  BM, Rodrigues  JJ, de la Torre Díez  I, López-Coronado  M, Saleem  K. Mobile-health: a 

review of current state in 2015. Journal of Biomedical Informatics. 2015;56:265-272. doi:10.1016/j.
jbi.2015.06.003

4.	 Nguyen  T, Urrutia-Cabrera  D, Liou  RH, Luu  CD, Guymer  R, Wong  RC. New technologies 
to study functional genomics of age-related macular degeneration.  Frontiers in Cell and 
Developmental Biology. 2021;8. doi:10.3389/fcell.2020.604220

5.	 Williams  B, Lacy  PS, Baschiera  F, Brunel  P, Düsing  R. Novel description of the 24-hour 
circadian rhythms of brachial versus central aortic blood pressure and the impact of blood 
pressure treatment in a randomized controlled clinical trial.  Hypertension. 2013;61(6):1168-
1176. doi:10.1161/hypertensionaha.111.00763

NEW TECHNOLOGIES IN MEDICINE



68

6.	 Del Favero  S, Facchinetti  A, Sparacino  G, Cobelli  C. Retrofitting of continuous glucose 
monitoring traces allows more accurate assessment of glucose control in outpatient 
studies. Diabetes Technology & Therapeutics. 2015;17(5):355-363. doi:10.1089/dia.2014.0230

7.	 Li  JP, Liu  H, Ting  DS i in. Digital technology, tele-medicine and artificial intelligence in 
ophthalmology: a global perspective.  Progress in Retinal and Eye Research. 2020:100900. 
doi:10.1016/j.preteyeres.2020.100900

8.	 Nguyen  T, Urrutia-Cabrera  D, Liou  RH, Luu  CD, Guymer  R, Wong  RC. New technologies 
to study functional genomics of age-related macular degeneration.  Frontiers in Cell and 
Developmental Biology. 2021;8. doi:10.3389/fcell.2020.604220

9.	 Kovatchev  BP, Renard  E, Cobelli  C i in. Safety of outpatient closed-loop control: first 
randomized crossover trials of a wearable artificial pancreas. Diabetes Care. 2014;37(7):1789-
1796. doi:10.2337/dc13-2076

10.	 Cipresso P, Giglioli IA, Raya MA, Riva G. The past, present, and future of virtual and augmented 
reality research: a network and cluster analysis of the literature. Frontiers in Psychology. 2018;9. 
doi:10.3389/fpsyg.2018.02086

11.	 Palácios RM, de Carvalho AC, Maia M, Caiado RR, Camilo DA, Farah ME. An experimental 
and clinical study on the initial experiences of Brazilian vitreoretinal surgeons with heads-
up surgery. Graefe’s Archive for Clinical and Experimental Ophthalmology. 2019;257(3):473-483. 
doi:10.1007/s00417-019-04246-w

12.	 Mandel  JC, Kreda DA, Mandl KD, Kohane IS, Ramoni RB. SMART on FHIR: a standards-
based, interoperable apps platform for electronic health records.  Journal of the American 
Medical Informatics Association. 2016;23(5):899-908. doi:10.1093/jamia/ocv189

13.	 Delanerolle G, Yang X, Shetty S i in. Artificial intelligence: A rapid case for advancement in 
the personalization of Gynaecology/Obstetric and Mental Health care.  Women’s Health. 
2021;17:174550652110181. doi:10.1177/17455065211018111

14.	 Aramendía-Vidaurreta  V, Cabeza  R, Villanueva  A, Navallas  J, Alcázar  JL. Ultrasound 
image discrimination between benign and malignant adnexal masses based on a neural 
network approach.  Ultrasound in Medicine & Biology. 2016;42(3):742-752. doi:10.1016/j.
ultrasmedbio.2015.11.014

15.	 Zhou  J, Zeng  ZY, Li  L. Progress of artificial intelligence in gynecological malignant 
tumors.  Cancer Management and Research. 2020;Volume 12:12823-12840. doi:10.2147/cmar.
s279990

16.	 Dong HC, Dong HK, Yu MH, Lin YH, Chang CC. Using deep learning with convolutional 
neural network approach to identify the invasion depth of endometrial cancer in myometrium 
using MR images: a pilot study.  International Journal of Environmental Research and Public 
Health. 2020;17(16):5993. doi:10.3390/ijerph17165993

17.	 Lewitowicz  P, Horecka-Lewitowicz  A, Adamczyk-Gruszka  O. Knowledge of cervical cancer 
risk factors among students at the Jan Kochanowski University in Kielce.  Medical Studies. 
2013;3:255-259. doi:10.5114/ms.2013.38582

18.	 Zhang L, Le Lu, Nogues I, Summers RM, Liu S, Yao J. DeepPap: deep convolutional networks for 
cervical cell classification. IEEE Journal of Biomedical and Health Informatics. 2017;21(6):1633-
1643. doi:10.1109/jbhi.2017.2705583

19.	 Zhou  J, Zeng  ZY, Li  L. Progress of artificial intelligence in gynecological malignant 
tumors.  Cancer Management and Research. 2020;Volume 12:12823-12840. doi:10.2147/cmar.
s279990

Jakub Gruszka, Anna Zwierzyńska, Karolina Komar-Gruszka, Olga Adamczyk-Gruszka



69

20.	 Wang  R, Pan  W, Jin  L i in. Artificial intelligence in reproductive medicine.  Reproduction. 
2019;158(4):R139—R154. doi:10.1530/rep-18-0523

21.	 Cavalera F, Zanoni M, Merico V i in. A neural network-based identification of developmentally 
competent or incompetent mouse fully-grown oocytes.  Journal of Visualized Experiments. 
2018;(133). doi:10.3791/56668

22.	 Goodson SG, White S, Stevans AM i in. CASAnova: a multiclass support vector machine model 
for the classification of human sperm motility patterns†. Biology of Reproduction. 2017;97(5):698-
708. doi:10.1093/biolre/iox120

23.	 Gudeloglu  A, Brahmbhatt  J, Parekattil  S. Medical management of male infertility in the 
absence of a specific etiology.  Seminars in Reproductive Medicine. 2014;32(04):313-318. 
doi:10.1055/s-0034-1375184

24.	 Filho ES, Noble  JA, Poli M, Griffiths T, Emerson G, Wells D. A method for semi-automatic 
grading of human blastocyst microscope images. Human Reproduction. 2012;27(9):2641-2648. 
doi:10.1093/humrep/des219

25.	 Wang  R, Pan  W, Jin  L i in. Artificial intelligence in reproductive medicine.  Reproduction. 
2019;158(4):R139—R154. doi:10.1530/rep-18-0523

NEW TECHNOLOGIES IN MEDICINE


