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Abstract

Background: Healthcare delivery now mandates shorter visits despite the need for more data entry, undermining patient-
provider interaction. Furthermore, enhancing access to the outcomes of prior tests and imaging conducted on the patient, along
with accurately documenting medication history, will significantly elevate the quality of healthcare service delivery.

Objective: To enhance the efficiency of clinic visits, we have devised a patient-provider portal that systematically gathers
symptom and clinical data from patients through a computer algorithm known as Automated Assessment of Cardiovascular
Examination (AACE). We intended to assess the quality of computer-generated Electronic Health Records (EHRS) with those
documented by physicians

M ethods: We conducted a cross-sectional study employing a paired-sample design, focusing on individuals seeking assessment
for active cardiovascular (CV) symptoms at outpatient adult cardiovascular clinics. Participants initially completed the AACE,
and subsequently, in the first protocol, patients were subjected to routine care without providing the AACE forms to examining
physicians. In the second protocol, the AACE form was presented to the physician before the examination, and participants were
subjected to routine care. We assessed the impact of AACE forms generated through computerized history taking method on the
examination, considering various clinical outcomes and satisfaction surveys.

Results: Totaling 762 patients (394 patients in protocol 1 and 368 patients in protocol 2) were included in the study. The mean
overall impression score for computer-generated EHRs was higher versus physician EHRs (4.2 vs. 2.6; p<.001). Our study
demonstrated that Electronic Health Records (EHRS) created by physicians exhibit inaccuracies or deficiencies in various pieces
of information. In the second protocol, in which the AACE form was presented to the physician before the examination, it was
determined that the examination time was shorter, the number of tests requested and the number of new drugs prescribed were
less.

Conclusions: We found that the patient-provider portal, systematically collecting symptom and clinical data from patients
through a computer algorithm known as AACE, yielded records that were of higher quality, more comprehensive, better
organized, and more relevant compared to those documented by physicians. Clinical Trial: T.C Atlas University Medical
Faculty, Non-invasive Scientific Research Ethics Committee
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ABSTRACT

Healthcare delivery now mandates shorter visits despite the need for more data entry, undermining
patient-provider interaction. Furthermore, enhancing access to the outcomes of prior tests and
imaging conducted on the patient, along with accurately documenting medication history, will
significantly elevate the quality of healthcare service delivery. To enhance the efficiency of clinic
visits, we have devised a patient-provider portal that systematically gathers symptom and clinical
data from patients through a computer algorithm known as Automated Assessment of Cardiovascular
Examination (AACE). We intended to assess the quality of computer-generated Electronic Health
Records (EHRs) with those documented by physicians

We conducted a cross-sectional study employing a paired-sample design, focusing on individuals
seeking assessment for active cardiovascular (CV) symptoms at outpatient adult cardiovascular
clinics. Participants initially completed the AACE, and subsequently, in the first protocol, patients
were subjected to routine care without providing the AACE forms to examining physicians. In the
second protocol, the AACE form was presented to the physician before the examination, and

participants were subjected to routine care. We assessed the impact of AACE forms generated
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through computerized history taking method on the examination, considering various clinical
outcomes and satisfaction surveys.

Totaling 762 patients (394 patients in protocol 1 and 368 patients in protocol 2) were included in the
study. The mean overall impression score for computer-generated EHRs was higher versus physician
EHRs (4.2 vs. 2.6; p<.001). Our study demonstrated that Electronic Health Records (EHRs) created
by physicians exhibit inaccuracies or deficiencies in various pieces of information. In the second
protocol, in which the AACE form was presented to the physician before the examination, it was
determined that the examination time was shorter, the number of tests requested and the number of
new drugs prescribed were less.

We found that the patient-provider portal, systematically collecting symptom and clinical data from
patients through a computer algorithm known as AACE, yielded records that were of higher quality,
more comprehensive, better organized, and more relevant compared to those documented by
physicians.

INTRODUCTION

Nowadays, it has become a necessity to use technology in the most effective way in order to provide
better health services. Rapidly developing and growing technology continues to be widely used in
the field of healthcare as in every field. The increasing availability of healthcare data and the rapid
development of big data analytics methods have enabled recent successful applications of these
technologies in healthcare'.

Medical histories are salient datasets for characterizing clinical conditions and informing diagnostic
and treatment decisions’. Even under optimal conditions, medical history data recorded by
physicians have been consistently found to be incomplete, inaccurate, biased and not always factual®
7. In part, these inadequacies may reflect inadequate documentation of what the physician knows
about the patient. However, real-time observations also reveal deficiencies in the history taking

10,11

process®®. Since inadequate history data can lead to diagnostic errors'®", it seems that we need better
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methods for history taking than physicians interviewing patients. Studies have also found that
physicians engage in computer-related behaviors that patients find distracting, including performing
computational tasks on a computer screen while recording a patient's history'>*.

Self-reported computerized history taking (CAHTS) is a method to collect a structured medical

history by direct interaction between patients and a digital device’. CAHTS has the potential to

improve outcomes and quality of care, provide cost savings and increase patients' involvement in

1415 Despite promising results, CAHTS is rarely used in clinical practice'.

their own healthcare
CAHTS systems are currently designed mainly to support the transactional needs of administrators
and invoice issuers rather than to foster the relationship between patients and health professionals®’.
Turkey completed many standardizations and infrastructural improvement initiatives in the health
information technology (IT) domain during the first phase of the Health Transformation Program
between 2003 and 2017'. Among the personal health records applications, Personal Health
Information Record Systems of the Turkish Ministry of Health (e-nabiz) is used in our country. In the
e-nabiz system, in addition to prescription, report, analysis-test and imaging information, there are
also modules in the application where the health consumer can upload materials such as allergies,
emergency notes, some pictures to be sent to the physician. In other words, the health consumer can
update their own health profile and add information about their health to the system®.

In our country, there is an application in EHR systems that enables physicians to access the patient's
e-nabiz information in every examination. However, data on the rate and efficiency with which the
information in e-health applications is used by healthcare professionals both in our country and in the
world are very limited®. In addition, the content structure of the e-nabiz application used in Turkey,
which is not summarized and is a large mass of information, restricts its use by making it impractical
to access the desired information in short outpatient clinic examination times.

The most important barriers to effective history taking by physicians are insufficient time spent with

patients and the sheer volume of information available for history taking*"**. It was recognized even
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at the beginning of the computer age that expert system software could solve these problems®.
However, there is still lack of academic interest in developing expert systems for computerized
history taking, i.e. automatic, dynamic history taking while the patient interacts with the computer®.
There is also a lack of clarity about the content of these computerized algorithms and the extent to
which they influence outcomes. We utilized the anamnesis taking methods presented in standard
medical texts and created an algorithm that sheds light on possible diagnoses in the cardiology
outpatient clinic created by us, questioning the complaints that led to the current admission, revealing
the background and risk factors, and containing guiding questions that aim to remove the patient's
subjective interpretations as much as possible with yes/no answers. We also extracted the
information that is considered important in the cardiology examination in the patients' e-nabiz system
and added it to the form.

We bring attention to the possible value of CAHTS in the present work. In our study, we compared
medical history data collected by physicians during usual care in the cardiology outpatient clinic and
entered into EHRs to the cardiology examination using information obtained from computer software
based on the algorithm we organized, in terms of various clinical outcomes and satisfaction surveys.
METHODS

Experimental design

Our planned experimental intervention used two different methods for collecting and storing medical
history data. The first was physicians providing routine cardiology care and entering their findings
into the electronic health record (EHR). The second was expert system software trained to interview
patients presenting for cardiology examinations.

Study setting and recruitment of patients

This study is a single-center (Atlas University Medical Faculty Hospital, Istanbul) retrospective,
observational cohort study and includes non-randomized eligible patients who applied to 7 general

cardiology outpatient clinics between 18.09.2023-27.10.2023 in 7 general cardiology outpatient

https://preprints.jmir.org/preprint/55449 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Erden et a
clinics staffed by the same physicians who were unaware of the content and details of the study.
Patients with their first visit to the examining physician were included in the study, and patients with
follow-up visits, patients who applied only for interpretation of previously ordered test results and
for various reports and official documents were excluded. In addition, patients who volunteered to
comply with the study protocol and had an e-nabiz system record were included in the study. All
eligible patients who applied to the selected outpatient clinics for examination were asked to answer
the questions in the computer-assisted history taking system we created.

CAHTS software

The logic of CAHTS software has been described in detail elsewhere*>®. In brief, CHATS is a
dynamic expert system for history-taking from adults with acute and long-term complications from
chronic disease. The knowledge base of questions and answers was developed in Turkish so that a
native Turkish speaker with primary school education could understand it. Textual questions have
answers sets of Yes/No or Yes/No/Uncertain answers. Each answer is coded to indicate the question
asked and the answer entered. In these algorithms, questions about the patient's medical history,
substance use, dietary habits, drug allergies and intolerances, mobility, stress and sleep status,
questions evaluating genealogical characteristics, and the complaint that led to the current admission
(1) chest pain, (2) shortness of breath, (3) palpitations and arrhythmia, (4) high blood pressure and
instability, (5) dizziness and fainting, (6) ankle edema, and (5) dizziness and fainting, (6) dizziness
and fainting, and (6) ankle edema. The patient selected which of the cardiovascular symptoms he/she
was experiencing, and under these headings, questions questioning the character of the symptom
were presented on the screen in such a way that written and read aloud simultaneously, and the
patient was asked in a guiding character by marking one of the options including yes, no and
sometimes quantity. In addition, the information selected in the algorithm was obtained from the
patients' e-nabiz systems. Laboratory tests (glucose, HbAlc, urea, creatinine, sodium, potassium,

total cholesterol, 1dl, hdl, triglyceride, alt, ggt, creatine kinase, TSH, uric acid) selected from the e-
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nabiz system were recorded with the date of the most recent value. In addition, if available, the
results of echocardiography, MPS, PA chest radiography, CT, MRI and ultrasonography of the
thoracic and vascular structures were recorded with the date of the most recent examination. Finally,
the medications that the patients were currently taking were questioned and recorded together with
the dose and method of use. In patients who did not bring their medications with them and could not
remember their names, all medications previously prescribed to the patient were taken from the e-
nabiz system, the package picture of the medication was displayed on the screen and asked if they
were currently taking the medication on the screen. Filling in the pre-examination algorithms and
scanning the e-nabiz information in the study protocol and adding it to the form were done under the
supervision and with the help of high school students who were given a basic training on this subject.
The high school students explained to the patients the purpose of the research program and showed
them how to interact with the CAHTS program running on an iPad (Apple Inc, Cupertino, CA,
USA). Patients were told that agreeing or refusing to participate would not affect their care. Patients
were informed that the data collected by computerized interviewing would only be used for clinical
research. At the end of these procedures, the patients' responses to the questions in the computer-
assisted history taking system were organized to create a form called the Automated Assessment of
Cardiovascular Examination (AACE), which systematically collects information about the patient's
medical history and current disease history. After the questions and inquiries were completed, the
AACE form was organized in 4 parts. In the first part, in line with the answers given to the questions
inquiring the medical history and surname, the results that negatively affected the risk of
cardiovascular disease were marked in red, and the results that had a positive or neutral effect were
marked in green and included in the form. In the second part, the patient was asked to select the
complaints that led to the current application, and the answers given to the questions within the
selected complaint title were marked in green if yes, and in red if no, and added to the form. If the

patient could not fit the complaint under any of these 6 headings, none of them was selected and

https://preprints.jmir.org/preprint/55449 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Erden et a
noted on the form without additional questioning. In the third part, the results of the most recent
laboratory tests and imaging tests selected in the algorithm in the e-nabiz system were written with
the date of the available ones. Finally, in the fourth section, all medications currently used by the
patients were written on the form together with the dose and method of use (sample form appendix
1).

Time-relationship between physician history-taking and CHATS interview

In the first week, the AACE form was completed in the patients included in the study, but the form
was not given to the physician. Each patient leaving the examination was questioned by the
experienced cardiologist in charge of the study and the number of patients who were found to have
incorrect, misleading and incomplete information was recorded under the subheadings of the AACE
form organized in 4 sections. In addition, the duration of the examination, the number of tests
ordered, and the number of new medications prescribed for each patient were questioned and
recorded. At the end of each day, all information filled in by the physicians in the electronic health
record system was taken for examination.

In the second week, patients who applied to the same outpatient clinics were subjected to the
protocol applied in the first week before the examination, and the forms prepared for 7 physicians
who were not informed about the details of the study were given before the examination of the
patient. The physicians were asked to record the number of patients for whom the information filled
in the 4 main sections and their subheadings in the AACE forms was incorrect, misleading and
incomplete. After the examination, the duration of the examination, the number of tests requested,
and the number of new medications prescribed were recorded. At the end of the study, a 5-point
Likert-type scale (1=extremely poor; 5=excellent) consisting of questions in six areas (1. richness of
content; 2. utility; 3. usefulness; 4. organization; 5. accuracy; and 6. understandability) was applied
to the blinded physicians who performed the examination to question the effect of AECVS forms on

examination quality.
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RESULT
Of the 773 patients included in the study, 9 were excluded because they initially agreed to participate
in the CAHTS program but later did not want to complete the program, and 2 were excluded because
it was observed that all inconsistent answers to the questions during the CHT were randomly selected
and it was thought that they intentionally entered incorrect answers. As a result, 394 patients in
protocol 1 and 368 patients in protocol 2, totaling 762 patients, were included in the study. The mean
age of the patients was 56.6+17.4 years and 51.5% were female. 11.1% of the patients had never
attended school, 23.8% were Primary school graduates, 17.6% Secondary school graduates, 35.4%
Lycee/High school graduates and 12.1% University graduates. The mean time to complete the AACE
was 13.4+ 4.2 minutes.
At the end of the patient recruitment period of the first protocol, the content of the AACE forms
filled in by the physician in the electronic health record system (EHR) of the patients who were
examined in the 7 outpatient clinics included in the study and the content of the AACE forms filled
in by the patients themselves before the examination were examined in 4 sections (1. Curriculum
vitae and surname data 2. Complaints that caused the current application 3. laboratory and imaging
tests 4. medications used) and their subheadings were examined in detail. Accordingly, the number of
patients who did not include any positive or negative informative statement about each heading or
who were considered to have incomplete or inaccurate information was also determined (table 1).
In the AACE forms of the patients included in the first protocol, 61% (240/394) of the patients
checked more than one symptom, whereas in the physician record system, this rate was significantly
lower at 30% (118/394). We evaluated whether the chief symptom complaint documented in the
physician EHR matched the self-reported chief complaint in AACE. We limited this analysis to
patients who reported a most bothersome symptom listed on the AACE form (n=382). The
physician-documented chief complaint matched the patient's self-report in 69% (271/382). Eighty-

four percent (331/382) of physician EHRs made at least some mention of the patient's self-reported
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chief complaint. We assessed how well the physician-documented chief complaint matched the
patient's self-report and how often the patient's self-reported main symptom was mentioned at least
partially in the physician EHRs. Table 2 shows these results for different cardiovascular symptoms.
In the second week, the AACE forms filled out by the patients who applied to the same outpatient
clinics were given to the physicians before the examination and they were told that they could use
these forms during the examination. At the end of the study, a 5-point Likert-type scale (1=extremely
poor; 5=excellent) consisting of questions in six areas (1. richness of content; 2. utility; 3. usefulness;
4. organization; 5. accuracy; and 6. understandability) was applied to the blinded physicians who
performed the examination to question the effect of AACE forms on examination quality and the
results are summarized in table 3. Finally, the duration of examination, the number of tests ordered,
and the number of new medications prescribed were compared between the two groups and the
results are summarized in table 4. We did not control for individual differences in physician
performance because HPI quality indices were homoscedastic across groups in most cases, and no
subgroups demonstrated statistically significant deviations from normality.

DISCUSSION

We compared the AACE generated by a computer algorithm collecting patients' data in a cardiology
examination with records created by physicians during usual care. We found that computer-generated
AACE were of higher quality, more comprehensive, better organized and more relevant than records
documented by physicians. These results provide evidence that a computer can generate clinically
meaningful and useful forms of anamnesis, and the findings are consistent with recent evidence that
patients are comfortable disclosing their health information to "virtual human" interviewers as
supportive and "safe" interaction partners®.

In contrast, these results do not indicate that computers could ever replace healthcare providers. The
art of medicine requires physicians to connect with patients, interpret complex and often confusing

data, diagnose despite incomplete information, and communicate effectively. While the number of
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visits to physicians per capita has increased over the years, the insufficient increase in the number of
physicians has led to a decrease in the average examination time per capita®. This is particularly
evident in developing countries such as Turkey?. Inadequate time allocation for outpatient diagnosis
and treatment has been shown to have negative effects on the quality of care. Short consultation
times have been shown to adversely affect public health by leading to poor management of disease

screening and inappropriate diagnosis and treatment**

. Therefore, this study suggests that
computers can remove at least some of the burden by collecting and organizing data to help
clinicians focus on what they do best: practicing the human art of medicine.

Studies show that the quality of physician-created EHRs is highly variable, with many EHRs
providing inaccurate or incomplete®. In our study, it was shown that the information filled in EHRs
by physicians in the examinations performed by the standard method was quite incomplete and
inadequate. On the other hand, it was observed that ACVS forms filled this deficiency quite
successfully. In particular, it was observed that most of the physician EHRs did not make any notes
on the patient's lifestyle characteristics (mobility in life, nutritional properties, stress level, sleep
quality and disorders), which have been shown to play an important role in the risk profile of
cardiovascular diseases. There was either no or incomplete information in the physician EHR notes
on family history of cardiovascular disease and Socioeconomic determinants. Even information on
patients' history of cardiovascular disease and other chronic diseases was insufficient. It was
observed that computer-generated EHRs could be filled in correctly and appropriately in most of the
patients and the rate of missing or incorrect information in the generated AVCS forms was below 5%
in most topics. It was also observed that the program was successful in extracting the results of
selected laboratory and cardiovascular diagnostic tests planned in the study protocol from the e-nabiz
system and summarizing them in the AVCS form in patients who had e-nabiz system and allowed

access to records. In physician EHR records, almost all patients (91.9%) did not have any

information notes about previous diagnostic tests. Of course, this does not mean that the physician
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did not access these results from the e-nabiz system during the examination. Nevertheless,
summarizing the results, if any, of selected tests in the AVCS form within a short examination period
was found to be practical, useful and beneficial by physicians. In our study, the CHATS program was
applied to patients under the supervision of two high school students who were given a simple
training. This increased patient compliance with the program. The fact that these supervisors were
high school students shows that patients who are illiterate or who have difficulty in comprehending
the program are more likely to have a relative with high school education in their homes, indicating
the applicability of the program and that there is no need for an expert supervisor. It is very important
that patients' current regular medications are accurately conveyed to the physician during the
examination in order to organize the treatment correctly and to avoid harmful drug interactions.
However, in practice, many patients do not bring their medications with them and often do not
remember their names and usage patterns. In our country, all medications and reports previously
prescribed to the patient can be accessed through the e-nabiz system. However, when the patient is
questioned about which medications he/she is currently using among all the medications prescribed,
this takes a lot of time during the examination period and the patient often cannot remember the
name of the drug being questioned. In the program we created, for patients who could not remember
the medications they were taking, the previously prescribed medications were taken from the e-nabiz
system, the package picture of the medication was displayed on the screen and the patient was asked
if they were currently taking the medication on the screen. Thus, the list of medications used in only
9.6% of the patients in the AVCS form could not be created properly. However, this rate is
significantly higher in physician EHRs with 48.2%.

Physicians question the complaint that led to the current admission during the examination, but do
not record the summary of this questioning in sufficient detail in EHRSs, possibly due to lack of time.
This leads to serious diagnostic and therapeutic inadequacy in controls and subsequent examinations

due to lack of data. Indeed, in our study, in 24.6% of the patients, the primary complaint was only
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included as a title and it was observed that no query note was made about this complaint. Data reveal
that clinicians spend up to one third of the patient encounter looking at a computer and, as a result,
missing important non-verbal cues from the patient'>*'. In addition to strengthening the physician-
patient relationship, adequate eye contact is extremely important in terms of increasing patient
satisfaction, better identification of health problems and improving service quality and effectiveness.
The ACVS algorithms tested in this study provide a model to begin to address these issues, as they
generate EHRs informed by patient self-report and e-nabiz query, thereby increasing the validity of
the EHR and reducing data inconsistencies. Furthermore, the use of computer-generated EHRs can
improve the patient-physician relationship by informing the clinician before the patient encounter
and saving more time by reducing computational tasks. We found that there was a 21% discrepancy
between the most bothersome symptom self-reported by the patient and the main complaint
documented by the physician. In addition, the rate of patients ticking more than one symptom on the
AECVS forms of the patients recruited in the first week of the study (61%) was significantly higher
than the rate in the physician record system (30%). It is possible that some patients did not mention
their most bothersome symptom to their physicians, or perhaps felt more comfortable reporting it to
the computer.

When the AECVS forms completed by patients attending outpatient clinics in the second week were
given to the physicians before the examination, we found that the examining physicians felt that the
computer-generated ACVS forms were of better quality, more comprehensive, better organized and
more relevant than their own records. Although we did not have a method to measure it in this study,
physicians expressed that they thought that obtaining these forms before the examination would help
them diagnose patients more accurately and prevent possible incorrect or unnecessary treatment.
They also stated that these forms made the examination more efficient and enabled them to perform a
longer and more comprehensive physical examination. It has been shown that short examination

times negatively affect public health by leading to poor management of disease screening and
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inappropriate diagnosis and treatment®®*. It is also important to show these positive results despite
the shorter duration of the examination with ACVS forms.

It is indisputable that knowing patients' previous examinations will improve the quality of
examination and reduce the rate of unnecessary tests ordered. In Turkey, patients' past tests can be
accessed through the e-nabiz system. However, as in our program, we tested the additional effect of
summarizing selected tests and sections of all tests in addition to the existing e-nabiz system. In the
examination accompanied by ACVS forms, we found that while the frequency of ordering general
laboratory tests, Exercise Stress Testing, Cardiac SPECT and general imaging tests was lower, the
frequency of ordering gold standard tests such as coronary angiography and Coronary CT
Angiography was higher. We attributed this to improved examination quality and the ability to reach
a diagnosis in a shorter and more precise way without the need for preliminary tests. We also thought
that the fact that ACVS forms reduced the number of new drug prescriptions would have a beneficial
effect on both public health and cost-effectiveness.
This study has important limitations. The fact that the AVCS forms were evaluated by the physicians
who conducted the study and the cardiologists who performed the examination contains significant
potential for bias. In addition, the fact that the evaluators knew which group (AVCS form and
physician EHR) the forms they evaluated can be considered as a disadvantage.While we observe a
notable corrective impact of the expert system software we developed for gathering medical
information from patients on the quality of cardiology examinations, it cannot be denied that
enhancements may be necessary concerning the content, presentation, and order of the questions in
the system. The software will get better with additional observations and studies.
REFERENCES

1. Vuokko R, Mikeld-Bengs P, Hypponen H, Lindqvist M, Doupi P. Impacts of structuring the

electronic health record: Results of a systematic literature review from the perspective of

https://preprints.jmir.org/preprint/55449 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Erden et a

10.

secondary use of patient data. Int J Med Inform. 2017 Jan;97:293-303. doi:
10.1016/j.ijmedinf.2016.10.004.

Pappas Y, Anandan C, Liu J, Car J, Sheikh A, Majeed A. Computer-assisted history-taking
systems (CAHTYS) in health care: benefits, risks and potential for further development. Inform
Prim Care. 2011;19(3):155-60. doi: 10.14236/jhi.v19i3.808.

Bentsen BG. The Accuracy of recording patient problems in family practice. j med educ
1976; 51: 311- 6. https://doi.org/10.1097/00001888-197604000-00006.

Platt FW, Mcmath JC. Clinical Hypocompetence: The Interview. Ann Intern Med 1979;
91:898-902. https://doi.org/10.7326/0003-4819-91-6-898.

Romm FJ, Putnam SM. The Validity of The Medical Record. Med Care 1981; 19: 310-5.
https://doi.org/ 10.1097/00005650-198103000-00006.

Zakim D, Braun N, Fritz P, Alscher MD. Underutilization Of Information And Knowledge In
Everyday Medical Practice: Evaluation Of A Computer-Based Solution. BMC Medical
Informatics and Decision Making, 2008; 8: 50. https://doi.org/10.1186/1472-6947-8-50.
Burnett SJ, Deelchand V, Franklin BD, Moorthy K, Vincent C. Missing clinical information
in NHS hospital outpatient clinics: prevalence, causes and effects on patient care. BMC
Health Services Res 2011; 11: 14.

Farmer SA, Higginson 1J. Chest Pain: Physician Perceptions and Decision Making in a
London Emergency Department. Ann Emerg Med 2006; 48: 78-85. 18.

Berdahl CT, Moran GJ, McBride O, Santini AM, Verzhbinsky IA, Schrigor DL. Concordance
Between Electronic Clinical Documentation and Physicians’ Observed Behavior. JAMA
Network Open. 2019; 2 (9):e1911390.

Clark BW, Derakhshan A, Desai SV. Diagnostic Errors and the Bedside Clinical Examination.

Med Clin N Am 2018; 102: 453—-64.

https://preprints.jmir.org/preprint/55449 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Erden et a
11. Zwaan L, Thijs A, Wagner C et al. Does inappropriate selectivity in information use relate to
diagnostic errors and patient harm? The diagnosis of patients with dyspnea. Soc Sci Med

2013; 91: 32e—8e.

12. Montague E, Asan O. Dynamic modeling of patient and physician eye gaze to understand the
effects of electronic health records on doctor-patient communication and attention. Int J Med
Inform. 2014; 83:225-234.

13. Ventres W, Kooienga S, Vuckovic N, et al. Physicians, patients, and the electronic health
record: an ethnographic analysis. Ann Fam Med. 2006; 4:124—131.

14. Goldzweig CL, Towfigh A, Maglione M, et al. Costs and benefits of health information
technology: new trends from the literature. Health Aff (Millwood). 2009; 28:w282—w293.

15. Jiang F, Jiang Y, Zhi H, Dong Y, Li H, Ma S, Wang Y, Dong Q, Shen H, Wang Y. Artificial
intelligence in healthcare: past, present and future. Stroke Vasc Neurol. 2017 Jun
21;2(4):230-243. doi: 10.1136/svn-2017-000101.

16. Pappas Y, Vseteckova J, Poduval S, Tseng PC, Car J. Computer-Assisted versus Oral-and-
Written History Taking for the Prevention and Management of Cardiovascular Disease: a
Systematic Review of the Literature. Acta Medica (Hradec Kralove). 2017;60(3):97-107. doi:
10.14712/18059694.2018.1.

17. van der Lei J, Moorman PW, Musen MA. Electronic patient records in medical practice: a
multidisciplinary endeavor. Methods Inf Med. 1999; 38:287-288.

18. Kose I, Rayner J, Birinci S, Ulgu MM, Yilmaz I, Guner S; HIMSS Analytics Team; MoH
Team. Adoption rates of electronic health records in Turkish Hospitals and the relation with
hospital sizes. BMC Health Serv Res. 2020 Oct 21;20(1):967. doi: 10.1186/s12913-020-
05767-5.

19. Kose 1. Health information systems in Turkey (Saghk Bilgi Sistemleri: SaglikNet, e-Nabiz,

vb.). In: Ozen O, editor. Saghk Diplomasisi. 1st ed. Istanbul; 2017. p. 221-252.

https://preprints.jmir.org/preprint/55449 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Erden et a

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Birinci S. Kisisel saglik kaydi ve Tiirkiye 6rnegi: e-Nabiz. SD Platform [Internet]. 2018 Mar
[cited 2018 Aug 23];24-7. Available from: http://www. sdplatform.com/Dergi/1088/Kisisel-
saglik-kaydi-ve-Turkiye-ornegi-e-Nabiz. aspx.

Bastian H, Glasziou P Chalmers I. Seventy-five Trials and Eleven Systemic Reviews a Day:
How Will We Ever Keep Up? PlosMed 2010; 7: e1000326.

Obermeyer Z, Lee TH. Lost in Thought—The Limits of the Human Mind and the Future of
Medicine. NEJM 2107; 377: 1209-11.

Slack WV, Hicks GP, Reed CE, Van Cura LJ. A computer- based medical-history system.
NEJM 1966; 274: 194-8.

Zakim D. Development and Significance of Automated History-Taking Software for Clinical
Medicine, Clinical Research and Basic Medical Science. J Int Med 2016; 280: 287-99.
Lucas GM, Gratch J, King A, et al. It’s only a computer: Virtual humans increase willingness
to disclose. Comput Human Behav. 2014; 37:94-100.

Camasso MJ, Camasso AE. Practitioner productivity and the product content of medical care

in publicly supported health centers. Soc Sci Med. 1994;38(5):733-748.

Cirakhi U. Comparison of Average Patient Examination Times Per Capita Between 2002-2018

in 18 OECD Countries. Saglikta Kalite ve Akreditasyon Dergisi, 2020, 3.1: 43-54.

Landau DA, Bachner YG, Elishkewitz K, Goldstein L, Barneboim E. Patients' views on

optimal visit length in primary care. J Med Pract Manage. 2007;23(1):12-15

Chen LM, Farwell WR, Jha AK. Primary care visit duration and quality: does good care take

longer? Arch Intern Med. 2009;169(20):1866- 1872

Redelmeier DA, Schull MJ, Hux JE, et al. Problems for clinical judgement: 1. Eliciting an

insightful history of present illness. Cmaj. 2001; 164:647—-651.

https://preprints.jmir.org/preprint/55449 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Erden et a

31. Asan O, P DS, Montague E. More screen time, less face time - implications for EHR design.

J Eval Clin Pract. 2014 9.

https://preprints.jmir.org/preprint/55449 [unpublished, non-peer-reviewed preprint]



JMIR Preprints

Erden et al

Table 1. The number of patients in the first protocol for whom records filled out by physicians
in the electronic health record system and forms self-completed by patients, focusing on
selected headings that lacked informative expressions or were deemed to have incomplete or
inaccurate information

Curriculum vitae and Personal background data

32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

Family history of cardiovascular disease n, %
The person's history of cardiac events n, %
Existence and content of chronic disease n, %
Harmful substance addiction n, %

Mobility in life n, %

Nutritional properties n, %

Stress level n, %

Socioeconomic determinants n, %

Sleep quality and disorders n, %

Drug side effects n, %

Primary cardiovascular symptom n, %
History of laboratory and imaging tests n, %
Current medications used n, %

https://preprints.jmir.org/preprint/55449

Electronic health
recorded
by physicians in
the first protocol

records

(n:394)

211, 53.6%
203, 51.6%
193, 49.0%
133, 33.8%
239, 60.7%
292, 74.1%
333, 84.5%
387, 98.2%
373, 94.9%
352, 89.4%
97, 24.6%

362, 91.9%
190, 48.2%

Self-reported
computerized
history taking in
the first protocol
(n:394)

12, 3.0%
19, 4.8%
13, 3.3%
5, 1.3%

11, 2.7%
15, 3.8%
13, 3.3%
15, 3.8%
18, 4.5%
17, 4.3%
24, 6.1%

38, 9.6%
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Table 2. Physician EHR’s primary cardiovascular symptom matched patient’s self-reported

rimary cardiovascular symptom

Erden et al

3

Self-reported primary Physician S primary | The physician’s assessment

CVS symptom cardiovascular symptom | of insufficient
matched  patient’s  self- | documentation of the
reported primary | primary cardiovascular
cardiovascular symptom symptom in their own

records

Chest pain 99/129 (77) 106/129 (82)

Shortness of breath 16/31 (52) 28/31 (90)

Heart rhythm disorder 57/94 (61) 44/94 (42)

High blood pressure or | 60/105 (57) 66/105 (63)
imbalance

Dizziness,  blackout  or | 4/14 (28) 6/14 (43)
syncope

Ankle edema 8/9 (88) 3/9 (33)

Self-reported by patient as most troublesome cardiovascular symptom through AACS

https://preprints.jmir.org/preprint/55449
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Table 3. Impression scores
Physician EHRs Data from patients p
through a computer
algorithm known as

AACE
Completeness 2.3(0.7) 4.6 (0.4) <.001
Relevance 3.1(0.7) 4.3 (0.4) <.001
Usefulness 2.5(0.8) 4.4 (0.3) <.001
Organization 2.8 (0.8) 3.9 (0.5) <.001
Efficacy 2.9 (0.6) 4.5 (0.3) <.001
Overall impression 2.6 (0.7) 4.2 (0.4) <.001

Data are presented as mean (standard deviation).
EHR, Electronic health record, AACE, Automated Assessment of Cardiovascular
Examination

https://preprints.jmir.org/preprint/55449 [unpublished, non-peer-reviewed preprint]
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Table 4. Various effectiveness outcomes in examinations conducted under the two protocols

Erden et al

Group 1 (n: 394) Group 2 (368) p

Examination period 16.7+6.2 12.8+£5.1 <0.01
Number of examinations requested

42. Laboratory measurement 209 (53.1%) 138 (37.5%) <0.01

43. Echocardiography 185 (46.9%) 161 (43.7%) ns

44. Exercise Stress Testing 151 (38.3%) 91 (24.7%) <0.01

45. Cardiac SPECT 40(10.1%) 7 (1.9%) <0.01

46. Coronary angiography 39 (9.9%) 53 (14.4%) 0.02

47. Coronary CT Angiography 8 (2.0%) 24 (6.5%) <0.01

48. Radiological examinations 44 (11.2%) 37 (10.1%) ns
New medications prescribed

e Patient rate 239 (60.6%) 148 (40.2%) <0.01

e Number 623 325 <0.01
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Figures
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Automated Assessment of Cardiovascular Examination Form.
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