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Abstract. Cardiovascular diseases are the leading cause of death globally. Timely
health services are fundamental to the appropriate prevention, identification, care
and rehabilitation of these diseases. This study aimed to explore the potential of
using electronic health records as a data source to help identify health system -
related delays in care processes of cardiac patients. This retrospective registry study
is based on a sample of electronic health records of 200 cardiac patients admitted to
one out of twenty wellbeing services counties in Finland during the years 2021—
2022. A total of 426 health system -related delays were identified. All expressions
were found in unstructured format and most of these (58.7%) were generated by
nurses. These results show that the electronic health records contained a variety of
information on health system -related patient care delays, and that most delays were
associated with difficulties in finding a bed for the patient in a post-acute care
facility (49.8%), but also in-hospital process delays were common (27.7%). These
findings show great potential for exploring electronic health record data with natural
language processing methods in the future for the development of tools to better
identify and monitor different types of delays in care processes. Such tools may
support leadership to respond to organisational procedures in need of improvement.
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1. Introduction

Cardiovascular diseases are the leading cause of death on a global scale and timely health
services are fundamental to the appropriate prevention, identification, care and

! Corresponding Author: Laura-Maria Peltonen, Department of Nursing Science, 20014 University of
Turku, Finland; E-mail: laura-maria.peltonen@utu.fi.


https://orcid.org/0000-0001-5740-6480
https://orcid.org/0000-0003-1036-2163
https://orcid.org/0009-0009-7485-5814
https://orcid.org/....-....-....-....
https://orcid.org/0000-0002-4518-9359

L.-M. Peltonen et al. / Exploring Delays in Cardiac Care Processes 1867

rehabilitation of these diseases [1]. A care delay may be understood as a postponement
in receiving the health services needed. Delays in care processes may be due to factors
connected to the individual, such as financial barriers, but they may also be associated
with the health system, such as staffing shortages and information technology issues.
Reducing the health system -related factors is important, as delays in care processes can
lead to adverse patient outcomes, such as increased mortality, infections and
readmissions [2]. Delays can also impede healthcare professionals in progressing with
care activities needed by a patient [3]. Care timeliness constitutes one of the dimensions
of healthcare quality and delays are also associated with increased healthcare costs [4].
Prior research on health system -related factors have focused on delays in referrals
from primary care to specialised care [5], emergency department admission delays [6],
critical care discharge delays [7] and hospital discharge delays [8]. However, research
exploring systematic assessment of delays related to care processes in hospitals is scarce
and more work is needed to develop means to better identify and monitor different types
of delays to respond to organisational procedures in need of improvement. Hence, the
aim of this study was to explore the potential of using electronic health records as a data
source to help identify health system -related delays in care processes of cardiac patients.

2. Methods

This retrospective registry study is based on a sample of electronic health records of 200
cardiac patients admitted to one of twenty wellbeing services counties in Finland during
2021-2022. The multimodal electronic health record data set included patients’
documentation related to demographics, diagnoses, medical notes, nursing notes,
radiology reports, laboratory/examination information, procedures done and medication.

2.1. Data collection and analysis

We used our custom Python script to identify delays in care from the documentation.
The script took the terms “delay”, “que”, “wait”, “cancelled”, “postponed” with their
synonyms as an input and consequently extracted those expressions from the health
records as a new list. Each identified hit in this novel list was presented with a 10-word
window before and after its occurrence together with the pseudonymised identifier from
the health record. We then manually screened each hit to exclude all the individual-
related hits and only included the health system -related hits in a qualitative analysis. In
case the extracted text with the 10-word window left uncertainty, the original text was
checked in the health record to ensure its context, so that it could be classified
appropriately as a health system -related delay or not. The manual screening was done
individually by two domain experts to ensure appropriate classification of each hit.

We organised the identified health system -related delays in the care processes
inductively using content analysis and then screened the reasons behind reported delays.

2.2. Ethical considerations and data security

The ethical review was done by the Ethics Committee of the University of Turku
(9/2020/J. Kuha) and an administrative approval was obtained from the wellbeing
services county (T95/2020-1). All data were processed in a secure certified computing
environment.
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3.  Results
3.1 Description of findings

The data set (n=200) included 48% female and 52% male patients. The mean age of the
patients was 74 years, ranging from 28 to 96 years. We found altogether 1500 hits when
screening the health records with the given list of terms. All hits were found in sections
of unstructured documentation done by nurses and physicians. The manual screen
showed that 28.4% (n=426) of the identified expressions were health system -related and
71.6% (n=1074) were associated with the patient. Five hits could not be categorised due
to their vague formulation. From the health system -related hits, 58.7% (n=250) were
found in the nursing documentation, 42.5% (n=181) in the medical notes and one in the
radiology reports. There was overlap between the extracted expressions in the narratives
where a unique hit appeared from one to twelve times within a patient’s health record.

3.2. Reasons for delay

The health system -related factors were categorised into awaiting bed in secondary or
primary care; awaiting care assessment, surgery, procedure, lab/test results or bed on
hospital inpatient ward; awaiting time for appointment for follow-up planning; and other
factors. Most of all identified factors associated with the delays were related to situations
where patients were waiting in the tertiary hospitals to be transferred into primary care
(49.8%), while a smaller portion waited for a bed in a secondary care hospital (12.2%).
The ‘awaiting care assessment, surgery, procedure or lab/test results’ -category covered
a variety of factors associated with a delay in the care process. Specific examples
included patients awaiting to meet a clinician for assessment, such as a specialist nurse
or a physician, and patients awaiting to have an MRI, a CT scan or lab test taken or have
the results for further care planning. This category also included ample examples of
patients awaiting surgery or a postponement of a planned operation due to more urgent
cases that needed to be prioritised in the operating department. A further category was
associated with patients queuing for an appointment time for an outpatient follow-up
visit after being discharged from the hospital, for example to the cardiac care center
(7.1%). There were also other factors, which were less conventional, such as mentions
where patients’ appointments had been rescheduled due to strike action within the
workforce. The reasons identified to cause delays included limited facilities and
malfunctioning equipment, staff workload and allocation issues, other reasons (e.g.
delayed, missing or cancelled tasks, missed requests and communication issues), and
unclear reasons. The identified factors associated with delays are presented in Table 1
with frequencies and percentages.

Table 1. Factors associated with health system -related delay presented with frequencies and percentages

Factor n (%)
Awaiting bed in primary care 212 (49.8)
Awaiting care assessment, surgery, procedure or lab/test results or bed in the hospital 118 (27.7)
Awaiting bed in secondary care 52 (12.2)
Awaiting time for follow-up visit 30 (7.1)

Other 14 (3.3)
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4. Discussion

The main findings of this study are that 1) the electronic health records contained a
variety of information about health system -related delays that had occurred in the care
processes of cardiac patients, 2) most delays identified were associated with difficulties
in finding a patient bed at a post-acute care facility, but also in-hospital process delays
were common, and 3) health system -related delay information was found in unstructured
format in both nursing and medical documentation within the health records.

Although the primary purpose of electronic health records is to digitally manage
health information of individual patients to support care delivery and ensure
communication amongst all actors involved, these systems have a great deal of untapped
potential to serve in secondary use purposes as well, such as performance monitoring
and quality improvement of health services [9]. The results of this study add to the
growing body of evidence supporting the acknowledgement of patient health data in
performance monitoring, as a variety of information on health system -related delays that
occurred in the care processes of cardiac patients could be found in professionals’
documentation. However, challenges that need to be addressed in secondary use of such
data include data quality, preprocessing [10,11], privacy and limited generalisability
issues [11] as well as professionals’ support for such applications [12].

More than a quarter of the hits in the data set regarded health system -related delays,
which indicates opportunities to improve care processes. This aligns with prior work on
organisational reasons of admission and discharge delays in the critical care setting [7].
About half of the identified health system -related delays were associated with
difficulties in finding a bed at post-acute care facility, which seems to correspond to a
growing body of literature exploring interventions targeted at hospital discharge delays
[13,14]. However, less work exists on reducing delays within the hospital. Although
timeliness is one key perspective of high-quality care [1], there is yet no consensus on
quality indicators that should be measured in the care processes of patients with
cardiovascular diseases. Thus far, such indicators have mainly focused on procedural
factors, while less attention has been on structural and outcome factors [15]. Hence,
exploring the elements associated with delays in care processes become important, and
can form the basis for the development of efficient solutions to support the monitoring
of health system -related delays within and beyond the hospital. Monitoring the delays
can guide developmental work to improve care processes and patient outcomes.

The information on health system -related delays in care processes was only found
in unstructured format in both nursing and medical documentation. This highlights the
value of exploring natural language processing technologies for future development of
systems that automatically identify delays in patient care processes. A further important
point raised is the value of interdisciplinary documentation: It seems important to include
both nurses’ and physicians’ documentation in such secondary use of electronic health
record data, as the mentions of delay were presented in both sets of notes, with a higher
representation in the data generated by nurses.

Study limitations regard the data set, which was collected from only one county and
the simple approach used to capture the delays from the electronic health records. Further
limitations concern the nature of electronic health record data and its implications for
secondary use, e.g. not all delays are documented into electronic health records. Future
work is needed to explore more effective natural language processing methods that may
be used to automatise the identification process of delays in care of cardiac patients
beyond the limited terms used in this study.
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5.

The
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Conclusions

results of this study indicate that electronic health records show great potential as a

data source for the monitoring of health system -related delays in care processes of
cardiac patients in hospitals. The results showed that interdisciplinary unstructured data,
documented by nurses and physicians, seem to bring high value to work aiming at
identifying these delays. Future work is needed for a more in-depth analysis of delay
processes and their underlying reasons, and to develop and test natural language
processing methods that better identify the health system -related delays and may be used
in the development of automatised monitoring systems to support in systematically
identifying structures, practices and procedures in need of improvement.
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