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We examined the association between symptoms (ie, dys-
pnea and pain) and patient outcomes (ie, length of stay,
30-day readmission, and death in hospital) among patients
with heart failure using EMRs. This was a descriptive study
that was conducted from July 1, 2014, to November 30,
2017. Participants were 754 hospitalized patients with
heart failure (mean age, 70.62 ± 14.78 years; male-to-
female ratio, 1:1.1). Data were analyzed using descriptive
statistics, χ2 tests, and logistic regression analyses. Patients'
average length of stay was 8.92 ± 13.12 days. Thirty-two
patients (4.2%) were readmitted, and 100 patients (13.3%)
died during hospitalization. Two-thirds (67.7%) experienced
dyspnea, and 367 (48.7%) experienced pain. Symptoms
and ICU admission were significantly related to patient out-
comes. In the regression analyses, dyspnea, pain, and ICU
admission were significantly related to higher-than-average
lengths of stay. Dyspnea and ICU admission were related
to death in hospital. Information regarding patients' symp-
toms, which was extracted from records, was a valuable re-
source in examining the relationship between symptoms
and patient outcomes. The use of EMRs may be more ad-
vantageous than self-reported surveys when examining pa-
tients' symptom and utilizing big data.
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eart failure (HF) is a clinical syndrome causedby structural
and functional ventricular abnormality, and it is character-
ized by cycles of exacerbation and improvement.1 Ap-

proximately 18.5% of patients with HF are readmitted within
30 days, 49.8% of whom are readmitted because of heart dis-
ease.2 In South Korea, the HF patient population rose by ap-
proximately 24% from 123 000 in 2013 to 153 000 in 2018,
and the allowance of medical care also increased by approxi-
mately 80% over 5 years from US $8.4 trillion in 2013 to US
$15 trillion in 2018.3 Interest in patients with HF is mounting.
Because of the nature of HF, patients are required to be ad-
mitted for symptom control once their condition worsens.
This increases the burden of not only the patients themselves
but also their families and caregivers.4

Patients with HF experience a variety of symptoms includ-
ing dyspnea, pain, depression, gastrointestinal disease, and fa-
tigue.5 Dyspnea is particularly a common symptom, and a
higher symptom burden intensifies patients' challenges in their
work life, social involvement, and activities of daily living. In
addition, repeated symptom experience deteriorates patients'
function.6 Symptoms are important not only for patients
and families but also for healthcare systems. They are dose-
dependent and correlate with adverse clinical events, such as
mortality, hospitalization, emergency room visits, and heart
transplantation from all causes.5 In response to the growing
interest in the symptom burden among patients with HF,
the US and European HF associations have shifted the focus
for palliative care for patients with HF from prognosis to
symptoms, thereby underlining the importance of symptom
management in patients with HF. Past studies on the symp-
toms of patients with HF have particularly been focused on
strategies to lower the number or severity of uncomfortable
symptoms.7 Many studies have utilized self-rated instruments
in measuring the level of symptoms in patients with HF.

A thorough understanding and knowledge of symptoms
are crucial for the effective care of patients with HF. In the
inpatient setting, nursing intervention is critical for symptom
management for patients with HF. In a study of NANDA
nursing diagnosis in inpatients with HF in a tertiary hospital,
the most frequent diagnoses were “ineffective breathing pat-
tern” and “acute pain.”8 This can be understood based on
the fact that “ineffective breathing pattern” is related to the
CIN: Computers, Informatics, Nursing 1027
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signs and symptoms of dyspnea, the most common symptom
among patients with HF. “Acute pain” is related to pain,
which is experienced by more than 50% of inpatients. The
pain prevalence among inpatients has been reported as
64.4%.9 Multiple healthcare facilities have designated pain
as the fifth vital sign with blood pressure, pulse rate, respira-
tion rate, and body temperature and recommend the daily
assessment of pain.10 Thus, it would be worth investigating
the symptoms of patients with HF during hospitalization fo-
cusing on dyspnea and pain.

Patients' symptoms during hospitalization and relevant
nursing interventions can be found in nursing records. Elec-
tronic nursing records (ENRs) are an important part of elec-
tronic medical records (EMRs). Electronic nursing records
contain information in a structured format to efficiently access
and obtain patient information.11 As nursing records are based
on continuous monitoring of the patient's condition, ENR re-
flects the health problems and subsequently the interventions
for each patient.12 Information about patient conditions re-
corded in ENR is obtained through the nursing processes.
Therefore, HF inpatient symptoms and their relationships to
patient outcomes from documented nursing records can be ex-
amined using EMR data.

Previous studies utilizing EMR include research showing
the impact of the introduction of the EMR system13,14 and
a cohort study of HF with preserved ejection fraction and a
screening system for a rapid response.15,16 Patient safety inci-
dents associated with EMRs also have been analyzed.17 A re-
cent study was conducted to apply text mining methods to
improve the quality of ENR.18 Studies attempted to obtain
baseline data for developing pain management guidelines
by analyzing ENR19 and to support clinical decision-making
by developing a patient outcomes prediction model using
initial nursing assessment records.20 However, it is difficult
to find studies to examine the relationship between patients'
symptoms and outcomes using EMR, in particular extracting
symptoms from the nursing process. Providing timely treat-
ment by understanding and predicting patients' signs and
symptoms would contribute to attaining good patient out-
comes. Identifying the chief complaints and symptoms of pa-
tients hospitalized with HF in nursing records is important
for examining their relationship with patient outcomes such
as length of stay (LOS), 30-day readmission, and death in
hospital. Thus, this study aims to identify patients' symp-
toms, namely, dyspnea and pain, using ENR for patients
with HF during their hospital stay, to examine the predic-
tors, including these symptoms, of such patient outcomes.

METHODS
This is a descriptive retrospective study using EMR of in-
patients with HF in one tertiary hospital located in Seoul,
Korea, between July 1, 2014, and November 30, 2017.
1028 CIN: Computers, Informatics, Nursing
Participants
Among adult patients 19 years or older who had inpatient
treatment in a tertiary hospital, the EMR of patients admit-
ted to the cardiac general ward with an International Statistical
Classification of Diseases and Related Health Problems, 10th Revision
code including I50 as the main diagnosis was used for this
study. The exclusion criteria were patients who have major
psychiatric disorders, those with malignant tumors receiving
chemotherapy or radiotherapy, and those who underwent an
operation irrelevant to cardiovascular problems during the hos-
pital stay. Themedical records department of the study hospital
provided the researchers with the list of patients who met the
inclusion criteria as well as their medical records.

Variables
The data included subjects' general characteristics, medical
diagnosis, procedures performed during the hospital stay,
and nursing records. General and clinical characteristics were
sex, age, medical diagnosis, date of admission, date of discharge,
intensive care unit (ICU) admission, and operations. Outcome
variables were LOS, 30-day readmission, and death in hospital.
Length of stay was computed by subtracting the date of admis-
sion from the date of discharge in the EMR.

Description of the presence and severity of symptoms of
dyspnea and pain was extracted from ENR. In the study hos-
pital, an ENR system was established based on the nursing
process into which nurses input nursing diagnosis, nursing in-
tervention, nursing activity, and nursing attributes. A patient's
nursing problem was identified based on the “nursing diagno-
sis” section. The nursing intervention was identified from the
“nursing intervention” section. Specific nursing activities de-
livered to the patient were identified in the “nursing activity”
section. Finally, the details of nursing activities were identified
based on the “nursing attributes” section. The nursing activity
category provides specific activity information of nursing in-
terventions. For example, nursing activities falling under
“surveillance” of Nursing Intervention Classification include
“checking of…,” “monitoring of…,” and “measuring of…,”
which shows the specific nursing activities delivered to pa-
tients.21 Nursing attributes refer to specific properties such
as the nursing activity of “assessing pain” and include attri-
butes such as characteristics, severity, aggravating factor,
relieving factor, pain-related symptoms, and pain scale.

Nursing intervention, activity, and attributes may over-
lap, depending on the nursing diagnosis. The same nursing
intervention can be provided for different nursing diagnoses,
and the same nursing activity can be provided for different
nursing diagnoses and interventions. For example, Figure 1
shows that the same nursing activity and nursing attributes
were recorded for different nursing diagnoses and nursing
interventions. In the example in Figure 1, the nursing activity
of “observe breathing patterns” can be linked to the nursing
December 2021



FIGURE 1. Electronic nursing record example.
diagnosis of “impaired gas exchange” or “hyperthermia”
and also be applied to the nursing interventions of “respira-
tory monitoring” or “vital sign monitoring.”

Data Preprocessing
The data were extracted from nursing records routinely re-
corded in the cardiac general ward only; thus, the research
team removed the nursing records from outside the ward,
such as during diagnostic testing or procedures and in an
emergency situation (ie, cardiopulmonary resuscitation). For dys-
pnea symptoms, a total of 26 273 cases with respiratory-related
nursing records were extracted. From there, nursing records per-
tinent to patients' dyspnea symptoms were extracted. As nursing
records presenting dyspnea were determined by a combination
of various factors, the nursing diagnosis was checked to classify
dyspnea symptoms among the respiratory-related nursing re-
cords first. Altogether, 17 840 nursing records with oxygen con-
centration, PaO2, and arterial blood gas analysis were included in
the nursing attribute code. After excluding the duplicate records,
a total of 10 273 dyspnea symptoms were finally extracted.

Nursing records of pain were simpler than dyspnea nursing
records. In the “nursing attributes” section, all pain records
were extracted, including characteristics, severity, aggravating
factor, relieving factor, pain-related symptoms, and pain scale.
Recorded numeric scales were extracted from nursing records
indicating pain severity. This recorded number is the figure
the patient represented as a number from 0 to 10, with “no
pain” as 0 and “extreme pain” as 10. A pain score of 1 or
higher in the nursing records was considered as a complaint
of pain symptoms, and the presence and frequency of pain
complaints during hospital stay were determined. Similar to
the dyspnea-related records, records outside the ward, for ex-
ample, during the procedure, were removed, resulting in a
Volume 39 | Number 12
total of 25 946 cases of pain records, 2908 of which were con-
sidered pain complaints with a pain score of 1 or higher. After
excluding duplicate admission numbers and date of record, a
total of 2886 pain-related nursing records were finally
extracted.
Ethical Considerations
This study was approved by the institutional review board
(no. Y-2018-0050) of the study hospital. To ensure confiden-
tiality, researchers did not state any personal data to prevent
the disclosure of such data, and all data were accessible only
by the research team.
Data Analysis
The research team performed data cleaning, using Python 3.6
(Python Software Foundation, Wilmington, DE), and the data
were analyzed using the IBM SPSS Statistics version 25
(IBM, Armonk, NY). The demographic and clinical character-
istics of patients with HF were analyzed using descriptive statis-
tics, including frequency, percentage, mean, and SD. The
frequency of symptom complaints was computed based on
the number of times dyspnea was detected and the number of
times the pain score was 1 or higher during the hospital stay.
The presence of symptoms was determined by allotting “1”
for participants who complained about the corresponding
symptom at least once and “0” for participants who never
complained of the corresponding symptom, and frequency
analysis was performed for each symptom. Patients' LOS,
30-day readmission, and death in hospital according to their
characteristics and symptoms were analyzed with χ2 tests. The
predictors of LOS, 30-day readmission, and death in hospital
were identified using logistic regression.
CIN: Computers, Informatics, Nursing 1029
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RESULTS
Participants' General and Clinical Characteristics
The EMR of 754 patients diagnosed as having HF was used in
this study. Three hundred ninety-six (52.5%) were women, and
the mean age was 70.62 (SD, 14.78) years. Most participants
belonged to the age group of 75 to 84 years (n = 248,
32.9%), followed by 65 to 74 years (n = 220, 29.2%). The
mean LOS was 8.92 (SD, 13.12) days, with a range of 0.14
to 140.02 days. Length of stay below average was shown in
573 patients (76%). Thirty-two patients (4.2%)were readmitted
within 30 days of discharge, and 100 (13.3%) died during their
hospital stay. Eighty-six patients (11.4%) were admitted to the
ICU, and 24 patients (3.2%) underwent surgery during their
hospital stay (Table 1).

Patient Symptoms Based on Nursing Records
A total of 511 patients (67.8%) complained of dyspnea during
their hospital stay. Among these patients, the mean number
of dyspnea episodes was 20.03 (SD, 32.01) during the hospital
stay per patient. The average daily frequency of dyspnea was
1.49 (SD, 1.04). A total of 367 patients (48.7%) complained
of pain during their hospital stay. The mean number of pain
episodes was 7.81 (SD, 12.20) during the hospital stay per
patient. The average daily frequency of pain was 0.65 (SD,
0.60) (Table 2).

Length of Stay, 30-Day Readmission, and Death in
Hospital According to Participants' Characteristics and
Symptoms
Length of stay, 30-day readmission, and death in hospital ac-
cording to participants' characteristics and symptoms were
Table 1. General and Clinical Characteristics (n = 754)

Characteristics Categories

Sex Male
Female

Age, y 20–50
51–64
65–74
75–84
≥85

LOS, d Lower than average
Higher than average

30-d Readmission Yes
No

Death in hospital Yes
No

ICU admission Yes
No

Operation Yes
No
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analyzed with univariate analysis (Table 3). Patients were di-
vided into long LOS and short LOS groups using a cutoff of
the average LOS of patients with HF (8.92 days). The results
showed there were significant differences in the presence of
dyspnea (χ2 = 46.39, P < .001), presence of pain
(χ2 = 61.31, P < .001), and ICU admission (χ2 = 129.07,
P < .001) between the two LOS groups. That is, patients
who complained of dyspnea or pain and patients who were
admitted to the ICU were more likely to have a longer
LOS. In addition, among patients who underwent an oper-
ation, the percentage of patients with higher-than-average
LOS (average, 8.92 days) was 100% compared with that of
the nonoperation group (21.5%) (χ2 = 78.48, P < .001).

The 30-day readmission rate was associated with age
(χ2 = 9.55, P = .049), presence of pain symptom (χ2 = 3.84,
P = .050), and operation (χ2 = 4.16, P = .041). In other
words, some age groups, patients with pain, and patients who
underwent an operation had higher 30-day readmission rates.

Death in hospital was associated with age (χ2 = 18.93,
P = .001), presence of dyspnea symptom (χ2 = 12.24,
P < .001), and ICU admission (χ2 = 18.10, P < .001). That
is, older patients, patients with dyspnea, and patients who
had been admitted to the ICU showed a higher rate of death
in hospital (Table 3).

Predictors of Length of Stay, 30-Day Readmission, and
Death in Hospital
Multivariate logistic regression was performed to identify the
predictors of LOS, 30-day readmission, and death in hospi-
tal. After adjusting for age and sex, the factors found to be
statistically significant in the univariate analysis—dyspnea
n (%) Mean (SD)

358 (47.5)
396 (52.5)
79 (10.5) 70.62 (14.78)

103 (13.6)
220 (29.2)
248 (32.9)
104 (13.8)
573 (76.0) 8.92 (13.12)
181 (24.0)
32 (4.2)

722 (95.8)
100 (13.3)
654 (86.7)
86 (11.4)

668 (88.6)
24 (3.2)

730 (96.8)
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Table 2. Descriptive Statistics of Patients' Symptoms of Dyspnea and Pain (n = 754)

Variable Categories n (%) Mean (SD) Median (Range)

Dyspnea No 243 (32.2)
Yes 511 (67.8)
Total no. of dyspnea records 20.03 (32.01) 10 (1–276)
No. of dyspnea complaints per day 1.49 (1.04) 1.33 (0–9.50)

Pain No 387 (51.3)
Yes 367 (48.7)
Total no. of pain records 7.81 (12.20) 4 (0–134)
No. of pain complaints per day 0.65 (0.60) 0.5 (0–4.29)
complaint, pain complaint, ICU admission, and surgery—were
entered in the logistic regression.

The predictors of LOS were the presence of symptoms of
dyspnea and pain and ICU admission, and the model was
significant (NagelkerkeR2 = .338, P< .001). That is, patients
who had dyspnea symptoms had 3.63 times (95% confidence
interval [CI], 2.16–6.12) higher chance of staying in the hos-
pital longer than the average LOS compared with patients
who did not have dyspnea. Patients who complained of pain
had 3.29 times (95%CI, 2.18–4.95) higher chance of staying
in the hospital longer than the average LOS compared with
their counterparts. Patients who were admitted to the ICU
had 6.13 times (95% CI, 3.38–11.1) higher chance of longer-
than-average LOS (8.29 days) compared with patients who
were not admitted to the ICU. Because there was no
below-average LOS among patients who underwent an op-
eration, an operation was excluded from the analysis of pre-
dictors of LOS.

The predictors of death in hospital were dyspnea and
ICU admission, and the model was significant (Nagelkerke
R2 = .094, P < .001). That is, patients with dyspnea had
1.92 times (95%CI, 1.09–3.39) higher chance of dying during
their hospital stay compared with those who did not complain
of dyspnea, and patients who were admitted to the ICU dur-
ing their hospital stay had 3.27 times (95% CI, 1.76–6.09)
higher chance of dying during their hospital stay compared
with their counterparts (Table 4).
DISCUSSION
This study attempted to identify the symptoms among inpa-
tients with HF using nursing records and to examine the rela-
tionship between symptoms and patient outcomes. Because
the ENR provides the patient's condition, treatment results,
and nursing process, it is possible to obtain practical and quan-
titative information about nursing care and patient outcomes
from it.11 Whereas most studies that have examined patients'
symptoms have generally relied on a self-reported survey, this
study examined the relationship between patients' symptoms
and outcomes utilizing ENR.
Volume 39 | Number 12
Among 754 adult patients with HF, the male-to-female
ratio of this sample was 1:1.11. Themale-to-female ratio among
inpatients with HF in a Korean study analyzing data from 2013
to 2016 was 1:1.34,22 but 40% of patients with HF were women
in an Italian epidemiological study.23 These results show that the
sex ratio among patients with HF varies across countries. Fur-
ther, the mean age of the sample in the present study was
70.62 (SD 14.78) years, which was similar to that (72 years)
found in studies of this population in both Korea and other
countries.22,23 The mean LOS in the present study (8.92 [SD,
13.12] days) was similar to themean LOS found amongKorean
patients with HF (9 days),24 but the mean LOS among patients
with HF differed in studies in other countries, at 5.6 or
10 days.23,25 In a recent study, the 30-day readmission rate
was 27.56%, which differed from 4.2% of this study.25

A total of 67.8% of the patients complained of dyspnea
during their hospital stay, indicating that two-thirds of the
patients had dyspnea symptoms. These patients had an aver-
age of 1.49 dyspnea symptoms a day. Nearly half of the pa-
tients (48.7%) complained of pain during their hospital stay,
and they had an average of 0.65 pain complaints a day. This
suggests that although pain is a common symptom among
the HF population in an inpatient setting, dyspnea caused
by the illness more frequently occurs than does pain among
inpatients with HF. In fact, a study examining a 15-year
trend among patients hospitalized forHF found that worsen-
ing dyspnea is the most common symptom among these pa-
tients, affecting 93% of them.26 In contrast, a study on
outpatients with HF in a cardiology clinic and palliative care
center reported a pain rate of 84.4%,27 which differed from
the present results on inpatients with HF. This is because
dyspnea is a major health problem affecting patients hospi-
talized for HF. In contrast, outpatients with HF do not need
inpatient care for HF and thus are more affected by pain in
their daily lives than by dyspnea. Musculoskeletal pain is a
common type of pain among many patients diagnosed as
having HF, and it tends to be exacerbated as patients engage
in less physical activities with the progression of HF.5 Thus,
these results shed light on the need to study pain as well as
dyspnea among inpatients with HF in more depth.
CIN: Computers, Informatics, Nursing 1031
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Logistic regression revealed that patients' symptoms, par-
ticularly dyspnea, significantly predicted LOS and death in
hospital among inpatients with HF. “Worsening heart fail-
ure,” including dyspnea and fatigue, is a symptom causing
adverse outcomes and requiring interventions in inpatients,
and it has been reported that patients who show such signs
and symptoms in clinical practice had a high mortality
rate and longer LOS.28 This is similar to the results of the
present study showing that patients with dyspnea symptoms
are associated with such outcomes. On the other hand, a prior
multicenter study analyzing nursing records of older adult in-
patients diagnosed as having HF found “activity intolerance,”
“decreased cardiac output,” “deficient knowledge,” and “risk
of falls” to be among the top 10most common nursing diagno-
ses and that “pain management” and “skin surveillance” were
common nursing interventions.29 Although this study did not
analyze the total nursing records of HF patients but instead se-
lected and analyzed the major symptoms of HF patients based
on the corresponding nursing records, the diagnoses of “activ-
ity intolerance” and “decreased cardiac output” and the nurs-
ing intervention of “painmanagement” reflecting dyspnea and
pain in the previous study are in line with the findings of this
study. This suggests that studies utilizing nursing records can
take diverse approaches and that analyzing nursing records is
crucial in identifying patient symptoms, administering inter-
ventions, and examining patient outcomes.

In this study, the nursing records showed that pain evalu-
ation was performed even if the patient did not complain of
pain. In the dyspnea-related records, all records indicated
that the patient complained of dyspnea. In nursing practice,
pain assessment has been recognized as important, and many
healthcare institutions recommend periodic evaluation of
pain.10 The hospital of the present study also performs pain
evaluations in both inpatient and outpatient settings. The de-
velopment of patient-centered evidence-based practice and
an increase in the level of nursing are also possible through
ENR.11 Thus, it is important to structure nursing records
in EMR such that nurses can periodically assess and record
pain, which is common among inpatients, as well as com-
mon symptoms of the illness involved, such as dyspnea
among patients with HF, to enhance this type of practice
and the quality of care. This process could systematize the
nursing process from nursing assessment to nursing interven-
tion and activities appropriate for the chief complaint and
will have positive effects on patients' symptom management.
As nursing records organized in standard terminology can
be analyzed through various methods, which is expected to
have a positive impact on the development of big data re-
search using nursing records, the structured ENR is of great
benefit for research.30

In this study, the EMRs of adult patients hospitalized with
HF over a period of 3 years and 5 months were analyzed to
Volume 39 | Number 12
determine the relationship between their symptoms and out-
comes. One limitation of this study is the inability to analyze
diagnostic tests, such as echocardiography findings, labora-
tory results, and intake and output measurements, which
may affect the patients' symptoms, in addition to subjective
symptoms in patients with HF. Subsequent studies should in-
clude these types of data in their analysis. The significance of
this study is that it illuminates the roles of nurses through
their documentation, showing that patients' subjective symp-
toms directly related their outcomes.

CONCLUSION
This study strongly supports the hypothesis that the subjec-
tive symptoms such as dyspnea and pain of patients with
HF have significant associations with their outcomes. Devel-
oping and implementing interventions enabling more effec-
tive symptom monitoring and management for inpatients
would also have positive effects on patients and hospitals in
terms of cost. Instead of relying on self-reported question-
naires, which have previously been used in nursing studies
to measure and understand patients' symptoms, this study
extracted symptoms using ENR and analyzed the corre-
sponding patient outcomes. Healthcare organizations should
be well aware of the importance of documenting and reusing
systematically structured records related to patient symptoms
for further care plans and research. In particular, adding more
detailed information about the symptoms common for a partic-
ular illness in the nursing assessment section would lay a foun-
dation for providing customized nursing interventions for
patients. Most importantly, more big data studies utilizing
ENR should be conducted so this method can become one
type of frequently used and high-quality approaches for in-
vestigating patient symptoms and outcomes.
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