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Abstract

Aims Heart failure (HF) is a leading cause of hospitalization worldwide. An early HF diagnosis is key to reducing hospitaliza-
tions. We used electronic health records (EHRs) to characterize HF pathways at the primary care physician (PCP) level prior to a
first HF hospitalization (hHF). This study aimed to identify missed opportunities for HF diagnosis and management at the PCP
level before a first hHF.
Methods and results This cohort study used EHRs of a large health care organization in Portugal. Patients with incident hHF
between 2017 and 2020 were identified. Missed opportunities were defined by the absence of any of the following work-up in
the 6 months after signs or symptoms had been recorded: lab results and electrocardiogram, natriuretic peptides, echocardio-
gram, referral to HF specialist, or HF medication initiation. A total of 2436 patients with a first hHF were identified. The median
(interquartile range) age at the time of hospitalization was 81 (14) years, and 1361 (56%) were women. Most patients were
treated with cardiovascular drugs prior or at index event. A total of 720 (30%) patients had records of HF signs or symptoms,
94% (n = 674) within 6 months prior to hHF. Among patients with recorded HF signs or symptoms, 410 (57%) had clinical man-
agement considered adequate before signs and symptoms were recorded. Of the 310 remaining patients, 155 (50%) had a
follow-up that was considered inadequate.
Conclusions Relatively few patients with a first hHF had primary care records of signs or symptoms prior to admission. Of
these, nearly half had inadequate management considering diagnosis and treatment. These data suggest the need to improve
PCP HF awareness.
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Introduction

Heart failure (HF) is a leading cause of hospitalization world-
wide. In western societies, HF is the leading cause of hospital-
ization among the elderly (>65 years).1 With an aging popu-
lation, both incidence and prevalence of HF are expected to
increase, providing pressure on health care systems particu-
larly due to hospitalizations.2 Thus, strategies to mitigate
the burden of HF hospitalizations (hHFs) are needed.

To decrease hHFs, first, one needs to be aware, identify,
and record HF signs and symptoms in electronic health re-
cords (EHRs), so that patients can be diagnosed at an early
stage of the disease, allowing the implementation of ade-
quate HF management to improve health status and decrease
hospitalizations and mortality. For example, a comprehensive
therapy comprising an angiotensin receptor-neprilysin inhibi-
tor (ARNI), a sodium glucose co-transporter 2 inhibitor
(SGLT2i), a mineralocorticoid receptor antagonist (MRA),
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and a beta-blocker may provide a relative reduction of
hHFs > 60% compared with a regimen including an
angiotensin-converting enzyme inhibitor (ACEi) or angioten-
sin receptor blocker (ARB) and a beta-blocker.3

Despite the progress in HF treatments, many patients liv-
ing with HF will remain undiagnosed and, as consequence,
poorly treated due to deficient identification and recording
of HF signs and symptoms, particularly in primary care, where
most health-related contacts occur.4

To better understand the patient’s pathway within the
health care system in the years preceding an hHF, we used
EHRs linking primary care physician (PCP) and hospital re-
cords, allowing to trace signs, symptoms, medical exams,
lab and imaging results, and medications over time in an inte-
grated electronic system in the northern region of Portugal.
Therefore, this project (eTREAT: electronic health records to
TRigger EArly Treatment) aimed to identify missed opportuni-
ties for diagnosing and treating HF before hHF occurs, that is,
opportunities that could potentially have prevented hHF if
not missed.

Material and methods

Study design and participant selection

The eTREAT is an observational cohort study of patients
followed at the Unidade Local de Saúde de Matosinhos
(ULSM). The ULSM is a large health care organization includ-
ing 14 primary care centres assisted by one hospital that pro-
vides primary, secondary, and tertiary care services to the re-
gion of Matosinhos in the north of Portugal, reflecting the
activity of over a thousand medical doctors across different
specialties.

We identified adult patients (aged ≥18 years) who had a
first hHF (index event) between 1 January 2017 and 31 De-
cember 2020. hHF was defined by a primary/first ICD-9
(404.03, 404.13, 404.93, or 428) or ICD-10 (I11.0, I13.0,
I13.2, or I50) code or one of these codes in any position pro-
vided that the first diagnosis included atrial fibrillation, respi-
ratory tract infection, or renal failure in the EHR data. To be
considered as a first hHF episode, the patient was required
to have at least 365 days of EHRs, and no prior hHF ever re-
corded. Valvular heart disease and acute coronary syndromes
were excluded because these are HF causes per se and HF
may be reverted if the cause is treated.

Assessment of missed opportunities

Potential missed opportunities for HF diagnosis and manage-
ment were assessed within the 5 years preceding the index
date of hHF. Most patients have primary care appointments
before requiring hospital appointments or treatments; there-

fore, missed opportunities for HF diagnosis and treatment fo-
cused on the PCP level. In short, we included all health care
contacts within the defined time frame to build the patient
journey within the health care system. Specifically, we auto-
matically searched for PCP records of HF signs and symptoms,
plus electrocardiogram (ECG) abnormalities, abnormal echo-
cardiographic parameters, raised natriuretic peptide levels
[N-terminal pro-brain natriuretic peptide (NT-proBNP) or
B-type natriuretic peptide (BNP)], and initiation of HF medica-
tions (loop diuretics, MRAs, ACEi/ARBs, ARNIs, beta-blockers,
and SGLT2is). Natural language processing and ICPC-2 codes
for symptoms were used to retrieve written information in
the medical registries. The search process was implemented
through an automated scan of all clinical notes recorded for
terms and expressions of interest described in Supporting In-
formation, Table S1. Two authors (T. T. G. and M. C. P.) per-
formed and validated this step of the analysis. An abnormal
echocardiographic result was considered by any of the fol-
lowing: left ventricular ejection fraction (LVEF) < 50%, left
atrium dilation and/or left ventricular hypertrophy (charac-
terized by a left atrial volume indexed > 34 mL/m2 or a left
ventricular mass indexed ≥ 115 g/m2 in men or ≥95 g/m2 in
women or relative wall thickness > 0.42 mm), or a pulmo-
nary artery systolic pressure > 35 mmHg. An abnormal ECG
was considered if recorded by the PCP as ‘abnormal’ (any ab-
normality was considered as a ‘positive’ result).

In Portugal, it may take some time (often >6 months) to
have an echocardiogram performed and fully reported, and
natriuretic peptides are not reimbursed if ordered by a PCP;
thus, we considered a broad range of options for the PCP
to manage HF in a way considered ‘adequate’ after signs
and symptoms had been reported. Options for HF manage-
ment by PCP included ordering basic lab results plus an
ECG, referring the patient to an HF specialist, initiating HF
medications, and ordering an echocardiogram or natriuretic
peptides. Accordingly, we considered the following possible
patient pathways for HF management:

1) If HF signs or symptoms had been documented/recorded,
then we considered that at least one of the following
should occur (be performed) within the following
6 months: (i) electrolytes, creatinine, haemogram, and
ECG; (ii) NT-proBNP/BNP; (iii) transthoracic echocardio-
gram; (iv) hospital referral to internal medicine or cardiol-
ogy appointments; or (v) HF medication initiation.

2) If HF signs or symptoms had been documented/recorded
AND there was an abnormal ECG, then at least one of the
following should occur (be performed) within 6 months:
(i) NT-proBNP/BNP; (ii) echocardiogram; (iii) hospital re-
ferral to internal medicine or cardiology appointments;
or (iv) HF medication initiation.

3) If HF signs or symptoms had been documented/recorded
AND an abnormal echocardiogram was identified, then at
least one of the following should occur (be performed)
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within 6 months: (i) NT-proBNP/BNP; (ii) hospital referral
to internal medicine or cardiology appointments; or (iii)
HF medication initiation.

4) If HF signs or symptoms had been documented/recorded
AND an abnormal NT-proBNP/BNP was present, then at
least one of the following should occur (be performed)
within the following 6 months: (i) echocardiogram; (ii)
hospital referral to internal medicine or cardiology ap-
pointments; or (iii) HF medication initiation.

5) If HF signs or symptoms had been documented/recorded
AND an abnormal NT-proBNP/BNP was present AND an
abnormal echocardiogram was identified, then at least
one of the following should occur (be performed) within
6 months: (i) hospital referral to internal medicine or car-
diology appointments; or (ii) HF medication initiation.

The following scenarios were not considered for the as-
sessment of potential missed opportunities:

6) abnormal NT-proBNP/BNP AND abnormal echocardio-
gram AND HF medication initiated prior to the reporting
of signs and symptoms; and

7) patients followed in outpatient internal medicine or cardi-
ology hospital appointments prior to the reporting of
signs and symptoms.

Statistical analysis

Continuous variables were reported as median and interquar-
tile range. Categorical variables were presented as absolute
and relative frequencies. Baseline characteristics were com-
pared between groups using the χ2 test for categorical vari-
ables and the Wilcoxon test for continuous variables. Signifi-
cance threshold was set at 0.05. We developed analytical
programmes using VERO technology that were compiled for
a target data infrastructure built upon Apache Spark Frame-
work Version 3.2.1 and source data harmonized according
to the OMOP CDM 5.4 standard. The package implements a
complete data engineering pipeline to transform the source
data into the final dataset as well as execution of statistical
analysis and generation results reports.

Ethics approval and data processing

This study was approved by the Ethics Committee and Data
Protection Officer of ULSM (translated from Comissão de
Ética para a Saúde da Unidade Local de Saúde de
Matosinhos) under approval code no. 21/CE/JAS of 12-02-
2021. All data processing and analysis operations were devel-
oped using VERO technology and sent for execution at the
ULSM data centre. VERO compiles analytic programmes tai-
lored for each study centre and sends them to execution in

a fully automated fashion. No data were extracted outside
the ULSM, and none of the researchers had access to
patient-level data. As an additional degree of security, proc-
essed data were de-identified by the ULSM Information Tech-
nology Department prior to the analytic code execution
according to the Health Insurance Portability and Account-
ability Act (HIPAA) Safe Harbour standard.

Results

Patient characteristics

We identified a total of 2436 patients with a first hHF in the de-
fined time frame, 1716 (70.4%) without HF signs and symp-
toms recorded in the EHR, and 720 (29.6%) with HF signs
and symptoms recorded prior to the index hHF. Compared
with patients without HF signs and symptoms recorded, those
with recorded signs and symptoms were slightly older (82 vs.
81 years), were more frequently women (62% vs. 53%), had
lower serum potassium levels (4.2 vs. 4.3 mmol/L), had lower
prevalence of type 2 diabetes (62% vs. 65%), had less frequent
history of myocardial infarction (15% vs. 20%), had higher
prevalence of arterial hypertension (91% vs. 86%), and were
using loop diuretics more frequently (65% vs. 61%) (P < 0.05
for all). Patients with HF signs and symptoms recorded had
lower left ventricular mass indexed (84 vs. 87 g/m2) and lower
left atrial diameter (50 vs. 51 mm) (P < 0.05 for all) and had
numerically lower levels of BNP (241 vs. 260 pg/mL) and NT-
proBNP (3023 vs. 2340 pg/mL) than patients without HF signs
and symptoms recorded. The proportion of patients with an
LVEF < 40% reported was low (<7%) and similar regardless
of signs and symptoms reported (Table 1).

Patient patterns prior to heart failure
hospitalization

Of the 720 (30%) patients with HF signs or symptoms re-
corded, 674 (94%) had signs or symptoms recorded within
6 months prior to hHF, and 486 (68%) had signs or symptoms
recorded within 30 days prior to hHF (Supporting Informa-
tion, Table S2).

Most frequently recorded signs or symptoms included
swollen limbs (n = 190, 26.4%), weight gain (n = 154,
21.4%), dyspnoea/breathlessness (n = 152, 21.1%), difficulty
completing activities (n = 146, 20.3%), and rales and periph-
eral oedema (n = 141, 19.6%) (Supporting Information,
Table S3).

A total of 1505 (62%) patients had a loop diuretic pre-
scribed at any point in time before the index hHF event, with
a greater proportion of loop diuretic prescription among pa-
tients with signs or symptoms recorded (n = 467, 65%) than
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Table 1 Clinical characteristics, comorbidities, and medications of patients hospitalized for heart failure

HF patients without signs or
symptoms recorded

HF patients with signs or
symptoms recorded P

Eligible patients 1716 720
Female, n (%) 914 53.3 447 62.1 <0.001
Age, years, P50 (P25–P75) 81 72–87 82 75–87 0.005

Clinical measurements P50 P25–P75 % NA P50 P25–P75 % NA
BMI, kg/m2 27.9 24–32 8.9 27.9 24.8–31.7 3.9 0.60
SBP, kg/m2 136.0 124–146 5.6 136.0 122.0–147.0 1.5 0.69
DBP, kg/m2 74.5 67–82 5.6 76.0 67.0–84.0 1.5 0.17

Laboratory measurements P50 P25–P75 % NA P50 P25–P75 % NA
Haemoglobin, g/dL 12.1 10.7–13.6 0.2 12.1 10.7–13.4 0.0 0.33
Potassium, mEq/L 4.3 3.9–4.7 0.5 4.2 3.8–4.6 0.3 <0.001
HbA1c, % 6.1 5.5–7.4 1.0 6.1 5.4–7.1 0.1 0.16
BNP, pg/mL 260 105–616 49.2 240 110–576 49.6 0.65
NT-proBNP, pg/mL 2339 749–6441 79.4 3023 1113–7308 81.7 0.21
Creatinine, mg/dL 1.1 0.8–1.6 0.5 1.1 0.8–1.5 0.0 0.004
UACR, mg/g 21.2 8.1–79.5 25.3 21.5 7.8–66.5 21.1 0.63
LDL-C, mg/dL 100.0 79.2–126.0 5.9 101.0 81.0–126.9 1.3 0.45

Echocardiography measurements P50 P25–P75 % NA P50 P25–P75 % NA
Left atrial volume, mL 43.0 39.0–47.0 43.2 42.0 38.0–46.0 41.0 0.24
Left atrial volume index, mL/m2 23.9 21.4–26.7 44.9 24.2 21.4–26.1 41.8 0.62
LV mass, g 155.9 131.9–181.6 43.4 145.8 127.0–172.6 41.1 0.001
LV mass index, g/m2 87.2 74.1–101.8 44.9 83.9 73.2–96.8 41.9 0.011
Left atrial diameter, mm 51.0 47.0–55.0 43.2 50.0 46.0–54.0 40.8 0.016
LV ejection fraction, % 58.0 48.8–63.3 51.1 59.0 53.0–64.0 46.0 0.14
LV ejection fraction < 40%a 116 6.8 46 6.4 0.93
LV posterior wall thickness, mL 10.0 9.0–11.0 43.7 10.0 9.0–10.0 41.1 0.013
Interventricular septum thickness, mm 11.0 10.0–12.0 43.5 11.0 10.0–12.0 40.8 0.036

Comorbidities N % N %
Type 2 diabetes 1111 64.7 445 61.8 0.021
Chronic kidney disease 1001 58.3 405 56.3 0.131
Obesity 561 32.7 239 33.2 <0.001
Hypercholesterolaemia 473 27.6 193 26.8 <0.001
CV disease 1689 98.4 709 98.5 0.99
Arterial hypertension 1479 86.2 657 91.3 <0.001
Atrial fibrillation 865 50.4 365 50.7 0.93
Stable angina 359 20.9 128 17.8 0.086
Transient ischaemic attack 46 2.7 31 4.3 0.049
Atherosclerotic CV disease 763 44.5 302 41.9 0.27
Stroke 419 24.4 190 26.4 0.33
Myocardial infarction 344 20.1 106 14.7 0.002
Peripheral artery disease 246 14.3 94 13.1 0.44
Unstable angina 124 7.2 59 8.2 0.46

Cardiovascular medications N % N %
Aldosterone antagonists 237 13.8 87 12.1 0.28
Anticoagulants 568 33.1 258 35.8 0.21
Antiplatelets 987 57.5 405 56.3 0.6
Beta-blockers 1018 59.3 402 55.8 0.12
SGLT2is 127 7.4 29 4.0 0.002
Calcium channel blockers 867 50.5 383 53.2 0.25
Digitalis 132 7.7 73 10.1 0.057
Direct oral anticoagulants 333 19.4 150 20.8 0.45
Diuretics 1233 71.9 562 78.1 0.002
Loop diuretics 1038 60.5 467 64.9 0.048
Low-dose aspirin 907 52.9 382 53.1 0.96
Nitrates 337 19.6 146 20.3 0.76
P2y12 antagonists 326 19 121 16.8 0.22
Renin-angiotensin-system-acting agents 1457 84.9 633 87.9 0.06
Angiotensin-converting enzyme inhibitors 1120 65.3 478 66.4 0.63
Angiotensin receptor blockers 942 54.9 421 58.5 0.12
Angiotensin receptor-neprilysin inhibitors 62 3.6 15 2.1 0.12

Thiazides 13 0.8 6 0.8 0.99
Vitamin K antagonists 310 18.1 149 20.7 0.15

BMI, body mass index; BNP, B-type natriuretic peptide; CV, cardiovascular; DBP, diastolic blood pressure; HbA1c, glycated haemoglobin;
HF, heart failure; LV, left ventricular; NA, not applicable; NT-proBNP, N-terminal pro-brain natriuretic peptide; SBP, systolic blood pressure;
SGLT2is, sodium glucose co-transporter 2 inhibitors; UACR, urine albumin–creatinine ratio.
aAbsolute numbers and percentages provided.
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in those without recorded signs or symptoms (n = 1038, 61%,
P = 0.048). Most patients were on stable furosemide doses of
40 mg/day, regardless of signs or symptoms being recorded
(±98% in each group). Few (n = 130) patients started a loop
diuretic de novo within the 6 months prior to admission, with
a more frequent loop diuretic initiation among patients with
signs or symptoms recorded (n = 52 out of 253, 20.6%) than
in those without recorded signs or symptoms (n = 78 out of
678, 11.5%, P ≤ 0.001) (Supporting Information, Table S4).

Most patients (n = 2103, 86%) presented to the emergency
room (ER) within the 24 h preceding the hospital admission.
ER presentation was more common among patients with
signs or symptoms recorded (n = 467, 90.0%) than in those
without recorded signs or symptoms (n = 1458, 85.0%,
P = 0.003).

Missed opportunities of heart failure diagnosis
and management

Of the 720 patients with HF signs or symptoms recorded, 362
(50%) had HF management considered adequate prior to
signs and symptoms being reported, and 48 (7%) were
followed up in cardiology or internal medicine outpatient
hospital appointments (Figure 1).

Of the 310 patients with documented HF signs and
symptoms considered for the assessment of potential

missed opportunities, 166 (54%) patients had an abnormal
ECG; among these, 137 (44%) patients had an abnormal
echocardiogram; 102 (33%) patients had raised natriuretic
peptides; among these, 37 (12%) patients in the study pop-
ulation had raised natriuretic peptides and an abnormal
echocardiogram.

Among those patients with an abnormal ECG, 76 (46%)
were considered to have inadequate HF management be-
cause they did not initiate HF treatment, nor were referred
to cardiology or internal medicine hospital appointments,
nor were ordered natriuretic peptides, nor performed an
echocardiogram.

Among those patients with an abnormal echocardiogram,
62 patients (45%) were considered to have inadequate HF
management because they did not initiate HF treatment,
nor were referred to cardiology or internal medicine hospital
appointments, nor were ordered natriuretic peptides.

Among those patients with raised natriuretic peptides, 97
(95%) were considered to have inadequate HF management
because they did not initiate HF treatment, nor were referred
to cardiology or internal medicine hospital appointments, nor
performed an echocardiogram.

Among those patients with raised natriuretic peptides and
an abnormal echocardiogram, 34 (92%) were considered to
have inadequate HF management because they either did
not initiate HF treatment or were referred to cardiology or in-
ternal medicine hospital appointments (Figure 2).

Figure 1 Study flow diagram. GP, general practitioner; HF, heart failure.
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Discussion

This work using ‘real-world’ EHR data allowed us to map the
patient pathway in the health care system before a first hHF.
The most striking finding was that <30% of the patients had
any HF sign or symptom recorded in the PCP registries. Addi-
tionally, in 50% of patients with recorded HF signs or symp-
toms, HF management in the following 6 months was consid-
ered inadequate. These data suggest that increased
awareness and documentation of HF signs and symptoms
are needed at the PCP level to identify HF earlier and poten-
tially improve outcomes.

Interestingly, compared with patients without HF signs and
symptoms recorded, those with HF signs and symptoms had
lower left ventricular mass, left atrial diameter, and natri-
uretic peptide levels, suggesting that many patients with
hHF had HF that was unclassified prior to hospitalization. Still,
with the exception of loop diuretics which use was slightly
more frequent among patients with HF signs and symptoms
recorded, the proportion of other HF treatments (e.g.
ARBs/ARNIs and MRAs) was similar regardless of signs and
symptoms being recorded. Two possible explanations may
account for this finding: (i) PCPs correctly diagnosed HF but
did not record signs and symptoms, or (ii) HF medications
were used for other indications such as arterial hypertension,
diabetes, atrial fibrillation, coronary artery disease, or chronic
kidney disease, for example. Regardless of the reason behind

the absence of HF signs and symptoms records, the data sug-
gest that patients with HF signs and symptoms had more pro-
nounced volume overload due to the more frequent prescrip-
tion of loop diuretics. SGLT2is were not recommended for
the treatment of HF at the time this study was conducted,
and differences in their use may reflect patterns of practice
in the treatment of diabetes mellitus. It is also important to
highlight that more than 55% of patients with HF signs and
symptoms already had management that was considered ad-
equate prior to the recording of HF signs and symptoms, be-
cause such patients had measured natriuretic peptides, per-
formed echocardiogram, and started HF medication or had
been referred to cardiology or internal medicine hospital ap-
pointments. The most likely explanation for this finding is
that PCP ordered natriuretic peptides and an echocardiogram
and started medication because they suspected the patient
suffered from HF but only recorded signs and symptoms after
receiving the results of the exams or after referring the pa-
tient to a hospital appointment.

In the group of patients with HF signs and symptoms re-
corded, half of these (155 of 310) had an HF management
that was considered inadequate, because blood samples,
ECG, natriuretic peptides, and echocardiogram were not or-
dered, HF medication was not started, or cardiology or inter-
nal medicine hospital referral had not been performed. It is
also worth noting that most patients had HF signs and
symptoms recorded within the 6 months preceding hHF,

Figure 2 Action for heart failure (HF) management executed taken per clinical presentation in HF patients with signs or symptoms and opportunity for
HF work-up. Management action had to be taken at most 6 months or index date after clinical presentation, whichever comes first. Not applicable (NA)
indicates management actions that are not clinically relevant for a given clinical presentation. Patients contribute at most once to each clinical presen-
tation category. Patients may contribute to more than one clinical presentation category. Management actions are not mutually exclusive. Natriuretic
peptide (NP) measurements consider B-type natriuretic peptide or N-terminal pro-brain natriuretic peptide. *Started a beta-blocker, a
renin-angiotensin axis inhibitor, a sodium glucose co-transporter 2 inhibitor, an aldosterone antagonist, or a diuretic. **Referred to outpatient internal
medicine or cardiology. ECG, electrocardiogram.
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suggesting that patients were identified late in the course of
HF and were already in an advanced stage of their disease
when signs and symptoms were first recorded.

The proportion of patients with an LVEF < 40% was low
(<7%) and did not differ by signs and symptoms being re-
corded or not. Despite that LVEF assessment was missing in
around 50% of the study population, these data suggest that
most patients presenting with hHF had HF with mildly re-
duced or preserved ejection fraction (i.e. HFmrEF or HFpEF);
numbers suggest a higher incidence of hospitalized HFmrEF/
HFpEF than reported in other studies.5–8 This predominance
of HFmrEF/HFpEF is likely linked to the fact that, in Portugal,
most patients with HF with reduced ejection fraction (HFrEF)
are followed at hospital appointments (of either cardiology or
internal medicine) and no longer attend PCP appointments,
thus being excluded from our study.

It is worth noting that HFpEF prevalence is increasing over
time along with aging of the population and the accumula-
tion of comorbid conditions and is currently the most fre-
quent form of HF, despite limited treatment options even af-
ter the advent of SGLT2i.9–13

Current HF guidelines are clear in the definition of HF, and
such definition always requires recording of signs and symp-
toms regardless of HF stage, phenotype, or ejection
fraction.14–16 The finding that, in our study, most patients
with an hHF never had signs or symptoms recorded by PCP
in EHR is important per se, highlighting the need for improv-
ing HF awareness among PCP including the importance of re-
cording signs and symptoms, which may lead to a more per-
sonalized treatment tailored to patient’s health status and
will also help inform other health professionals about the
evolution of HF signs and symptoms over time for each pa-
tient. Not less important is that recording signs and symp-
toms will also help inform the patient about his or her HF sta-
tus and raise awareness to identify early hints of clinical
deterioration that may potentially be handled in the outpa-
tient setting, thus avoiding unnecessary ER visits and
hospitalizations.17

Our study also showed that even after signs and symptoms
had been recorded, 50% of the patients did not undergo ad-
equate HF management because in the 6 months following
the recording HF signs and symptoms, basic lab results and
an ECG were not ordered, the patient was not referred to
an HF specialist, HF medications were not initiated, or an
echocardiogram or natriuretic peptides were not ordered.
Regarding the natriuretic peptide issue, there is a need to ap-
ply a fair reimbursement strategy when natriuretic peptides
are ordered by PCP in Portugal to be aligned with current
HF guidelines.14–16

Other external studies also showed that most patients had
their first HF diagnosis upon a hospitalization and that most
patients diagnosed with HF did not follow a pathway sup-
ported by guidelines for investigation, referral, and treatment
of HF.18 Our study suggests that issues with HF diagnosis and

management are present across different countries and
health care systems. Together, these findings strongly support
the need to raise awareness about HF diagnosis, manage-
ment, and treatment by PCPs.

Several limitations should be acknowledged in our study.
EHR data were entered by PCPs during routine consultations
and not for the purpose of research. Thus, from the data, it is
apparent that many patients had performed an echocardio-
gram and natriuretic peptides and started HF medication
even in the absence of signs and symptoms records, suggest-
ing that PCPs might have thought about the possibility of HF
diagnosis, but they did not register in the EHRs. The study pe-
riod encompassed the initial COVID-19 lockdown from March
to December 2020. EHR data density for the population in-
cluded in this study was similar before and during COVID-19
lockdown, and thus, we consider the impact of COVID-19 in
our data due to be minimal. As is typical of EHR studies, we
cannot establish causality between a given exam or treat-
ment and HF, because such exams and treatments might
have been ordered/prescribed for other reasons (both car-
diovascular and non-cardiovascular). In Portugal, most pa-
tients with an ejection fraction < 40% are followed exclu-
sively at hospital appointments; therefore, our study is
biased towards including mostly patients with higher ejection
fractions, which limits the generalizability of our results to pa-
tients with HFrEF. Our study only includes survivors with an
hHF; thus, we did not capture patients with signs and symp-
toms who died before the first hHF.

Conclusions

Using ‘real-world’ EHR data, this study mapped patients’
pathway before a first hHF. The most striking finding was that
only around one-third of the patients had any HF sign or
symptom recorded before the first hHF and that nearly half
had an HF management that was considered inadequate
even after HF signs or symptoms had been recorded. These
data suggest that there is a need to improve patient and
PCP awareness to identify and record HF signs and symptoms
for an earlier guideline-directed management, potentially im-
proving outcomes.
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