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Aims To evaluate the impact of an outpatient care management programme that includes a clinician-to-clinician e-consultation on 
delay time in care, hospital admissions, and mortality in a high-risk group of patients with heart failure (HF) and previous 
episodes of HF hospitalization (HFH).

Methods 
and results

We selected 6444 HF patients who visited the cardiology service at least once between 2010 and 2021. Of these, 4851 were 
attended in e-consult, and 2230 had previous HFH. Using an interrupted time series regression model, we analysed the im
pact of incorporating e-consult into the healthcare model in the group of patients with HFH and evaluated the elapsed time 
to cardiology care, HF, cardiovascular (CV), and all-cause hospital admissions and mortality, calculating the incidence relative 
risk (iRR). In the group of patients with HFH, the introduction of e-consult substantially decreased waiting times to 
cardiology care (8.6 [8.7] vs. 55.4 [79.9] days, P < 0.001). In that group of patients, after e-consult implantation, hospital ad
missions for HF were reduced (iRR [95%CI]: 0.837 [0.840–0.833]), 0.900 [0.862–0.949] for CV and 0.699 [0.678–0.726] for 
all-cause hospitalizations. There was also lower mortality (iRR [95%CI]: 0.715 [0.657–0.798] due to HF, 0.737 [0.764–0.706] 
for CV and 0.687 [0.652–0.718] for all-cause). The improved outcomes after e-consultation implementation were signifi
cantly higher in the group of patients with previous HFH.

Conclusion In patients with HFH, an outpatient care programme that includes an e-consult significantly reduced waiting times to 
cardiology care and was safe, with a lower rate of hospital admissions and mortality in the first year.
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Introduction
Despite the progress made in heart failure (HF) management, the inci
dence of worsening HF episodes requiring ambulatory treatment intensi
fication, emergency department visits, and hospitalization remains high. 
Early clinical assessment and treatments are necessary to prevent a pro
gressive clinical deterioration that leads to disease progression, functional 
capacity deterioration, and hospitalization.1 Most of these episodes are ini
tially evaluated by primary care physicians (PCPs) followed by a referral for 
specialist care (cardiologist or internal medicine) in most cases. A health
care organization is needed that allows for early management of such wor
sening episodes, including specialist care, to prevent disease progression 
and improve clinical outcomes.2

Various digital health technologies have been proposed to improve pa
tient accessibility to care and early recognition and management of clinical 
manifestations associated with congestion.3 However, most experiences 
describe the results of digital health programmes for communication be
tween patients and health professionals, including tele-visits/virtual visits, re
mote monitoring and management, patient engagement with care activities, 
and consumer/patient access to clinical data, with very limited data on ex
periences aimed at improving communication between health providers.4–6

Clinician-to-clinician electronic consultation programmes (e-consults) 
are an emerging healthcare innovation developed to address excess wait 

times for specialist care by enabling PCPs to obtain a specialist consul
tant’s expert opinion in a timely manner. E-consultation is defined by 
three characteristics as follows: (i) asynchronous communication be
tween two healthcare professionals; (ii) performance of both the con
sultation and the response in a secure electronic system and their 
documentation in the patients’ official medical records; and (iii) the man
agement of a specific clinical problem in the entire medical act. While 
other alternatives for health professional interchange of patient’s clinical 
information have been described, we believe that the models using insti
tutional clinical health records are the most efficient and secure models 
for performing this type of ambulatory care.7,8

A clinician-to-clinician e-consultation programme may not only im
prove the accessibility to care but may also impact patient outcomes, 
particularly in HF patients with a previous episode of hospitalization 
(HFH), group of patients associated with a worse outcome.2

We aimed to evaluate the impacts on delay time in care, hospital admis
sions, and mortality resulting from the use of an outpatient care manage
ment programme that includes a clinician-to-clinician e-consultation using 
the integrated electronic medical record in a healthcare area with a widely 
dispersed population compared to previous face-to-face visits for all the 
PCP referrals in a high-risk group of patients with HF and previous epi
sodes of HF hospitalization.
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Table 1 Clinical and healthcare characteristics and prognostic events in the sample by care models

Total Without previous hospitalizations With previous hospitalizations P

6444 4214 2230

Agea (years) 77.7 (9.7) 77.6 (9.7) 77.9 (9.8) 0.267

Women (%) 49.6% 51.5% 46.0% <0.001
Comorbidities

Arterial hypertension (%) 78.8% 79.7% 77.0% 0.013

Diabetes mellitus (%) 34.5% 31.1% 40.9% <0.001
Ischaemic heart disease (%) 20.7% 19.9% 22.2% 0.036

Atrial fibrillation (%) 44.9% 46.3% 42.2% 0.002

Cerebrovascular disease (%) 8.5% 8.3% 8.9% 0.380
Peripheral arterial disease (%) 7.3% 6.7% 8.5% 0.008

Consultation model. Periods <0.001

In-person consultation 35.6% 40.3% 26.9%
E-consult 64.4% 59.7% 73.1%

E-consultation resolution

E-consult solves (%) 17.7% 17.0% 18.8% 0.171
1 single-act consultation (%) 39.7% 39.8% 39.6%

Follow-up visits (%) 42.6% 43.2% 41.6%

Delay to in-person consultation
Time to answera (days) 25.0 (53.5) 27.2 (53.9) 21.0 (52.5) <0.001

<8 days (%) 50.3% 46.4% 57.7% <0.001

8–14 days (%) 16.0% 16.1% 15.8%
15–30 days (%) 16.1% 17.5% 13.5%

>30 days (%) 17.6% 20.0% 13.0%

Healthcare activity
Cardiovascular testa,b 1.56 (2.29) 1.52 (2.29) 1.63 (2.29) 0.053

Emergency department consultationsa,b (1 year) 3.7 (5.8) 3.92 (6.21) 3.21 (5.06) <0.001

Emergency department consultationsb (%) 69.7% 68.1% 72.9% <0.001
Hospitalizationsb

All-cause hospitalizationsb (%) 22.0% 15.2% 34.9% <0.001

CV hospitalizationsb (%) 14.9% 8.3% 27.3% <0.001
HF-related hospitalizationsb (%) 9.3% 2.4% 22.4% <0.001

Deathsb

All-cause deathsb (%) 9.4% 6.3% 15.2% <0.001
CV deathsb (%) 4.8% 2.8% 8.6% <0.001

HF-related deathsb (%) 1.3% 0.7% 2.5% <0.001

Death causesc

Ischaemic cardiopathy (%) 10.2% 9.9% 10.6% <0.001

HF (%) 14.2% 12.2% 16.5%

Cancer (%) 11.5% 14.6% 7.9%
Valvulopathy (%) 4.7% 4.7% 4.6%

Ischaemic stroke (%) 3.2% 3.1% 3.2%

COPD (%) 4.1% 4.7% 3.4%
Chronic kidney disease (%) 1.6% 2.3% 0.7%

Respiratory infection (%) 2.2% 2.1% 2.4%

Atrial fibrillation (%) 3.3% 3.1% 3.6%
Haemorrhagic stroke (%) 0.9% 0.8% 1.1%

Statistics: χ2 test, statistical significance at P < 0.05. 
CV, cardiovascular; HF, heart failure; COPD, chronic obstructive pulmonary disease. 
aMean ± (standard deviation). 
bFirst year after the e-consultation. 
cPercentages over the total number of deaths.
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Methodology
Patient population
The Cardiology Department (CD) and 301 PCP in the Santiago de 
Compostela healthcare area provide coverage to a population of 
446 603 individuals. For the current analysis of our database, we in
cluded 6444 patients with previous diagnosis of HF referred to the 
CD from 2010 to 2021. We compared the patients in two groups as 
follows: those who had never been hospitalized due to worsening HF 
(n = 4214) and those with a history of previous HFH (n = 2230).

Ethics approval
This study was approved by the local ethics committee on 23 March 
2022, with reference number 2021/496. Registers were pseudony
mized by an external expert in big data analysis, and is not requested 
an individual informed consent.

Consultation models
We analysed two distinct time periods. From 2008 to 2012, the CD 
used an outpatient model based on a single in-person consultation, dur
ing which the cardiologist had to resolve the reason for patient’s visit 
and order any necessary complementary test. Since 2013 to the pre
sent day, an e-consult has been added as the initial step, allowing us 
to triage referrals and determine whether an in-person consultation 
is necessary.8 Following the in-person consultation in both models, 
some patients required cardiology follow-up visits.

The e-consult takes place via our integrated electronic health record, 
which contains all patient information from primary care and hospitals 
across the Spanish region of Galicia. The e-consult must include all clinically 
relevant information, and a cardiologist reviews it a few days later along 
with any additional tests performed in primary care (e.g. electrocardio
grams, chest X-rays, and blood tests) and relevant information about 
the patient’s disease history (e.g. prior hospitalizations for HF and their 

timing). Based on all this information, the cardiologist determines the 
most appropriate type of consultation for each patient. This cardiologist 
may resolve the consultation without requiring an in-person visit by 
recording the answer to the e-consultation in the same electronic health 
record or may schedule an in-person single-act consultation.

The characteristics of our ambulatory outpatient care programme, 
which includes an e-consultation as first step, have been previously 
described.8

Variables
The available information for all the patients included sex, age at the 
time of first e-consultation, date of the e-consultation, diagnoses re
lated to cardiovascular risk factors and previous history of CVD, date 
of cardiology consultation, number of follow-up consultations, previous 
HFH, and whether a face-to-face consultation was conducted after the 
e-consultation. Additionally, we assessed emergency department visits, 
hospital admissions, the main diagnosis for each visit, and deaths during 
the first year after the first consultation or e-consultation in the CD.8,9

In addition to the descriptive analysis discussed above, we conducted an 
analysis of temporal trends in waiting times for CD consultations, hospital 
admissions, and mortality during the first year after consultation.

Statistics
We have designed a retrospective analytical study with the clinical and 
administrative data included in the electronic clinical record of all the 
patients who received assistance in our health area.

Qualitative variables were expressed as percentages (%), and quan
titative continuous variables as means (standard deviation—SD), after 
to confirm the normal distribution with Kolmogorov–Smirnov test. 
To verify differences between groups, we used the χ2 test for qualitative 
variables and the t-test for quantitative variables. We considered stat
istical significance at P < 0.05.

To investigate the impact of the e-consultation programme on delay 
time in care, hospital admissions, and mortality in both groups of 

Figure 1 Analysis of the interrupted temporal trends of elapsed time to care in both groups.
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Figure 2 Analysis of the interrupted temporal trends of hospital admissions for all-cause (A), cardiovascular disease (B), and heart failure (C ) in the 
first year after consultation in both genders. CV, cardiovascular.
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analyses, we performed an interrupted time series (ITS) regression ap
proach.10 Predictors entered in the model included time elapsed from 
the beginning of the study (months), type of consultation (0, in-person 
consultation; 1, e-consultation), and interaction time × type of consult
ation. We considered and controlled for overdisposition and estimated 
the incidence relative risk (iRR) with a 95% confidence interval for each 
outcome in three periods. The outcomes included in these analyses 
were HF-related, CV, and all-cause hospitalizations and deaths occur
ring up to 1 year after the first cardiologist evaluation.

We performed a multivariate logistic regression for each of these out
comes in both groups. The variables included in the model were chosen 
according two criteria as follows: (i) those with proven influence on the 
prognosis of HF, or (ii) showed differences between both groups of bivari
ate analyses, such as personal characteristics (age, gender), comorbidities 
(arterial hypertension, diabetes mellitus, ischaemic heart disease, atrial fib
rillation, cerebrovascular disease, peripheral arterial disease), and features 
related to disease management (previous hospitalization’s status, waiting 
time until the first cardiologist evaluation, type of management model, 
and number of visits to the emergency department during the first year).

For data analysis, we used the statistic package SPSS, version 25.0 
(SPSS Inc., USA). The ITS analyses were conducted using R version 
3.5.1 and open-source BayesX software.

Results
Sample overview and outcomes
We included 6444 patients, of which 4214 had no history of HFH and 
2230 had a history of HFH Patients with HFH had a higher prevalence 
of men (P < 0.001) but had a similar age (P = 0.267) compared to pa
tients without HFH. Patients with HFH had a higher prevalence of dia
betes (P < 0.001), ischaemic heart disease (P = 0.036), and peripheral 
arterial disease (P = 0.008). Of the PCP referrals, 17.7% were resolved 
without in-person consultation, with no significant difference between 
patients with or without HFH (Table 1).

After e-consult implementation, the time to cardiology care was sig
nificantly reduced compared to the previous in-person period (8.6 [8.7] 
vs. 55.4 [79.9] days, P < 0.001) with no significant difference between 
both groups. More than 50%of referrals were solved in <8 days, with 
a faster response in the group of patients with previous HFH (57.7% 
vs. 46.4%, P < 0.001) (Table 1).

Compared to patients without previous HFH, patients with HFH re
quired more complementary tests (P = 0.053) and had a higher need 
for emergency department assistance (P < 0.001) at 1 year after con
sultation. These patients also had a higher incidence of all-cause hospi
talizations (P < 0.001), CV hospitalizations (P < 0.001), and HF-related 
hospitalizations (P < 0.001). Furthermore, all-cause, CV, and HF-related 
mortality was higher in the group with previous HFH (P < 0.001, for all), 
as shown in Table 1.

Outcomes after e-consultation 
implementation
Delay from primary care physician referral  
to cardiology consultation
During the in-person consultation period, there was a gradual reduc
tion in delays, which fell sharply upon the implementation of e-con
sults in both groups (with and without episodes of HFH). The 
implementation of e-consults resulted in a significant reduction in 
the delay time to cardiology care in patients with previous HFH 
(iRR: 0.548 [0.546–0.551] and iRR: 0.522 [0.520–0.525], respectively), 
as shown in Figure 1.

Hospital admissions at 1 year after consultation
Throughout the first year after consultation with the CD, 1418 patients 
presented a total of 2083 hospital admissions for all-causes (22.0%), 
1565 hospital admissions for CV causes (14.9%), and 890 hospital ad
missions for worsening HF (9.3%).

The multivariate analyses showed a higher risk of hospitalizations in men, 
patients with HFH, and those who required more emergency department 
assistance. Furthermore, we observed a higher risk in patients with longer 
delay times after referral and in-person models, but the differences were 
only statistically significant in HF-related hospitalizations, as shown in Table 3.

The analysis of interrupted temporal trends indicated that the rate of 
all-cause hospital admissions after e-consult implementation showed a 
downward trend during the e-consultation period, with a slight increase 
in the first years and a subsequent downtrend in both groups.

In patients with previous HFH, the implementation of e-consults 
represented a reduction in the all-cause hospitalizations (iRR: 0.699 
[0.678–0.726]), CV hospitalizations (iRR: 0.900 [0.862–0.949]), and 
HF-related hospitalizations (iRR: 0.837 [0.840–0.833]), as shown in 
Figure 2. In this group, we observed a higher risk in the three outcomes of 
hospitalization in patients with a greater number of emergency department 
attendances and in patients attending in the in-person model (Table 3).

In patients without previous HFH, the e-consult implementation 
showed a decrease in all-cause hospitalizations (iRR: 0.676 [0.669– 
0.683]) and HF hospitalizations (iRR: 0.938 [0.900–0.986]). The CV 
hospitalizations were stable along the period (iRR: 1.001 [0.990– 
1.013]), as shown in Figure 2. In this group, the multivariate analyses 
showed a higher risk of the three outcomes of hospitalization in men 
and diabetic patients and also patients with a greater number of emer
gency department attendances (Table 4).

Mortality at 1 year after consultation
Throughout the first year after consultation with the cardiology depart
ment, 604 patients (9.4%) died; Table 1 summarized the proportion of all- 
cause, CV, and HF-related deaths for both groups and the main cause of 
death. The multivariate analyses (Table 2) showed that age had a higher 
risk of the three outcomes of mortality. Patients with previous hospitaliza
tions and a greater number of emergency department attendances had a 
higher risk of three the outcomes of mortality. Moreover, mortality was 
higher in patients with a delay time after referral >8 days (Table 2).

In patients with previous HFH, the interrupted time series analysis 
showed that the rate of mortality after e-consult implementation showed 
a reduction in the all-cause mortality (iRR: 0.687 [0.652–0.718]) and also 
CV deaths (iRR: 0.737 [0.764–0.706]) and HF deaths (iRR: 0.715 [0.657– 
0.798]), as shown in Figure 3. In this group of patients, the multivariate ana
lyses showed a higher risk of mortality in older patients, with a greater 
number of emergency department attendances, and patients with delay 
time higher than 8 days and attended in the in-person model (Table 3).

In patients without previous HFH, our interrupted time series 
analysis showed that the implementation of e-consults resulted in a 
reduction in mortality rates for all-cause deaths (iRR: 0.714 [0.699– 
0.732]), CV deaths (iRR: 0.771 [0.748–0.799]) and HF-related deaths 
(iRR: 0.911 [0.866–0.949]), as shown in Figure 3. Notably in this 
patient population, only age and delay time in the assistance were as
sociated with a higher risk of mortality, as illustrated in Table 4.

The benefits of e-consultation implementation on hospitalization and 
mortality were even more significant in patients with previous HFH and 
were independent of the patient’s clinical characteristics managed dur
ing the in-person or e-consultation periods.

Discussion
Our study suggests that implementing clinician-to-clinician e-consults as 
the first step in outpatient management for HF patients with a previous 
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episode of HFH led to improved 1-year outcomes and reduced time 
elapsed to cardiology care for all PCP referrals compared to the previ
ous model of face-to-face visits for all referrals. These improvements 
were independent of patient’s clinical characteristics managed during 
the in-person and e-consultation periods.

Furthermore, our results indicate that HF patients referred by PCPs for 
cardiology consultation with a previous episode of HFH had worse clinical 
profiles and 1-year cardiovascular outcomes compared to a group of HF 
patients without HFH. The improved outcomes after e-consultation im
plementation were significantly higher in patients with previous HFH.

To our knowledge, our study is the first to describe the long-term 
results of managing care for HF patients, both with and without previ
ous HFH, through the application of e-consults for all PCP referrals to a 
cardiology department.

The study emphasizes the ESC HF guidelines recommendation for an 
early clinical comprehensive assessment of patients at 7 to 14 days after 
hospital discharge1,11 and suggests that this recommendation should be 
extended to outpatient HF patients, particularly those with a previous 
HFH.12 These findings may have implications for the clinical manage
ment of HF patients, suggesting that a care plan that takes into consid
eration the need for a reduced elapsed time to cardiology care is 
necessary for all PCP referrals, where digital health technologies, such 
as an electronic inter-clinician consultation programme, may be useful 
in overcoming barriers to speed up patient care. Several telemedicine 
experiences and remote monitoring of HF patients involving transmis
sion of patient-obtained weight and vital signs or more physiological 
markers such as thoracic impedance or intracardiac and arterial pul
monary pressures have demonstrated a positive impact on maintaining 
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Table 2 Multivariate analyses in patients with heart failure of the relationship between clinical and healthcare variables 
with the outcomes analysed

HF-r 
hospitalization

CV 
hospitalization

All-cause 
hospitalization

HF-r mortality  
OR (95%CI)

CV mortality  
OR (95%CI)

All-cause 
mortality

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Age 1.01 (1.00–1.02) 0.999 (0.992–1.007) 1.00 (0.99–1.01) 1.12 (1.09–1.16) 1.08 (1.06–1.09) 1.07 (1.06–1.09)
Gender (men) 1.26 (1.05–1.52) 1.17 (1.01–1.35) 1.15 (1.01–1.30) 0.99 (0.64–1.56) 1.14 (0.89–1.46) 1.58 (1.31–1.89)
Comorbidities

Arterial  
hypertension

0.77 (0.62–0.96) 0.83 (0.70–0.98) 0.86 (0.74–0.99) 0.65 (0.40–1.08) 0.81 (0.61–1.07) 0.66 (0.54–0.88)

Diabetes mellitus 0.89 (0.74–1.08) 1.08 (0.93–1.25) 1.09 (0.96–1.25) 1.25 (0.78–2.01) 0.99 (0.77–1.29) 0.99 (0.82–1.19)

Ischaemic  
cardiopathy

1.11 (0.89–1.38) 1.40 (1.18–1.66) 1.18 (1.02–1.37) 0.70 (0.39–1.28) 1.14 (0.85–1.52) 1.13 (0.91–1.40)

Atrial fibrillation 1.24 (1.03–1.48) 1.02 (0.88–1.18) 0.97 (0.86–1.10) 0.83 (0.53–1.30) 0.78 (0.61–0.99) 0.81 (0.68–0.97)
Cerebrovascular  

disease
0.87 (0.63–1.21) 1.23 (0.96–1.16) 1.19 (0.96–1.48) 1.48 (0.77–2.87) 1.03 (0.68–1.55) 0.86 (0.63–1.19)

Peripheral arterial  

disease

0.98 (0.70–1.37) 0.95 (0.72–1.24) 1.05 (0.83–1.32) 1.48 (0.69–3.20) 1.67 (1.12–2.50) 1.49 (1.09–2.03)

HF-related previous  

hospitalizations

Without  
hospitalizations

1.00 1.00 1.00 1.00 1.00 1.00

With  

hospitalizations

11.97 (9.54–15.01) 4.05 (3.50–4.70) 2.69 (2.38–3.05) 3.32 (2.11–5.23) 3.11 (2.44–3.95) 2.60 (2.18–3.11)

Cardiology 

assistance

Emergency  
assistance  

(1 year)

1.05 (1.03–1.07) 1.04 (1.03–1.05) 1.05 (1.03–1.06) 0.96 (0.89–1.03) 0.89 (0.85–0.93) 0.92 (0.89–0.95)

Delay time
0–7 days (ref) 1.00 1.00 1.00 1.00 1.00 1.00

8–14 days 1.23 (1.01–1.49) 1.18 (1.01–1.37) 1.13 (0.99–1.30) 2.76 (1.60–4.77) 2.04 (1.57–2.66) 1.81 (1.49–2.20)
15–30 days 0.93 (0.68–1.26) 1.02 (0.80–1.30) 1.12 (0.91–1.38) 2.19 (0.89–5.39) 1.62 (1.05–2.51) 1.60 (1.18–2.18)
>30 days 1.04 (0.72–1.49) 1.09 (0.82–1.44) 1.13 (0.87–1.46) 1.83 (0.51–6.50) 1.07 (0.62–1.82) 1.22 (0.84–1.79)

Assistance model

E-consult (ref) 1.00 1.00 1.00 1.00 1.00 1.00
In-person  

consultation

1.24 (0.96–1.61) 1.20 (0.97–1.48) 2.53 (2.11–3.11) 0.61 (0.34–1.11) 0.36 (0.26–0.50) 0.44 (0.34–0.56)

In bold: statistically significant factors (P < 0.05). The italic values are the statistical significative values. 
OR, odds ratio; CI, confidence interval; CV, cardiovascular; HF, heart failure; HF-r, heart failure-related.
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patient clinical stability and reducing the risk of repeated HF hospitaliza
tions.13 In this regard, several studies from various countries have suggested 
a positive impact of patient-to-healthcare provider telehealth programmes.14

However, adoption is limited by the fact that most programmes often re
quire the patient’s ability to use a computer, a tablet, or a mobile phone, to
gether with other medical equipment, and the absence of specific budgets 
for these activities in the vast majority of health systems.7

These telemedicine programmes may be of special interest in HF 
patients after an episode of hospitalization since those patients have 
a worse prognosis; telemedicine may provide a sustainable, cost- 
effective, and patient-centred approach to helping reduce rehospitaliza
tion in patients with HF.5,6,11–13,15

Previous reports have assessed the impact of the use of telemedicine 
for the interaction between healthcare professionals and HF patients, a 
care model that has seen significant development during the COVID-19 
pandemic.14 Compared to cohorts managed with in-person consulta
tions, telemedicine was associated with better outcomes, particularly 
a lower risk of HF-related hospitalizations.16,17

Xu et al.18 recently published a study on the effectiveness of 
telemedicine visits in reducing 30-day readmissions among HF patients 
who had been hospitalized during the COVID-19 pandemic.

Our study extends these observations to HF patients with a pre
vious episode of hospitalization who require cardiology consult
ation. The early provision of patient risk stratification based on the 
clinical information provided by the PCP through an integrated med
ical record may explain the better outcomes over a long observation 
period.19–21 Patients with HF and with greater critical needs were 
identified much sooner with e-consultation, and they may be treated 
significantly sooner compared to the previous period of in-person 
consultation for all the referrals.22 Our findings underscore the 
need for targeted interventions to improve access to care for HF pa
tients who exhibit initial symptoms and signs of clinical deterioration 
and who require an early personalized clinical evaluation and man
agement. The development of integrated health records can make 
clinician-to-clinician communication more fluent and contain all 
the necessary information to optimize the resolution of the HF pa
tient clinical problem,21 and also our publications about our experi
ence.23–25

Our analysis has some limitations. Firstly, we did not have specific 
information on the reasons for PCP referrals, and we did not con
sider phenotypical classification of HF based on left ventricular ejec
tion fraction. Additionally, we did not have data on the medications 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Multivariate analyses in patients with previous worsening heart failure hospitalizations for worsening heart 
failure of the relationship between clinical and healthcare variables with the outcomes analysed

HF-r 
hospitalization

CV 
hospitalization

All-cause 
hospitalization

HF-r mortality  
OR (95%CI)

CV mortality  
OR (95%CI)

All-cause 
mortality

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Age 1.01 (1.00–1.02) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.16 (1.11–1.22) 1.07 (1.05–1.09) 1.07 (1.05–1.09)
Gender (men) 1.09 (0.89–1.35) 1.03 (0.85–1.26) 1.02 (0.85–1.23) 1.09 (0.62–1.91) 1.04 (0.76–1.43) 1.48 (1.15–1.92)
Comorbidities

Arterial  
hypertension

0.84 (0.66–1.08) 0.85 (0.68–1.07) 0.79 (0.64–0.99) 0.73 (0.38–1.39) 0.88 (0.61–1.28) 0.69 (0.52–0.93)

Diabetes mellitus 0.75 (0.60–0.93) 0.84 (0.68–1.02) 0.89 (0.73–1.07) 1.29 (0.71–2.32) 1.02 (0.73–1.42) 0.88 (0.67–1.14)

Ischaemic  
cardiopathy

1.08 (0.84–1.38) 1.30 (1.03–1.63) 1.20 (0.97–1.49) 0.64 (0.30–1.36) 1.12 (0.77–1.63) 1.18 (0.88–1.58)

Atrial fibrillation 1.26 (1.02–1.55) 1.09 (0.90–1.33) 1.02 (0.85–1.22) 0.77 (0.43–1.36) 0.65 (0.47–0.91) 0.81 (0.63–1.05)

Cerebrovascular  
disease

0.99 (0.70–1.42) 1.07 (0.77–1.49) 1.23 (0.90–1.67) 1.09 (0.45–2.68) 0.76 (0.43–1.34) 0.79 (0.51–1.23)

Peripheral 

arterial  
disease

1.01 (0.69–1.46) 0.91 (0.64–1.29) 0.99 (0.72–1.36) 1.40 (0.52–3.76) 1.65 (0.99–2.75) 1.63 (1.08–2.46)

Cardiology 

assistance
Emergency  

assistance  

(1 year)

1.06 (1.04–1.08) 1.05 (1.03–1.08) 2.33 (1.77–3.07) 0.97 (0.89–1.05) 0.92 (0.88–0.96) 0.93 (0.89–0.95)

Delay time

0–7 days (ref) 1.00 1.00 1.00 1.00 1.00 1.00

8–14 days 1.36 (1.09–1.69) 1.32 (1.08–1.62) 1.23 (1.01–1.48) 2.53 (1.31–4.87) 1.71 (1.22–2.41) 1.74 (1.34–2.27)
15–30 days 0.92 (0.64–1.31) 0.85 (0.61–1.19) 0.92 (0.68–1.25) 2.82 (0.94–8.45) 2.38 (1.37–4.14) 1.87 (1.21–2.89)
>30 days 0.81 (0.52–1.27) 0.84 (0.56–1.26) 0.94 (0.64–1.39) 1.62 (0.34–7.75) 0.71 (0.34–1.49) 0.91 (0.52–1.57)

Assistance model
E-consult (ref) 1.00 1.00 1.00 1.00 1.00 1.00

In-person  

consultation

1.52 (1.12–2.06) 1.53 (1.16–2.03) 2.33 (1.77–3.07) 2.59 (1.32–5.05) 4.04 (2.75–5.93) 4.19 (3.05–5.75)

In bold: statistically significant factors (P < 0.05). The italic values are the statistical significative values. 
OR, odds ratio; CI, confidence interval; CV, cardiovascular; HF, heart failure; HF-r, heart failure-related.
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patients were taking or how they were modified over time, which 
could have influenced our results. Secondly, our study was retro
spective, and although we are aware of all deaths during the follow- 
up period, it was not always possible to determine the exact cause of 
death, which may have affected our findings. Thirdly, we did not have 
information on visits made by some patients to private healthcare 
providers, which could have also influenced our results. However, 
given the low implantation of private healthcare in our health area 
and the positive results of our satisfaction survey among patients 
and PCPs, the potential for bias in this situation is likely reduced.8

Definitely, our study has the limitations of the observational 
retrospective studies. And, the associations that we have observed 
may need other type of studies as clinical trials to confirm them. 
But the sample size used, and the quality of data joined to the stat
istical tools that we have used, we think that they are enough to con
sider adequate our conclusions. The best statistical methodology to 
analyse the temporal trend changes and the association between 
variables in historic cohorts is the ITS26,27 in a first approach and 
the multivariable analyses to avoid confusion on variables in the 
prognosis analyses.28,29

Despite these limitations, we believe that our study is clinically rele
vant and informative for healthcare management purposes.

Conclusions
Our findings represent the first description of patients with HF and a 
previous HFH, who have undergone a clinician-to-clinician e-consult
ation as the first step in the outpatient management model, followed 
by an in-person visit when necessary. This approach was associated 
with increased demand for care, reduced time elapsed to cardiology 
care for all PCP referrals, and improved 1-year outcomes compared 
to the previous face-to-face visit model. Importantly, these improve
ments were independent of the patient’s clinical characteristics during 
both in-person and e-consultation periods and were significantly great
er in patients with a history of HFH.

Throughout the follow-up period, reduced elapsed time to care 
was independently associated with better 1-year outcomes. We be
lieve that our experience can contribute to the development of a 
more efficient ambulatory care pathway for HF patients, particularly 
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Table 4 Multivariate analyses in patients without previous worsening heart failure hospitalization of the relationship 
between clinical and healthcare variables with the outcomes analysed

HF-r 
hospitalization

CV 
hospitalization

All-cause 
hospitalization

HF-r mortality  
OR (95%CI)

CV mortality  
OR (95%CI)

All-cause 
mortality

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Age 1.00 (0.98–1.02) 0.99 (0.98–1.01) 1.00 (0.99–1.01) 1.07 (1.02–1.12) 1.08 (1.05–1.11) 1.08 (1.06–1.10)
Gender (men) 2.16 (1.41–3.31) 1.38 (1.10–1.73) 1.29 (1.08–1.54) 0.90 (0.43–1.90) 1.40 (0.95–2.04) 1.81 (1.39–2.36)
Comorbidities

Arterial  
hypertension

0.55 (0.35–0.86) 0.79 (0.61–1.04) 0.96 (0.77–1.19) 0.54 (0.24–1.22) 0.82 (0.53–1.28) 0.68 (0.50–0.91)

Diabetes mellitus 1.82 (1.21–2.75) 1.57 (1.25–1.97) 1.38 (1.15–1.65) 1.28 (0.58–2.83) 1.02 (0.66–1.52) 1.22 (0.92–1.61)

Ischaemic  
cardiopathy

1.26 (0.80–1.98) 1.59 (1.24–2.05) 1.22 (0.99–1.51) 0.85 (0.32–2.28) 1.22 (0.77–1.93) 1.12 (0.81–1.54)

Atrial fibrillation 1.01 (0.67–1.51) 0.89 (0.71–1.12) 0.93 (0.78–1.11) 1.01 (0.48–2.09) 1.01 (0.69–1.47) 0.83 (0.64–1.08)

Cerebrovascular  
disease

0.40 (0.15–1.10) 1.45 (1.02–2.06) 1.17 (0.87–1.58) 2.29 (0.85–6.22) 1.57 (0.87–2.83) 0.97 (0.60–1.56)

Peripheral 

arterial  
disease

0.81 (0.37–1.79) 1.03 (0.69–1.56) 1.17 (0.84–1.61) 1.74 (0.50–5.99) 1.74 (0.89–3.37) 1.38 (0.85–2.25)

Cardiology 

assistance
Emergency  

assistance  

(1 year)

1.04 (1.01–1.06) 1.02 (1.00–1.04) 1.04 (1.03–1.06) 0.99 (0.85–1.14) 0.86 (0.78–0.95) 0.94 (0.89–0.98)

Delay time

0–7 days (ref) 1.00 1.00 1.00 1.00 1.00 1.00

8–14 days 0.85 (0.54–1.36) 0.99 (0.77–1.27) 0.99 (0.81–1.21) 2.38 (0.82–6.89) 2.51 (1.54–4.09) 1.58 (1.15–2.16)
15–30 days 0.91 (0.49–1.68) 1.20 (0.85–1.69) 1.26 (0.95–1.67) 1.16 (0.21–6.52) 0.92 (0.41–2.08) 1.36 (0.85–2.18)

>30 days 1.55 (0.85–2.86) 1.31 (0.89–1.92) 1.29 (0.90–1.82) 1.74 (0.16–19.47) 2.18 (0.85–5.57) 1.87 (1.02–3.43)
Assistance model

E-consult (ref) 1.00 1.00 1.00 1.00 1.00 1.00

In-person  

consultation

0.84 (0.49–1.46) 1.03 (0.75–1.42) 3.15 (2.37–4.20) 0.34 (0.07–1.77) 1.48 (0.78–2.81) 0.85 (0.55–1.32)

In bold: statistically significant factors (P < 0.05). The italic values are the statistical significative values. 
OR, odds ratio; CI, confidence interval; CV, cardiovascular; HF, heart failure; HF-r, heart failure-related.
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those at high risk such as those with a history of hospitalization for 
worsening events.
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14. Krzesiński P, Jankowska EA, Siebert J, Galas A, Piotrowicz K, Stańczyk A, et al. Effects of 
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