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Abstract

Background: The COVID-19 pandemic was a paradigm shift in global healthcare. This situation highlighted the role of
telemedicine in adapting to the care requirements of pediatric patients and their families by facilitating remote consultations and
ensuring continuity of care.

Objective: We aim to establish the usefulness of a telemedicine program for caregivers of complex chronic children

Methods: We performed a quasi-experimental pre-post intervention study of a telemedicine program, regarding healthcare
system use and caregiver quality of life, and comparing two periods: before and during the COVID-19 pandemic. The study was
performed on caregivers of complex chronic children followed in a specialized unit

Results: 34 families were included. The mean number of visits per year was higher in the pre-intervention period for both
primary care consultations (p<0.039) and hospital-specialized medical consultations (p<0.031). The number of emergency room
visits per year was lower in the pandemic period compared to the pre-pandemic period (p<0.012). In both groups, an
improvement in caregiver quality of life at 12 months was detected (p<0.035). However, the Rosenberg self-esteem scale score
of the primary caregiver was significantly lower at three months compared to the baseline (p<0.030)

Conclusions: Our study demonstrates that the use of a telemedicine program during the pandemic, resulted in a decrease in
scheduled face-to-face care and a reduction in the number of emergency department visits. Regarding the caregiver quality of
life, it was worse in those families who had a child affected by a neurological condition or whose child was older when the
disease was diagnosed. Clinical Trial: This study was approved by the Research Ethics Committee of Malaga in May 2017
(reference: PIN-0287-2016).
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ABSTRACT

Introduction:  The COVID-19 pandemic was a paradigm shift  in global healthcare. This

situation  highlighted  the  role  of  telemedicine  in  adapting  to  the  care  requirements  of

pediatric  patients  and  their  families by  facilitating  remote  consultations  and  ensuring

continuity of care. 

Objetive: We aim to establish the usefulness of a telemedicine program for caregivers of

complex chronic children.

Materials and Methods: We performed a quasi-experimental pre-post intervention study of

a telemedicine program, regarding healthcare system use and caregiver quality of life, and

comparing  two  periods:  before  and  during  the  COVID-19  pandemic.  The  study  was

performed on caregivers of complex chronic children followed in a specialized unit. 

Results: 34 families were included. The mean number of visits per year was higher in the

pre-intervention  period  for  both  primary  care  consultations  (p<0.039)  and  hospital-

specialized medical  consultations (p<0.031).  The number of  emergency room visits  per

year was lower in the pandemic period compared to the pre-pandemic period (p<0.012). In

both  groups,  an  improvement  in  caregiver  quality  of  life  at  12  months  was  detected

(p<0.035). However, the Rosenberg self-esteem scale score of the primary caregiver was

significantly lower at three months compared to the baseline (p<0.030).

Discussion: Our study demonstrates  that the use of a telemedicine program during the

pandemic, resulted in a decrease in scheduled face-to-face care and a reduction in the

number  of  emergency department  visits.  Regarding  the  caregiver  quality  of  life,  it  was

worse in those families who had a child affected by a neurological condition or whose child

was older when the disease was diagnosed.

Conclusions: Our study demonstrates the effectiveness of a Telemedicine program in the

care  of  complex  chronic  patients  and  their  families  in  the  context  of  the  COVID-19

pandemic. 

Keywords: telemedicine; telehealth; complex chronic children; pediatrics complex chronic

conditions; palliative care; COVID-19.

1. INTRODUCTION

Technological  advances  and  progress  in  medicine  have  reduced  infant  mortality

https://preprints.jmir.org/preprint/62953 [unpublished, non-peer-reviewed preprint]
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(1,2).  These  survival  successes  have  contributed  to  an  increase  in  the  prevalence  of

incurable diseases and disability, which leads us to reassess the way we approach and

organize health services to adapt them to these new care needs (3,4).

In developed countries, children with a complex chronic condition (CCCs) represent

0.67-5% of the pediatric population, but consume up to 40% of total health expenditure,

involving a high level  of  care both in and out of hospital,  primary care, and non-health

services (5-9).

The  prevalence  of  life-threatening  or  life-limiting  illness  has  increased  in  recent

decades,  with  an  estimated  61.1  per  10,000  children  aged  1-19  years  in  the  United

Kingdom. In all studies, approximately 30% have cancer; the remaining 70% comprise a

combination  of  conditions,  mainly  neurodegenerative,  metabolic,  and genetic.  Of  these,

50% will require the specialized care of a pediatric palliative care unit (10,11).

A new strategy is therefore needed to transform the current care model, which is

focused on treatment and in which the patient is a passive subject, into a proactive model

more centered on the needs of patients and their  caregivers,  in which they have more

information and are given more autonomy to take an active role in managing their disease

(12,13).

In this sense, new information and communication technologies (ICTs) provide tools

that  enable  access  to  a  wide  range  of  resources.  In  2020,  the  COVID-19  pandemic

transformed medical care through telemedicine with a demand for remote health care and

telehealth (14,15). While the world faced an unprecedented pandemic, patients with chronic

diseases needed special attention on an ongoing basis and, if warranted, an adaptation of

their usual care (16).

In complex chronic patient and pediatric palliative care units, telemedicine provides

an accessible  and equitable tool.  With  these tools,  families can remain in  contact  with

professionals establishing a schedule for specific services in a time-effective manner and

adapted to the stage of the disease (17,18). 

https://preprints.jmir.org/preprint/62953 [unpublished, non-peer-reviewed preprint]
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Due to the COVID-19 pandemic, and considering the vulnerability and fragility of

these patients, all  the tools offered by ICTs in the continuity of care have become even

more useful,  since they allow non-face-to-face visits;  but with a capacity comparable to

face-to-face visits, minimizing the risk of contagion and reducing the need to travel to a

medical center (19).

This study aimed to develop and evaluate a Telemedicine program for the care of

complex  chronic  children  or  those  receiving  palliative  care,  in  a  complex  chronic  and

pediatric palliative care unit, during the COVID-19 pandemic. 

2. MATERIALS AND METHODS

We design a  quasi-experimental pre-post intervention study in a Complex Chronic

Patient and Palliative Care Unit of a pediatric tertiary hospital.

The  study  population  comprised  complex  chronic  children  or  children  needing

palliative care and their families. As inclusion criteria, children must meet the definition of

the  medical  complexity  algorithm defined by the Seattle  Children’s  Hospital  Group and

score at least 6,5 points on the PedCom Scale (20,21). They also had to be followed in the

Complex Chronic Patient and Pediatric Palliative Care Unit of the hospital and had a high

level of complexity, defined not only by the identification of the child as a complex chronic

patient  but  also  by  the  need  of  high  consumption  of  resources:  two  or  more  hospital

admissions; at least one admission to intensive care or six or more visits to the emergency

department in the last twelve months) (22). Patients older than 18 years of age or those

families not signing the informed consent where excluded. 

2.1. Telemedicine Program Description

The Telemedicine program has remote management and control from the hospital

and the technical support center. It has three main functionalities:  

1. Communication: The technology used was an Android-based smart TV platform

https://preprints.jmir.org/preprint/62953 [unpublished, non-peer-reviewed preprint]
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connected to a television, which allows access to advanced telecommunication

and medical device management services. It allows videoconferencing between

patient  (through  the  TV)  and  hospital  (via  PC)  or  patient  and  medical

professional (via PC, tablet or Smartphone), based on SIP technology (market

standard).

2. Information/Training:  by  the  platform  families  could  access  a  menu  with

audiovisual contents. The contents were developed by the professionals of the

unit and includes: 

 Information including any telephone numbers of interest for caregivers.

 Access to videos with recommendations, procedures, and theoretical and

practical  workshops including specific training videos and Power point

presentations on techniques and care.

 Information on the current vaccination schedule.

3. Health  care:  allows  clinical  assessment  via  video  call,  with  the  option  of

requesting  tests  (analytical  and  radiological),  modification  of  technological

support parameters, and electronic medical prescriptions.

During recruitment,  to  avoid  selection bias caused by the digital  divide  in  cases

where families did not have internet at home, internet was provided through project funding.

     

2.2 Evaluation of the Program

The evaluation of the program was undertaken through the comparison of two one-

year time periods, before the pandemic (March 2019 to February 2020) and during the

pandemic (March 2020 to February 2021). 

Sociodemographic variables described are: age, gender, primary caregiver (parent

and/or both), number of siblings, place of residence, and country of origin.  

https://preprints.jmir.org/preprint/62953 [unpublished, non-peer-reviewed preprint]
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1. Evaluation of face-to-face health care variables:

a. Scheduled:

 Primary care consultations.     

 Hospital outpatient consultations per year. 

 Number of outpatient consultations in the Unit.

 Number of home visits made by the Unit.

 Number of scheduled hospital admissions. 

b. Urgent:  

 Number of emergency room visits. 

 Number of urgent hospital admissions. 

2. Evaluation of telephone health care variables:

 Number of calls from the Unit to caregivers.

 Number of calls from caregivers to the Unit.  

3. Caregiver reported outcomes:

 The Rosenberg Self-Esteem Scale (23,24).

 The Positive and Negative Affect Schedule: PANAS (25,26).

 Health-related quality of life of primary caregivers: EuroQol-5D-5L (27).

 Short Zarit scale to assess primary caregiver burden (28,29).

The  evaluation  of  the  Telemedicine  program  was  carried  out  with  periodic

assessments (baseline, 3, 6 and 12 months) of the health care variables and caregiver

reported outcomes. The last assessment was carried out 12 months after the start of the

intervention. The health care data was collected by telephone and the tests by mail and

email.

2.3 Data analysis

Data  analysis  was  performed  using  free  R  4.0.2  software  (R-CoreTeam  2020)

(https://www.r-projetc.org/).  A Shapiro-Wilk test analysis was performed to determine the

normality  of  the  study variables.  Results  are  presented as  mean±SD values in  normal

https://preprints.jmir.org/preprint/62953 [unpublished, non-peer-reviewed preprint]
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distributions or as median (IQR) in non-normal distributions. For independent quantitative

variables, Student’s  t-test  was used, if  they followed a normal distribution or the Mann-

Whitney U test  if  they were not  normal.  A Wilcoxon signed-rank test was performed to

analyze differences in the non-normal distributions, and the paired t-test was used in the

normal  distributions.  To  compare  qualitative  variables,  a  chi-square  test  was  used  in

independent  samples  and  McNemar’s  test  in  related  samples.  A  P-value  <0.05  was

considered statistically significant. P-values were adjusted using the Benjamini-Hochberg

correction for multiple comparisons.  

3. RESULTS

3.1. Study Population Characteristics

A total of 34 patients were included, ranging in age from 3 months to 14.2 years, with

a median of 4.9 years, 52.9% (18/34) of whom were female. The CCC that most affected

our  patients  was  neurological  in  73.5%  (25/34),  followed  by  gastrointestinal  in  70.6%

(24/34), respiratory in 50% (17/34),  cardiovascular in 41.2% (14/34),  and oncological  in

20.6% (7/34). In addition, neurological CCCs were also the most frequent main CCC in

47.06% (16/34), with cerebral palsy being the most prevalent neurological disease (68.75%,

11/16).  

The primary caregiver was the mother in 82.4% (28/34) and 47.1% (16/34) of the

families received social assistance; 91.2% of the families (31/34) received psychological

care. 29.4% of the families (10/34) were from a foreign country and 41.2% (14/34) had no

other children, with a maximum of 5 children and a median of 1 child.

3.2 Impact of the Telemedicine program on health care activity during the pandemic

Regarding scheduled care, bivariate analysis showed that the mean number of visits

per year to primary care consultations was higher in the pre-pandemic period (p<0.039), as

were hospital specialty consultations (p<0.031) (Table 1). 

https://preprints.jmir.org/preprint/62953 [unpublished, non-peer-reviewed preprint]
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Table 1. Analysis of the variables associated with face-to-face health care activity. 

TYPE OF CARE ACTIVITY
Pre-Telemedicine

period

Mean (SD)

Pandemic period
with

Telemedicine

Mean (SD)

P value

S
C
H
E
D
U
L
E
D

PRIMARY CARE
CONSULTATIONS

9.2 (9.9) 6.6 (5.9) .039

SCHEDULED
CONSULTATIONS HOSPITAL

SPECIALTIES
29.6 (192) 23.4 (19.2) .031

NURSE CONSULTATIONS CC
AND PPC UNIT

8.3 (6.8) 10.1 (9.5) .545

PEDIATRICIAN
CONSULTATIONS CC AND

PPC UNIT
6.7 (5.6) 7.2 (5.6) .772

NURSING HOME VISITS CC
AND PPC UNIT

3.1 (5.3) 2.4 (4.8) .209

PEDIATRICIAN HOME VISITS

CC AND PPC UNIT
2.8 (5.0) 2.1 (4.4) .097

SCHEDULED ADMISSIONS 0.6 (1.0) 0.6 (0.8) .603

U
R
G
E
N
T

URGENT - EMERGENCY
HOSPITAL VISITS

3.6 (4.0) 2.1 (2.1) .012

URGENT HOSPITAL
ADMISSIONS

1.4 (1.5) 1.2 (1.5) .199

SD: Standard deviation. CC: complex chronic; PPC: pediatric palliative care. 

In  terms of  emergency care,  there were significant  differences in  the  number of

emergency department visits per year when comparing the pre-pandemic and pandemic

periods with fewer visits during the pandemic (p<0.012). No significant differences were

found between periods for emergency hospital admissions (Table 1).

With respect to before and during pandemic telephone care carried out by the Unit,

we noted a non-significant greater number of calls made by the Unit during the pandemic

(p<0.059). There was a significant increase in telephone calls made by caregivers to the

Unit (p<0.003) when comparing the two periods of care (Table 2). 

Table 2. Analysis of the variables in relation to telephone health care activity.

TYPE OF CARE ACTIVITY 
Pre-Telemedicine

period

Pandemic period
with

Telemedicine

P value

https://preprints.jmir.org/preprint/62953 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Madrid-Rodríguez et al

Mean (SD) Mean (SD)

UNIT CALLS TO CAREGIVERS  36.4 (34) 48 (26) .059

CAREGIVERS CALLS TO UNIT 6.2 (7.8) 10.5 (9.5) .003

SD: Standard deviation

There were no significant differences between the mean length of stay measured in

days of hospital admission before and during the pandemic. 

Tables 1 and 2 display the variables related to the health care provided. 

3.3 Impact of the Telemedicine program on the caregiver reported outcomes

Significant differences were seen in the VAS values of the EQ-5D quality of life test

of  the primary caregivers at  12 months compared to baseline with an increase in VAS

scores at 12 months (P .035).

The Rosenberg self-esteem scale scores of the primary caregivers were significantly

lower at 3 months than at baseline (P .030).

There was a significant negative correlation between the short Zarit scale for primary

caregiver burden at 6 months with the number of siblings (adjusted R2=37%, P .009).

The VAS value of the EQ-5D quality of life scale of the primary caregivers at 12

months correlated negatively and significantly with age at diagnosis of the child’s illness

(adjusted R2=24%, P .049).  

The variable difference of the index value of the EQ-5D quality of life scale of the

primary caregivers from baseline to 3 months was negatively correlated with age at patient

admission (adjusted R2= 97%, P .007). 

https://preprints.jmir.org/preprint/62953 [unpublished, non-peer-reviewed preprint]
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In the analysis of the relationship between caregiver quality of life and the different

types of CCCs, the variable difference from baseline to the 3-month index value of the EQ-

5D quality of life scale of the primary caregivers was negatively correlated with neurological

disease (adjusted R2 =89%, P .039).  

Table 3 shows the results of the tests at the start of the intervention and at 3, 6, and

12 months.

Table 3. Analysis of test results
0 months 

Mean 

(SD)

3 months

Mean 

(SD)

6 months

Mean 

(SD)

12
months

Mean 

(SD)

P value 

Rosenberg self-esteem scale
29.3

(5.2)

27.3

(6.4)

31.0

(4.2)

33.0

(4.8)
.030

Positive and
negative affectivity

scales PANAS

Positive
affect

29.1

(7.4)

29.5

(7.9)

33.1

(9.4)

33.8

(7.5)
.413

Negative
affect

26.8

(8.8)

23.8

(6.8)

24.3

(7.1)

22.8

(6.2)
.348

Health-related
quality of life

EuroQol-5D-5L

EQ5D
VALUE

0.814

(0.180)

0.766

(0.151)

0.838

(0.153)

0.838

(0.142)
.053

EQ5D

VAS

76

(18)

75

(15)

78

(14)

75

(21)
.035

Short ZARIT scale
20.1

(7.0)

24.3

(5.0)

20.8

(5.9)

19.8

(5.7)
.440

SD: Standard deviation
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4. DISCUSSION

Our study demonstrates the effectiveness of a Telemedicine program in the care of

these patients and their families in the context of the COVID-19 pandemic, with a decrease

in both scheduled and urgent health care services. 

In  our  study,  the main condition of  the patient  was neurological;  being the most

frequent condition as it has been widely described in the literature that neurological patients

are the most prevalent, our results are in accordance with this, with neurological CCCs

being the most frequent, followed by gastrointestinal and respiratory CCCs. In our sample,

also  coinciding  with  published findings,  the  mother  fulfills  the  role  of  primary  caregiver

(13,30-34). 

During  the  pandemic,  in  line  with  other  publications,  there  was  evidence  of  a

decrease in scheduled care in children with CCCs as well as in urgent care, which occurred

both in the general pediatric population, and in children with CCCs or with special health

care needs (35-42). 

The increase in telephone care during the pandemic, both by the Unit, but especially

by the increase in calls from caregivers, may be explained by the decrease in face-to-face

care  in  primary  care  and  in  specialized  hospital  care  during  this  period.  This  finding

highlights  the  telephone  support  provided  by  the  Unit  to  minimize  the  impact  of  the

pandemic  on  children  with  CCCs,  as  stated  in  several  publications  on  specific  care

strategies aimed at this particularly vulnerable population (43).

In  our study,  the absence of significant  differences between hospital  admissions,

both scheduled and urgent, has been described in other studies on telemedicine in children

with CCCs (18) and may be due to the high complexity of the patients included in this study,

where pandemic-related factors did not influence either the number of hospital admissions

or the length of hospital stay.

 

Several studies have described the importance of the psychosocial needs of children

with  CCCs  and  their  families  and  how  these  needs,  especially  about  mental  health,
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increased during the pandemic (44-45). Regarding the impact of telemedicine programs on

quality of life, the publications to date have not demonstrated an improvement in the quality

of  life  of  caregivers, although  studies  of  the  interventions  are  usually  cross-sectional,

without multiple cut-off points. Our work therefore highlights the importance of conducting

studies that monitor the impact and benefits of these programs throughout the intervention

to verify their usefulness (46-48).   

In our study, a greater burden on primary caregivers was detected in families with

more children, a demographic factor not previously described that should be considered to

reinforce support for these families.

The quality of life of the primary caregivers measured by the VAS value of the EQ-5D

scale at 12 months was poorer in those with children with CCCs diagnosed at an older age.

Similarly, we found a negative correlation between the difference in the index value of the

5Q-5D quality of life scale of the primary caregivers at 3 months compared to baseline in

those with children with CCCs who were older at admission to the Unit. We observed that

an older age of the child at diagnosis and at admission to the Unit negatively influenced the

quality of life of the parents with a nadir at 3 months and at 12 months during the pandemic.

The influence of  the age of  the child  with  a  CCC on the quality  of  life  of  the  primary

caregivers during the pandemic has not been examined. We should therefore analyze the

factor of child age as a modulator of the quality of life of the parents.

Studies published on the impact of neurological diseases have shown an increased

family,  work,  and economic  burden on primary  caregivers,  specifically  on  caregivers of

children with cerebral palsy (49). In our study, a negative correlation was found between the

index value of the 5Q-5D quality of life scale of the primary caregiver at 3 months compared

to baseline with neurological CCCs, which was also the most frequent CCC in our study. 

The findings of lower self-esteem in the primary caregiver with a nadir at 3 months of

the  Telemedicine  program  in  the  pandemic  setting  could  be  due  both  to  being  in  full

confinement with less psychosocial and family support, such as the adaptation of home

care with a change of care support, and the care burden that this may have entailed. This

nadir in terms of quality of life of the primary caregiver at 3 months has not been evaluated
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in  other  studies  and  may  be  useful  for  reinforcing  psychosocial  support  to  families,

considering this period as a turning point in caregiving. On the other hand, the fact that the

VAS of the EQ-5D quality of life test revealed an increased quality of life at 12 months could

be attributed to adaptation to the situation, as well as decreased isolation measures one

year after the pandemic.

The use of telemedicine prior to the pandemic was demonstrated to be effective in

children with CCCs, both in reducing the number of emergency department visits and in

reducing costs (48,50-54). In our study, however, it was difficult to determine with certainty

whether the decrease in urgent or unscheduled care was due to the COVID-19 pandemic or

to the intervention of the Telemedicine program. It  was found that during the pandemic

there was a decrease in emergency department visits, as many caregivers were afraid to

go to  hospitals  to  avoid  their  children becoming infected (36,38).  In  addition,  we must

consider  the  decrease  in  respiratory  symptoms  due  to  the  confinement  and  isolation

measures  described  in  several  studies  (38,40,42). Studies  with  larger  and  more

homogeneous samples comparing the Telemedicine intervention after the pandemic should

be carried out to assess whether its effectiveness in terms of care is maintained without the

interference caused by the pandemic.     

It is important to leverage the growth of the ICTs that emerged during the pandemic

for the benefit of patients, especially those most vulnerable and with specific care needs

such as children with CCCs. Telemedicine provides equity in care. Efforts should be made

to  evaluate  the  results  of  telemedicine  programs  in  patients,  primary  caregivers,  and

healthcare teams, bearing in mind health care, economic, and quality of life variables in

patients and their families monitored over time.  

5. CONCLUSIONS

In our study, the use of a telemedicine program a pandemic setting resulted in a

decrease  in  scheduled  face-to-face  care  and a  reduction  in  the  number  of  emergency

department visits compared to the pre-pandemic period. On the other hand, we saw an

increase in telephone support without any impact on hospital admissions. We identified the
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most  vulnerable  families  in  this  group  of  patients  as  those  with  a  child  affected  by  a

neurological condition, those who had an older child when the disease was diagnosed and

families with a greater number of children, these allows us to consider the redirection of

resources in case of being limited. Our results indicate that the Telemedicine program was

effective in the care of children with CCC and their families during the COVID-19 pandemic.
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