
Vol.:(0123456789)1 3

https://doi.org/10.1007/s00431-021-04164-2

REVIEW

Impact of telemedicine on health outcomes in children with medical 
complexity: an integrative review

Federico Ferro1  · Alberto Eugenio Tozzi2 · Ilaria Erba3 · Immacolata Dall’Oglio1  · Andrea Campana4 · 
Corrado Cecchetti5 · Caterina Geremia4 · Maria Luisa Rega6 · Gloria Tontini4 · Emanuela Tiozzo1 · 
Orsola Gawronski1 

Received: 21 January 2021 / Revised: 10 June 2021 / Accepted: 12 June 2021 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract
Children with medical complexity (CMC) are a high priority population with chronic illnesses dependent on the use of health  
services, on technological systems to support their vital functions and characterized by multiple health needs. One of the 
main challenges linked to chronic conditions is finding solutions to monitor CMC at home, avoiding re-hospitalization  
and the onset of complications. Telemedicine enables to remotely follow up patients and families. An integrative review 
was performed to assess whether telemedicine improves health outcomes for CMC.  Medline/PubMed, CINAHL, 
Cochrane Library, Web of Science, and Scopus were searched to identify studies describing the effect of using tel-
emedicine systems on health outcomes for CMC. The PRISMA guidelines were used to select the papers. The meth-
odological quality of the studies was evaluated through the Johanna Briggs Institute critical appraisal tools and the 
Cochrane Collaboration ROB 2.0. A total of 17 papers met the quality criteria and were included. Specialized tel-
emedicine systems (tele-visits), telehealth, and tele-monitoring  have been reported to reduce unplanned hospitalizations  
and visits, decrease total costs for healthcare services and families, and increase satisfaction  for family members. No effect  
was found on the quality of life in children and their families.
Conclusion: Available evidence supporting the use of telemedicine in CMC is favorable but limited. High-quality methodological 
studies including other unexplored health outcomes such as mental health, hospital readmissions, mortality, caregiver competences, 
and self-efficacy are needed to confirm the effectiveness of telemedicine systems in improving health outcomes for CMC.

What is Known:
• CMC are an extremely fragile patient population with frequent access to healthcare services compared with other chronic conditions.
• There is conflicting evidence of the effectiveness of telemedicine clinical outcomes, healthcare utilization, and costs in pediatrics.
What is New:
• There is some evidence that for CMC, telemedicine reduces unplanned hospitalizations, healthcare service costs, and financial burden for 

families, while increasing caregivers’ satisfaction with care.
• Further research is needed to confirm the effectiveness of telemedicine systems in improving health for CMC.
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PICO  Population, intervention, comparison and 
outcome

PRISMA  Preferred Reporting Items for Systematic 
Revies and Meta-Analyses

RCT   Randomized controlled trial
TM  Telemedicine
UHR  Unplanned hospital readmissions

Introduction

Hospitalizations of children with chronic diseases with spe-
cial health-care needs (CSHCN) are increasing, particularly 
in children with significant chronic conditions because of 
higher survival rates resulting from more effective medi-
cal treatments [1, 2]. Children with medical complexity 
(CMC), a subcategory of CSHCN, are defined as children 
with known chronic conditions often associated with medi-
cal fragility, special needs that affect the use of healthcare 
services and families’ financial resources, serious functional 
limitations often associated with technology dependence, 
and the need for multi-professional interventions [3]. It is 
estimated that CMC are < 1% of the total pediatric popula-
tion in Canada and the USA [4, 5]. However, CMC are at 
high risk of hospitalization after admission to the Emer-
gency Department (ED) (19–25%), re-hospitalizations after 
discharge, and increase healthcare expenditure [2, 6–9] [10].

Medical complexities in these children often lead to the 
development of complications, depending on the child’s dis-
ease [3] involving frequent access to healthcare services, 
continuous home care, and remote education and support for 
their families. Moreover, families of CMC living far from 
large urban centers and specialized clinics may have limited 
access to treatment, also due to travelling costs [11, 12].

Telemedicine (TM) has been widely used in healthcare for 
patients with chronic conditions needing frequent follow-up visits 
and medical interventions [13]. TM has been applied in CMC 
using primary care models, consultative or co-management mod-
els, and episode-based models [14]. Primary care models—like 
the Medical Home Model [15–20]—use TM to create a bridge 
between hospitals and the community. Specialized center-based 
telemedicine is currently used to prevent CMC clinical deteriora-
tion and promote wellbeing at home, support families, and home-
care teams and care-coordination [21, 22].

Several studies have been conducted to assess the impact 
of TM in chronic patients, including type I diabetes [23–27], 
asthma [28–30], obesity [27, 31, 32], cystic fibrosis [33–35], 
mental disorders [36], autism [37–39], and chronic pain 
[40]. Several TM interventions on pediatric populations also 
target their families, to increase coordination of care, qual-
ity of life, and reduce the financial burden [31, 38]. These 
studies, however, provide inconsistent evidence on clinical 
outcomes, healthcare utilization and costs [41]. CMC could 

benefit from TM also to reduce the risk of exposure to viral 
infections such as the coronavirus disease 2019 avoiding 
standard hospital and outpatient care [42].

To our knowledge, there are no systematic reviews on the 
effectiveness of TM on CMC health outcomes, costs, and 
healthcare utilization. Therefore, we performed an integra-
tive review to study the association of telemedicine with 
family and child well-being, child health, family’s ability to 
engage in self-care, adaptive functioning, satisfaction with 
TM, access and use of healthcare services by families with 
CMC, and healthcare costs and financial burden, compared 
with standard care. A secondary objective of this study was 
to identify which telemedicine systems specifically dedi-
cated to CMC are currently used in healthcare.

Materials and methods

The research questions of this integrative review were as 
follows: “Does TM in CMC improve the child’s health out-
comes, the family’s ability to engage in self-care, and sat-
isfaction with healthcare services, compared to usual care? 
Does TM reduce healthcare costs, the financial burden for 
the family, and the utilization of healthcare services, com-
pared with usual care?”.

For these questions, we drafted a protocol based on the popu-
lation, intervention, comparison, and outcome (PICO) approach 
and the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [43]. To ensure maximum 
retrieval, two reviewers searched Medline/PubMed, Cumulative 
Index of Nursing and Allied Health Literature (CINAHL), the 
Cochrane Library, Web of Science, and Scopus (up to October 
2020). See supplementary file 1 for the search query.

Since this was an integrative review, we included both quan-
titative and qualitative studies [44]. The papers were double-
blinded selected from researchers (FF, OG) according to the 
following inclusion criteria: (1) pediatric patients < 18 years 
of age; (2) CMC as defined by Cohen [3]; (3) studies evaluat-
ing telemedicine, telehealth, tele-coordination, and telenursing 
interventions; and (4) papers in English language. The follow-
ing exclusion criteria were applied: (1) articles not explicitly 
describing the application of telemedicine to CMC; (2) studies 
not describing the association of telemedicine with outcomes 
such as family and child well-being, child health, the family’s 
ability to implement self-care, adaptive functioning, satisfac-
tion with TM, access and use of healthcare services, health-
care costs, and financial burden; (3) unavailability of full-texts; 
and (4) reviews and systematic reviews (secondary sources). 
We extracted data from each paper using the Joanna Briggs 
Institute Data Extraction Tool for Experimental/Observational 
Studies and for Qualitative Data [45, 46]. Data were related to 
the population, the methods, TM interventions, and the out-
comes according to the review objectives. Two researchers (FF, 
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IE) independently assessed the quality of the retrieved papers 
using the quality assessment tools of the Joanna Briggs Insti-
tute (JBI) (observational, qualitative, and quasi-experimental 
study designs) and the Cochrane Foundation (Risk of Bias 2.0, 
for randomized controlled trials). Articles were included if at 
least 7/10 items on the JBI Check lists were positively evalu-
ated and RCTs if they resulted with a low risk of bias on the 
ROB 2.0. Disagreements (if any) in the selection, extraction, 
and quality appraisal processes were resolved by the members 
of the research team through discussion.

A narrative synthesis for qualitative and quantitative studies 
was performed. Extracted data were compared item by item; 
similar data were compared, categorized, and grouped together 
according to Barnert’s classification of CMC outcome domains 
[44, 47]. We reported numerical data from quantitative papers 
as well as point and interval estimates when available.

Results

We identified 4883 papers across the electronic databases, 
of which 4714 from Medline/PubMed, 119 from Web of 
Science (Core Collection), 25 from CINAHL, 23 from Sco-
pus, and 2 from the Cochrane Library. We found a scoping 

review, from which we retrieved 3 additional papers. At the 
end of the selection process, we included a total of 18 papers 
(see the PRISMA Flow Chart in Fig. 1). All the included 
papers are summarized in Table 1.

Quality of the studies

All the studies found but one (17 out of 18) showed a low 
risk of bias or met ≥ 7 of the quality criteria required by the 
JBI quality appraisal checklists. A quasi-experimental study 
[21] was excluded from the qualitative synthesis because 
of its poor methodology and presentation of results. The 
details of the quality appraisal are shown in Tables 2–5, in 
the electronic supplementary file 2.

Study designs and sample size

Of the 17 studies included after quality assessment, 15 were 
conducted in the USA and 2 in Canada. The included papers 
were 4 RCTs, 10 quasi-experimental studies, 2 prevalence 
studies, and one qualitative study. Four studies included 
the description of the specific outcomes of the TeleFami-
lies-RCT [48–51]. The sample sizes of the included stud-
ies ranged from 11 to 269 CMC or CMC caregivers with a 

Fig. 1  Preferred Reporting 
Items for Systematic Reviews 
and Meta-Analyses (PRISMA) 
flow-chart
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median sample size of 43. In four studies (of which one was 
TeleFamilies-RCT), the sample size was > 100 [12, 48–53].

Types of telemedicine systems used

The studies included in this review included the use of dif-
ferent TM systems, according to the ATA definitions. Eight 
studies involved Advanced Practice Registered Nursing 
(APRN) or medical tele-visits [12, 22, 52–57]. Two stud-
ies involved the use of a telephone APRN care coordina-
tion intervention [58, 59]. Four studies (TeleFamilies-RCT) 
involved the use of a telehealth care coordination system run 
by nurses based on video calls or telephone calls [48–51]. 
Two studies included tele-monitoring systems [60, 61]. One 
study involved a telehealth system for sharing educational 
information and nursing support via e-mail [62].

Outcomes of telemedicine systems

Use of healthcare services, unplanned hospitalizations, 
and outpatient visits

Four studies focused on the association between TM and the use 
of healthcare services. The use of telemedicine and telehealth 
systems reduced unplanned hospitalizations but increased sched-
uled visits. McKissick et al., in the TeleFamilies-RCT, evalu-
ated the effect of care coordination systems in a group of 54 
CMC through a TM intervention consisting of telephone or 
video calls, for 24 months. In this study, a significant increase 
in planned visits was found in both TM groups, compared with 
usual care [50]. The video group exhibited the greatest effect 
with a reduction of unplanned visits equal to > 40% compared 
with baseline; no difference between the intervention and control 
groups was found with regard to the rate of unplanned visits, 
which were significantly reduced in all study groups compared 
with baseline until the end of the trial [50].

Cady et al., in a group of 43 CMC, found a signifi-
cant reduction equal to > 50% of unplanned hospital read-
missions (UHR) and unplanned inpatient days from the 
first year to the second year of a telephone-based care 
coordination and case management program (first year 
mean ( 

−

x UHR 1.7; SD ± 2.5 vs second year; 
−

x UHR 0.8; 
SD ± 1.7, p = 0.007). Also, during the 5 years of the study, 
normalized rates of planned inpatient days were constant, 
while rates of unplanned inpatient days decreased [58]. 
In another study, Cady et al. found that the use of Care 
Coordination systems on telephone or video calls through 
telehealth systems increased the number of episodes of 
care coordination and nursing consultations in three years 
[59]. Casavant et al. also found that the use of TM (27 
TM encounters with 14 patients) prevented a total of 23 
outpatient visits, 3 ED visits, and 1 hospital admission 
during their study [54].Ta
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Family well‑being: satisfaction with telemedicine systems

Six studies focused on satisfaction with TM systems [12, 
52, 55]. Looman et al., in the TeleFamilies-RCT, found 
a significant increase on the CG-CAHPS scale in the 
phone (P) and video (V) intervention groups compared 
with the control (C) group with regard: communication 
with healthcare providers, child’s health, the relationship 
with the child’s personal physician, and family centered 
care [48]. During the second year, satisfaction was stable 
for the TM group but increased in the control group for 
the latter two items [48]. On the same trial, Cady et al. 
found that among the Family Centered Care (FCC) items 
of the CG-CAHPS scale, adequacy of care coordination 
significantly increased by 10% in both TM groups during 
the 2 years of the trial (Perception of adequacy with TM 
care coordination = 60% vs control group < 50%, p < 0.05) 
[45]. In Hooshmand and Foronda’s study, TM also signifi-
cantly increased the perception of FCC compared with the 
control group [53]. Cormack et al. used the same scale, 
but no significant impact on satisfaction was found, pos-
sibly because families were already highly satisfied at the 
baseline and due to the small sample size [57].

Family and child health well‑being: quality of life

In the family quality of life domain, three studies measured 
family well-being and children’s Health Related Quality Of 
Life (HRQOL) [48, 57, 58] and a study examined parents’ 
stress through a qualitative analysis [56]. Looman et al. 
found that TeleFamilies-RCT interventions did not signifi-
cantly change HRQOL for CMC and families under TM 
interventions [51]. Haney and Tufts found a non-significant 
increase in self-reported well-being with an intervention 
consisting of informative and educational emails sent to 
family caregivers [62]. Young et al. reported a reduction 
of stress in a group of parents and/or caregivers of CMC 
interviewed for a qualitative study [60] and an increase in 
the quality of life in children and families using a tool spe-
cifically designed for the study. No inferential analysis was 
performed [61].

Healthcare use: costs of medical equipment and services

One study examined TM healthcare related costs for caring 
for CMC by measuring the costs of a 4-month TM interven-
tion compared with usual care follow-up. The authors found 
decreased total healthcare service costs by $45, including 
costs for unplanned Emergency Room and hospital admis-
sions, TM visits, and related equipment (total costs for visits 
per visit rate: 144,926.20$ for the control group compared 
to 100,174.55$ for the TM group) [56].

Family quality of life: financial burden

Two studies reported on the impact of telemedicine on 
the financial burden for families [53, 54]. Hooshmand and 
Foronda did not find a significant difference in family costs 
between the TM intervention group and usual care ( 

−

x = 
$53.10 ± 58.62, usual care;  

−

x = 54.15 ± 67.63, TM group), 
as both the TM and the traditional clinic were located in the 
family’s community. However, they calculated a projected 
significant decrease of 6 months of healthcare-related costs 
for the family in the TM group associated with reduced 
travelling to tertiary care centers and reduced waiting time 
for specialist consultations (Mean family usual care costs: 
$197.24 ± 159.42 vs mean family costs with TM: $54.15 
to ± 67.63) [53]. In addition, Casavant et al. through a survey 
with families of CMC found that total travelling costs to 
hospitals were reduced with the implementation of TM due 
to fewer unplanned hospital admissions [54].

Discussion

The 17 papers included in this integrative review offer a 
summary of the impact of TM on the use of healthcare ser-
vices, unplanned and healthcare visits, family satisfaction, 
family wellbeing, child’s HRQOL, and costs. These are the 
main outcome measures recommended for monitoring the 
health conditions of CMC at home [47]. We found evidence 
of the impact of TM on the reduction of unplanned hospi-
talizations, family satisfaction, and reduction of healthcare 
and travel costs for CMC.

This review identified the implementation of three main 
TM systems: telehealth based on nursing care coordination, 
APRN or medical tele-visits and tele-monitoring. Healthcare 
teams with APRNs as care coordinators is one of the key 
characteristics of the Medical Home model, highly recom-
mended for CMC because of improved clinical outcomes 
and reduced costs [16, 18–21, 49, 52]. Effective care coor-
dination resulted in improved communication among pro-
grams based on a partnership between primary care, tertiary 
care, social services, and patients and their families, includ-
ing the school system [16, 18, 20, 49, 58]. Tele-visits with 
APRNs, physicians, and other healthcare professionals have 
the advantage of reducing the distance between patients’ 
homes and specialists’ clinics, reducing absence from work, 
travel related costs, and improving access to care for vulner-
able populations such as CMC [50, 52]. Tele-monitoring 
used simultaneously with tele-visits reduce in-presence 
healthcare utilization and costs, as well as earlier hospital 
discharge [53, 57]. Different TM approaches should be fur-
ther tested, and evidence of iterative process improvement 
should be provided within different clinical pathways for 
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CMC including hybrid solutions according to the patient’s 
illness severity, characteristics, and personal needs.

We found that TM reduced unplanned admissions and 
hospital visits of CMC patients up to 50% [50, 58]. This 
result was similar to other pediatric chronic diseases, such 
as type I diabetes, where the use of TM systems was found 
to reduce the onset of complications, such as hyperglycemia 
or hypoglycemia, reducing unplanned hospitalization [24, 
27]. Tele-monitoring and other mobile technologies have 
the potential to provide healthcare professionals with real 
time data on the child’s health, and to schedule child visits 
according to data based on actual needs instead of standard 
follow up times. [20]. Moreover, access to specialized care 
for CMC is reduced when families live far from the hospital 
and in rural low-serviced communities [7]. A high propor-
tion of CMC (25.7%) accessing the ED require unplanned 
hospital admissions, increasing preventable healthcare 
expenditure [7]. Conversely, CMC that receive accessible 
and timely primary care require fewer ED admissions [7, 
63]. APRN TM care coordination improves team commu-
nication, access to healthcare services, and timeliness of 
planned visits.

Family satisfaction with TM systems is high, and predom-
inantly higher in TM care models than in usual care without 
TM. Family satisfaction is an essential indicator of family 
perception of care, family involvement, well-being, and care 
coordination. Currently available instruments used to meas-
ure CMC caregivers’ satisfaction [47] do not include specific 
items related to CMC’s experience of care. [64] such as time 
of travel to the hospital and stress related to the complexity 
of moving CMC’s technological devices [55]. Further stud-
ies are recommended to investigate validated instruments to 
measure all the components of CMC caregiver satisfaction.

Child and family quality of life was not found to be sig-
nificantly affected by TM [51, 61, 62]. Child mental health, 
health promotion, and family quality of life are poorly stud-
ied in CMC despite the relevant role of the family and the 
burden of caring for these children on their caregivers [47]. 
A study suggests that in CMC and their families, quality of 
life is not correlated with healthcare satisfaction, or with 
the shift from inpatient to outpatient care [65]. However, 
an association between quality of life, child mental health, 
and child pain was found [66]. The reasons for this should 
be further explored with CMC caregivers to maximize the 
potential of TM to achieve significant patient centered out-
comes, such as pain management, child mental health, and 
caregiver contribution to self-care.

TM was associated with decreased healthcare costs 
for CMC and decreased financial burden for families [22, 
56]. This result is in line with existing literature, including 
other pediatric populations [67–69]. This is particularly rel-
evant to healthcare for reimbursement policies that include 
public healthcare expenditure restraint programs [12, 70]. 

Moreover, the association between decreased financial bur-
den in families with CMC and related caregiver satisfaction 
should be explored [47, 48].

TM has been increasingly used during the COVID-19 
pandemic to respond to policies for limiting social contacts 
in the general population and has proved to be effective in 
reducing disparities in accessing healthcare services and 
improved close monitoring and communication with parents 
of children with complex conditions [71]. During the pan-
demic, even families of healthy children have been educated 
to adopt precautions that are well recognized by CMC, and 
to appreciate some practical advantages of TM. We hope this 
will speed up the integration of TM into clinical pathways 
of patients with CMC, and support a general wider use of 
TM in CMC  to increase the flexibility of dedicated health 
care services, and address the many needs of the families of 
these children.

Limitations

Our integrative review has several limitations. Firstly, we 
included only papers in English and no grey literature was 
searched. Secondly, TM interventions included in this 
review were based in Canada and the USA, limiting the 
generalizability to other countries or different healthcare 
systems. Moreover, the great diversity of the TM care mod-
els reported in the studies does not enable to reach collec-
tive conclusions nor the synthesis of research findings into 
a meta-analysis.

Thirdly, potential risks of bias across studies were found. 
Except for the Telefamilies RCT, all the other studies pre-
sented a risk of selection bias because of convenience sam-
pling, lack of randomization or allocation concealment of 
the study participants. Families with higher digital literacy 
were more likely to be included in those studies, potentially 
excluding socially disadvantaged populations and exacerbat-
ing disparities via the “digital divide.” Moreover, blinding of 
participants to the TM intervention and outcome assessment 
was not possible because of the nature of the intervention, 
possibly introducing the risk of information bias. On the 
other hand, attrition bias or selective reporting bias was not 
found.

Fourth, the relative rarity of CMC over the global pediat-
ric population might be currently limiting the availability of 
experimental studies evaluating the effect of TM systems in 
this patient population [4, 5]. Moreover, most of the included 
studies had limited sample sizes, therefore reducing the pos-
sibility to report significant statistical effects of TM on out-
comes for CMC. Despite this limitation, most of the studies 
documented a significant and relevant magnitude of effect 
of some outcomes, such as the reduction of unplanned hos-
pital admissions by half. Although rapid cycle testing might 
be relevant for evaluating rapidly changing TM solutions, 
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large multi-centered randomized controlled studies are war-
ranted to investigate the effect of standardized TM models 
in CMC. Finally, most of the studies included in this review 
had an observational or quasi experimental design, entailing 
some degree of uncertainty with regard to the effectiveness 
of TM systems in improving health outcomes for CMC. As 
evidence on this topic increases, future reviews should focus 
on specific domains such as quality of life, mental health, 
and family self-care skills associated to TM interventions.

Conclusions

CMC are an extremely fragile patient population that 
deserves the highest attention to closely monitor their health 
conditions and prevent complications. Indeed, this popula-
tion has frequent access to healthcare services compared 
with other chronic populations. The recent COVID-19 pan-
demic has stressed the need for healthcare services to push 
forward the use of TM on a global scale. Still, there are 
some reports about medical accidents during lockdown due 
to mobility restrictions and fear of being infected in hospitals 
especially among patients with chronic conditions [72–74].

This review shows that there is evidence that TM reduces 
unplanned hospitalizations, healthcare service costs, and 
financial burden for families, and increases caregiver sat-
isfaction with care. CMC represent a vulnerable population 
with a high priority for TM programs, particularly at times 
of increased risk of infections, such as the COVID-19 pan-
demic. Further studies are needed to confirm the effective-
ness of TM systems in improving CMC health and health 
utilization outcomes, including outcome measures such 
as mental health, hospital readmissions, caregiver compe-
tences, and self-care [47].
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