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A B S T R A C T

Background

Telemedicine is the use of electronic communications technology to provide care for patients when distance separates the practitioner
and the patient. As the parents and families of infants admitted to the NICU require major support from health professionals in terms of
information and time, telemedicine has the potential to increase this support.

Objectives

To evaluate if the use of telemedicine technology to support families of newborn infants receiving intensive care aCects the length of
hospital stay and parental/family satisfaction.

Search methods

We searched the following databases: Cochrane Central Register of Controlled Trials (CENTRAL, The Cochrane Library, 2011, Issue
8), MEDLINE (from 1966 to September 2011), EMBASE (1980 to September 2011). We also searched ClinicalTrials.gov (http://
www.clinicaltrials.gov) and the EudraCT (http://eudract.emea.eu.int) web sites. We searched the proceedings of conferences of the
Canadian Society of Telehealth, American Telemedicine Association, the International Society for Telemedicine, the Annual Conference of
The International e-Health Association, American Medical Informatics Association and MedInfo.

Selection criteria

We attempted to identify randomised controlled trials that assessed the use of telemedicine designed to support parents of infants cared
for in a Neonatal Intensive Care Unit (NICU) compared with standard support measures. Our primary outcome was the length of hospital
stay, and secondary outcomes included parental and staC satisfaction, emergency hospital visits post-discharge and family utilisation of
infant health-related resources.

Data collection and analysis

Two review authors independently screened the studies, extracted the data and assessed the risk of bias of the one included study using
the standard methods of the Cochrane Neonatal Review Group. We planned to express treatment eCects as risk ratio (RR), risk diCerence
(RD), number needed to treat (NNT) and mean diCerence (MD) where appropriate, using a fixed-eCect model.

Main results

A single study was included for analysis in this review. This study compared the use of telemedicine (Baby Carelink) for parents and families
of infants in the NICU with a control group without access to this programme and assessed the length of hospital stay for the infants and
family satisfaction in multiple components of infant care. The study shows no diCerence in the length of hospital stay (average length
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of stay: telemedicine group: 68.5 days (standard deviation (SD) 28.3 days), control group: 70.6 days (SD 35.6 days), MD -2.10 days (95%
confidence interval: -18.85 to 14.65 days). There was insuCicient information for further analysis of measures of family satisfaction.

Authors' conclusions

There is insuCicient evidence to support or refute the use of telemedicine technology to support the parents of high-risk newborn infants
receiving intensive care. Clinical trials are needed to assess the application of telemedicine to support parents and families of infants in
NICU with length of hospital stay and their perception of NICU care as the major outcomes.

P L A I N   L A N G U A G E   S U M M A R Y

Telemedicine for the support of parents of high-risk newborn infants

Telemedicine uses information technology so that doctors or nurses can communicate with their patients when they are not in the same
room. The parents of sick infants who are treated in neonatal intensive care units require a lot of support when their child is ill and when
they are taking their baby home. Telemedicine may be able to help the doctors and nurses to improve provision of support to the parents.
This review identified one trial which did not show that telemedicine alters the time these infants stay in hospital. However, there was
some imprecision of the published data in this study that makes it diCicult to make firm recommendations either way with telemedicine.
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Summary of findings for the main comparison.   Telemedicine for the support of parents of high-risk newborn infants

Telemedicine for the support of parents of high-risk newborn infants

Patient or population: parents of high-risk newborn infants 
Settings: NICU 
Intervention: Telemedicine

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Control Telemedicine

Relative effect 
(95% CI)

No of Partici-
pants 
(studies)

Quality of the
evidence 
(GRADE)

Comments

Length of hos-
pital stay 
Days 
Follow-up: 4
months

The mean length of hos-
pital stay in the control
groups was 
70.6 days

The mean length of hospital stay
in the intervention groups was 
2.10 lower 
(18.85 lower to 14.65 higher)

  56 
(1 study)

⊕⊝⊝⊝ 
very low

Quality assessment of the in-
cluded study - overall minor
downgrade, small sample and
major imprecision in the esti-
mate of effects.

*The basis for the assumed risk (e.g., the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI). 
CI: Confidence interval

GRADE Working Group grades of evidence 
High quality: Further research is very unlikely to change our confidence in the estimate of effect 
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate 
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate 
Very low quality: We are very uncertain about the estimate
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B A C K G R O U N D

Description of the condition

Telemedicine enables the practitioner or physician to deliver
health care without being in the same physical location as the
patient (Strehle 2006). One definition relevant to the paediatric
population provided by Spooner and Gottlieb is "the use of
electronic communications technology to provide and support
health care for infants, children, adolescents, and young adults
when distance separates the practitioner from the patient, parent,
guardian or referring practitioner" (Spooner 2004). In earlier usages
of the term, telemedicine (which means "medicine at a distance")
implies communication between doctors and patient in diCerent
physical locations where direct face-to-face consultation is not
feasible using ancillary means of communication such as telephone
and radio (McLaren 1995).

Description of the intervention

More recently, the meaning of telemedicine has been expanded
following the introduction of the Internet and other advances in
electronic and information technologies (Currell 2000). The newer
applications in telemedicine range from web-based interactive
image-enriched patient-specific information resources (Chan 2003)
and teleconferencing with audio and video capabilities (Weiner
2001) to the use of electronic accessories in the operating room
(Whitten 2004).Telemedicine can thus be seen as a subset within
the wider field of medical informatics (Nagendran 2000). The terms
"telehealth", "online health" and "e-health" are now also being
used interchangeably with telemedicine (Wootton 2001).

The two main forms of telemedicine are the synchronous or real
time variety (face-to-face) and the asynchronous variety where
the information is recorded (Jaatinen 2002). In the synchronous
variety, data, images and sound are transmitted live and the health
professional may have direct video contact with the patient. In
the asynchronous (store and forward technique), information for
example, X-Ray images may be acquired in one location and then
reviewed in another at a later stage (Strehle 2006).

Telemedicine has been developed in countries such as Canada
(Roine 2001) and Norway (Pettersen 1999) where a relatively small
rural population is spread over a large area, making face-to-face
medical consultations diCicult. The application of telemedicine
has been reported in the delivery of primary care (Marcin 2004a;
Marcin 2004b), child health (ShiCman 2001), specialist care in
cardiology (Sable 2002) and home monitoring of stable chronic
patients (Brennan 1997). However, the overall cost eCectiveness of
telemedicine in child health is still largely unproven (Strehle 2006a).
In fact, a recent evaluation suggests that telemedicine is not a cost
eCective way of delivering health care (Whitten 2002).

Telemedicine applications for remote monitoring of infants in
the Neonatal Intensive Care Unit (NICU) is technically feasible. A
web-based monitoring application for infants in the NICU (Shin
2003) has been described. However, in this study, the monitoring
station was located within the NICU, although it would have been
feasible for monitoring to be performed at some distance away
from the NICU. The current model of delivery of care in the
NICU is for the neonatologists to deliver care in person. However,
telemedicine applications for adult intensive care units allow

intensivists (critical care physicians) to deliver consultation when
they are not physically at the patient's bedside (Rosenfeld 2000).

How the intervention might work

Currently, the development of telemedicine in neonatal care
has a diCerent focus, targeting mainly the parents or family.
Telemedicine support is needed in neonatal care because of the
vast amount of specialised information available regarding the care
of the sick newborn, the prognosis of these newborns and the roles
and skills expected of the parents at discharge, given the limitations
of what most parents can realistically absorb within their visiting
time in the neonatal unit. Telemedicine should, therefore, aim not
to lessen the parents' need to travel to the hospital, but to provide
a portal through which they can access information pertinent to
the care of their newborn infants at their own time and place of
choice. Hopefully, better understanding by the parents regarding
the care of their infants can contribute to improved outcomes.
Daily updates may come in the form of "infant's diary" in an
attempt to personalize the progress of the infants for the family.
An example of this use of telemedicine is the "BabyLink" program,
a web-based program that automatically generates a daily update
summarising the infant's clinical progress through a secure web-
based server (Freer 2005). An observational study (comparing two
NICUs) has shown that telemedicine used to aid the turnaround
time of neonatal echocardiography interpretation may reduce the
length of hospital stay of very low birthweight infants (Rendina
1998). This may translate into benefits such as cost reduction from
early neonatal discharges (Speer 1998; Spinner 1998).

Why it is important to do this review

A Cochrane review on the eCectiveness of telemedicine versus face-
to-face patient care found variable and inconclusive results, but
pointed out the feasibility of conducting randomised controlled
trials of telemedicine applications (Currell 2000). However, a lack
of uniformity in the definitions of telemedicine has complicated
the assessment of its eCectiveness. For example, opinions vary on
whether the use of telephone in a healthcare setting constitutes
telemedicine (McLaren 1995; Thrall 1998; Currell 2000; Hersh 2001;
Spooner 2004; Wootton 2006). The evolving characteristics and
applications in telemedicine serve only to further broaden its
definition. To derive a practical message on the eCectiveness of
telemedicine, systematic reviews may have to focus on a specific
application or setting. This review examines one such application
of telemedicine in the NICU that provides information, education
and support to the families of sick newborns in the unit. This review
assesses whether telemedicine, when applied as an additional
resource, can enhance standard parental support.

O B J E C T I V E S

To evaluate if the use of telemedicine technology to provide
education and support for the families of newborn infants receiving
intensive care eCects the length of hospital stay.
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M E T H O D S

Criteria for considering studies for this review

Types of studies

We planned to include randomised and quasi-randomised
controlled trials. The unit of allocation could be either the
individual parental set or centres.

Types of participants

Parents or caretakers of high-risk newborn infants receiving
intensive care (not depending on the distance from the NICU).

Types of interventions

Telemedicine technology focused on education and support to the
parents or caretakers of newborn infants receiving intensive care.

Essential requirements that define the use of telemedicine are:

1. the use of information and communication technology such as
the Internet;

2. the provision of dedicated information relevant to the care of the
infants using the above technology;

3. the information provided above must be tailored to the parents
in the settings in which the infant is cared; a series of links to
the commonly accessible health web sites or search engines
or simply an encouragement to use the Internet would not be
considered as a telemedicine intervention;

4. the intervention could include the use of non-Internet based
information technology (IT), such as regular access to interactive
CD ROM on the care of the infants in the neonatal unit concerned;

5. the use of the telephone could be accepted as a "telemedicine"
intervention only if it is used as an additional tool in providing
information and education within a structured programme,
either people-based or by using computer programmes, in
conjunction with telemedicine applications as defined in points
1 to 4 above, in addition to the standard telephone support given
to the caregivers of the infants in the unit. For example, this
could involve regular calls made by NICU staC to the caregivers
at pre-defined timing. Where applicable, we planned to perform
subgroup analyses for studies using only the telephone as the
intervention and for those using other forms of telemedicine
applications.

The time of commencement and the duration of intervention were
accepted as variously specified by the authors of the included
studies. However, we planned that subgroup analyses would be
performed where applicable for studies with intervention applied
during the following periods:

a) only during the infant's primary hospitalisation;

b) only aPer the infant's discharge;

c) both during the infant's primary hospitalisation and aPer
discharge.

For comparison, we considered studies that examined the
following:

i) comparison of telemedicine support intervention versus no
support interventions;

ii) comparison of telemedicine support intervention versus
standard support interventions;
ii) comparison between telemedicine and standard support versus
standard support alone.

For studies that fall into groups ii) and iii), the education and
support measures for the control group would be accepted as
variously defined by the authors of the included studies as long
as these measures were clearly stated, were part of the standard
educational and support measures for the units concerned at the
time of study, and thus were also applicable to the intervention
group together with telemedicine.

We planned to perform subgroup analyses where applicable for i)
and ii).

We did not include studies that compared only diCerent types or
forms of telemedicine against each other in this review.

Types of outcome measures

Primary outcome measures

Length of hospital stay (days).

Secondary outcome measures

1. Families' knowledge on patient's condition, their satisfaction
and confidence on the care of infants at discharge, for example
the Parenting Stress Index (PSI) (Loyd 1985) and the NCAST
Parent Interaction Tool (Farel 1991).

2. StaC satisfaction on patient care.

3. Frequency of emergency hospital visits post-discharge.

4. Breast feeding rate at discharge and duration of breast feeding.

5. Frequency of access for infant health-related resources by the
families (including books, journal, CD ROM, Internet), taking into
account the use of assigned telemedicine facilities.

Search methods for identification of studies

We used the standard search strategy of the Cochrane
Neonatal Review Group. We searched the following databases:
Cochrane Central Register of Controlled Trials (CENTRAL, The
Cochrane Library, 2011, Issue 8), MEDLINE (from 1966 to
September 2011), EMBASE (1980 to September 2011) using the
search strategy below. We used the following Medical Subject
Heading (MESH) terms: "Telemedicine", "Telemetry", "Telehealth",
"SoPware", "Computer Communication Networks", "Online
Systems", "Computer-Assisted Instruction", "Diagnosis, Computer-
Assisted", "Computers", "Medical Informatics", "Computers,
Handheld", "Decision Making, Computer-Assisted", "Internet",
"Microcomputers", "Telecommunications", "Remote Consultation",
"Telenursing". The terms used in the search strategy were based on
a scoping review on the subject of health information technological
aid to physician-patient communication (Gentles 2010). Restriction
terms; infants (0 to 23 months), humans and clinical trials were
used. We did not use any language restriction.

Search Strategy (Appendix 1).

We also searched ClinicalTrials.gov (http://www.clinicaltrials.gov)
and the EudraCT (http://eudract.emea.eu.int) web sites.

Telemedicine for the support of parents of high-risk newborn infants (Review)
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We searched the proceedings of conferences to identify relevant
published abstracts of the Canadian Society of Telehealth,
American Telemedicine Association, the International Society for
Telemedicine, the Annual Conference of The International e-
Health Association, American Medical Informatics Association and
MedInfo.

Data collection and analysis

We used the standard methods of The Cochrane Collaboration
as described in the Cochrane Neonatal Review Group guidelines
(http://www.cochrane.org/training/cochrane-handbook).

1. Eligible studies were independently selected by the
investigators by applying predefined inclusion and exclusion
criteria. We resolved any disagreement by discussion.

2. Data extraction and entry: the review authors separately
extracted, assessed and coded all data for each study using
a form that was designed specifically for this review. For
continuous data, any standard error of the mean would be
replaced by the corresponding standard deviation.

3. Planned subgroup analyses: We planned subgroup analyses
according to the setting of newborn care: neonatal intensive
care unit, other in-hospital setting, or community setting.

4. Criteria for assessing the methodological quality of the studies:
Each trial was assessed for:
a. blinding of randomisation;

b. blinding of intervention;

c. whether there was complete follow-up;

d. blinding of outcome measurement and categorised them
into "yes", "no" and "can't tell".

5. Statistical analyses: Abstracted data were entered into RevMan
5 soPware and we assessed the one included study for statistical
heterogeneity. We performed meta-analysis using the fixed-
eCect model. The standard methods of the Neonatal Review
Group were used to synthesise data. We planned to use risk
ratio (RR) for dichotomous data, risk diCerence (RD) and number
needed to treat to benefit (NNTB) if there was a statistically
significant reduction in RD and number needed to harm (NNTH)
if there was a statistically significant increase in the RD.

We had intended to use the I2 test to examine heterogeneity

between trials (values of I2 of 25% is low, 50% moderate and 75%
high) (Higgins 2003). If moderate or high heterogeneity were noted,
sensitivity and subgroup analyses would be used to identify the
source of heterogeneity.

For categorical data, risk ratio, risk diCerence and NNT would
have been used with their respective 95% confidence intervals.
For continuous data, we used mean diCerence (MD) with 95%
confidence interval.

The methods described in Section 16.3 of the Cochrane Handbook
for Systematic Reviews of Interventions (http://www.cochrane.org/
training/cochrane-handbook) would have been used to allow
analysis at the level of the individual parent or infant while
accounting for the clustering of the data. Such methods might have
include a 'multilevel model', a 'variance components analysis' or
'generalised estimating equations (GEEs)'.

ECect estimates were analysed using the generic inverse variance
method found in the RevMan 5 soPware (RevMan 2011).

R E S U L T S

Description of studies

The preliminary MEDLINE search yielded 324 studies. APer
inspection of the titles, seven studies appeared to be potentially
eligible in terms of relevance and methodology or both. APer a
detailed inspection of the abstracts, we judged that only one out of
the seven studies met the selection criteria. The characteristics of
the single included study and the six excluded studies are detailed
in the tables Characteristics of included studies and Characteristics
of excluded studies, respectively.

A search of the online register of clinical trials,
www.clinicaltrials.gov did not reveal any study meeting the
inclusion criteria.

Gray 2000 was the single study that met the inclusion criteria.
It was a single-centre randomised control trial conducted from
1 November 1997 to 30 March 1999. The population consisted
of inborn very low birthweight (VLBW) infants admitted to a
NICU in Boston (Beth Israel Deaconess Medical Centre) and their
families. FiPy-six infants had been randomised (30 control and 26
intervention) within 10 days of birth (see Characteristics of included
studies). The main exclusion criteria were lack of high speed
telephone (ISDN) lines at the family's residence and an expected
stay of under two weeks at this NICU. Other exclusion criteria were
lack of permanent residence for the family, lack of competence
in English, expected discharge to other than the biological family
and finally at the decision of the attending neonatologist. The
intervention was the Baby CareLink system which was an online
resource (with video conferencing facility) that the family could
access through the Internet from their home computer. Each family
in the intervention group was given a single training session (lasting
from 40 to 120 minutes) on the use of the hardware and soPware.
The hardware consisted of the ISDN telephone lines (installed by
local telephone company) and computing and videoconferencing
hardware (installed by local hardware vendor) which were in place
mostly 12 days aPer randomisation. The Baby CareLink web site
had six main sections that each dealt with issues that were of
concern to the families during their baby's NICU stay and at the time
of discharge;a daily clinical report, a message centre, a 'see your
infant' section, a family room, a clinical information section, and a
section focused on preparation for discharge to home. The families
of infants in the control group received standard information and
support from NICU staC. The outcome measures were death or
discharge disposition from the NICU, date of discharge from NICU
and discharge home as well as the frequency of family visits,
telephone calls to the NICU, and holding of the infant (including
'kangaroo care'). The quality of care was rated by the family based
on the 80-item Picker Institure's Neonatal Intensive Care Unit
Family Satisfaction survey administered at one and four months
post-discharge.

Among the excluded studies, none was found to be relevant
aPer reading the abstracts, as they either assessed the use of
telemedicine technologies for clinical diagnosis rather than for
education and support (Robie 1998; Stenson 1998; Bhatikar 2002;
Dowie 2009) or they did not include parents of high-risk newborn
infants as participants (Guillen 2002; McCrossan 2007; Dowie 2009).
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Risk of bias in included studies

In Gray 2000, based on the published description of the methods,
it can be inferred that the sequence generation was adequate but
it was unclear whether the allocation was concealed. In terms
of concealment, blinding of the intervention was not possible.

Although blinding of outcome assessments that depended on
parental reporting was not possible, blinding of the researchers
when assessing other outcomes such as disposition of discharge
and recording of family visits and holding of the infants was
not reported. A detailed 'Risk of bias' table is included under
Characteristics of included studies, along with a 'Risk of bias' graph
(Figure 1) and a 'Risk of bias' summary (Figure 2).

 

Figure 1.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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In terms of reporting of results, the event rates and/or the total
number of participants analysed for all the outcomes were not
presented in the published paper, thus not allowing for further
meta-analysis. There was also no description on the assigned
groups of the five families who did not complete the postdischarge
survey.

E:ects of interventions

See: Summary of findings for the main comparison Telemedicine
for the support of parents of high-risk newborn infants

Gray 2000 examined the eCects of telemedicine support on the level
of family satisfaction on infant care and length of hospital stay. The
outcome of interest for this review, the length of hospital stay, did
not diCer between the Baby Carelink telemedicine group and the
control groups (68.5 ± 28.3 days in telemedicine group versus 70.6
± 35.6 days in the control group, mean diCerence: -2.10 days (95%
confidence interval -18.85 to 14.65 days) (Figure 3 ). The group that
was randomised to standard care included a significant number of
infants who were back-transferred to their local level two nurseries.
In fact, 20% of the control group were back-transferred while no
infants in the intervention group were back-transferred.

 

Figure 3.   Forest plot of comparison: 1 Baby Carelink versus standard care, outcome: 1.2 Length of hospital stay.

 
Frequency of accessing telemedicine access (Baby CareLink) was
reported for the intervention arm of this study. NICU and project
staC initiated 1033 sessions during the study period while 26
families initiated 1744 sessions (26 sessions per family, mostly
from home) during the same period. The average time of these
sessions for all users was 5.4 minutes. During this time, there were
328 family-initiated videoconferencing sessions which lasted an
average of six minutes. The Baby CareLink areas most likely to be
visited by the families were specific to the infants (for example
the picture gallery 91%, daily report 57% and message centre 46%
of the time). As this outcome was not reported (as it was not
applicable) to the control arm, this outcome will not be subjected
to more analysis in this review.

For the outcomes of family satisfaction assessed using the Picker
Institute’s Neonatal Intensive Care Unit Family Satisfaction Survey,
the authors reported that CareLink usage was associated with
significant improvements in family satisfaction in the overall
quality of care and environment and visitation dimensions (under
"Results", paragraph 7, lines 1 to 4). Figures 2 and 3 in the study
illustrate, in general, better scoring in the survey favouring the Baby
Carelink group. As we did not have the primary data that constitute
the figures from the authors, we were not able to apply further
analysis to this group of outcomes.

Our summary of findings with the authors' judgment on the overall
quality of evidence is presented in Summary of findings for the
main comparison .

D I S C U S S I O N

There are some deficiencies in the reporting of the results from
the single included study. In the selection of the patient group, the
study appeared to select families who lived close to urban centres
(as evidenced by using lack of ISDN coverage as an exclusion
criteria) and who were presumably of higher socioeconomic status
(competence in English). This will likely aCect the applicability
of the findings to other patient populations. The substantial
diCerence in the rates of back-transfer to the local level two
nursery between the intervention group and the control group

could represent significant selection or performance bias, or
an outcome as a result of the diCerent interventions received.
Furthermore, the very wide confidence interval of the diCerence in
the length of hospital stay in this study shows imprecise estimate
of the treatment eCect size; likely due to a sample size that
was inadequately powered. Overall, there was little information
available for the authors of this review to make any conclusions
regarding most of the outcomes. For the only analysable outcome
of the length of hospital stay, the overall quality of evidence
(GRADE) was very low (see Summary of findings for the main
comparison).

In view of the rapid advances in information technologies over the
recent two decades since this study, it is likely that telemedicine
applications have evolved, and there is a possibility that in
some NICUs telemedicine applications might have become the
standard tools for infant care or parental support. The advent of
mobile computing and social networking technology might have
facilitated the implementation of telemedicine. There is a need for
high-quality research in the form of randomised controlled trials
(RCTs) or cluster-RCTs on the eCects of telemedicine application
in the NICU setting as an educational and support tool for
parents or caregivers of infants in the NICU. Comparison should be
made between telemedicine, either used alone or alongside other
educational or support tools and other support or educational
methods without telemedicine in settings where telemedicine
technologies have not become the standard facilities for infant
care. In settings where telemedicine technologies have been
implemented, comparison between diCerent forms of telemedicine
facilities may be made. Major outcomes that should be considered
include any outcome that is reflective of the care process such as
the length of hospital stay, parental satisfaction and confidence,
and the frequency of emergency hospital visits post-discharge of
infants.
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A U T H O R S '   C O N C L U S I O N S

Implications for practice

There is insuCicient evidence to support or refute the use of
telemedicine technology to support the parents of high-risk
newborns receiving intensive care.

Implications for research

Considering the advances in information technologies over the
recent decades, there is a remarkable lack of research in the use
of telemedicine in supporting caregivers of infants in NICU. Clinical
trials are needed to assess the benefits of telemedicine technology
to the NICU population and their caregivers in improving infant
care, enabling earlier discharge and improving parental support
and education pre- and post-discharge of infants. Depending on

the study setting, comparisons may be made between the use of
telemedicine versus no telemedicine or between diCerent forms of
telemedicine facilities.
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Participants Very low birth weight infants (n = 75) within 10 days of birth born between November 1997 and April
1999. Infants whose family's primary residences do not have ISDN access, families with no permanent
address, non-English speaking families, discharge to other than biological family, and infants expect-
ed to stay in the participating NICU for < 14 days for various reasons were excluded. In case of multiple
births, one infant is randomly selected to enter the study

Interventions Families of infants allocated to intervention were given access to the Baby Carelink telemedicine ap-
plication, with a multimedia computer, Internet access and videoconferencing equipments installed
in their homes within 3 weeks of birth. There are six components in the Baby Carelink Web telemedi-
cine application, including a daily clinical report, a message centre, a "see-your-infant" section, a fam-
ily room, a clinical information section and a section on preparing for discharge. 26 infants were ran-
domised into the intervention group; 7 of their siblings also were allocated to the intervention arm,
making 33. Control group received standard neonatal care. 30 infants were randomised to the control
arm, with 12 of their siblings also allocated to the control arm with them

Outcomes Quality of care was assessed after discharge using a standardised family satisfaction survey, adminis-
tered between one to four months after the child's discharge. Other outcomes include length of hospi-
tal stay, family visits, interaction with infants and staC

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Study design, paragraph 2, lines 1-3: "....infants were randomised to the inter-
vention or control group using a birth weight-stratified permuted block de-
sign"

Allocation concealment
(selection bias)

Unclear risk No statement on who generated the randomisation sequence and how it was
implemented

Blinding (performance
bias and detection bias) 
Family satisfaction and
length of hospital stay

Unclear risk There was no description on blinding in the article. Blinding of the families of
infants was very unlikely and it was not clear whether hospital caregivers and
data collectors were blinded to the status of the participants

Blinding (performance
bias and detection bias) 
Episodes of interaction
with infants (e.g. holding
and kangaroo care) and
frequency of family visits

Unclear risk There was no description on blinding in the article. It was not clear whether
data collectors who evaluated these outcomes were blinded to the status pf
the participants, especially when they recorded the discharge status of the in-
fants (from NICU, from the level two nurseries, death), parental visits, holding
of the infants or kangaroo care

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Outcomes such as length of stay was obtained from the hospital records. With
regards to parental/familial satisfaction surveys, 51 out of 56 eligible families
were sent surveys with 31 families responding (61% response rate)

Selective reporting (re-
porting bias)

High risk The outcomes measured are detailed in the abstract, under "Design/Methods:
lines 10-15: Quality of care was assessed using a standardized family satisfac-
tion survey administered after discharge. In addition, the effect of Baby Care-
Link on hospital length of stay as well as family visitation and interactions with
infant and staC were measured."

However, the only outcomes related to visitation that were reported were per-
ceptions on visitation policies, which were parts of the family satisfaction sur-
vey. There was no additional report on "family visitation", as implied to be a
separate outcome based on the statements above. There was also no report of
any form on "interactions with infant and staC" in the results

Gray 2000  (Continued)
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The major outcome of family satisfaction, measured using the Picker Insti-
tute’s Neonatal Intensive Care Unit Family Satisfaction survey, was presented
in the form of charts (Figures 2 and 3 in the paper) with neither corresponding
data labels nor accompanying data figures in the text. This makes data extrac-
tion and meta-analysis impossible. The lead author was contacted by e-mail
on three occasions with request for provide data, and we are still awaiting a re-
ply

Other bias Unclear risk In the study, 20% of the control group were back-transferred to their local lev-
el two nursery while none of the participants in the intervention group was.
It was unclear whether this represented a source of selection bias, or indicat-
ed possible co-intervention (performance bias), or an indication of the need
to retain participants in the study setting for the purpose of the study, lead-
ing to unequal care process between some of the infants in the intervention
group and the control group (for example, all the infants in the control group
were transferred back to their local nursery when deemed appropriate as usu-
al, while infants in the intervention group were retained in the study setting for
the purpose of the study despite having fulfilled the criteria for transfer-back
to their local nursery), or an important outcome as a direct result of the differ-
ent assigned intervention. It was impossible to distinguish the various possibil-
ities mainly because of the lack of explanation provided by the authors, includ-
ing the essential information to enable an assessment of the risks of selection
and performance biases. Additionally, transfer-back to the local nursery was
not listed a priori as an outcome

Gray 2000  (Continued)

ISDN: Integrated Services Digital Network
NICU: Neonatal Intensive Care Unit
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Bhatikar 2002 A descriptive paper on a tool for telemedicine in the form of Internet enabled, intelligent personal
handheld computer, mainly to aid diagnosis of cardiac abnormalities. This is not an original study.

Dowie 2009 Prospective cohort study comparing patients assessed by cardiologist using telemedicine versus
face-to-face consultation, evaluating clinical feature e.g., symptoms of patients and mean NHS
costs in these two modes of assessment. Although the study includes newborn infants, it is not a
randomised controlled trial, and does not include parents or family as target in intervention.

Guillen 2002 A study that assesses two different types of home telecare services across five locations in Europe,
involving medical staC, patients and home caregivers of patients. Quality of telecare services e.g.,
audio and video are assessed. No specific assessment on the families of infants cared for in the
NICU.

McCrossan 2007 A feasibility study assessing the usefulness of videoconferencing facilities in supporting children
with major congenital heart disease and their families after hospital discharge. Families of infants
in NICU are not included.

Robie 1998 A study assessing the use of desktop computer-based video-teleconference in neonatal surgical
consultation, involving surgeons and neonates with surgical conditions. The study does not assess
telemedicine as a support tool for families of infants in NICU.

Stenson 1998 A randomised controlled trial assessing the usefulness of regular measurement of respiratory sys-
tem compliance in mechanically ventilated neonates, not a study on telemedicine technology for
parental support in NICU.
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D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Telemedicine versus standard care

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Length of hospital stay (days) 1 56 Mean Difference (IV, Fixed, 95%
CI)

-2.10 [-18.85, 14.65]

 
 

Analysis 1.1.   Comparison 1 Telemedicine versus standard care, Outcome 1 Length of hospital stay (days).

Study or subgroup Telemedicine Standard care Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Gray 2000 26 68.5 (28.3) 30 70.6 (35.6) 100% -2.1[-18.85,14.65]

   

Total *** 26   30   100% -2.1[-18.85,14.65]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.25(P=0.81)  

Favours telemedicine 10050-100 -50 0 Favours standard care

 

 

A P P E N D I C E S

Appendix 1. Search Strategy

Search Strategy:

1 exp "Computer Communication Networks+") OR "Computer Communication Networks" [title, original title, abstract, name of substance
word, subject heading word]
2 exp "Online Systems+") OR "Online Systems" [title, original title, abstract, name of substance word, subject heading word]
3 exp "Computer-Assisted Instruction") OR "Computer-Assisted Instruction"
4 exp "Diagnosis, Computer-Assisted+") OR "Diagnosis, Computer-Assisted" [title, original title, abstract, name of substance word, subject
heading word]
5 "Therapy, Computer-Assisted+") OR "Therapy, Computer-Assisted"
6 "Computers+") OR "Computers"
7 "Medical Informatics+") OR "Medical Informatics"
8 "Computers, Handheld") OR "Computers, Handheld"
9 "Decision Making, Computer-Assisted+") OR "decision making, computer-assisted"
10 "Internet+") OR "Internet"
11 "Microcomputers+") OR "microcomputers"
12 "User-Computer Interface") OR "user-computer interface"
13 "SoPware+") OR "SoPware"
14 "Telecommunications+") OR "Telecommunications"
15 "Telemedicine+") OR "Telemedicine"
16 "Remote Consultation") OR "Remote Consultation"
17 "Telehealth"
18 "Telenursing") OR "Telenursing"
19 S1 or S2 or S3 or S4 or S5 or S6 or S7 or S8 or S9 or S10 or S11 or S12 or S13 or S14 or S15 or S16 or S17 or S18
20 Limit to Human; Age Related: All Infant: birth-23 months; Publication Type: Clinical Trial 
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Protocol first published: Issue 4, 2007
Review first published: Issue 6, 2012

 

Date Event Description

27 October 2008 New search has been performed Converted to new review format.
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