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percent of these high-risk babies 
spend a significant portion of their 
stay in the NICU and subsequently 
continue to require a prolonged 
hospital stay. Families face fi-
nancial and emotional difficulties 
when a newborn is not medically 
stable and has to stay in a NICU 
for a prolonged period of time. 
As part of infection-control mea-
sures in NICUs, only parents are 
granted visitation rights. Given 
the threats to these infants from 
infectious diseases, parents’ visits 
to the NICU may be further re-
stricted, thus compounding their 
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Abstract
Introduction:	Globally	about	8%	to	10%	of	newborns	require	neo-

natal	intensive	care	(NICU)	care.	Families	face	emotional	and	financial	
difficulties	 when	 their	 sick	 newborns	 are	 hospitalized	 for	 prolonged	
periods	in	a	NICU.

Methods:	We	conducted	a	study	to	assess	the	feasibility	and	acceptance	
of	an	Internet-based	telemedicine	program	in	an	intensive	care	setting	and	
to	evaluate	its	impact	on	newborns’	length	of	stay	(LOS)	in	hospitals.	We	
identified	eligible	newborns	and	obtained	their	parents’	written	consent	
before	installing	a	Web	camera	by	the	babies’	beds.	Using	child-specific,	
confidential	passwords,	families	viewed	real-time	video	images	of	their	
newborns	through	a	secure	portal	via	an	Internet	browser	or	3G	(third-
generation)	cell	phone.	Parents	of	study	subjects	completed	a	survey	that	
detailed	the	performance	of	the	system.	Frequency	of	parental	visits	and	
LOS	of	babies	were	tracked	and	compared	with	the	same	data	for	similar	
high-risk	newborns	matched	for	gestation	and	birth	weight.

Results:	 Parents	 responded	 favorably	 to	 the	 stability	 of	 the	 system	
and	clarity	of	the	image.	Eighty	percent	requested	a	larger	image	frame.	
Frequencies	of	hospital	visits	made	by	parents	of	newborns	in	the	study	
group	and	of	those	made	by	parents	in	the	control	group	were	not	statisti-
cally	different.	LOS	and	postmenstrual	age	on	discharge	of	study	infants	
were	not	statistically	different	compared	with	infants	in	the	control	group.

Conclusion:	Virtual	visitation	 is	well	accepted	by	 families	with	sick	
newborns	 requiring	 prolonged	 hospitalization.	 Inclusion	 of	 informa-
tion	 technology	 to	optimize	NICU	visitation	 resulted	 in	no	significant	
decrease	in	duration	of	hospitalization;	however,	 its	role	in	improving	
post-discharge	transition	care	must	be	evaluated	further.
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Introduction
Telemedicine has been used to 

facilitate patient care delivery, to 
improve accessibility of health care 
services, and to optimize compli-
ance with treatment plans, reducing 

the need for hospital visits, thereby 
reducing cost of health care.1–3 It is 
estimated that globally about 8% 
to 10% of babies delivered in the 
hospital require care in a neonatal 
intensive care unit (NICU).4 Fifty 

Figure 1. Picture of cot-side Web cam-
era and Web image on cell phone.
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anxiety. With globalization and 
the demands of jobs, parents may 
not be together to support each 
other throughout the baby’s NICU 
stay. This is especially difficult 
for first-time parents when faced 
with the need to make critical 
decisions about the care of their 
sick newborns. Very often, when 
such babies are medically stable 
and able to go home, parents 
frequently have little confidence 
in their own ability to look after 
their babies, thus prolonging their 
stay in the hospital further.

We hypothesized that parents 
are receptive to the use of the In-
ternet and telemedicine technology 
in an acute NICU setting and that its 
availability may lower health care 
costs through reduction in avoid-
able readmissions after discharge 
from primary hospitalization. In 
this article, we describe our study 
design and our high-tech approach 
to providing individualized support 
to the families of very-low-birth-
weight infants.

Methods
To facilitate Internet access, we 

installed three broadband points 
and three cameras in the NICU at 
our institution. The connections 
were linked to a centralized com-
puter located at the central nursing 
station. Installation of the cameras 
and technical connections were 
sponsored by our local telecom-
munication company, SingTel. The 
institution initiated the broadband 
subscription and maintained the 
service contract throughout the 
study period.

Very-low-birth-weight infants 
with an expected length of stay 
(LOS) of more than three weeks 
in the NICU were eligible for 
study enrollment. Parents of eli-
gible infants were informed of the 

availability of Web camera service 
before the mother’s discharge from 
the maternity ward. Parents with 
knowledge of Internet use and ac-
cess to Internet service who agreed 
to abide by the access guidelines 
were enrolled in our study. En-
rolled families were required to 
stop using their user identifica-
tion number and password when 
their babies were discharged to 
step-down care or when their 
newborns were discharged from 
the hospital, whichever happened 
first. We obtained written consent 
from the parents before installing 
a Web camera by their babies’ 
beds. Each enrolled family was is-
sued a child-specific, confidential 
password that enabled them to 
view real-time video images of 
their newborns through a secure 
portal via an Internet browser or 
3G (third-generation) cell phone 
(Figures 1 and 2). A security 
number for each newborn, which 
included a user identification num-
ber and a password, was released 
on confirmation of agreement in 
writing. The same security number 
remained in place for the newborn 
for the entire NICU stay.

At every shift, the nurse in 
charge would check that the as-
signed camera focused on and 
was filming the correct baby. 
The system had a visual indica-
tor to alert the staff when 
the camera was in action. 
Cameras were activated at 
scheduled times identified 
as infants’ rest time: 1100 
to 1230 hours, 1730 to 1900 
hours, and 2300 to 0030 
hours. During an emergen-
cy, the nursing and medi-
cal teams in charge were 
responsible for switching 
off the camera. Character-
istics of enrolled babies, 
severity of their illness, 
and the mothers’ ages and 
ethnicities were collected 
and compared with ran-
domly selected high-risk 
newborns matched for gestation 
and birth weight. Study control-
group members were newborns 
treated in the NICU in the pre-
ceding year. LOS, postmenstrual 
age at discharge, and readmission 
within 15 days after discharge were 
tracked for both cohorts of infants. 
Parental perceptions of the sys-

Figure 2. How the newborn-viewing Web camera system works. (SingTel 
EXPAN is an Internet service provider for businesses.) 

DSL = digital subscriber line

100% of 
the parents 

with Internet 
access found 
it useful for 
them and 

their family 
members.  

… and 
expressed 
interest in 

recommending 
the service 
to potential 

users.
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tem’s stability and feasibility were 
evaluated through a set of survey 
questions (Table 1). The cost of 
implementing this Internet service 
was computed.

Statistical Analysis
Statistical analysis was performed 

using SPSS Statistics (version 18.0; 
SPSS Inc, Chicago, IL, USA). The 
data are shown here as means ± 
standard deviation. Analysis of the 
study versus control cohorts was 
performed using the Fisher exact 
test and the independent sample 
t-test where appropriate. A p value 
of <0.05 was considered significant.

Ethics Approval
Our study was approved by 

our institution’s review board and 
supported by our institution’s legal 
advisor.

Results
A total of 46 study participants 

were recruited for the Internet 
viewing service between 2005 and 
2007. Forty-six infants were iden-
tified from the patient database 
maintained by the NICU to serve 
as a study control group. Data 
were controlled for gestation and 
birth weight. Study participants 
and control-group members were 

not significantly different regarding 
birth weight, duration of gestation, 
or severity of illness as measured on 
the Clinical Risk Index for Babies 
(CRIB) II score.5 Infants in both 
groups were born to mothers with 
a mean age of 32.5 years. Infants in 
both groups were equally distrib-
uted among ethnicities (Table 2).

The mean LOS of study par-
ticipants was 68.3 ± 25.5 days, 
compared with 74.3 ± 29.0 days 
in control-group members. Study 
participants were discharged at a 
mean postmenstrual age of 38.1 
± 2.3 weeks compared with 38.4 
± 2.6 weeks for control-group 
members. These trends did not 
amount to a statistical significant 
difference between both groups. 
One control-group infant was re-
admitted within 15 days of primary 
hospital discharge, in contrast with 
no infants from the study group.

Parents of study participants 
reported confidence in the Inter-
net viewing service. Ninety-seven 
percent of families expressed con-
fidence in the safety and security 
of online video access, and 100% 
of the parents with Internet access 
found it useful for them and their 
family members. All parents of the 
study cohort expressed interest 
in recommending the service to 
potential users (Table 3).

The service required 3 broad-
band accounts; the cost for main-
taining the 3 accounts and the 
wireless modem was 7500 SGD 
(Singapore dollars) per year. For 
the 3-year study period, our institu-
tion incurred a total cost of 22,500 
SGD to maintain the service.

Discussion
Our study confirmed the feasibil-

ity of integrating communication 
technologies, using the Internet, 
in the NICU environment. The 
technology was readily accepted 

Table	1.	Survey	of	parental	perceptions	of	Internet	viewing	service
Section	A:	Personal	information

Age	of	mother:

□	<24	years □	25–30	years □	>30	years
Usage	pattern—I	usually	access	the	video	during	the	following	timing:

□	1100–1230	hours □	1730–1900	hours □	2300–0030	hours

Section	B:	User	experience	survey
Statement Agree Disagree
	 1.	I	was	educated	on	how	to	access	the	video	

online.
□ □

	 2.	I	experienced	no	technical	difficulty	in	accessing	
my	baby’s	video.

□ □
	 3.	It	is	safe	to	access	my	baby’s	video	online,	

and	there	would	be	no	breach	of	information	
technology	security.

□ □

	 4.	I	am	confident	that	my	baby	will	not	be	wrongly	
filmed	by	accident	and	aired	to	another	user.

□ □
	 5.	The	quality	of	the	video	is	sharp	and	clear. □ □
	 6.	The	color	and	contrast	of	the	video	is	satisfactory. □ □
	 7.	Overall,	I	am	satisfied	with	the	quality	of	the	

video.
□ □

	 8.	None	of	the	access	times	(1100–1230	hours,	
1730–1900	hours,	2300–0030	hours)	is	
convenient	for	me.

□ □

	 9.	This	service	is	useful	for	me	and	my	family. □ □
	10.	I	am	likely	to	recommend	this	service	to	another	

potential	user.
□ □

	11.	How	much	are	you	prepared	to	pay	per	day	for	this	service?
	 	 ___________________________________________________________

	12.	Any	other	feedback/area	for	improvement?
	 	 ___________________________________________________________
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and enthusiastically embraced by 
parents. Parents used the system to 
watch their newborn several times 
each day. With this viewing service, 
families remained connected with 
their child and receive second-
by-second updates on their child 
throughout the access period.

The immense interest among 
parents of our NICU babies in using 
the service to gather information on 
their child’s care in the NICU paral-
lels the experience reported from 
several other studies. The study by 
Bass et al of patients with Alzheimer 
disease found that computer sup-
port networks were heavily used 
by patients’ family caregivers and 
significantly reduced stress among 
caregivers.6 The study by Gray et al 
of the use of Internet and telecom-
munication to improve care of high-
risk infants demonstrated a high 
Internet-use rate, with the majority 
initiating viewing sessions from 
home.2,7 Other studies have also 
identified valuable success with the 
use of telemedicine technologies in 
the care of pediatric patients. Karp 
et al, in their study of a population 
of children with special health care 
needs, found the telemedicine sys-
tem to be well received and well 
used in providing distance consulta-
tion within the US state of Georgia.8 
Miyasaka et al, in their study on use 
of telemedicine to provide home 
monitoring and care after a stay in 
an intensive care unit, documented 
a reduced need for physician home 
visits, unscheduled hospital visits, 
and days of hospitalization.9

Despite reported successes, sev-
eral issues have been raised as hin-
drance to routine implementation 
of the system, including the ability 
of providers to recoup costs associ-
ated with providing Internet access, 
telemedicine consultations, and 
medicolegal concerns.10,11 Similarly, 
costs of maintaining Internet access 

restricted our ability to extend the 
service to all families with newborns 
at high risk requiring NICU care.

We selected only families with 
Internet access and with knowledge 
of how to use the Internet for our 
study, but it has been shown that 
families without traditional access 
to health care derive more benefits 
from computer-assisted support than 
do Internet-savvy families.12 Our 
study was limited by the small size of 
our study group. Although LOS was 
shorter among study participants 
than among control-group infants, 
the difference was not statistically 
significant. Infants in our study co-
hort were discharged earlier than 
control-group infants; however, this 
difference also was not statistically 
significant. Our small study popula-
tion possibly limits the power of 
our analyses to detect differences. 

Extending Internet service in the 
postdischarge period may poten-
tially improve the efficiency of care 
coordination for these infants, but 
further work is required to confirm 
and demonstrate its impact.

Conclusion
With advances in neonatal prac-

tices, NICU care and support for 
extremely preterm babies has 
increased, this translates into an 
increased emotional toll on fami-
lies. Our study findings confirm 
that parents respond favorably to 
the availability of telemedicine in 
a NICU and that well-designed 
virtual access may assist in address-
ing the emotional and educational 
needs of families, thereby improv-
ing family comfort and providing 
emotional reassurance to parents 
of neonates at high risk. v

Table	2.	Characteristics	of	study	and	control-group	populations
	
	

Study	
population	

(n	=	46)

Control	
population	

(n	=	46)

	
	

p	value
Birth	weight	(g) 1039.3	±	299.7 1011.3	±	276.9 NS
Gestation	(weeks) 28.1	±	2.4 28.0	±	2.4 NS
CRIB	II	score 8.2	±	3.6 8.6	±	3.3 NS
Maternal	age	(years) 32.5	±	4.9 32.5	±	4.5 NS
Maternal	ethnicity	
Chinese	:	Malay	:	Indian	:	others

31	:	6	:	0	:	9 34	:	9	:	1	:	2 NS

Values	other	than	maternal	ethnicity	are	means	±	standard	deviation.	
CRIB	=	Clinical	Risk	Index	for	Babies;	NS	=	not	significant

Table	3.	Distribution	of	parents’	responses	to	survey	questions
Survey	statement Agree	(%)
I	was	educated	on	how	to	access	the	video	online. 89.5
I	experienced	no	technical	difficulty	accessing	my	baby’s	video. 81.6
It	is	safe	to	access	my	baby’s	video	online,	and	there	would	be	no	
breach	of	information	technology	security.

94.7

I	am	confident	that	my	baby	will	not	be	wrongly	filmed	by	accident	
and	aired	to	another	user.

92.1

The	quality	of	the	video	is	sharp	and	clear. 73.7
The	color	and	contrast	of	the	video	is	satisfactory. 89.5
Overall,	I	am	satisfied	with	the	quality	of	the	video. 89.5
None	of	the	access	times	(1100–1230	hours,	1730–1900	hours,	
2300–0030	hours)	is	convenient	for	me.

26.3

This	service	is	useful	for	me	and	my	family. 100
I	am	likely	to	recommend	this	service	to	another	potential	user. 100
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Miracles
There	are	only	two	ways	to	live	your	life.	One	is	as	though	nothing	

is	a	miracle.	The	other	is	as	though	everything	is	a	miracle.
— Albert Einstein, 1879-1955, physicist, 1921 Nobel Laureate in Physics




