
Abstract
Severe neonatal hyperbilirubinemia remains a cause of neuro-

logic damage in children in low-income countries. Phototherapy,
which is the standard of care for neonatal hyperbilirubinemia is not

only necessary but an essential neonatal service that should be read-
ily available in all health facilities with maternal and newborn ser-
vices. The study describes the availability and distribution of pho-
totherapy service in secondary health facilities in Southeast Nigeria.
This was a cross-sectional descriptive study carried out in four of
the largest cities in Southeast Nigeria using purposive and conve-
nient sampling methods. A questionnaire was administered and
information regarding the availability of phototherapy machines, its
use and availability of personnel was obtained. A total of 77 facili-
ties were surveyed. Fifty-five (71.4%) of the studied facilities man-
age jaundice in their facility. Of these, 45/55 (81.8%) use photother-
apy in the management of jaundice in newborns. The most used
phototherapy is Light-Emitting Diode (LED) (42.2%). Others were
fluorescent (26.6%), fabricated LED (11.1%) and fabricated fluo-
rescent (20%). Routine serum bilirubin assay was done in 60
(77.9%) facilities even though majority was done in laboratories
outside the facility. Non-invasive serum bilirubin monitoring was
available in only two facilities. Only 21 (47.7%) had a servicing
protocol for their phototherapy machines, and just 12 (27.7%) of
these services were offered by a biomedical engineer. Phototherapy
use in secondary health facilities is suboptimal. There is urgent need
for states health authorities to collaborate with private health facil-
ities especially those offering maternal and child services in provi-
sion of phototherapy machines and help in the training health work-
ers for optimal management of neonatal hyperbilirubinemia.

Introduction
Severe hyperbilirubinemia is an important clinical and public

health issue, with rising incidence of bilirubin encephalopathy
around the world.1 The continued occurrence of kernicterus in
newborns has been attributed to a health systems failure in neona-
tal service delivery.2,3 In Nigeria for instance, Neonatal Jaundice
(NNJ) accounts for 9–45% of neonatal admissions4-7 with up to
30% of the admitted to tertiary health institutions already having
features of kernicterus8,9 subsequently leading to high neonatal
mortality rates of 5–14%.6,7

Phototherapy (PT) is the standard treatment for neonatal
hyperbilirubinemia. Since its advent 60 years ago, PT has reduced
the need for Exchange Blood Transfusions (EBT) and has
improved neurodevelopmental outcomes of infants with jaun-
dice.10 It is non- invasive and has fewer complications when com-
pared to EBT.11 Phototherapy is therefore an essential neonatal ser-
vice that should be readily available to all newborns. The World
Health Organization (WHO) in its medical device priority, listed
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phototherapy as a priority medical device at the district level hos-
pital12 needed to provide essential neonatal and child health ser-
vices in Low- And Middle-Income Countries (LMICs).

The efficacy of PT is quantified, in part, by the intensity or
irradiance the light source can deliver, the dimensions of the irra-
diance footprint relative to the patient’s Body Surface Area (BSA),
and the duration of treatment. Irradiance is measured with a spec-
tro radiometer and is usually expressed in terms of microwatts per
square centimetre per nanometre (µW/cm2/nm) over a given wave-
length range, usually 400–520 nm. Irradiance is not only deter-
mined by the intensity delivered by the light source, but also by the
distance between the light source and the skin to be treated.13 The
current American Academy of Pediatrics (AAP) recommendations
for PT state that a conventional PT device should deliver a spectral
irradiance of 8 to 10 µW/cm2/nm in the 430–490 nm band, and
intensive PT should have a spectral irradiance of at least 30
µW/cm2/nm over the same bandwidth delivered to as much of the
infant’s BSA as possible.14,15 To the best of our knowledge, there
is paucity of published data on the availability and distribution of
PT at the secondary level of care in Nigeria especially in the south-
east. Knowledge of the availability and distribution of photothera-
py services in Nigeria will guide health systems planning and aid
reduction of morbidity and mortality from hyperbilirubinemia and
its adverse consequences. This study was therefore done to
describe the availability and distribution of phototherapy services
in secondary health institutions in Southeast Nigeria as one of the
WHO essential medical tools for optimal neonatal care.

Materials and Methods
Study area

This cross-sectional descriptive study was carried out in 4 of
the largest cities in southeast Nigeria namely Enugu (in Enugu
State), Abakaliki (in Ebonyi State), Awka and Nnewi (both in
Anambra State). These sampling locations were purposively cho-
sen because of the presence of tertiary health institution which
serve as referral centers for private and faith-based health facilities
located within these cities. Within each study location, health facil-
ities with maternal and child health services were selected to be
enrolled using convenience sampling.

The selected health facilities were visited by at least one of the
researchers. Informed consent was obtained from the director of
the hospital in all surveyed health facilities. Afterwards, a ques-
tionnaire was administered to the director or their designates.
Information obtained included but was not limited to: number and
qualification of healthcare personnel involved in the care of new-
borns with NNJ, availability of laboratory diagnosis of Serum
Bilirubin (SB) and the number of functional phototherapy units in
the health facilities were inspected and documented.

Data collection and analysis
The questionnaires used for data collection were administered

by the researchers.
The study variables were collected in the relevant sections of

the questionnaire. In the first section, some of the characteristics of
healthcare facilities surveyed and its ownership were collected and
categorized as follows: i) professional qualification of facilities
owners was categorized as obstetrician, general practitioner, and
non-doctors; ii) type of ownership was categorized as faith-based
and private; iii) whether jaundice is managed in facility was cate-
gorized as yes or no; iv) method used for diagnosis of jaundice cat-

egorised as skin observation and serum bilirubin, serum bilirubin
only and skin observation only; v) use of phototherapy machine to
manage jaundice was grouped into yes and no; vi) type of pho-
totherapy was classified into Light-Emitting Diode (LED), fluores-
cent, fabricated LED, and fabricated fluorescent; vii) availability
of pediatrician in health facility was categorised as yes and no; viii)
type of pediatrician engagement was categorized as full time, reg-
ular schedule and visit on request. The second section of the ques-
tionnaire collected information on principles of phototherapy that
measured parameters assessing adequate use of phototherapy
units. These parameters included: i) training on phototherapy use
was categorized as yes or no; ii) availability of phototherapy
guidelines categorized as yes and no; iii) type of phototherapy
guideline if available was categorized as National Institute for
Health and Care Excellence (NICE) and America Academy of
Pediatrics (AAP); iv) routine serum bilirubin assay done in-facility
was categorized as yes or no; v) type of non-invasive serum biliru-
bin monitor used was categorized as Transcutaneous Bilibinometer
(TB) and bili stick; vi) frequency of serum bilirubin check during
phototherapy was categorized as daily, every 48 hours, every 72
hours and only as needed; vii) total number of functional pho-
totherapy machines in facility was categorized as 1, 2, 3 and ≥4;
viii) availability of servicing protocol for the phototherapy
machines was categorized as yes or no; ix) maintenance personnel
used for phototherapy machines servicing was categorized as
biomed assigned technicians and regular electrician 

Data was entered into the relevant sections of the questionnaire
and subsequently transferred into a Microsoft Excel sheet. Data
collected was categorized and reported in percentages and ratio.
The Chi-square analysis was used to assess initial associations
between the predictor and outcome variables. Data analysis was
done using Epi Info version 7.2 and statistical significance was set
at p<0.05. Respondents with missing information were excluded
from the data analysis.

Results
A total of 77 health facilities located in 4 cities in southeast

Nigeria were surveyed. Thirty-three (42.9%) of hospitals surveyed
were in Enugu, while others were located thus; Abakaliki (26%),
Awka (18.2%) and Nnewi (13%). Seventy-four (96.1%) of the
health facilities surveyed were privately owned. Forty-nine
(63.6%) of the 77 surveyed hospital were owned by medical doc-
tors who are specialists in obstetrics. The median annual birth rate
of these facilities was approximately 120 (IQR 30 – 300; Table 1).

                             Article

Table 1. Facilities whose phototherapy services were explored.

Parameters                                    Variable              N           (%)

HEQ of hospital owner (N=77)             Obstetrician              49               63.6
                                                               General practitioner       25               32.5
                                                                       Non-doctor                 3                 3.9
Level of care ownership (N=77)                Private                    74               96.1
                                                                       Faith-based                3                 3.9
Hospital location (N=77)                             Enugu                    33               42.9
                                                                            Nnewi                    10               13.0
                                                                          Abakaliki                  20               26.0
                                                                             Awka                     14               18.2
Annual birth rate                                            Median                  120      IQR=60-300
HEQ, Highest Educational Qualification; IQR, Interquartile Range
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Table 2 shows the management of jaundice and the use of pho-
totherapy in the various facilities. Fifty-five facilities diagnose
jaundice using both skin observation and SB estimation, while 17
(22.1%) use only skin observation. Fifty-five (71.4%) of the stud-
ied facilities manage jaundice in their facility while 22 (28.6%)
refer their jaundice cases to other secondary or tertiary facilities. 

Out of the fifty-five facilities that manage jaundice in their
facility, 45 (81.8%) use phototherapy in the management of jaun-
dice in newborns. The type of phototherapy used varied in the dif-
ferent facilities as shown in Figure 1, with 19 (42.2%) of the facil-
ities using LED phototherapy. Forty-four (80%) of the facilities
that manage jaundice have a pediatrician. However, only about a
tenth (9.1%) engage them on a full-time basis. Others engage pedi-
atrician at regular schedule (18.2%) and most based on the need
(52.7%; Table 2).

Considering the treatment protocol used in various facilities,
only 10 (13%) of these facilities had formal training on use of pho-
totherapy and even fewer (9.1%) follow guidelines (NICE and

AAP guidelines) during use. Routine serum bilirubin assay was
done in most facilities 60 (77.9%), even though most of them were
done in laboratories outside the facility. Non-invasive serum biliru-
bin was only available in two of the facilities who used transcuta-
neous bilirubinometers. None of the studied facilities had an irra-
diance meter and most facilities (32.5%) monitor serum bilirubin
every 48 hours (Table 3).

Table 4 shows equipment and servicing protocol in surveyed
facilities. Among the 44 health facilities that managed newborn
jaundice using phototherapy machines, the vast majority (54.5%)
had only one functional while 8 (18.2%). 5 (11.4%) and 7 (15.9%)
had 2,3 and 4 or more functional unit respectively. In most of these
facilities, the bulbs of the phototherapy units were replaced as the
need arises. Servicing protocol for the machines exists in approxi-
mately half (52.3%) of the facilities and maintenance of these units
was done by regular electricians with no special training in main-
tenance of phototherapy units. Measurement of irradiance was not
done in any of the surveyed facilities (Table 4).

                             
Article

Table 2. Management of jaundice in the various facilities.

Parameters                                                                                Variable                                              N                                           (%)

Diagnosis of jaundice (N=77)                                                Skin observation and serum bilirubin                                 55                                                        71.4
                                                                                                                       Serum bilirubin only                                                  5                                                          6.5
                                                                                                                      Skin observation only                                                17                                                        22.1
Jaundice managed in facility (N=77)                                                                   Yes                                                                55                                                        71.4
                                                                                                                                       No                                                                 22                                                        28.6
Use of phototherapy to manage jaundice (N=55)                                            Yes                                                                45                                                        81.8
                                                                                                                                       No                                                                 10                                                        18.2
Type of phototherapy (N=45)                                                                               LED                                                                19                                                        42.2
                                                                                                                              Fluorescent                                                        12                                                        26.6
                                                                                                                           Fabricated LED                                                      5                                                         11.1
                                                                                                                    Fabricated fluorescent                                               9                                                         20.0
Availability of pediatrician in facility (N=55)                                                      Yes                                                                44                                                        80.0
                                                                                                                                       No                                                                 11                                                        20.0
Type of engagement (N=55)                                                                             Full time                                                            5                                                          9.1
                                                                                                                         Regular schedule                                                   10                                                        18.2
                                                                                                                           Visit on request                                                     29                                                        52.7
                                                                                                                            Non-response                                                      11                                                        20.0
LED, light-emitting diode

                                                                                                                                                                                                                                                                            

Figure 1. Chart showing the use of phototherapy used in management of jaundice in newborns.
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Table 5 shows the relationship between certain variables
including location, ownership and type of the facilities, and the use
of phototherapy in the management of jaundice. The use of pho-
totherapy for jaundice management was significantly higher in
Enugu 46.9% and Abakaliki 40.6% compared to Nnewi (6.3%) and
Awka (6.3 (x2=10.932, p=0.012). Health facilities owned by spe-

cialists (64.4%) were shown to use phototherapy more compared
to those whose owners who were general practitioners (28.9%) and
non-doctors (6.7%) (x2=2.572, p=0.276). Finally, faith-based insti-
tutions were also noted to use phototherapy more than private
facilities 93.3% vs 6.7% respectively (x2=2.220, p=0.136). 

                             Article

Table 3. Treatment protocol used in the various facilities.

Parameters                                                                                Variable                                               N                                           (%)

Training on phototherapy use (N=77)                                                                  Yes                                                                  10                                                       13.0
                                                                                                                                        No                                                                  35                                                       45.5
                                                                                                                             Not applicable                                                        32                                                       41.6
Availability of phototherapy guidelines (N=77)                                                  Yes                                                                   7                                                         9.1
                                                                                                                                        No                                                                  39                                                       50.6
                                                                                                                             Not applicable                                                        31                                                       40.3
Type of phototherapy guideline (N=7)                                                               NICE                                                                 3                                                        42.9
                                                                                                                                       AAP                                                                  4                                                        57.1
Routine serum bilirubin assay (N=77)                                                                 Yes                                                                  60                                                       77.9
                                                                                                                                        No                                                                  17                                                       22.1
Where does the facility do serum bilirubin assay (N=60)                        In house                                                             25                                                       41.7

                                                                                                                                   Sent out                                                             35                                                       58.3
Availability of non-invasive serum bilirubin monitoring (N=77)                    Yes                                                                   2                                                         2.6
                                                                                                                                        No                                                                  75                                                       97.4
Type of non-invasive serum bilirubin monitor (N=2)                                        TB                                                                   2                                                       100.0
                                                                                                                                   Bilistick                                                               0                                                         0.0
TB, Transcutaneous Bilibinometer; NICE, National Institute for Health and Care Excellence; AAP, America Academy of Pediatrics

                                                                                                                                                                                                                                                                              

Table 4. Equipment and servicing protocols in surveyed facilities.

Parameters                                                                                  Variable                                             N                                           (%)

Total number of phototherapy machines present in facility (N=44)                1                                                                  22                                                       50.0
                                                                                                                                           2                                                                  10                                                       22.7
                                                                                                                                           3                                                                   5                                                        11.4
                                                                                                                                          ≥4                                                                  7                                                        15.9
Number of functional phototherapy machines (N=44)                                       1                                                                  24                                                       54.5
                                                                                                                                           2                                                                   8                                                        18.2
                                                                                                                                           3                                                                   5                                                        11.4
                                                                                                                                          ≥4                                                                  7                                                        15.9
Servicing protocol for the machines available (N=44)                                      Yes                                                                23                                                       52.3
                                                                                                                                         No                                                                 21                                                       47.7
Maintenance of phototherapy machines (N=44)                                            Biomed                                                            12                                                       27.3
                                                                                                                          Regular electrician                                                  32                                                       72.7
Measurement of irradiance (N=44)                                                                       Yes                                                                 0                                                         0.0
                                                                                                                                         No                                                                 44                                                      100.0

                                                                                                                                                                                                                                                                              

Table 5. Determinants of phototherapy use in management of jaundice in newborns and selected variable.

                                                           Use of phototherapy to manage jaundice                                                
Parameter                                     Variable                                         Yes                                    No                           X2                   p-value

HEQ hospital owner                                Obstetrician                                            29 (64.4%)                                 20 (62.5%)                          2.572                          0.276
                                                              General practitioner                                     13 (28.9%)                                 12 (37.5%)                                                                 
                                                                           Other                                                    3 (6.7%)                                     0 (0.0%)                                                                   
Ownership                                                      Private                                                 42 (93.3%)                                32 (100.0%)                         2.220                          0.136
                                                                      Faith-based                                               3 (6.7%)                                     0 (0.0%)                                                                   
City of hospital location                               Enugu                                                  18 (40.0%)                                 15 (46.9%)                         10.932                         0.012
                                                                           Nnewi                                                   8 (17.8%)                                    2 (6.3%)                                                                   
                                                                        Abakaliki                                                 7 (15.6%)                                  13 (40.6%)                                                                 
                                                                            Awka                                                   12 (26.7%)                                   2 (6.3%)                                                                   
† non-doctors and other healthcare providers. HEQ, Highest Educational Qualification. X2=Chi-square; Bold p-value test statistic is significant at 0.05 level.
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Discussion
The role of phototherapy in the management of neonatal jaun-

dice has been well documented.16,17 This study examined the avail-
ability of phototherapy services among secondary health facilities
in South-east Nigeria.

It was noted that the diagnosis of neonatal jaundice was made
by only clinical observation in some of the health facilities sur-
veyed. This trend is worrisome. It has been documented that clini-
cal examination for neonatal jaundice is unreliable and prediction
of serum bilirubin concentration using clinical examination alone
could be inaccurate.18 The implication is that a good proportion of
babies with jaundice may be missed especially in our environment
where most newborn are dark skinned. 

Our study also noted that over half of the surveyed facilities
manage jaundice in their facilities, while others refer jaundiced
babies to other secondary or tertiary hospitals for treatment. This is
contrary to the recommendation of AAP which states that all hos-
pitals providing newborn services and treating infants should pro-
vide every necessary equipment for intensive phototherapy.15

Likewise, WHO also recommended phototherapy as an essential
intervention in every hospital where newborns are managed.19

Referral should be discouraged as most mothers may not go to the
referral hospital and the babies will subsequently be lost to follow-
up thereby worsening the morbidity and mortality associated with
NNJ. It has been documented that mothers prefer that their babies
to be managed at the hospital of delivery.20 

Forty-five 45 out of 55 hospitals surveyed used phototherapy
in the management of NNJ. This is in keeping with the study in
Kaduna state by Abdulkadir et al.21 where 13 out of 15 facilities
offered phototherapy services, but at variance with study done by
Toma et al.22 in Jos where 11 (36.7%) out of the 30 facilities sur-
veyed offered phototherapy services. 

Additionally, in terms of the type of phototherapy used by the
surveyed hospitals in this study, LED accounted for 42.2% and
11.1% of cases, the light source is the customized and fabricated
types of devices respectively. LED lights have been shown to be
the safest and most efficacious for administering phototherapy, as
they emit the least heat and so are associated with the lowest risk
of hyperthermia and dehydration. However, because these LED
units are more expensive,23-25 most healthcare facilities had sub-
standard light sources as noted in our study. Financial constraints
limit the ability of health care facilities in low- and middle-income
countries to procure standard PT devices. As a result, efforts have
gone into local fabrication of devices for use in health care facili-
ties in Nigeria. In the present study, 31.15% of the machines were
fabricated locally, while Abdulkadir et al.21 in Kaduna state
Nigeria reported that 85% of the facilities in the state use the fab-
ricated type. Fabricated type of phototherapy does not give assur-
ance for effective phototherapy due to poor irradiation. This would
lead to an increase in length of hospital stay as well as likelihood
for exchange blood transfusion among newborns on treatment for
jaundice. 

Also noted in this study was the presence of non-functional or
poorly functioning PT machines available in surveyed health facil-
ities. This may result to either 2 babies sharing a machine, pro-
longed light exposure and sometimes referring babies out of the
facilities where they were delivered. All these should be discour-
aged as they may increase the morbidity and mortality associated
with NNJ.

Only 9% of percent of the facilities assessed have treatment
protocol for the management of jaundice and this was similar to the

findings by Abdulkadir et al.21 in Kaduna where none of the facil-
ities in the study had any written protocol for management of
neonatal jaundice. This practice has a negative impact on the man-
agement of neonatal jaundice and calls for provision of protocols
as well as training and retraining of health care professionals
involved in the treatment of neonatal jaundice so as to acquaint
them with use of such protocols. 

It has been recommended that monitoring of irradiance of the
phototherapy machine should be done at the commencement of the
therapy and used to monitor the efficacy of therapy.26

Unfortunately, none of the facilities surveyed had an irradiance
meter. This is unacceptable because ineffective phototherapy pro-
longs morbidity, duration of hospital stay, increases the cost of
treatment, and may predispose to the development of acute biliru-
bin encephalopathy. It is also commendable that more than half of
the facilities have a servicing/maintenance protocol for the pho-
totherapy machines. This should be encouraged, though it is still
preferable that the maintenance of this machine be done by
biomedical engineers who have undergone quality training. This
was not the case in this study as most (72.7%) of the facilities
engage the service of regular electricians. 

In this study, only less than a quarter of the facilities assessed
monitored serum bilirubin every 48 hours. This is not in keeping
with current recommendations that serum bilirubin be monitored
every four to six hours.27 Of all the health facilities assessed, only
2.6% of them used transcutaneous bilirubinometer. This poor mon-
itoring will cause delays in identification of a case that may require
intensive phototherapy or EBT. 

The authors noted that level of qualification did not impact sig-
nificantly on phototherapy use as 20 (62.5%) of facilities owned by
obstetricians that do not use phototherapy. This calls for creation of
awareness and enforcement of WHO recommendation on pho-
totherapy use. Though three hospitals in the survey were faith-
based, it is commendable that all of them use phototherapy.

Conclusions
There are deficiencies in the number and distribution of pho-

totherapy services in secondary health facilities in Southeast
Nigeria. Where available the phototherapy machines are neither
properly maintained nor frequently serviced for optimal function.
In addition, there is need for increased awareness on recent guide-
lines for management of neonatal jaundice in secondary health
care facilities.
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