Evidence Table 3. Question 3: Section II – Studies evaluating treatments for neonatal hyperbilirubinemia in relation to later neurodevelopmental outcomes – Part I


	Author, Year
	Demographics
	Inclusion criteria
	Exclusion criteria
	Study design

	Abrol, 1998

[#20235719]
	Location: India

Setting: Hospital

Study period: ND

No. of centers: 1

Enrolled subjects: 30

Evaluated subjects: ND

Mean GA ( range): 37-40 weeks

Mean Apgar score at 1 & 5 minute: > 8

Breastfed (%): ND

Male(%):  

Race(%): Indian
	GA 37-40 weeks

BW between 10th and 90th %tile

No gross congenital malformation

No illness during study period

Apgar score at least 8 at 1 and 5 minutes


	Gross congenital malformation
	Prospective 

cohort

	Granati, 1984

[#84283738]
	Location: Italy

Setting: Hospital

Study period: Jan 1981-April 1982

No. of centers: 1

Enrolled subjects: 110(110)

Evaluated subjects: 110(110)

Mean GA ( range): 39.4 ( 1.1 (37-42)

Mean Apgar score at 5 minutes: 9 ( 0.5(7-10)

Breastfed (%): ND

Male(%):  ND

Race(%): 100% Italian
	Full term

Treated for bilirubin ( 14mg/dL
	ND
	Prospective 

cohort

	Ju, 1991

[#91289763]
	Location: Taiwan

Setting: Hospital

Study period: ND

No. of centers: 1

Enrolled subjects: 29(14)

Evaluated subjects: ND

Mean GA ( range):

PT group: 38.9 ( 0.9

Non PT group: 39.2 ( 0.8

Controls: 39.6 ( 1.2

Mean BW (range):

PT group: 3435 ( 280

Non PT group: 3293 ( 378

Controls: 3320 ( 333

Mean Apgar score at 1 minute:

PT group: 8.3 ( 0.9

Non PT group: 8.8 ( 0.4

Controls: 8.8 ( 0.4

Mean Apgar score at 5 minute:

PT group: 9.5 ( 0.5

Non PT group: 9.8 ( 0.5

Controls: 9.6 ( 0.5

Breastfed (%): 

PT group: 61.5 

Non PT group: 69.2 

Controls: 57.1

Male(%):  

PT group: 61.5 

Non PT group: 30.7 

Controls: 42.8

Race(%): ND
	Normal pregnancy

Spontaneous delivery or cesarean section without complication

Singleton birth

Full term (38-42 weeks gestation)

BW between 10th and 90th percentile

No congenital anomalies

Apgar scores ( 7 at 1 and 5 minutes

No perinatal complications other than hyperbilirubinemia
	Infants with hemolysis as indicated by a positive Coombs test

G6PD deficiency
	Randomized 

controlled 

trial

	Khanna, 1984

[#85103758]
	Location: India

Setting: Hospital

Study period: ND

No. of centers: 1

Enrolled subjects: 56(56)

Evaluated subjects: 56(56)

Mean GA ( range): ND

Mean Apgar score at 1 and 5 minutes: ND

Breastfed (%): ND

Male(%):  Study group: 1.5: 1

                 Control group: 1.3: 1

Race(%): 100% Indian
	Term

Normal intrauterine growth

Bilirubin levels > 15 mg/dL
	ND
	Retrospec-

tive cohort

	Misra, 1980

[#80203306]
	Location: India

Setting: Hospital

Study period: 36 months

No. of centers:1

Enrolled subjects:81(60)

Evaluated subjects: 81(60)

Mean GA(range): 38.1

Mean BW: 2650g

Mean Apgar score: 9.8

Breastfed(%): ND

Male: ND

Race: 100% Indian
	Phototherapy

Bilirubin level  10-30mg/dl


	ND
	Non-

randomized 

clinical 

controlled 

trial

	Paludetto,

1983

[#84057358]
	Location: Italy

Setting: Hospital

Study period: ND

No. of centers: 1

Enrolled subjects: 30(30)

Evaluated subjects: ND

Mean GA ( range): 39.3 (37-41)

Mean Apgar score at 1 minute: 8.3 (3-10)

Breastfed (%): 100

Male(%):  73.3

Race(%): ND
	Uncomplicated pregnancy

Spontaneous labor

No medication or anesthesia during delivery

Uncomplicated vaginal delivery

Single birth

No congenital malformation

Apgar score > 7 at 5 minutes

Full term infants weighing at least 2500 g

Breastfeeding

No perinatal  complications other than clinically visible jaundice
	Special care nursery transfer

Hemolysis

Other perinatal disease
	Prospective

cohort

	Seidman, 

1994

[#94223372]
	Location: Israel

Setting: Hospital

Study period: 11/1970-12/1971 + 17 years

No. of centers: 1

Enrolled subjects: 42(42)

Evaluated subjects: 

Mean GA ( range): 37.9 ( 0.4  weeks 

Mean BW(g): 3060 ( 98 

Mean Apgar score at 1  & 5 min: ND

Breastfed (%): ND

Male(%):  ND

Race(%): ND
	Severe hyperbilirubinemia defined as TSB levels

>8mg/dl on 1st day of life

>15mg/dl on 2nd day of life

>20mg.dl thereafter
	ND
	Historical 

prospective 

cohort

	Telzrow, 1980

[#380225471]
	Location: US

Setting: Hospital

Study period: ND

No. of centers: 1

Enrolled subjects: 10(10)

Evaluated subjects: 10

Mean GA ( range): 39 .8  weeks (39-41 weeks)

Mean Apgar score at 1 minute: 8.3

Mean Apgar score at 5 minute: 9.4

Breastfed (%): 40

Male(%):  60

Race(%): ND
	BW> 300gms

Apgar score > 7 at 1 min and > 8 at 5 min

GA 39-41 weeks

Minimal amount of maternal analgesia

No general anesthesia used
	H/o of intrapartum complications

Abnormalities on physical examination

Post-natal complications other than hyperbilirubinemia

Infants of Rh mothers
	Prospective 

cohort

	Valkeakari, 

1981

[#81156354]
	Location: Finland

Setting: Hospital

Study period: ND

No. of centers: 1

Enrolled subjects: 41(42)

Evaluated subjects: ND

Mean GA ( range): 37-41  weeks

Mean BW: 3552 ( 436 gm

Mean Apgar score at 1 & 5 minute: 9 or 10

Breastfed (%): ND

Male(%):  52.5

Race(%): ND
	Full term 

Coomb negative

Received prophylactic phototherapy > 100 hours during 1st week of life
	Perinatal complications as asphyxia, hypoglycemia, neonatal infections, birth injuries and prematurity
	Prospective 

cohort


	Author, Year
	Disease /condition type N
	Treatment
	Potential Confounding Factors
	Outcomes
	Outcome Definitions

	Abrol, 1998

[#20235719]
	Subjects: full term infants with TSB 12.1-15.0 mg/dL(N=15)

Controls: full term infants with TSB 8-12 mg/dL (N=15)
	Phototherapy
	
	Brazelton neonatal behavior assessment scale 24-48 hours after starting phototherapy and 24-48 hours after cessation of phototherapy in  subjects and at corresponding age in controls
	Orientation visual animate

Orientation visual animate

Orientation auditory animate

Orientation auditory inanimate

Orientation visual and auditory

Alertness

Cuddliness

Consolability

	Granati, 

1984

[#84283738]
	Subjects: full term infants

Plasma indirect bilirubin ( 14mg/dL (N=110)

Cause of jaundice:

ABO incompatibility: 22.72%

Rh incompatibilty: 4.54%

Severe nonhemolytic jaundice: 72.72%

Controls: nonincteric full term infants (N=110)
	Phototherapy
	SB levels were measured with a phoco-ictometer
	Growth

Visual function

Hearing function

Neurodevelopmental status
	Visual function: ophthalmological examination determining

Strabismus and Visual acuity measured with “tumbling E”

Hearing function:

Behavioral audiometry which measured the response to a click stimulus upto an intensity of 30dB

 Physical growth: weights and heights on charts adapted from Tanner and percentiles determined

Intellectual growth: observation of child’s spontaneous behavior in a set condition

Neuromotor development:

Schemes of postures and movement of Milani and Bobath



	Ju, 1991

[#91289763]
	Subjects:  infants with TSB between 12-15 mg/dL were randomly assigned to phototherapy or no phototherapy group ( N=29)

Serum bilirubin at entry in

PT group 13.1 ( 0.9 Non-PT group 12.7 ( 0.5 

Controls: infants with TSB < 12 mg /dL ( N=14) TSB at entry 8.8 ( 1.3
	Phototherapy
	Complete blinding was not possible since controls had no or mild clinically observable jaundice

Only 5 infants in control group returned for  follow up at 2 weeks age
	Neonatal behavior assessment scale at entry, just after PT, 24 hours after PT and 2 weeks after treatment
	21 neurologic or reflex items on a 4 point scale to assess neurologic adequacy.

28 behavioral items  are divided into 6 behavioral clusters, on a 9 point scale to assess behavioral adequacy

	Khanna,

1984

[#85103758]
	Subjects: full term infants with  bilirubin levels>15 mg/dL .(N=52)

Controls: with physiological jaundice or no jaundice(520)
	Phototherapy and 32 of the subjects also had exchange transfusion
	
	Orthoptic check up 

Neurological examination


	This included tests for ocular movements, Hirschberg test, Cover test, Maddox rod test, Syntophore convergence, Maddox wing test, Worth's four dot test and accommodation.

In younger and uncooperative children gross vision was tested by reception of light and visualization of toys detected by checking the relevant eye movements. Color vision was checked by asking the children to match objects of different colors.

Refraction was done after full dilatation of pupils.

	Misra, 1980

[#80203306]
	Subjects: Full term infants with  peak bilirubin levels between 10-30mg/dl

(N=81)

Cause of jaundice ( %)

Physiological: 30.9

Rh incompatibility: 20.9

ABO incompatibility: 2.47

Septicemia: 17.28

G-6-P-D deficiency: 1.23

Unknown: 27.16

Controls: full term infants with peak bilirubin levels of 8.5mg/dl (N=60)
	Phototherapy
	Large drop-out rate at different periods of follow up 81( 31( 12 ( from 60 ( 15 controls)
	Physical examination

Neurological examination by a short term follow up, up to 6 months (in all 81 subjects and 60 controls) and by a long term follow up in up to 36 months (12 subjects and 15 controls)
	Physical growth assessed by  crown- heel length, head circumference, chest circumference and weight and compared with ICMR standards

Neurological assessment by Attainment quotient (AQ) according to Illingworth 



	Paludetto,

1983

[#84057358]
	Subjects: Full term infants, mean bilirubin level 13.3mg/100ml

   (N=30)

Controls: full term infants with mean bilirubin level 9.6mg/100ml (N=30)


	Phototherapy
	Poor compliance in follow up at 1 months

Subjects: 18/30 and controls: 15/30
	Brazelton Neonatal behavioral assessment scale on 3rd day of life, 24 hours after 1st observation and  at 1 month  of age
	Habituation

Orientation

Motor performance

Range of state

Regulation of state

Autonomic regulation

	Seidman,

1994

[#94223372]
	Subjects: full term infants with peak bilirubin level 20.0 ( 0.4 mg/dl (N=42) who received phototherapy 

Controls: full term infants with peak bilirubin levels 18.8 ( 0.3 mg/dl (N=42) who did not receive phototherapy
	Phototherapy

Exchange transfusion
	31 of the 42 subjects treated with phototherapy also needed exchange transfusion
	Physical examination

IQ score at 17 years of age
	IQ score was determined by translated version of verbal Otis test and a non-verbal matrices test and translated into values that correlate with Wechsler Adult Intelligence scale

	Telzrow,

1980

[#80225471]
	Subjects:Full term infants with TSB 17.07 mg%(N=10)

Controls: Full term non-icteric infants(N=10)
	Phototherapy
	Small sample size

No bilirubin determination made in control group
	Brazelton neonatal behavioral assessment scale at 3,6 and 10 days of age
	Response decrement

Orientation

Motor

Range of state

Regulation of state

Autonomic stability

	Valkeakari,

1981

[#81156354]
	Subjects: Full term Coomb negative infants

(N=41)

Controls: full term infants

(N=42)
	Phototherapy
	
	General pediatric examination

Ophthalmologic examination

Psychological examination

Routine EEG at 3 years of age


	Developmental history and status with special interest to neurological signs and symptoms including measurement of head circumference, cranial nerve tests and tendon reflexes. Observation of muscular strength and voluntary movements. Total erythrocyte count, Hb concentration, PCV, Conjugated and total bilirubin, Alkaline phosphatase, ASAT, ALAT and serum protein

Ophthalmologic exam included vision screening, tests for strabismus, nystagmus, pupil reaction to light, convergence and examination of media fundi with an ophthalmoscope

Psychological examination by Vineland Social Maturity scale


	Author, Year
	Result
	Bias / Limitations
	Qua-lity

	Abrol, 1998

[#20235719]
	Study group scored significantly in the orientation response to visual inanimate, visual animate and visual and auditory animate(P<0.01)

In follow-up assessment the same items under the cluster interactive processes continued to show significantly poor performance in study group compared to control group (P<0.05)

No significant difference was found in other items of same cluster and all other items in other clusters between the 2 groups both in initial and follow-up assessment
	ND
	A

	Granati,

1984

[#84283738]
	There was no significant difference in growth parameters, between the study and control groups

Reduced visual acuity was seen in 3 of 81 IP treated infants and 4 of 89 controls and strabismus was seen in one infant in each group.

No hearing deficit was detected in either group

Neurological and Psychological examination revealed no difference between the 2 groups

2 children in IP group and 1 in controls had a single episode of febrile convulsions at age 1.5-3 years
	Basic testing of vision and hearing may not have detected subtle measurements

Bilirubin ranged from 14.0 –24.6 in subjects( mean 19.5)
	B

	Ju, 1991

[#91289763]
	In 1st NBAS examination there was no difference in the 7 cluster scores between the 3 groups.

In 2nd examination the groups differed in the mean orientation cluster score (p<0.01) and 4 of the 7 orientation items, including animate visual and auditory (p<0.05), inanimate visual and auditory (p<0.05), animate visual and alertness (p<0.05). Duncan post-hoc analysis showed that PT group performed poorer in the above mentioned 4 orientation items and had lower mean orientation scores than non PT and control groups (P<0.05). The non-PT and control group did not differ significantly. The remaining 6 cluster scores were comparable in the 3 groups

In 3rd examination significant difference existed in the animate auditory (P<0.05), animate visual (P<0.05), animate visual and auditory (P<0.05) and alertness (P<0.05) items of orientation cluster and the mean orientation scores (P<0.05). Duncan post-hoc analysis showed that PT group performed poorer in the above mentioned 4 orientation items and had lower mean orientation scores than non PT and control groups (P<0.05). The non-PT and control group did not differ significantly.

At 2-week examination the scores were comparable in 3 groups
	Incomplete blinding since control group had mild or no clinically observable jaundice

Large number of dropouts at 2 wk follow up in control group

Small sample size
	A

	Khanna, 

1984

[#85103758]
	6 children in study and 2 children in the control group had squint but convergence test, Visual acuity and the amplitude and range of accommodation was within normal limits in both groups. Tests for gross vision and color vision did not reveal any abnormalities. There was no significant difference in occurrence of hypermetropia, myopia and astigmatism in both groups. There was also no significant relationship between duration of phototherapy and incidence of refractory errors or strabismus. Dyslexia test also showed no abnormalities. There was no significant difference in the fundus examination results between the 2 groups.
	Unclear how the total cohort of 112 was selected.

Wide age range at follow up( 6 months to 7 years)

Wide bilirubin age (15-69.2 mg/dL)
	C

	Misra, 1980

[#80203306]
	Both study and control groups showed normal growth pattern comparable to ICMR standards both at short and long-term follow-up.

Ten of the 81 subjects manifested some degree of mental retardation at some or the other time during follow up while all the 60 controls were normal. But on long term follow up 3 of the 31 subjects remained retarded with AQ<90  at their last examination and remaining 7 had become normal.


	Large number of patients lost to follow up 81( 12

Unable to sort out effect of phototherapy from higher bilirubin as control group had lower bilirubin


	C

	Paludetto,

1983

[#84057358]
	On 3rd day of life: for 6 of 26 items in the Brazelton scale higher values were found in the control group including items in the orientation cluster (inanimate visual (P<0.05)), animate visual (P<0.01) , visual and auditory (P<0.005) and alertness (P<0.005), motor performance (pull to sit( P<0.001)) and regulation of state          (Cuddliness (P<0.001))

On 4th day of life: control group scored better in the orientation cluster (inanimate visual (P<0.01), animate visual (P<0.05), visual and auditory (P<0.01) and alertness (P<0.05) especially in visual orientation. There were no longer any difference in pull to sit and cuddliness but post-treated infants performed better than controls on defense (p<0.05) and worse on self quieting (p<0.05)

At one month of age: Control group still scored better on 2 items of orientation cluster (inanimate visual (P<0.05) and visual and auditory (P<0.05))
	Loss of subject and matched control at each observation 30(14(12 at one moth of age
	B

	Seidman,

1994

[#94223372]
	The phototherapy group showed an average IQ score of 108 ( 2 at 17 years which was not significantly different from the average IQ score of 107 ( 2 in the control group.
	Methodologically a prospective study but is actually a retrospective study
	B

	Telzrow, 1980

[#80225471]
	On day 3 subjects had lower scores for three of the six orientation items including inanimate visual (p<0.01), animate visual and auditory (p<0.05) and alertness (p<0.05) and consolability (p<0.05) as compared to controls

On day 6 subjects had lower score for 5 items of orientation cluster including inanimate visual (p<0.01), animate visual and auditory (p<0.05) and alertness (p<0.05) and animate visual (p<0.05) and 2 of the 5 motor items including muscle tonus (p<0.01) and pull to sit (p<0.05) and also consolabilty(p <0.05)

On day 10 the subjects had lower score on 2 of the orientation items including animate visual (p<0.05) and inanimate visual (p<0.05) and on self-quieting (p<0.05), response decrement to rattle (p<0.05) and were more tremulous during examination.
	Small sample size

Bilirubin level not estimated in control group
	B

	Valkeakari, 

1981

[#81156354]
	There were no differences in the physical parameters between subjects and controls.

Heights, weights, head circumference, the distribution of age at which children were able to make their 1st steps or talk their 1st sentence if at least 2 words were same.

There were 2 children with febrile convulsions and1 with breath holding spell in phototherapy group and 1 with febrile convulsions in control group

There was no difference in the visual acuity, distribution of strabismus, changes in fundi and media or pupil reaction between 2 groups

Psychological examination showed social maturity, ability to control bladder and bowel, ability to articulate “R” and “ S” correctly in both groups was equal

EEG showed pathological findings in 4 and 6 of control and phototherapy groups respectively and slight or questionable changes in 11 children of each group.

The hair and nails were normal in all children. The no. of allergic skin manifestations was not different.

Lab dimensions did not show any difference between the 2 groups
	No information about the bilirubin levels of study or control group
	B


6
141

