JOURNAL OF PURE AND APPLIED MICROBIOLOGY, Sept. 2015.

Effect of Exchange Transfusion in Biochemical Parameters
in Neonatal Hyperbilirubinemia

Manishi Singh’, Manika Singh? Surya Tiwari® and M.P. Singh*

!Chirayu Medical College and Hospital, Bhopal, India.
2SR, Mansarovar Dental College, Bhopal, India.
$Tutor, Chirayu Medical College and Hospital, Bhopal, India.
*Professor and HOD, PCDS, Bhopal, India.

(Received: 10 June 2015; accepted: 09 August 2015)

Hyperbilirubinemia is very common and usually benign in the term newborn
infant and late pre-term infant at 35-36 completed weeks’ gestation. Critical
hyperbilirubinemia is uncommon but has the potential for causing long term neurological
impairment. The present study is designed to determine the effect of exchange transfusion
in biochemical parameters in pre-term and full term infants. Sixty newborns who
underwent double volume exchange transfusion for different indications were studied.
The infants were divided into two groups, Group A containing Full term infants and
Group B containing Preterm infants. Blood samples were obtained and the following
tests were performed i.e. serum bilirubin and blood glucose. A significant (p<0.001)
decrease in serum bilirubin values was observed in both the groups after exchange
transfusion. Also a significant (p<0.001) elevation of blood glucose level when measured
at 5 min. after exchange transfusion and rebound decrease in blood sugar levels when
assessed 3 hours post exchange was documented in both the groups.
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Neonatal hyperbilirubinemiawith mild to
moderate elevation of serum bilirubin levels is
generally considered to be an innocuous state.
However, if serum bilirubin levels exceed a
dangerous limit, which varies with birth weight,
gestational age, chronological age and internal
milieu of the body, bilirubin may crossblood brain
barrier and bilirubin encephalopathy results.
Severe hyperbilirubinemia occurs when the total
serum bilirubin (TSB) concentrationisgreater than
340 umol/L at any time during the first 28 days of
lifeand critical hyperbilirubinemiaoccurswhenthe
TSB concentrationisgreater than 425 pumol/L during
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the first 28 days of life. Kernicterus - the
pathological finding of deep yellow staining of
neurons and neuronal necrosis of the basal ganglia
and brainstem nuclei occurswhen serum bilirubin
levelsarebelow 18-20 mg%interminfants®. Itis
estimated that 60% of the term newborns devel op
jaundice and 2% reach a T SB concentration greater
than 340 umol/L @. Several risk factorshave been
identified for the development of severe
hyperbilirubinemia in the newborns (Table 1).
These risk factors are all common and the
attributable risk of each istherefore very low.
Table 1 Risk factorsfor the devel opment
of severe Hyperbilirubinemia.
Major risk factors
. Jaundice observed in the first 24 hours.
. Blood group incompatibility with positive
direct antiglobulin test, other known hemolytic
disease (e.g.: G6PD deficiency).
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. Gestational age 35-36 week.

. Previous sibling received phototherapy.
. Cephalohematomaor significant bruising.
. If breast feeding is not going well and

weight lossis excessive.
Minor risk factors

. Gestational age 37-38 week.

. Jaundice observed before discharge.

. Previous sibling with jaundice

. Macroscopic infant of adiabetic mother.
Decreased risk factors

. Gestational age morethan 41 week.

. Discharge from hospital after 72 hours.

Despite advent of phototherapy as a
therapeutic modality, Exchange Transfusion (ET)
playsasignificant rolein the treatment of neonatal
hyperbilirubinemiaby eliminating serum bilirubin
quickly (Table 2 and 3). In ET infant’s blood is
exchanged with adult blood by conventational
discontinuation technique in 10 ml aliquots. Total
volume of donor’sblood infused isusually double
(170 ml/kg body weight) thetotal volume of Infant
(85 ml/kg body weight) and it replaces about 87%
of the infant’s blood. A significant proportion of
serum bilirubin is removed from the body which
ensuresimmediate protection against theimminent
bilirubin toxicity ©.

Although ET is considered to be a safe
undertaking, many changestakes placein various
serum biochemical parameters, plasmaosmolality
and electrolyte profilein therecipient infantswhich
may give rise to post-operative complications
including death, syncope and serious ECG
changes ©¢ 459, The most commonly reported
adverse incidents during or soon after exchange
transfusion: Hypo or hyperglycemia, acidemia,
arrhythmias, bradycardia, neutropenia, septicemia,
Hypo or Hyperthermia®.

Table 2. Indications for exchange transfusion

An exchangetransfusion soon after birthisindicated if:
Cord bilirubinis>5 mg/dl

Cord Hbis< 10 mg/dl, PCV <30.

Previous sibling history and positive DCT
Subsequent exchange transfusionisindicated if:

1. Bilirubin > 10mg/dl within 24 hours of age.

2. Bilirubin > 15 mg/dl between 25-48 hours of age.

3. Bilirubin > 20 mg/dl after 48 hours of age.

4. Rate of rise of bilirubinis> 0.5 mg/di/hr.
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MATERIALS AND METHODS

The present work was done in the
Department of Biochemistry in association with
the Department of Pediatrics in Gandhi Medical
College Bhopal. 60 Newborn infants of both sexes
with hyperbilirubinemiawho underwent ET for any
reason in neonatal unit were selected for the study
and were divided in two groups for the study.
Group A: Term, healthy newborns who were
appropriate for gestational age and were admitted
solely for asymptomatic hyperbilirubinemia.
Group B: Newbornswho had primary additional
medical risk factorsprior to exchangetransfusion,
i.e., ill newborns.

Complete history of pregnancy and
delivery was elicited, birth weight of babies were
recorded, complete examination of the babieswas
carried out regarding extent of jaundice, condition
of body, cephalhematoma, etc.

ET was performed by ACD blood using
standard method through umbilical routein NICU
under strict aseptic precautions. Blood samples
were collected before exchange and after exchange
through the umbilical catheter after 5 minutes.
Sampleswerecollectedin clean plainvia for serum
bilirubin and serum glucose estimation. One more
samplefrom each newborn was collected at 3 hours
after exchange transfusion for blood glucose
estimation.

Serum bilirubin was estimated by
Jendrassik colorimetric method. Serum glucosewas
done by Glucose-Oxidase method.

Pre and Post Exchange values of the
above described biochemical parameters were
analyzed statistically applying the student’s paired
t-test.

Table 3. Management of neonatal
hyperbilirubinemiain low birth weight babies
based on bilirubinlevels (mg/dl)

Weight (gm) Consider Exchangetransfusion
500-750 12-15
750-1000 >15
1000-1250 15-18
1250-1500 17-20
1500-2500 20-25
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RESULTS

Table 4(a) and 4 (b) shows the clinical
details of term (Group A) and preterm (Group B)
infants studied respectively. Table 5 shows the
etiology of jaundicein both Group A and Group B
infants studied. Highly significant (p<0.001)
difference was observed in serum bilirubin level
after Post Exchange transfusion in both the group
of infants studied (Table 6). Table 7 shows the
blood glucose level in both the groups of infants
studied. In both the groups asignificant (p<0.001)
elevation of blood glucoselevel isobserved when
measured at 5 min after exchange transfusion.
Significant (p<0.001) decrease in blood glucose
level was observed when assessed at 3 hours after

Table 4(a). Clinical details of Group A Infants
studied

Number and sex birthweight (grams)
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exchange transfusion in both the groups of infants
studied.

DISCUSSION

Jaundicein the newbornisoneof the most
frequently encountered clinical problem in the
neonatal period. Though majority of the times
jaundice is physiological, it creates anxiety
amongst cliniciansand parentsashbilirubinistoxic
to the central nervous system, if the valueis very
high it leads to hilirubin encephalopathy. Thisis
the most common cause of deafness and mental
retardation in children.

The classical controlled clinical trial
reported by Mollison and Walker ® and subsequent
clinical experience has established exchange
transfusion as the standard treatment for
preventing bilirubin encephalopathy in severe
neonatal hyperbilirubinemia. Exchangetransfusion
isthe most reliable and rapid method of removing
bilirubin from the body.

Term Male Femde Range  No. of infants
infants In the present study, out of 60 newborns,
64% (32) werelow birthweight. 23 newbornswere
16 8 2500-2999 15 preterm while 9 newbornswerefull term (SGA). In
3000-3499 9 groupA, 62.58% newbornshad their birth weights
Table 4(b). Clinical details of Group B Infants studied
Number and sex Birthweight (grams) Gestational age
Male Femde Range No. of infants ~ Weeks Number
Premature 20 16 <1000 gm.(up to 999gms) 0 <28 wks. 0
infants 1000-1499 gms. 6
28-31 5
1500-1999 gms. 17
32-36 19
2000-2499 gms. 9
37-41 12

Table 5. Distribution of Newborns according to
etiology of jaundice

S Etiology Group A Group B
No. (n=24) (n=36)
1 Rh incompatibility 5 4

2 ABO incompatibility 9 10

3 Rhand ABO incompatibility 2 4

4  G6PD deficiency 0 2

5  Cephalhematoma 0 2

6  Unidentified 8 9

intherange of 2500-2999 grams, whileonly 37.5%
were >3000 grams. All newbornsin group A were
term (37-41 weeks). In group B of ill newborns,
maximum 47.22% newborns had their birth weight
in the range of 1500-1999 grams and 25% in the
range of 2000-2499 grams. Maximum newborns
(52.77%) were between 32-36 weeks of gestational
age.

Increased incidence of neonatal
hyperbilirubinemiain preterm and low birth weight
babies can be explained on the basis of hepatic
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immaturity, increased bilirubin load, decreased
synthesis of ligandin (Y protein) and decreased
UDPG (T) activity. The present findings are in
accordance with the study of Maisles M.J. ©,
Narang et. al.

Our study found that maximum number
of newbornswho were exchanged for jaundice had
ABO incompatibility i.e. 37.5% in group A and
27.27%ingroup B. Rhincompatibility was present
in 20.9% newborns in group A and 11.11%
newborns in group B. In the present study the
ratio of ABO: RhHDN is2:1. The present findings
are in accordance with the study of B.N.Das et.al
(9, Malati Jadhav ® and L.V. Devargjan ™V, Verma
M. etal. ™, M.R. Lokeshwar and Minaxi Mehta. In
the present study, G6PD deficiency and
Cephalhematoma were documented as the cause
of jaundice in 5.55% newborns each. Thisisalso
reported by Kaplan, M. et al.*¥, Deshmukh et.al.,
Bajpai et.al. *¥ and Poonam Dutta et.al.
Cephalhematoma as the cause of jaundice was
reported by P. Chandra and Merchantt et.al @. In
50% cases the etiology of jaundice could not be
determined. The present findingsarein accordance
with the study of Merchant and Abhyankar @9,
Jackson J.C @9,

In the present study we found that in
group A, 54.1% (13) newborns had their pre
exchangebilirubin levelsinthe range of 20-25 mg/
dl andingroup B, 27.7% (11) newborns had their
serum bilirubinlevelsin therange of 16-19 mg/dl.

Table 6. Pre and Post Exchange Serum Bilirubin

changes
Groups  SerumBilirubinlevels(mg/dl)  ‘p’ value
Pre Exchange and Post Exchange
Difference (Meant SD)
Group A 8.51+9.61 <0.001
Group B 8.86+10.89 <0.001
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To avoid the risk of bilirubin encephalopathy in
group B, keeping in view their clinical status, the
exchange transfusion was undertaken even at
lower levelsof serum bilirubin. The drop in serum
bilirubin levels following exchange transfusion,
when expressed as a percentage in relation to pre
exchange serum bilirubin was 61% and 53% in
Group A and Group B respectively (p<0.001). So,
exchange transfusion as a modality of treatment
was equally effective in healthy as well as ill
newborns. The present findings arein accordance
with the study of Merchant and Abhyankar @9,
Fernandez et al. ®® Brown, Zuelzer and Robinson
(18,19 suggested on extravascular bilirubin pool
equilibrating with the plasma pool. The total
clearance of bilirubin by an exchangeistheresult
of two simultaneous processes, the rate of removal
from the plasma and the rate of equilibration
between the plasma and the extravascular poal.

Thereisasignificant elevation of blood
glucose levels when measured at 5 min. after
exchangetransfusion, in both the group of infants
studied. Higher blood glucoselevelsat 5 min. after
exchangetransfusion can be explained onthe basis
of the fact that as adult donors have higher blood
glucose level (90-120 mg/dl) as compared to
newborns (40-90 mg/dl). The high glucose content
of CPD blood (300mg/dl) used for exchange
transfusion also contributesto Post Exchangerise
in blood glucose. The blood glucose levels as
measured, 3 hours Post Exchange, had fallen below
the pre exchange one (p<0.001) in both the groups
of infants studied. This can be explained by the
following phenomenon: the high glucose content
of CPD blood may stimulate insulin secretion and
cause hypoglycemialto 2 hoursafter an exchange
transfusion. The present findings are also
supported by the studies of Schiff, D. et al, Cser
@ Milner @, NinaN. et al @9,

Table 7. Blood Glucose Changes at 5 min. and 3 hours Post Exchange

Blood Glucose (mg/dl)

Pre Exchange and Post ‘P Value Pre Exchange and post ‘P Value
Groups exchange Difference after Exchange Difference after 3
5 min. (Mean £ SD) hours
Group A 64+67.76 <0.001 25.87+23.69 <0.001
Group B 49.69+52.69 <0.001 32.14+38.80 <0.001
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CONCLUSON

Hyperbilirubinemia is the commonest
morbidity in the neonatal period and 5-10% of all
newborns require intervention for pathological
jaundice. Severe hyperbilirubinemiainrelatively
healthy term or late preterm newborns (greater than
35 weeks' gestation) continues to carry the
potential for complications from acute bilirubin
encephalopathy and chronic sequelae. Careful
monitoring of therisk factorsinvolved, asystematic
approach to the detection and follow up of jaundice
with the appropriate laboratory investigations,
along with judicious exchange transfusion when
indicated, are all essential to avoid these
complications.

REFRENCES

1. Behrman, R.E.: Nelson’stextbook of pediatrics.
14 Ed WB Saunders Co., 1992.

2. Stevenson DK, Fanaroff AA, MaiselsMJ, et al.
Prediction of hyperbilirubinemia in near term
and term infants. Pediatrics 2001; 108: 31-9.

3. Cloherty, J.P. and Stark, P.A.: Manual of
neonatal care, 33 Ed. Little Brown and Co.
1982.

4. Jain, A. To Study the electrolyte profile and
osmolality changes after exchange transfusion
inneonatal hyperbilirubinemia. MD (Pediatrics)
Thesis, Delhi University, 1996.

5. Oski, F.A., Naiman, J.C. (1992) Hematol ogical
problemsin the newborn. 3¢ Ed WB Saunders
Philadelphia.

6. Sangeeta, S. Hematological profileafter exchange
transfusion in newborn babies. MD (Pediatrics)
Thesis, Delhi University 1994.

7. Milner, R.D.G, Fekete, M. and Assan, R.
Glucagon, Insulin and growth hormone response
to exchange transfusion in premature and term
infants. Archivesof Diseasein Childhood, 1972,
47, 186.

8. Mollison, PL. and Walker, W.: Controlled trials

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

2331

of the treatment of Hemolytic disease of the
newborn. The Lancet 1952; 429-433.

Maisles, M.J.: Jaundice in neonatology
pathophysiology and management of the
newborn 5" Ed. Avery, G.B., Fletcher, M.A.,
Mac Donald M.G., 1999 Lippincott Williams
and Wilkins; 765-812.

Das, B.N.O. et al., Neonatal Hyperbilirubinemia
associated with G6PD- a preliminary study
Indian Pediatr 1974; 9: 10.

Jadhav, M., Devargjan L.V.: ABO Hemolytic
disease an important cause of neonatal
morbidity. Indian Ped. 1972; 9: 246-251.
Verma, M., Chhatwal J., Singh D.: Neonatal
Hyperbilirubinemialnd J. Pediatr 1988; 55: 899-
904.

KaplanM., Beutler E, Vreman HJ, et a. Neonatal
hyperbilirubinemia in G6PD deficient
heterozygotes. Pediatrics 1999; 104: 68-74.
Bajpal P.C., Sugden D., Stern L. et al., Serum
ionic magnesium in exchange transfusion. J.
Pediatrics 1967; 70: 193-199.

Merchant, R.H., Irani, A.: Study of 76 cases of
neonatal jaundice Indian Pediatr, 1975; 17: 889.
Merchant, R.H., Abhyankar, S.H.: Exchange
Transfusion in newborns- An analysis of 100
cases. Indian Pediatr 1985; 22: 347-351.
Jackson, J.C., Adverse events associated with
exchange transfusion in healthy and Il
newborns. Pediatrics 1999; e7: 1-11.

Zuelzer, W., Brown A.: Neonatal Jaundice. A
review, AmJ Dis Child 1961; 101: 82.

Zuelzer W.W., Brown A.K. and Robinson A.R.:
Studies in hyperbilirubinemia Il. Clearance of
bilirubin from plasma and extravascular space
in newborn infants during exchange transfusion.
A.M.AJ. Dis Child 1957; 93: 274.

Cser, A. and Milner, R.D.J.: Metabolic and
hormonal changes during and after exchange
transfusion with heparinized or ACD blood.
Arch. Dis. Child. 1974; 49: 940.

Nina, N., Hasse, P, Balabjerg, J. et a: Blood
exchangetransfusion in newborns, the effect on
serum ionized calcium. Early Human
Development. 1988; 18: 157-164.

J PURE APPL MICROBIO, 9(3), SEFTEMBER 2015.



