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CHANGES IN ERYTHROCYTIC DEFORMABILITY
AND PLASMA VISCOSITY IN NEONATAL ICTERICIA
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we studied 45 full-term newborns divided into 3 groups. Giroup 1: 17 newborns

with bilirubin <10 mg/dl; Group 2: 18 newborns with hemolviic ictericia (bilirubin
11-20 mg/dl) and Group 3: 10 newborns wath maoderate hemolytic ictericia needing
exchange transfusion The following were studied: ovitiro viic detormability, plasma
vise osity, plasmatic osmaolarity, secic bilirubin, bitisals v oo cauo, e fatty acide
and corpuscular volerne of the erythrocytes by o '
risk Lactors toc increased crythrooyte ngidity oz

o e tollowing see

Hhsess (= 0.004,

odds rana, 7 A2 inceeasesin total bilicubin ip = 02 G ta b anad increases
the hduubmegiboumim rano {p = 0 025, odds ratio 2 2 1o c the muost umpor-
tant rish facor o baph plasma viscosity Is alse toanran. oo e aliness 1 = 001,

odids catio: 2 i The role of otal bilirubin v ieo cose 0t e = 0 09, odds g

2005 while that o the bitivobm/albumin ratio oo - i NS, s bess son The greater
the hemolyas, the greater the erythrocytic ngidits and plesmae viscusity (22« 0.0 In
full-terny newborns with moderate " tericia, hemolyuc tliness and increases in the
hilirubinfatbumim ratio are accompoeraed by rheological alterations that could affect
cernbrai miciocirculation and cause a neurological defict nat exclusively related to
the fevels of bilirubin in plasma.

Aevwords: Neonatal hyperbdirubinemia; erythiocvic detornatalirve plasma viscosily

Neonaral hvperbilrubmemia o considered a
neurclogical risk factor leading 1o alicrations in
neuron conducuon, in evoked visual potenuals,
the behavior of die newborn infant, exwapyrmidal
manifestations, cte. Al these problems can be
aworded or corrected by suable ecarlv o caunentt-?

The mechanism by which bilirubin produces
neuronal damage is not fullv understood, although

COrtmn SIS susch s premature bicth, acidosiy,
hepercaping e, Lvor s appearance. Tess sull g
known atwhal concenusatons and under which cir-
camstances aserous risk of brain damage arises® be-
awse there s noclauonstnp bebween blood Tevels
ol mlicubim cnd postmortem findings of nlnabin
unction © Nooacknionship has been found benwveen

naxinaon walucs of bidnrabin and cogninve deficons
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or the later intellectual coefficient of the newhorn
infant.8

Plasma bilirubin has an affinity for cell mem-
branes, affecting their permcability and function

(inhibivon of ATPase of membrane, reduction of

mcmbrane potentials, interaction with membrane
phospholipids, etc.).9-12

The aim of this study was 1o determine whether
alteradons in erythrocytic deformability and plasma
viscosity take place in full-term newborns with hy-
perbilirubinemia and to dentity the factors that fa-
vor an increase 1n erythrocytic rigidity and plasma
ViSCosity.

MATERIALS AND METHODS

We studied 45 full-tenin newborns (gestagonal
are between 37 and 12 wceks) less than 4 dzxys old,
classthicd mro 3 groups. Group 1 consisted of 17
headthy newborns (Coombs negative and without
blood group mncompatbibity) with wtal binabin
<10 mg/dland nat requinnmg tearment. Group 2
convisted of 18 full-termy newborns with moderate
hyperbilirubinema (wotal bilirubin 11-20 mg/dl.)
treated by phototherapy (Coomb aegative and w th-
out blood group incompatibility). Group 3 Lom-
prised 10 full-term newborns with hemolytic illness
due 1o blood group incompatibility (Coombs Direct
Test positive) requiring transfusion exchange (5
Anna-A, 1 ant-B, 2 Rh (D), T Ant-C, and 1 Anu-e)
(totul bilirubin between 11-21 mg/dL).

W excluded from the study those newborns
with obstetrical records of maternal illness (dia-
betes, hypertension, metaholic illness, prolonged
membrane breakage etc.), with any kind of perina-
1al or nconatal pathology (perinatal asphyxia, infee-
tion, cardiopathy. polycythemia, respiratory distress,
congenital malformations, ete.), and also those that
were expanded, tamponed, or had received par-
enteral nurigon.

Analytical Methods

Blood samples of 3 mL were obtained by pe-
vipheral venipuncture and a Coulter Elecuronic
Counter was used to determine erythrocyte, hemo-
globin (HDb), and hematocrit (JHcl) counts. mean
carpuscular volume (MCV), mean hemoglobin con-
(MHC),

contranon mean corpuscular concentra-

1990

ton of hemogiobin (MCCH), platelets, and Jeuco-
cytes. With the globular packet and following the
recommendations of the International Commitiee
for Standardization in Hematology,'* a suspension
of erydirocytes at 8% [Phosphate buffer suspension
(PBS), pH = 7.4, osmolality = 295 £ 5 m Osm/kyg]
was obtained. Ervthrocytic filtration was carried out
using the method of Schimid-Schénlein et al'* modi-
fied with a negative pressure of 10 am of water and
Isopore (Millipore Corporation, Bedford, MA) poly-
carbonate filiers with mean pore size 5 pm and di-
ameter 25 mm. Deformability was calculated using
the nigidity index (RI) expressed as'™:

RI = ((ts - )/ (1 X H)) X100,

where s the hlirauon tme for  ml, of the ery-
throcy e suspension, i the filtravon ome for I ml. ol
butler (PBSTand fl - 8%.

Plasting VSCOsIY wiis (]lunliﬁcd using the Hark-
ness capillay viscosimeter following nernauonal

Sumdandizaton in Hemuaologs

Conumitice for
eundelmes Plasnig ostoliahity was determined byalie
crvoscopic method (Rocbling Microosmometer), al-
bumim by clectrophoresis (Beckman I'/N 655900,
Beckiman, Galway, Ircland), free fatty acids by the
enzymatic cawrimetric method and plasma bili-
rublin bv the colorimetric method [dichlolaniline
DIAZOADA (DPD) using a Hitachi: 917 Autoana-
Ivzer (Bochringer Mannheim, Germany) |,

Statistical Methods

The yroups were compared using @ oneavay
variance analysis (ANOVA). We carried oul a study
of corelanon and regression (Pearson’s “77) of the
rigidity incdex and plasma viscosity with all the vari-
ables analvzed. Logistic regression analysis was used
1o determime e nisk factors for hugh erythrocytic
rigidity and plasma viscositv i full-term newborns

with Tieperbibrubmeniia

RESULTS

Al newborns (roimn the control group and the

group with nonhemohiic bilimubimenna resulted

ASVIHPLoNaln Among the full-term newbarns with
lemoh e rctencin, three patients exhibited clinical
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hypotonug mrane casewnly pejection of food. Thew
symproms vanished afier eschange transtnsion
During the carh neonatal proevied, nereiases m
plasma biloabi: O 057 02 0.00)) (Fig. 1), bl o-
bin/allbumin vatio (2= 0 %%, 4 < 0001} (Fig. 2), ancd
free fatty acics {r= 041, » L 0.01) were accompamed
by increuses e sdhrocoviie vigidity, In these new-
borns the following [actors were related to increased
erythrocyvie rgndily: nconatal hemolytic illness (g =
0.004, odds vano 7.02) total bihrabin, p= 0,02, odds
ratie 4.3), wnd the bilmubmyalbumin ratio (p =

Bilirubin / Albumin Ratio
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odds raua 1.8
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Table 1. Risk factors of Rheological Alterations in

Neonatal [ctericia

High Erythrocyte High Plasma

Rigidity Viscosity
Odds Odds
- r Ratio P Ratio
Haemolytic disease  0.004 7.02 Q.01 2.3
Bilirubtin/Albumin 0.025 4.25 012 -
ndex
Serum Bduubin 0.02 4.3 0.09 200

factor for Ingh plasma viscosity was also neonatal he
molyuc ilness (p = 0.01, odds ratio 2.30). The volc
of total bilirubin was also impartant (p = 0.09, odds
ratio 2 10) and Jess so, thatof the bilirubin/Zalbumin
vavo (=012 NS) (Table 1),

Ihe increases e plasma VIscosity negain oy

tected crvihiroevac lrerabiliy (r - 059, o= 0ol

whichosa sk factor for high arvihirocytic ngsdiy
007 oddsrano 6.9,

Whenoonly newborns with moderate hipe

Iain nbinenna (hihrabin 10--21 my/dl) were

[vzeds neonatat hiemolvaoaness was a sl foae o e

both high plasaia viscosity (= 0.4, odds ratia
and for decrcased ery'aoeyte defornmabilin
0.07. odds rano 2.52), 1. spite of their having <ciic
bihirubin tevel alinost idenuical o those of newonros
with cither hemolytic or nonhemolytic ictericiy In

parades

these  aewhorns, the hicher e hemolesin the

dreater e crvtlinocy e vrgichiny (lR/CI'}‘Ihl'o(“\‘lv\
number: OAR < 0.01), R/ Hb »= —0.19, P
GO, TR NFCV 5 = 0,449, 5 < 0.01) and with plasma
viscosity (VP/erythrocytes number: 7 = —0.43, ) <

0.01, Hb - (210, p< 0.01).

DISCUSSION

Bub ubim has an affiniy for e membrane ol
crvilnocvies ' Noacombimed  bitrabin is 2 polar
molccule wich fow solubility maqueous solutions,
which, at plasma level, binds preferentially to albu-
nin i dianion at a high athinny site (fixation con-
stant O 2 107 m-") when maolas bihrobinzalbumin
Clawhen this is < 1o hinds 1o two sites of Tow aflin-
FOO m- ). Bilivabin

fined o albiamn protecis the cells rom the 1oxic ef-

e rOsaten constant o

fects of free bilnubin There s an cquihibiium be-
)y and that
oand 1o the adbumm. such that, whaen bilirnhm. al-

ween the boec hidnubn dimnon

b S as occurs o neonatad hivperbilirabime-
ro e labde D Tree ebnninn norease cin the plasng
s does s tosaos effects o celluba level V21

Fhe increases o plama brhieab o and the
Bidirobin albunimn ratuo lead o an e case i the
Wl sl o tahirabm (1B ) andd of acid bilirubin

(B inthe plasma Being molecules of low solubil-

Table 2. Differences Between Study Groups (X = SD)
ANOVA Newman-Keuls
Group 1 Group 2 (}r()u/) S I8 Group 1-2 Group 1-3 Group 2~3
GA 40 £ 1.2 39.6 £ 1.1 591 NS NS NS NS
Wenht 3.36 T 0.5 3.42 £ 0.4 S50 10 NS NS NS NS
RI 20 2 6 0 L1012 S0 05 i NS t t
P\ 093 * 006 092 =007 e v K NS s t
T8 78+ 3. 14210 [ L | t 1 NS
TRAANT D 220 209 4.2 > 0.4 RS ' t L NS
TP 55 =03 53 =03 EREE ' NS P T
Albunmm 75 = (0.3 33203 RS NS NS N'Y
Clobut 99 027 1vzx7J P O NS A NS
! 2806 286 £ 0.3 Ja e A NS NS NS
fF AN 0.7 202 0.7 03 ! [ ' NS ) '
b 166 x2.2 17.2 2.8 1357 R f NS t t
Hat 47 3 =57 50 + 8.2 403 504 8 NS : 4
MOV 106 =5 106 = 4 TOO =10 NS NS NS NS
MCHIC 3402 4 1.5 3417 340 0. NS NS NS NS

P00 T <001, 1p < 0.001.

NS, nonsignificant, GA, gestational age; RL rgidity maes, 70 pianma cicoste 1
FEAAL Latv acids; Fb, hemoglobing Het, hacmatocerit, MOV evodinam o pose v

bemaoglobin

total biirubies AT alhunun: Qv aumoladiny,
o and MOCTHE mcean corpuscalar concentration ot
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iy with capaciy lor ageregavon and precapita-
ton,' 2 thev produce alteriations in plasma viscosioy
and erythrocytic deformability 21-23

Although. at physiological pH, frce bilirubin is
found generally as bilirubin dianton (B=), it is found
also in lesser quantities as bilirubin monoanion or
acid bihirubin (BH?) represented by the equilibra-
ton: (B7) (BH-) (BH?) (BH?) precipitate 20

In neonatal ictericia the fraction of bilirubin noi
bound to the albumin increases, favoring the produc
don of clectrostatic complexes between the gationic
iprdic groups of the membrance and the bilirubm
monoanon (BH-). Tl e monovalent anion accepts a
hydrogern ion on penetrating the cell membrane and
frees it on entering the cytoplasm. By this means,
bilirubin can pass through the cell membrane.
When (he cell membrane is saturated with bilirnbin,
aggreganon and preapiagon of acid bilrabin ke
place mduced v the celt membrane

Altcrattan piraduced i cellubar permeabnline
and the Tancuonalism of e red globules when the

free hilivolan binds to the cell membraness fras

COl-
ribute to the lower crvihicoovie deformalsiliy o
newbormeowith by perbibirabmenna, This kes place.
(a) when the free fauv acids displace the Inhirubin
fon the albumin (r - 0.48, < 0.05).* (b) when
poasia bilmubim ancrezges (Fig. 2), and (¢) when
the bilirebin/bumin cauo increases (Fig, 2).1%19
These situations are of special jnterest in newborns
exhibiting a reduction in the capacity of the albu-
min to bind bilirubin 2

These observations suggest that the alerations
in cevithrocyue deformability ure secondary to the
influence of bilivubin on the erythrocyte membrane
rather than 1o the existence of an intrinsic primary
defectof theved globule

I neonatal hemolytice illness, erythrocyuce de-
formabitite s also affected by phagocytosis by mac-
rophages of part of the ervihrocyuc membrane re-
sulting 1 a decrease in the surface: vohune 1auo of
the recd globute “which could lead 1o canfusion, as
worosuliof tie inaease e the number oispherocytes
recorded by the awtomanc erythroeyte counters 1n
cases of mmmune dernved hemolysis. The damage
produced o he ervihrocvtic membrance makes
MCV 4 it factor of evvithyocvie filterabilio?=*
and of 1the sevenn of the hemolysis velated o the
Jower deformabihiy of the red globules ™ The differ-
ences i envthroovtic filcerabibiy of the newborns
with ictericia cannut be atbuted wo the size of the
pores nsed far filavon ™2 Lecause the VOM of the

civthoovtes ol e difterent groups stuchied were
identcal and thare s no relatonship beaveen VOEM
and crvthroovac mgadiny in newborns with non-
hemolviie ictetscia

It is probable thar small aggressions o the ery-
throevte membrane assooated with the cellular toxi-
city ol biliruhin have important effects of crythro-
ovuc deformabiliy: This would explain why full-term
newborns with hemolytic tatericia, in spite ol having
the same sere levels of bilirubin as the newborns
with naubicmolvuc actericia, show imporant alier-
ations of ervthrocvtie deformabiline and plasma vis-
cosiy as well as chnical ssmproms in 30%  of the
cases (Table 2).

AL present. itas not known ac what concentra-
ons and under what crrenmstances an increase i
Bl abin can create o senous visk of brain damage.”
Foe decrcase my civinroavae deformalaliny and Zor
credses e plasma viscoxiy that we observed
newhorns wotly icrcnicy ae rheological factons e-
Lacd g the deciease e capllaoy hlood flow and
Pocat chimeos e noancnculanon. aodosiso o
FESIFAN N

Phese e sty thar L the cerebral fevel,
can procdice oo nne an the hematoencephulic
Daotter allowine b bilirubin bound w the albumin
1o penctrae the vncephahe patenchyme® and/or
to case microthromboses of agglutinated erythro-
avtes i the small vessels of the encephaton like
those observed in the kermcterus.®s

In NECropPaIc studies of newborns with ctericia,
some authors aitribute a bilnubin-stained recrosis
to 4 dincot toxie effect on the tssues,* while others
clatm that the nearosis oconrs first, perhaps with an
s lemic ar hipyvosie basise and thae the hinubin
stbsequenth stans zones that ave ahrcady damaged
or neaate 2 Prlirobin encephalopadiy as o dy-
name process i which cells may be damaged 16 &
viiving extents the st histologic manifestations of
corabial danrage w e ciseed byaschemic changes. di-
Lenon and an nrarease i capllary })vrmc.tl)ilily {ob-
served o 0000 G newbotony® Lt Coctsianae
that e lead 1o a localized accumulaton of bilin-
bt and moreased cell damage (especialivin ceilular
redions afleored by kermicterus, winch are particu-
s v vulaer able 1o anosie nconatal damage)

Newbhorns dving from icteticid and o kar-
nmcierus prosent mufuple micro-infarcts ol the en-
cephalon whieh might be caused by blockage of
sinall \(‘sw‘l v m](1‘()Ih|'(9|]1|)()>('\ (\f l]lt‘ ('l}'li\lii-

ates L pedarane besons arang fron schiemia
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and hvpoxsm o different organs. They are usually
the cause of death in newborns; moderate 1o sc\'cr(l-
nearotic lesions have been observed in the spleen
(38%), miestines (55.5%), pancreas (7.5%), kid-
nevs (24-26.5%), (29.5%),
(60%; ), cLe. 553038

The ohbservavon of changes in erythrocytic de-
formabbty due to plasmadc factors*® 40 in victims of
cerebrovascular acaidents suggests that fluctuations
i perfusion and cerebral blood flow, less important
than rheological alierations, could explain neuro
logieal deficits unrclated o bilirubin tevels
plasma’#414% in neonatal ictericia. This is the case
parucularly when hypoxia, acidosis, or hyperosmo-
Jarity are present. In these situations, besides the in-
crease in neurotoxicity of free bilirubin #31% changes

adrenal heart-lung

in microairculaton take place due to an increase in
blood viscosiy? 2 muhing tssuce perfusion depend
upon the levels of cotang in the capillary™?

CONCLUSION

Lo Bodbtenm newborns with moderaie wctenon,
chiar s e arythrocyue deformability and plasig
vise ¢ ke place, being especially retated 1w the
exstence ol hemolysis and (rcreases in seric bilire-
b end the bilirubin/albuinin ratio. These rheolog-
wear alteratons can lead o disruptions of cerebral
wicrociiculavon and the hematoencephahic barrier
that can cause neurological deficiis and  anatn-
mopathalogical injuries in addidon to those causcd
hv the nearotoxicity of the bilirabin.

T the fuware, advances i the saudy of cerebral
nssue perlusion and mewbolism mn newborns mas
mmprove owr knowledge of the influence of bilirubm
and rheological alteration on the modilicatuon
cerebral blood low and delicits of (the newhorn with
hyperbilirabinemia,
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