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In f an t hemat ocri t va r ie s with both ges tational age and post
natal age . It has been assured that the r i s e In hematocr i t "'Ic h
occur s fron f irs t t o third trimester i s an ad aptation to in
crease ox ygen needs and the relative Intrauter in e hypox ia. Three
decades ago newborn s with markedl y el evated hematocrits and s e r i 
ous c ard ioresp iratory d istress ......ere described . Often the s ympto
matic Infant was the recip ient of a tw ln-to-twln transfusIon .
These early case reports are the f irst docunented cases of what
Is new de scr ibed as neonatal polycythemia.

In 1966, Baun (1) Identified an elevated viscosity In blood
fron Infants who were polycythemic. This e l eva t ion In viscosity
was bel ieved to decrease peripheral blood flew and hence might
explain the pathology associated with neonatal polycythemia. A
new condition, neonatal hypervlscoslty, was described.

It Is CO'11TOI1 but Inaccurate to equate neonatal polycythemia
and neonatal hypervlscoslty. The defini tions of each are specif
Ic and, although overlapping, do not e xac t ly define the same
popul at Ion.

Neonatal polycythemia 15 most crnmonly described as a venous
hematocrit of 65%. Levels as lew as 60% or as high as 70% have
also been suggested. Varlatloos In sarrple site or postnat.a l age
carpound the difficulty In defining neonatal pol ycythemia.
L1nderkafrp 0 ) and Gatti (2) have demonstrated the variability
between capill ary and venous hematocrit values . 5hoha t ( 4) was
able to demonstrate dynamic changes In both venous hematocrit and
v i seosl ty measuranents . By two hours of ag e there Is a linear
correl ation between cord blood hemat ocrit and venous hemat ocrit.
Thus, co rd blood hematocrit may be a reliable techn ique for In i 
tial screening . However, this tecmlque may miss Infants who be
care polycythemic as a result of acute placental transfusion.

Neonatal hypervlscoslty refers t o a characteristic of blood
vnlch Increases with hematocri t . Sev e ra l o t he r factors also c oo 
tribute to the viscosity o f "'ole bl ood. Anong these are large
plasma proteins and stiffness of t he r ed blood cell membrane.
Newborn plasma has a lcwer viscosity coroared to adult plasma
since the concentration of plasma pr oteins is l cwer In the new
born . Standards for viscosity measurements are available fron
several authors . Hypervlscoslty has been def ined a s a value more
than t wo standard deviations frern mean cord v i scos i ty . Whole blood
viscosity Is dependent on the shear rate s t udied . Viscosity meas
urerrents ar e therefore given Oller s everal shear rat es. Use of th e
viscosity standards available sug gest that 2- 6% o f newborn In
fant s have hyperv lscos ity. While hematocrit an d vI sc os It y are
c los e l y correlated the contribut ion of o t he r f ac t o rs t o vi scosi ty
nake it lrrpcss l bl e to equate the t wo condit ions . At the higher he
matocr t t l evel s all po l vcvt.hent c Inf ants are hype rv iscous. sore
Inf an t s without polycythemia have abnormal whole blood viscosity.
Sane polycythemic Infants are hypervlscous. In the remaInder of
this review the clinical signs and outcare associated with the two
conditions will be descussed.

Infants with polycythemia and hypervlscoslty often present with
cardiorespiratory signs which mimic cyanotic conqenItal heart
diseas e . Tachypnea, tachycardia, cyanosis, and epo ea have all
been described as well as pulrrcnary hypertension .

Central nervous system signs ar e corrroo Including the non spe
cific findings of I r rltabll l tv, rapid state changes, vasorotor
instability, lethargy, poor tone, and poor feeding. Earl y re
ports of polycythemic Infants frequentl y reported seIzures . Pro s 
pecti ve screening of Infants has Identified few wi t h neonatal
seizures. Obvious central nervous system harorrhage 15 a l so un
CCllTOOl'l.

More recently there has becare Inc reas ing ev idence that poly
cythemla/hypervlscoslty 15 a frequent cause of necrotizing
enterocolitis (NEC) when It appears In the term Infant. Poly
cythemic Infants undergoing partial plasma exchange with fresh
frozen plasma seem particularl y vulnerabl e to dev eloping a spec
trun of gastrointestinal lnjur les , Pneumatosis Intes tinal 15 has
al so been s een In many of these Infants wi th a range of gastro
Intestinal SI91S.

Renal failure, thrarbocytopenla, and various other hematologic
findings have also been reported. Hypoglycem ia 15 crnmonly asso
ciated with polycythemia and may be of greater ma91itude than
appreciated since the detennlnatlcn of pl asma gluco se overesti
mates whole blood glucose. Peripheral blood flON may be severely
ccrorcmtsed and has Irmroved follONlng . plasmaphoresl s.

OJtcare follewlng neonatal polycythemla/hypervlscoslty Is
largely dependent upon the method used to Identify the subjects.
SerIously ccroront sed Infants as originally described are not the
rule. Most Infants have symptons that are less obvious. The most
syrTlltonatlc Infants In early studies had developrental delays and
neurologic handicaps. Prospective screening Identifies a group of
Infants for whan the outcone renalns ccot rover-s t at , Several au
thors have failed to shew slgnl flcant Impal rment at 1-6 years.
OJr studies suggest that there are clear differences between poly
cythemic Infants and a coroar l son group at two years of age.

Partial plasma exchange appea r s to lrrorove sensory outcane. All
s t ud ies of prospectivel y Identif ied pol ycythem ic Infants suggest
that mental developrent Is not sign if icantl y affected.
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Oxygen Radicals and Tissue Damage in the Perinatal
Period
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Posthypoxlc tissue danag e c ould be c aused by oxygen free rad icals
generated by hypoxanthine (Hx)-xanthlne oxidase (XO) system. Hx
Vo!1 lch 15 acccrnrl at.ed in hypoxia 15 washed out into the clrculatl"'l
In the posthvpox l c reperfusl on pe r i od. If XO Is present the sup er
ox ide radical, °2- , Is forme d: Hx + Urate + 02"-

We have suggested that th I s rrechan i sm Is respcns I b I e, at 1ea s t
partly", f or several cond ltlens In perl /necnatal rredtc lne such as
bronchopulmonary dysplasia, ne crotizing enterocoI itls and retro
l en ta l fibroplasia . If thi s hypothes i s 15 correct we are deal in g
wi t h a canrcn pathogenet ic mechanism leading to one disease affec
t Ing dl fferent organs.

To ex plore th i s hypothesi s we ha ve mainly s t ud ied the lung . In
sunmar y we have found: 1) The ccnb lnat Ion of 100 percent oxygen an'!l
Intravenous oxygen g i ven 48 h damage the rat lung . The typical ch<f1
ges f ound are herrorrha ge and edema. Fur t.herrrore, in spite of a nort'"
mal l ung surfactant prof ile the su r fact ant function was aboli sh ed
Indicati ng that surfactant was Inac t ivat ed either by peroxldatlon
or by the Induct Ion of surfactant Inhibitor. 2) XO aop l ied Into t t'f'
al rways of gui nea pigs acute l y Induced lung hemorrhage and edema.
The lun g cawl lance was drarrat Ically reduced . Q1e single applica
tion of XO Induced lon g te rm effects en the lungs as well . After 2
days thickening of al veol a r septae an d pro l i f e rat i on of type 2 cells

observed. Furthenrore, there was an Increased nuro e r of al veet-
l a r macrophages. 7 and 14 days aft erw ards the h i s to log ica l chan ges.
seerred t o have normalized, lung coro t iance, hcwever, was s t l l slgrll 
f lcant Iy lcwered. 3) Superoxlde dlsmutase g iven together with XO
protected against XQ.

The experimental data s hew that the hypoxanth ine-xanthine oxi
dase sy stem potent ly destroys the lun gs under exper imental cond i
tions .
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The viscometric characte rist i c s o f neonatal blo od
sh ow d istinct differ ence s fr om th ose of adult s
(1 ,2); i n particular it i s f ound that at a given
hae ma tocrit neonatal b l oo d generall y e xhibit s l ower
viscosity at all s he a r rates. In part this is du e
to the lower pla sma vi sco s ity that is also found in
the ne o na t e . The effect of thi s plasma difference
can be removed by cal culati ng r elative v is cositr'
and when this is done the h igh shear rate ( >5s- )
va l u e s of the two types of blood become simi l ar but
the low shear rate d ifference persists.
Since it is us uall y accepted that the elevated low
shear rate visco sity of ad ult bloed is due to
rouleau x formati on, it is to be e xpected that th e
latter will be reduc ed in the ne onate and this has
been c onfirmed e xperimentally.

The cause o f the reduced agg regation mus t li e in
t he red cell or in t he pla sma or both. Howev er
pla sma e xchange e xperiment s indicate that adult and
neonatal cells ag gregate s i mi l a r l y when su spended i n
adult plasma, while both show r e d uc e d aggregati on in
neonatal plasma (2). Of the agg regat ing agent s in
adult blood f ib rinogen is by f ar the most i mpo r t a n t .
so e xperiments have been pe rformed i n which both
cell types were suspended i n solutions of purified
adult fibrinogen. Again they showed similar degree s
of rouleaux formation . The con clusion is therefore
that the reduced aggregation found in neonatal blood
i s not due to cellular differences, but rather to
variations in the composit ion of the plasma.
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