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THEORIES REGARDING THE PATHOGENESIS
OF KERNICTERUS

The purpose of this thesis 1s to examine the
avallable clinickl and experimental data concerning
the pathogenesis of kernicterus. Knowledge of the
etiologic importence of incompatibility between the
blood groups of the fetus and mother has been ad-
vanced greatly dtring the past fifteen years. How~
ever, the data of several groups bring out the
assoclation between jaundice and kernicterus in
infants without hemolyt{ie¢ disease of the newborn and
show that kernicterus may be more commonly a com-
plication of so-called physiologic jaundice and pre-
maturity than of isoimmunization.

Kernicterus has long interested clinicians,
pathologists and hematologists. The first descrip-
tion of this unfortunate sequel to hemolytic disease
of the newborn was by Orth (1) who used the term
nueélear jaundice as long ago as 1875. He believed that
there was a primafy necrosis of parts of the brain
and that these areas were subsequently plgmented.
Schmorl (1), in 1903, introduced the term kernicterus
in his desceription which was the first detalled

report of the pathologieal features of the cerebral

(1



lesions. He reported observations of bile staining

in the basal ganglia, cerebellum and brain stem in

a newborn infant with jaundice and suggested that the
primary change was cell necrosis either resulting from
vascular damage or from a toxic degeneration of the
cell. He believed that the toxin responsible might

be bile itself, Hart (1) also thought that the gang-
lion cells were injured by bile or became pigmented
with blle following injury by some other unknown
toxin,

The link between the liver and brain damagée early
attracted the attention of workers in this field.
Hoffmann and Hausmann (2) in 1926 suggested that the
liver damage took the form of a hepatitis whilch re-
sulted in the liberation of lipolytic substances which,
in turn, were responsible for cerebral necrosis from
their toxic effect.

Several experimental workers investigated the
possibility of liver disease legding to cerebral
damage. Fuchs (1) in 1917 fed exverimental animals
guanidine and caused liver damsge and subssquent
changes in the brain. Pollak (1) in 1921 examined
the brains of animals which had undergon® such an

exveriment and found an inflammatory reaction in the
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basal ganglia with neuronal loss. The damege was
diffuse, however, and not wholly confined to the
nuclear masses. Mella (3) injected manganese intra-
peritoneally into Macacus rhesus monkeys and
pro-duced nuclear loss in the putamen and caudate
nuclei.In two of his animals hepatic fibrosis
ocourred.Crandall and Weil (4) ligated the common
bile duct in rats and caused degeneration of the
corpus stri-atum. While these experiments failed to
reproduce kernicterus they did seem to indicate a
1link between hepatic dysfunction and eerebral damage.

As an alternative to the theory that kernicterus
resulted from the action of a toxin on the basal
ganglia, Schmorl (1) and Beneke (2) both suggested
that vascular damage cansed by thrombosis or other
change led to ischemia of the nuclear masses and sub-
ssquently to pigmentation. Thorling (1) also thought
that ischemla plagyed a part and suggested a
combin-ation of low blood pressure and respiratory
failure as the underlying cause of ischemia. In the
experi-mental field Spielmeyer (5) found that the
corpus striatum and hippocamous have a relatively
poor blood supply and are ligble to damage in disease
affecting their circulation. Meyer (6) showed that
the globus



pallidus, inferior olives, dentate nuclei of the
cerebellun and hippocampus are the most commonly in-
Jured parts when the brain was ischemic, whether this
was caused by morphine, carbon dioxide or carbon mon-
oxide poisoning. Wolff (1) also demonstrated that
hypoxia affected these regions severely. These find-
ings were intarpreted as indicating that some type
of vascular injury was essential before cerebral
tissue could be Ainduced to take up trypan blue which
has been shown to resemble the action of bilirubin (1).
At one tlime neonatal sepsis was believed to be
an etiological factor in the development of icterus
gravis and of kernicterus. Beneke (2) believed that
organisms entered the blood stream via erosions in
the gastric mucous membrane. Knoepfelmacher (1),
Pfaltzer (1) and Thorling (1), all obtained positive
cultures from post mortem material in kernicterus
cases and were strongly in favor of an infective basis
for the disease. Dunham (7) found jaundice in four-
teen instances in forty cases of neonatal sepsis.
Zimmerman and Yamnet (8) obtained E. Coli from the
blood in two cases of kernicterus and were inclined
to favor the sepsis hypothesis of the development of

kernicterus. Biemond and van Creveld (9) reported



two cases of kernicterus and icterus gravis where
severe umbilical sepsis was present. In a series of
four cases of kerhicterus by de Bruyne and van Cre-
veld in 1948 (10) severe umbilical sepsis was present
in all cases. However, evidence of 1soimmunization
was found to be present iIn two mothers, thus casting
some doubt on the validity of the infective hypothesis.

Orth (1) in 1875 also had suggested that there
might be some "congenital inferiority" of the brain
predisposing to the localization of bile in the nuclear
masses. This suggestion has received support. Fitz-
gerald et al. (11) believed that the degree of "mal-
development"” was a primary factor in the onset of
kernicterus. Frolich and Mirsky (12) produced convul-
2ions in young rats but not in older ones by admin-
istration of bilirubin. Vaughan (13) was inclined to
believe that "immaturidy of cerebral and cerebrovas-
cular tissue" pldyed a part in the etiology of kern-
icterus. Lande (3l}) theught that in some families
the nervous system was more liable to toxic or emo-
tional upset tham in others which could predispose
to kermicterus.

With the discovery of the Rh blood groups a great

impetus was given to the study of the disease process
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and many workers attempted to establish a relation-
ship between vascular changes and the development of
kernicterus. Diamond and Denton (15) suggested that
the terminal capillaries to the nuclear masses might
become blocked by cel ular debris resulting from
hemolysis. Wiener (16) in his theory concerning the
pathogenesis of hemolytlc disease of the newborn
postulated that these terminal caplllaries became
blocked by agglu ination thrombl with subsequent cer-
ebral damage. However, there 1s no histologlc evidence
to support this theory (13) and Wiener later retracted
the thrombosis theory (17).

The discovery of the Rh blood groups explalned
the famillal incidence of the dlsease which had baf-
fled so many previous investigators. In was then shown
that the antibody 1n the mother's serum acted on the
antigen of the infant's red cells causing thelr hemo-
lysis. This has led some authors to suggest that a
direct antigen-antibody reaction occurs in kernicterus
with the cerebral cells acting as the antigen. Yannet
and Lieberman (18) believe that this possibility
exists, but there 1s no clear proof that such antigen

1s present In the cerebral neurons or that such a

reaction occurs,
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Darrow (19) has suggested that anaphylaxis might
play a part in the etielogy of kernicterus. Recently,
Darrow and Chapin (20) have repeated the suggestion
that in addition to the antigen~antibody reaction there
is an anaphylactlc process which accounts for the
onset of icterus gravis and the development of kern-
icterus in some cases. Their explanation of the devel-
opment of hemoly$ic disease of the newborn is not very
convincing.

One of the problems that needed clarification
was whether the pigmentation of the nuclear masses
is a primary occurrence or is secondary to nerve cell
injury. Zimmerman and Yannet (8) state the opinion
that following some injury the nerve cells are sub-
sequently stained with blood borne bile pigments.
Vaughan (13) bel eves this view to be most reasonable.
The ganglion cel s are damaged first and thereafter
assimilate bilirubin to a greater extent than the
surrounding areas which are undamaged.

¥Yannet and Lieberman (18) believe that cerebral
Injury is entirely secamdary to the destruction of
red blood cells during certain periods of fetal 1life.
The resultant anoxemia causes permanent injury to the

developing neuron and the cerebral damage is well
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established before birth. This bellef 1s also supported
by Parsons (21) who views the sequence of events in
kernicterus as an antigen-antibody reaction between
the liver cells and the Rh antibody resulting in
necrosis of the liver cells followed by necrosis of
brain cells which then become stained by the bile
plgment--Parson's hepatic encephalopathy theory.
Kernicterus is not due to hemolysis as there is no
parallelism between thes degrse of hemolysis, the
severity of the jaundice and the presence of kernic-
terus. Cappell (22) has stated that if the neurons
are damaged during fetal 1ife it is remarkable that
no histologic evidence of neuroglial reaction to
neuronal death is present in the brains of infants
who die within the first day or two of 1life.

Claireaux (1) recalls the experimental work of
Speilmeyer (5) and Meyer (6) who showed that the areas
involved in kesrnfcterus are those most commonly in-
Jjured by anoxia of cerebral tissue and concurs with
theory that the antigen-antibody reaction in the fetus
results in the produetion of a sufficient degree of
anemia to cause cerebral anoxia. Mollison and Cutbush
(23) show that some degree of anemia is present in

nearly all cases of icterus gravis resulting from

(8)



hemolytic disease, but this anemia may be concealed
in the early stages. Clalreaux concluded, therefore,
that the anoxla is responsible for the original cell
damage which leads to subsequent pigmentation. This
damage 1s of such a nafture that the cell is not
destrayed but is sufficiently changed to permit the
bile staining to occur. The oxygen lack 1s sufficiently
severe to render the cell membrane permeable to bili-
rubin but 1s not so great as to cause cell death.

Once pigmentation has occurred, the combination of
anoxla and the presence of pigment in the cell even-
tually leads to the death of the cell towards the

end of the first week of life. Thereafter the affec-
ted nuclear masses undergo gradual astroeytic replace-
ment and the typical neurological signs of the con-
dition become apparent. He regarded kernicterus to

a complication only of icterus gravis resulting from
hemolytic disease of the newborn.

The presumed sequence of severe anoxia or other
brain injury followed by staining of damaged neurons
received support from at least two experiments. Day
(2) produced kernicterus by imjuring one of the cere-
bral lobes of rats with réentgen radiation. Jaundice

was then produced by the occlusion of the common bile
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duct and intravenous injections of bilirubin. Vogel (25)
injected bilirubin into the umbilical veins of rat
fetuses and kernicterus developed in the younger
animals following partial occlusion of the umbilical
cirgulation for periods of thirty to forty minutes.
Kernicterus could not be produced without impairment if
circulation. Such experiments indicated that if brain
tissue 1s sufficiently damaged it will be stained

by circulating bilirubin.

It has been pointed out (26) that the very
infants who supposedly show the greatest evidence of
such damage--the premature infants without hemolytic
disease--belong to the group of infants probably most
resistant to such injury. In animal experiments it has
been demonstrated (27) that newborn mice, rats, rabbits
and dogs are capable of surviving anoxia for periods
forty times greater than those fatal to adults of the
same specles. The abilibty to survive anoxia is quick-
1y lost so that, for example, by the tenth to the
sixteenth post-natal day newborn rats have achieved
parity with adults. In man the maximum aneroblc sur-
vival time of the newborn consistent with little or
no detectable cerebral damage is unknown. It is well

known, however, that the newly born infant shows a
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remarkable resistance to anoxia. This is believed to
be due to the: perslistance, as in the rat, from the
fetal into the neonatal pericd, of a relatively more
anerobic carbohydfate metabolism than exists in the
post-newborn pericd (27).

Among the animal groups the greater the pre-
maturity, the greater 1s the resistance to anoxia.

If this relation ghould be true of man, it seems im-
probable that anoxla in the absence of other injury
would damage the brain of the premature infant more
readily and frequently than that of the mature in-
fent (26).

Kuster and Krfings (28) have suggested that
bilirubin itself, 1n excess, may cause cerebral damage.
They were able to produce kernicterus in the experi-
mental animal by the intravenous injection of bili-
rubin, However, the high levels needed--100 to 150
mg. per 100 mls-are much greater than those encoun-
tered in icterus gravis with or without kernicterus (2).

Gerrard (2), because of reports in the literature
of hypoglyeemla plns large and numerous islets of
Langerhans assocliated with hydrops fetalis and kern-
icterus, decided t6 follew blood sugar levels in

cases of hemolytic disease in order to determine if
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hypoglycemia had a role in the production of kernicter-
us., A considerable fall in the blood sugar level was
noted in a number of cases of hemolytic disease and

in six of the forty cases studied the blood sugar

fell below 30 mg. per 100 ml. One might suppose that
hypoglycemia may lay a part in the production of kern-
icterus and that, in conjunction with anoxia and the
toxic action of billirubdén, it may lead to the destruc-
tion of those nuelear masses which, especially in

the newborn period, are develooing most rapnidly and
have great metabolic regquirements. However, this theory
is difficult to smstain, for the infant who was most
anemic at birth also experienced a marked hypoglycemla
and yet did not develop kernicterus, while another
infant, who was never very anemic, experienced no hypo-
glycemia and developed kernicterus.

Claireaux (1) as late as 1950 made the dogmatic
statement that kernicterus is always seen with icterus
gravis arising from hemolytic disease of the newborn.
This view was commbnly held then even though Vaughan
(13) in 1946 said that he had observed kernicterus
in two premature infants under circumstances where
there was no possibility of Rh sensitization. Parsons

(21) cited two simtlar cases in 1947. Late in 1950

(12)



and maternal diabetes. Prematurity was present in
about sevemty-five percent of the cases. These in-
vestigators eonsidered that since prematurity in it-
self 1s apparently not a cause of kernicterus it must
be regarded as a prediaposing factor. The variety of
pathologic states found by the authors in association
with kernicterus, while doubtful if they can be re-
garded as direct etiologlic factors, suggested the
possibility that kernicterus does not represent a
specific entity, but a non-specific mechanism. They
regarded the coincidence of brain damage and bili-
rubinemia as the common denominator responsible for
nuclear staining in an otherwise heterogenous group
of newborn infants.

In 1953 Govan and Scott (31) reported ten cases
of their own of premature infants with kernlcterus
without blood group incompatibility. They point out
two Important elinical differences between kernicter-
us due to erythrdblastosis and kernicterus of prema-
turity. Infants with kernicterus dwe to erythroblas-
tosis are usually mature and jaundice is an early
feature whereas in their series 1t was delayed until
the fourth day. Despite these clinical differences,

however, the microscopic changes were almost identical

(1)



in both groups. There seemed to be less vascular dis-
turbance in the erythroblastotic type, but the features
reported by other workers were the same as those found
in their series of premature infants. This prompted
Govan and Scott to investigate any possible connection
between the two pgroups. They studied the brains from
non-jaundiced prémature infants and found that brain
lesions occur in this group in the absence of liver
dysfunction and the pigment is deposited secondarily
in areas already damaged which coincides with
Cappell's observations (22) in the erythroblastotic
infant. Thus having ruled out hepatic damage as a
cause of the brain lesions they found that the only
significant feature common to both groups of infants
was difficulty in resuscitation at the time of birth.
This would inevitable lead to anoxia. The pathologic
changes described in conditions of central nervous
system anoxia from morphine, carbon monoxide and
potassium cyanide voisoning, diabetic coma and asphyxia
due to nitrous oxide anesthesia were found to be very
similar to those found in kernieterus and the distri-
bution of the lesions were identical.

Thus, from a consideration of the changes de-
scribed and the findings 1n comparable conditlons,

(15)



they concluded that the main factor in the production
of the lesions found in kernicterus in premature in-
fants is anoxia and in view of the similarity of his-
tologic changes and anatomic distribution of lesions,
and the absence of any correlation between the occurr-
ence of brain lesions and the titer of antibody or
degree of erythréblastosis, it seemed probable to them
that anoxia is the impertant factor in the latter group
also.

Black~Schaffer et al. im 1954 (26) reported thir-
teen cases of kernicterus without hemolytic disease
among the dead néwborn infants of a Japanese community
and they came to the conclusion that physiologic
jaundice 1s responsible for more cases of kernicterus
than is hemolytic disease of the newborn. They suggest
that indirectly severe hypoxemie may contribute to the
production of kemmicterus through the impairment of
liver funection and the elevation of the serum bili-
rubin level. This mechanism may be extremely signi-
ficant in prematurity where periods of apnea and
cyanosis are not uncommon.

Sutow et al. (32) recently reported elinical
and serologlecal data from twenty~flve cases of kern-

icterus found among Japanese infants necropsied by

(16)



the Atomic Bomb Cesualty Commission in Hiroshima
Nagasaki, Japan. All exeept one occurred in the ab-
sence of serologieal evidence of hemolytic disease
of the newborn due to isolmmunization.

Because kernicterus 1s associated with both
physiologic Jaundice and the icterus of erythro-
blastosis fetalls, i1t would be well to examine the
genesis of these two forms of neonatal jaundice.

The geneslis of physlologic jJaundice was reviewed
by Weech (33) who concluded that physiologic jaundice
was largely due to retention by the inmmature liver of
physiologically produced bilirubin and consequently,
"the behavior of the infant with respect to biliru-
bin is largely predetermined at the time of birth."
He found that the higheést serum bilirubin among mdnety-
four term infants was 26.2 mg. per 100 ml. Concerning
the origin of the bilirubin it has been demonstrated
(26) that in adults at least eleven percent of the
eirculating bilirubin 1s derived from sources other
than mature erythroeytes and marrow cells, catalase,
myoglobin, peroxidase and the cytochromes may be
other sources. The role of these in neonatal jaundice

1s not known.

In 1930 Rich (3l;) described neonatal icterus as

(17)



a retention jaundice due to the inability of irmature
liver to excrete the bilirubin liberated by the
destruction of the excess erythroeytes of fetal 1life
and emphasized the fact qhat icterus neonatorum is
especlally common in premature infants. He stated that a
normal liver is capable of excreting, without jaundice,
far more bilirubin than i1t commonly receives.

In contrast to the above views the pathogenesis of
the Jjaundice of hemclytic disease of the newbornis
commonly attributed to excessive hemolysis re-sulting
from the action of the maternal Rh antibody upon the
infant's Rh positive red cells (1, 31). This mechanlam,
Black=-Schaffer states (26), is important,but that it is
the only, or even a significant cause of
hyperbllirubinemia in any given Rh positive infant of a
sensitized Rh negative mother i1s questionable.

If the pathogenesis were this simple, the Rh anti-body
adsorbed upon the infant's red cells (Coomb's test)
should aslways be demonstrable. Furthermore the intensity
of this test should be very closely related with both
the degree of hemolytic anemlia and the degree of
bilirubinemlia. Actually, these correlations are

sometimes completely absent or of such low order as to

prohibit definite conclusions (26).
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Vaughan and co-workers (13) wrote that the
Coomb!'s test had not proved an accurate index of the
severity of hemolytic disease and that in at least
two cases of kernicterus with hemolytic disease it
had been completely negative., The same group in another
paper wrote that the incidenece of kernicterus was
virtually indeperdent of the degree of anemia and that
there was no evidencde in his series that the Coomb's
test had any relation to the severity of the disease.
The authors report seeing babies with strongly pos-
itive Coomb's tests who had no clinical disease, as
well as a few in whom a negative Coomb's test was
associated with a fatal case of kernicterus. In hemo-
lytic anemia of the newborn the converse has been
observed repeatedly, namely, a progressive but self-
limiting anemia in Rh positive infants of sensitized
Rh negative mothers with the development of little
or no jaundice (39).

Brown and Zuelzer (36) feel that a redefinition
of physiologic jaundice is needed. In their opinion
the hyperbilirubinemla assoeiated with neurologlc
sequelae is different from that commonly seen in the
newborn and just because the mechanism of the path-

ologic hyperbilirubinemia cannot now be disting-
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uished from that responsible for the lower degrees
of bilirubinemia, one should not speak of physiolog-
ic icterus in a group whose bilirubin values deviate
so markedly from the average. They feel that know-
ledge of the role of the liver and of the possible
enzyme systems involved in the metabolism of bili-
rubln, the influsmce of prenatal and paranatal
factors, inclufling placental function, on the develop-
ment of the abili to metabolize bilirubin seems
indicated for an understanding of the mechanism of
hyperbilirubinemia.

On the basis of the work of Weech and Rich,
Black-Schaffer (26) attempts to explain, at least in
part, the apparent paradoxes in hemolytic disease of
the newborn. Approximately fifty percent of all infants
develop physiologic jaundice (27). The hyperbilirubin-
emia reaches its peak between the second and fourth
postnatal days depeénding directly on its initial
height. This has been confirmed by Hsia (37). This
is true of infants regardless of the presence or ab-
sence of isoimmunization., Thus, in about one half of
all cases of hemolptlc disease there exists, in add-
ition, the probability of physiologic jaundice.
Knowing that physidlogic jaundice may occasionally

(20)



be severe, it becomes evident that an Rh positive
fant or a sensitigzed Rh negative mother may develop
intense jaundice and even kernicterus without actually
having hemolytic disease. In contrast, the occurrence
of hemolytic dipease without significant jaundice may
be interpreted as indicating that, in the presence
of adequate liver function, jaundice need not develop.
It can be assumed that in hemolytic disease of
newborn, the more Rh antibodies adsorbed to the in-
fant's red cells, the more severe the hemolysis and
the greater the production of bilirubin. At this point
the degree of maturity of the liver will determine
to a large extent the presence or absence of neonatal
jaundice in the premature infant, the term infant
or the infant with hemolytic disease. Thus, in hemo-
lytic disease all degraes of correlation may exist
between the Coomb's test, anemia and bilirubinemia
without necessarily posing a paradox. Since in the
first postnatal d&ays the newborn liver tends to ex-
crete bilirubin poorly, the more bilirubin produced,
the greater the probability of developing marked
jaundice. This is usual in the case of hemolytilc
disease. The less mature the liver, as in prematurity,

the more intense is the jaundice even without undue

(21)



hemolysis and the more severe its complications. It

is evident that the most unfavorable course willl occur
in the premature infant with hemolytic disease and this
has proved to be the case (26).

Each hypothesis in explanation of the pathogenesis
of kernicterus has its merits., However, it would seem
that several well documented observations must be
adequately explained before any one may be considered
correct. These are:

1. Kernicterus does not develop before birth.

2. Kernicterus does not develop after the first
few days of neonatal 1ife.

3. Prematuré and some term children without
hemolytic disease of the newborn may develop kernic-
terus,

i+ Exchange transfusions have effectively reduced
the incidence of kernicterus in hemolytic disease of
the newborn.

If kernieterus 1s the result of a mass action
effect of the bilirubin, obviously it cannot occur
when the bilirubin blood level is low. All studies
of cord blood bilirubin levels show that it rarely
rises above 10 mg, per 100 ml, (38, 33, 37). There
is evidence, though incéneclusive, that this limita-

(22)



tion is due to placental exeretion of bilirubin (39).
Since kernicterus is most apt to occur when the bili-~
rubin rises above 30 mg. per 100 ml. and is unlikely
to occur if it remains below 20 mg. per 100 ml., it
is apparent that kernicterus will not occur in utero
(38, 37)

In man, kernieterus, as it appears in the newborn,
has never been described as developing in the post-
newborn period. It would appear that the cormaon find-
ing of kernicterus in the premature infant and the
infants with hemdlytic disease mmst depend upon some
faector or factors characteristic of the neonatal per-
iod.

Concerning the third observation, that premature
and some term infants develop kernicterus without
much hemolysis, it bears repeating that in the infant
with hemolytic disease there axists a high correla-
tion between the intensity of the bilirubinemia and
kernicterus (13). In addition it has been demonstrated
that the birth serum bilirubin levels of premature
infants without h®molytic disease parallel those in
hemolytic disease (13).

That hyperbilirubinemia is alone associated with
kernicterus is demonstrated by the case of Crigler

(23)



and Najjar (40). They discovered within a family group
an inherited bilirubin excretion defect of the liver.
Among the members of this family, one case of kern-
icterus was demonstrated and a number of those affected
developed the neurologic signs characteristic of kern-
icterus. All members of the famlly were Rh positive
and isoimumunization could not be demonstrated. Full
term mature children without hemolytic disease with
kernicterus may be analégous to the case cited by
Weech (33) of a full term infant who developed

severe physiologie jaundice with a serum bilirubin
level of 4O mg. per 100 ml. who developed the neurol-
ogic signs of kermnicterus and was permanently crip-
pled. The child was Rh and ABO compatible and was
never anemic.

The reduction in the number of kernicteric babiles
after exchange transfusions in hemolytic disease of
the newborn can dnly be explalined by a mechanism which
prevents severe brain injury preceding the stalning
of the nuclear masses (lf1). If the brain were severe-
1y injured prior to staining, this injury should
persist despite exchange transfusion and the incidence
of deed and neurelogically damaged bables would re-

main unaffected. The effective reduction of the mor-
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bidity and fatality rate of kernicterus is a strong
point against the "preceding anoxia" school of
thought (26).

Two investigators have presented very interesting
theories relating the placenta to the pathogenesis of
kernicterus. Bevis (39) believes that kernicterus
is an antenatal disease despite the fact that no case
of kernicterus has been demonstrated in a stillborn
infant. The prob&ble explanation of this is that the
placenta is able to deal with these pigments while
the child is in utero, but after delivery the accumu-
lation of pigments results in the appesarance of clin-
ical signs of kernicterus. He states that the produc-
tion of pigments is inhibited by the enzyme catalase
and has been able to demonstrate tha the catalase
content of the placenta 1s appresiably reduced in the
sensitized Rh negative woman. He therefore postulates
that the Rh antigen-antibody reaction in the sensi-
tized Rh negative woman results in a diminution of
the catalase content of the placenta possibly by
poisoning of the enzyme by increased amounts of iron,
This reduction in availgble catalase results in
increased production of pigment and the classical

signs of kernicterus are produced.

(25)



Saunders (42) postulates that since kernicterus
makes its appearance a few days after birth it might
be due to the withdrawal of an inhibiting or neutral-
izing substance or substances present in utero but
unavalilable to the infant after birth. This substance
might originate in the placenta and by its presence
prevent kernicterus in the unborn infant. The with-
drawal of this factor after birth may then allow kern-
icterus to develep within a few days.

On this hypethesis placental extract was admin-
istered to a group of infants with hemolytic disease
by intramuscular injJection of one ml. morning and
evening from birth to five to six days of age.

Though his results were inconclusive they would
appear to warrant further investigation.

The nature 6f the pigment in kernicterus is not
yet firmly established, but the assumption has been
that it is bilirabin or a derivative. Claireaux et
al. (L43) studied the brain pigment from four newborn
infants representing kernicterus from isoimmunization
and kernicterus from physiologic Jaundice. From a
study of the diazo reaetion, the chromatographic
behavior and the absorption spectrum they concluded

that the pigment in each type of case is bilirubin.

(26)



Bevis (39), dnalyzing the yellow pigment in the
brains of two cases of kernicterus (methods of anal-
ys8is not given) showed that the pigment of icteric
brain 1s mesobilifuscin. No experimental evidence to
thlis effect has been presented. Claireaux states (h3)
that mesobilifuscin, the nature of which 1s very
obscure, does not give a dlazo reaction and unlike
Bevis found that the braln plgment reacts positively,
as does bilirubin,

In contrast to the braln extracts from Clalreaux's
cases in which bilirubin (the indirect reacting frac-
tion) greatly predominated, extracts of serum from
other cases of hemolytliec disease had a larger propor-
tion of the dlrect reacting blle pigment and he
postulates that the braln seems to have a selectilve
attraction for bilirubin due to his finding that brain
tissue contalns a bilirublin-retaining lipid. This
1lipid seems to have no affinity for direct reacting
bile pigment. It appears that 1t 1s the indirect and
not the direct reacting fraction of pigment which
produces braln damage which would explaln why kern-
icterus does not appear 1n the more pronounced jaun-
dice of adult patients with obstruction or in con-

genltal atresia of the bille ducts in the newborn
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where the pigment 1s predominantly direct reacting
(143). Claireaux believes that conversion of bilirubin
to the direct reacting pigment tends to protect the
neonatal braln from kernicterus and that it 1s the
function of the liver to change free bilirubin to the
direct reacting pigment. Hence, a defect of this con-
version may be the primary factor leading to kernic-
terus in premature infants in whom no increased pro-
duction of bilirubin has been demonstrated.

Recently, Billing and Lathe (lj}j) have indicated
that the excretiom of indirect bllirubin involves
its conversion to a direct reacting water soluble
plgnent and that the main pathway 1s probably through
conjugation with glucuronic acid. This conjugation
i1s further confirmed by the recent work of Schmid
(45) who has found that hydrolysis of the azopigment
of direct bllirubim ylelds the azopigment of indirect
bilirubin and glucuronic acid.

Expepimentally, Day (l46) has shown in vitro that
bilirubin is inhibitory, though not lethal, for fresh
tissue and for protozoa. The protozoa is maintained
if equimolar concerntrations of cytochrome C are added
to the bilirubin. Similarly he reported that cytochrome

C will restore oxygen uptake rates to normal after
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rat brain has been inhibited by bilirubin. The rever-
sal by cytochroma C suggested competition between
that substance and bilirubin.

Recently, however, Bowen and Waters (47) have
suggested from experiments that instead of inhibition
taking place at the cytochrome level, it takes
place at the pyridine nucleotides (DPN AND TPN) level
and 1s reversible.

CONCLUSION: Although many theories and speculations
regarding the pathogenesis of kernicterus have been
proposed it would appear that much more clinical and
experimental investigation remains to be done before
a generally acceptable explanation can be furnished.
Kernicterus seemingly occurs in the newborn group
with the greatest hyperbilirubinemia. Among full term
infants, it is most often a complication of the jaun-
dice associated with hemolytic disease of the newborn,
Among premature infants it is usnally a complication
of physiologic hyperbilirubinemia and accerding to
many, this group is the larger. In addition, the pre-
sence of any lesion tending to reduce the level of
liver function, for example, infection, might well
contribute to a further rise of serum bilirubin,

increasing the possibility of kernicterus without
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known or demonstbable direct effect upon the brain,
It would appear that the role of the liver holds the
key in the ultimate solution of this problem.
Finally, physicians and students should be made
aware that kernicterus may occur, not only as a
complication of hemoly#ic disease of the newborn,

but also of other conditions as well.,

(30)
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