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EDITOR'S NOTE
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The ABCC Bilingual "[‘{-{‘.h;lir:f'.]F.E\‘ep-:_:-rt series began in 1959, In order that
manuseripts which have never been published or are available only in one
languagze may be made a matter of record fur reference purposes, the 1959
series is being kept open and ftems will be added [rom time 1o lime,
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NEONATAL JAUNDICE AND KERNICTERUS

F&ERH®EEELEKEE

B.BLACK-SCHAFFER, S. KAMBE (fifi%—), M. FURUTA (iyH[ElL), W. C. MOLONEY

(Reprinted and translated from American Journal of Diseases of Children 87 : 737-751, 1954 with

special permission of American Medical Association.)

The purpose of this paper is to examine critically
the available data bearing on the pathogenesis of
kernicterus. During the past decade and a half,
knowledge of the etiologic importance of incompatib-
ility between the blood groups of the fetus and the
mother has expanded rapidly. Nevertheless, sporadic
reports of an association between jaundice and
kernicterus in infants without hemolytic disease have
been published.!*® The work of Zuelzer and Mudgett!
and that of Aidin, Corner, and Tovey® require special
mention. Their data indicate that, in absolute num-
bers,kernicterus is probably more commonly a compli-
cation of physiologic jaundicef than of isoimmuniz-

ation. Systematic attempts to correlate the jaundice

AL, BOEE ORI B Bkt e R e
THZERHMELTVA, COISERIC, REol
W& FHRO MR & OFREG, HRFNCEETHD
LW AE eI RN s TEf, UL, Bl
ROV ERC ST M E & ol E
Mz owTit, PEOBMELHREERE SR TH V"
Zuelzer » Mudgett! DOFf%E, i X ¢° Aidin, Corner &
Tovey'! D I 2V TIH HICEREAET 5, hb
DOERHLAENEIC IR T, BITEI LR D G OHE
THoHEbh, DLALHSEET SUHEDC L5 TH
BIERFT, HEE IO OO &RITFIRIEED
EOHE £ B BROT L 5 & 5 R oL

This work was sponsored by the Atomic Bomb Casu-
alty Commission, Field Agency of the National Academy
of Sciences-National Research Council, with funds sup-
plied by the United States Atomic Energy Commission.

From the Departments of Pathology and Medicine of
the Atomic Bomb Casualty Coinmission, Hiroshima, and
the Department of Pathology, University of Cincinnati
College of Medicine, and the Cincinnati General Hospital.

fThere will be objections to the use of the term
“physiologic jaundice” in connection with a phenomenon
which may terminate in utterly “unphysiologic” cerebral
damage. We have struggled without success to find a
satisfactory substitute for the term. Wide ranges of
variability are observable in the jaundice which results
from the hepatic immaturity of normal newborn infants.
That, occasionally, the extreme reaches of a normal
variant may be harmful to certain tissues must be
accepted until knowledge has been amplified or a more

suitable descriptive word coined.
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and the complications of these two forms of neonatal
retention icterus are conspicuous by their paucity.!™!
In the present communication, we shall first present
additional evidence bearing on the lack of an obliga-
tory association between kernicterus and hemolytic
disease. Subsequently, pertinent data discovered in
the literature will be appraised in the light of the

conclusions suggested by the body of evidence.

ORIGINAL OBSERVATIONS

Within and about the city of Hiroshima, Japan,
from April, 1948, to Aug. 31, 1952, a total of 732
autopsies were performed upon stillborn and newborn
infants dying up to and including the second post-
natal week. Almost all of the infants were born dead
or died at home and were brought to our laboratory
through the agency of the Midwives Association of
Hiroshima. The subjects represent about 50% of all
infants of this category dying during this period. _

The governing principle in obtaining the material
was a desire to investigate as many newborn deaths
as possible, irrespective of exposure or nonexposure
of the parents to the atomic bomb. Thus the material
is, in effect, as complete a sample as could be

obtained.

Of the 732 cases, 13 (1.7%) revealed kernicterus
(Tables 1 and 2). This overall figure does not reflect
the real incidence of the lesion, since from April,
1949, to Feb. 6, 1951, only 1 case was recognized,
while between Feb. 6, 1951, and Aug. 31, 1952, 12
cases were recorded. During the calendar year of
1951, among 218 infant autopsies, 7 (3.2%) in-
stances of kernicterus were recognized, and during
the first eight months of 1952, there were six cases
(3.4%) among 178 such autopsies. On the basis of
the two years’ experience, the statistical estimate of
the incidence of kernicterus among the newborn and
stillborn infants in Hiroshima and its immediate
environs is 3.3+0.9%.

Blood from both parents of four of our subjects
was sent to the United States Army 406th Medical
General Laboratory,®* in Tokyo, for blood group
determinations and the performance of indirect

NAP TR M R T, BB ke
B E ORI S OB A TEFE Lisu s 2 2 AR T8
HERPIR L, K2, TP RE S e MR R
%, OWENLEDLERCES LTI 5,

EEZ
[RETTAE LU0 BT 5 19484E 4 H 40 5

19524F 8 H31H ¥ TOMRER s X 045k 2 ERILIAI
FEU LA R IRTR2R 0 Hl % fTie o foe K IIE
BE ¥ fiIFRECOFLEHIT, EBOMEMSLELT
N HFEOH - ol D TH D WHREFIL, Zofih
CET AFERT, RASEPCEE Lict o0f50%
IZHAT 5,

ERUREOEEEML, TR OMER « JEREC 7
B 0TEl, TELETE  OFAERFECHIC>VTH
2RO LETHoT. LichioT, ZDOEEHIE
£k, AFTZORLESEVLDOTH- T,

ZDTREAD 55, 137 (1.7%) CHEEELAEDL
e (1, 2). 194944 A 225 19514E2 S 6 H %
TIZIE LH Ui b ie - fopd, 1951462 6 B
P 519524F 8 H31H F CILIZI2BMNEB STV 50
T, TOHTIEMEOERORHEELRTLOTIE

o 19514F D 1 EEAEIZ MR 2477 - 12 218 5] DI
ERPTH (3.2%) “HHEEN B bh, /21952
EDFHD 8 4 MITIZI78HI 6 ] (3.4%) wifled
bhitze ZO2EROEBCESCLIEE TS I UE
O FUER R AR ks X UFERE I i D TR AR
OHETHEENE23.3+£0.9% TH 5,

ZOXEERO 4 FlOMEOMEAER L, HIZC
4 AT40688 & E RN 9ERT (U. S. Army 406 Medical
General Laboratory)* ~z% b, [fijF &k 5 r FEO

*Dr. J. J. Stein and Col. R. P. Mason assisted in this study.
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TABLE 1 Historical Data

=z 1 B & B B R
%OS? Sex Ge%z;.{t-ion, DAf}z Preceding Siblings RI%E:E gf"égi{]’; SEEOE;;:; D}l:ﬁfltl)il::e?f
| Exp. Exp. ]Transfusmn[ Days
1 I M 40 B 1. 8yr.,T sepsis i 4+ | + | 0 4
i | 2. 13yr,T A-bomb
| 3. L.&W. |
| ‘ 4. 3mo.t
! 5 L. & W.
| 6. lyr.,T A-bomb ‘
‘ 7. L. & W.
2 M 32 2 | 1. 13wk,T s a = + 0 1
| ‘ 2. 3dayst ‘
3 F 36 9 1. L. & W. | + = 0 3
| 2. Stillbirth, 28wk.T
4 M 30 | 1 ‘ 1. L. & W. ‘ — - ] 1
2. 8wk.,T s. a.
| ‘E.MwLT&&
5 F CLIR 1. L. & W. ‘ + - 0 9
2. L.&W.
| ‘ 3. 12wk.,f s. a., ~ |
6 M 32 7 1. 20wkt s. a. - = 0 4
| 2. ldayt
7 F 28 | 7 | 1. 12wk.,T s. a. | — - 0 2
8 F 34 8 | 1L.L . &W. — —
| | 2. ta. a. |
9 F 39 13 1. 48days,T severe jaundice e - 0 11
| ‘ 2. L. &W. ’
I 3 A, At
10 | M © | 3 ‘ 1. 9wk, s. a. = =
11 | M 41 5 ? | % 2 ‘
12 M 36 ‘ 9 | 1. 9wk.,Ta. a. i i ‘ i 6
13 M 31 13 ‘ 1. L. & W. (TRl R o 10
' | 2. L.&w.
| 3. L.&W. |
‘ ‘ L L&W. |
‘ 5. 12wkt s. a. | I | |

t indicates died; L. & W., living and well; s. a., spontaneous abortion; a. a., artificially induced
abortion; +, exposed to A-bomb; —, not exposed to A-bomb; ?, not known.

Coombs’s tests upon the maternal sera. Completely
negative results were obtained, insofar as isoimmu-
nization is concerned. With the arrival of a skilled
hematologist (W.C.M.) in the Atomic Bomb Casualty
Commission itself, similar but more extended pro-
cedures were carried out with the same results
(Table 8). Since no blood specimens were available
from the infants, serological investigation for
maternal isoimmunization was carried out as

follows:

MRSz o\ T iR Coombs B4 f77c - 1o, A
RECELTIL, BACBEOERNE LI, B
o e (W.CM.) #3 ABCCIZ gt LoD T,
FREORELADABXEF b DT & &
5, FEREA-OFENES R (B3), T
O IPEEAIS b Ris - foD T, SO RERZIC
S TOMEENBEAIIRO L5 LT 21



1. Using the mother’s serum against the hushand’s 1. Ao HOIMEERL0R Rh(+) 7t
cells (in which the husband was either Group O Rh FHRHE O MM & 51 Vo B O M7 2 VR & 2k
HDR & MO LHRMER & & - ToEERER G
B LUBEROMERE LT DR Coombs S 45

+or of the same blood group as ‘the mother), direct
agglutination tests, with saline and serum-suspended
husband’s cells, and the indirect Coombs’s test using

the husband’s cells, were negative in the eight cases DRER, B SR 8 AT H -
tested.

2, In five cases, the husband had red cell antigen 2. 5fTIE, ABILHRIIRREA - T -
A, while the wife was A negative. In these five cases, 7%, BHRILARSMETH e oIV, f158

TABLE 2 Pathologic Data
% 2 T - R

Case ! | Weight, Gm. ‘ Erythropoiesis ' Hemosiderin ] Liver | Gmelin
No. Jaundice |— = | : i —| Bile _ Te's_t,
Body | Liver | Spleen | Liver | Spleen | Liver | Spleen Thrombi: Brain
1 ‘ + 2,595 ‘ 155 12 i ‘ R ‘ = i =
2 | # 2,00 72 | 2.5 - Eet il i gl
3 | 1,465 | 64.5 C3 = 5 A i 2
/S 1,070 | 36 5 . = # ‘ B e = -
5 1 1,600 | 76 6.5| % gl Lo H $ -
g i 14 1,320 | 48 LG s e i 2 i 1
7 H 820 35.5 3.5 I = - — | + -
8 # 1,540 | 67.5| 42| + # iit # +
9 = 2,810 | 113.5| 12.5| = * 4 ‘ i + +
10 - 2,300 | 145 10 + + 1 + 1t
11 i 2,850 | 142 19.8 |+ = H 3y - i
12 # 2,000 | 99.6 | 6.5 + + 4 H# 4 1
13| A 1,270 | 59.4 5.0 - — # #o| 4+ |
TABLE 3 Blood Grouping and Serological Tests for Maternal Isoimmunization -
*3 I B & 9 8 o [ B AR o I i 5 5
N Il o e
Mother ‘ Father | "o®F'S | Test Cells| A Cells i B Cells
1 ORh+ A Rh+ | ------ Neg. Not increased
2 B Rh+ ABRh+ | crvees Neg. Not increased | -weee
3 | ORh+ ARh+ | oo | Neg. Not increased |  --vrer
4 ORh+ ARh+ | e | Neg. Not increased | «eeee-
5 A Rh+ A Rh4 Neg. ............ IRl
6 | BRh+ | BRh+ Neg. NRTI TR, S
7 | ABRh+ | ABRh+ Neg. e e R e
8 ARh+ A Rh+ Neg: | owswn | wsia | aus
9 A Rh+ O Rh+ Neg. | = | eeeins |
10 |ARh+ | ORh+ Neg. | wweeor I (R
11 O Rh+ O Rh+ Neg. i R e e R
12 ORh+ ARh+ | oeeen | Neg. | Not increased |  «oeee-
13 |ORh+ | ORh+ - ! ............




the maternal serum was tested against a panel of
red cells containing nearly all the known red cell
antigens (Rh, MNS, P, Kk, JK#, Fy®, Le®, Le®).
Direct agglutination and indirect Coombs’s 'tests
were all negative. To rule out immune anti-A
antigen, a titration of the maternal serum with
saline and AB serum, employing the husband’'s A
cells suspended in saline and in AB serum as test
cells, failed to reveal increased titers of anti-A
beyond the normal range in either saline or AB
serum. The unfortunate fact that the AB serum was
not first neutralized with AB substance may cast
some doubt on the validity of conclusions in this
segment of the data, but the over-all inferences are

not thereby invalidated.

Before any of the serologic procedures (Table 3)
were carried out, it was evident that hemolytic

disease of the newborn could not be a factor in the

production of the kernicterus for several reasons:

The incidence of Rh negativity in the Japanese is
0.44%.'* In 1951, 6,699 births were registered
within the municipal limits of Hiroshima. If, during
that year, the Rh-negative Japanese mothers had all
borne living infants with hemolytic disease, and if
15% had developed kernicterus, of which 70% died,
there would have occurred, among the 6,699, three
fatal cases of hemolytic disease. Since fewer than
5% of the Rh-negative mothers give birth to infants
with hemolytic disease, and only those who survive
24 hours or more develop kernicterus, it is reason-
able to conclude that the observation of seven cases
of kernicterus in only 50% of the newborn fatalities
is highly significant evidence that hemolytic disease
of the newborn was not an important factor in the
pathogenesis of our cases. In addition, the pathologic
anatomy (Table 2) was not characteristic of hemo-

Ivtic disease.

GENERAL COMMENT

Because kernicterus is associated with both
physiological jaundice and the icterus of hemolytic
disease, it would appear desirable to examine the

genesis of these two forms of neonatal jaundice.

The genesis of physiologic jaundice was reviewed
by Weech,*® who concluded that physiologic jaundice

DI B O R IMERPLE D 3 & A & 44 (Rh,
MNS, P, Kk, JK =, Fya, Leb, Le») #¥poiriiERENT
DWTEER LTz, EHERERIGE X U7 4 Coombs
ABRL L hiEt T 5 fo, RIEHLABURMITIZ oW
TS izdic, FRIMKE L TaEKE FTABIL
O R S a0 ATER A AT, Ak &
U'A BFE 2 n 2 fof oM 4 8 4 L fonl, R
A, ABMMEOWHCkWTYL, IEFHEYEZ S
HABOWEMIESL LRkt HUWIEL, ABIM
AN ABHE CPRIL it fofosb, Hipst
O Z OFEIRT BT &R ORISR BN AR o D b
b Lhisogy, efiofEiofEkr o hic - T
FIftbhdZ Lidighs.

MR (F3) 2R s, 3T
FHETOMNC L - THAROEMME RIS DR
EBERTHES D 270 EVI Z EAHBLITH-
H AT BT ARhE Tt o FHHEIT0, 4% TH D,
19514E D S T D HH A 26699 T n 7o B L, &
DA Rh A TRtk o 54 Bl @ imis s a5
OFAEROHERDS D, TLTLOI% I BEELE
Z L, FOT0%HEE Lic k4 hid, 6699FH1 3 ¢
OEEMMEERIC LA A H-722 Li2cd, Rh A
FlEtE o fER D b % LT S Ik R A o T s &
Ly TOTHD 56, 24RFEE BT ABLE T
HEYECTOT, MAERRCHOHT250% 127
FlOBEE S Es b ki, Bl oEmiEsg
AR SAEROEA & L TREELLE T TR
STl WS ZEFEFT O XTENT, EhOHTHEER
HETHLEE W TE L2z, EBIT, WHEM
BPEOAR (R2) CLBIMEREOBEIRS bR
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was largely due to retention by the immature liver
of physiologically produced bilirubin, and, conse-
quently, “the behavior of the infant with respect to
bilirubinemia is already largely predetermined at
the time of birth.” The highest serum bilirubin
among 94 term infants was 26.2mg. per 100cc.
Weech, however, mentioned one case in which the
serum bilirubin reached 40mg. per. 100cc., with no
demonstrable anemia or hemolytic disease.® Concern-
ing the origin of the bilirubin, London and his
associates,'®!® have demonstrated that 'in adults, at
least 11% of the circulating bilirubin is derived from
They
suggest as possible sources, marrow cells, catalase,

sources other than mature erythrocytes.

myoglobin, peroxidase, and the cytochromes. To
what extent these play a role in neonatal jaundice

is not known.

In 1930, Rich'™ described neonatal icterus as.a”

retention jaundice due to the inability of immature
liver to excrete the bilirubin liberated by the de-
struction of the excess erythrocytes of fetal life, The
fact that icterus neonatorum is especially common
in premature infants was emphasized. Rich, further-
more, parenthetically underscored the observation
that a normal liver is capable of excreting, without-
jaundice, far more bilirubin than it commonly
receives.

In contrast to the above views, the pathogenesis
of the jaundice of hemolytic disease is commonly
ascribed to excessive hemolysis resulting from the
action of the maternal Rh antibedy upon the infant’s
Rh-positive red cells. This mechanism is important,
but that it is the only, or even, necessarily, a
significant, cause of hyperbilirubinemia in any
given Rh-positive infant of a senitized Rh-negative
mother, is decidedly questionable. If the pathogene-
sis were as simple as sketched above, the Rh
antibody adsorbed upon the infant red cells{Coombs’s
test) should always be demonstrable. Furthermore,
the intensity of this test should be very closely

related with both the degree of hemolytic anemia

EVAFBLTREID I LSS, LicpioT Y
N EVIMFEDOFEILS { 086, HEHCT TIoE S
STWwa] EviEmEHLTWS, £LT, 948D
A R OB Mg & Y ¥ v EL 1000 26. 2 mg
THh- o, BELENCEMEEEDORS BV
1N B\ T E Y 2 753 100ce HP40ng IT2E L fo
LORHo oL BNT S
24T London 612, "W RATIHERS ) AL Ev Dl
< E L1 D EBTRIERESA O b D BEAE ST

ZERFEM LI, R BIRToRERE LT, 17
il At F T
—A, BIUWA bore—aniEzbh5 s LT
ZhBOL O R RIEIC
Ea g nRBe TV,
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NARMES N RhE Tt o B3 L 0 o Rh[RF
o BRI BT 28 ) v EvVIMEDHE—D, Fio

BAEERERTHZ L5 2 LTS TR
Do b L, WHEAEREO X IZHMTHD LTHE,
RO FRMERC W35 2 T % Rh ¥k (Coombs 4
B) o TLIETE 13T THB,

BRoE 1L, EntgloREs 0y v
E VAR OREE O W & b THERER R - T

HiZ, &b

*A personal communication from Dr. Weech revealed that this infant survived, with brain damage interpreted as

a consequence of kernicterus.

Dr. Weech bOREICED L, ZONBMEFELABIENTE % LE: bh B -1,
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and the degree of bilirubinemia. Actually, these
correlations are sometimes completely absent or of

such a low order as to prohibit definitive conclusions.

In 1947, Parsons® wrote that kernicterus of
hemolytic disease was a result of liver damage and
not of hemolysis. This conclusion was based upon
the lack of correlation between the degree of hemo-
lysis on the one hand and the severity of jaundice
or the presence of kernicterus on the other. Vaughn
and co-workers'" wrote that the Coombs’s test had
not proved an accurate index of the severity of
hemolytic disease and that in jat least two cases of
kernicterus with hemolytic disease, it had been
repeatedly negative. The same group, in another
paper,'® wrote that the incidence of kernicterus was
virtually independent of the degree of anemia and
that’ “there is no evidence in this series of tests

that the strength of the reaction of the baby's

washed cells with undiluted anti-human rabbit serum .

has any relation to the severity of the disease en-
counterad.” The authors reported seeing babies with
strongly positive Coombs's tests who had no clinical
disease, as well as, “a few infants in whom a nega-
tive Coombs’s test was associated with fatal erythro
blastosis fetalis (kernicterus).”

In hemolytic anemia of the newborn, the converse
has been observed repeatedly, namely, a progressive
but self-limiting in Rh-positive infants of hypersen-
sitized Rh-negative mothers, \with the development

of little or no jaundice.'®

In the preceding short review of Weech’s'® and
Rich’s® monographs lies, at least in part, the expla-
nation of these apparent parodoxes in hemolytic
disease of the newborn. Approximately 50% of all
infants develop physiological jaundice.® The hyper-
bilirubinemia reaches its peak between the second
and fourth postnatal days, depending directly upon
its initial height. This observation was made by
Davidson, Merritt, and Weech, in 1941 (cited by
Weech'®), confirming with statistically significant
data the work of Ylppé and Hirsch, in 1913 (cited by
Weech'). It has been confirmed most recently by
Mollison and Walker*and by Hsia and co-workers.'':#

This is true of infants, regardless of the presence

WAIRFTHD, LA, EETE, cok5ini
e iwEabah, i, Thill-&H L
fofama o W E ST BEBWIES L H 5.

19474Fiz, Parson® [LyFIIMEZEE OBBEMAITIFILD
T2hTidie {, FHEEEORRCHS Lz, 2D
A S IO L EORBE £ tIEGEO A
E O HEBEERA S E VS 2 RIS L DTH
%o Vaughn®'" (3 Coombs Z0E2 SR EOEE
EREfoRT 0 TR, il L 2 AodE
PREEE AL S BEERE T, CoRBEE VELRT
oo e RSB TH- T35, iz, DR
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BE LG T, AR AT WBIA S T
- fogh e Bk D RGO 21%, HREOERECH
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AL En bR PR BES LRI OTH D,

A ZICHEA- L7z Weech 35 X 0F Rich & & i 4
REMEERI T 2R L RHLCFET 2 LB
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or absence of isoimmunization. Thus, in about one-
half of all cases of hemolytic disease, there exists,
in addition, the probability of physiologic jaundice.
If one keeps in mind the fact that physiologic
jaundice may occasionally be severe, it becomes
evident that an Rh-positive infant of a sensitized
Rh-negative mother may develop intense jaundice
and even kernicterus 'without actually having hemo-
Iytic disease of the newborn. In contrast, the
occurrence of hemolytic disease of the newborn
without significant jaundice!*'® may be interpreted
as indicating that, in the presence of adequate

liver function, jaundice need not develop.

Logic dictates the assumption that in hemolytic
disease of the newborn, the more Rh antibodies
adsorbed to the infant’s red cells, the more severe
the hemolysis and the greater the production of
bilirubin. At this point, however, the chain of events

leading to jaundice is interrupted by the liver. The ™

degree of maturity of this organ determines 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
hemolytic disease of the newborn, all degrees of
correlation may exist between the Coombs's test,
hemolytic anemia, and bilirubinemia without neces-
sarily posing a paradox. On the whole, since the
newborn liver tends, in the first postnatal days, to
excrete [bilirubin poorly, the more bilirubin pro-
duced, the greater the probability of developing
marked jaundice. This is usually the case in hemoly-
tic disease of the newborn. The more immature the
liver, as in prematurity, the more intense is the
jaundice, even without undue hemolysis,* and the
more severe its complications, It is evident that the
most unfavorable course will be followed by the
premature infant with hemolvtic disease. This has

proved to be the case.”

Grundorfer’s® interesting cases of “latent hemo-
lytic disease of the newborn infant” are illustrative
of those described by others.? Certain Rh-positive
children with 4 + direct Coombs’s reactions, born
of sensitized Rh-negative mothers, show no evidence
of hemolysis until several days to weeks after birth,

when the striking pallor of the child is noted and
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the hemolytic anemia recognized. These children
characteristically develop no jaundice, regardless of
the degree of blood destruction. The reason for the
apparently delayed hemolysis is not known, but the
absence of jaundice probably attests to the ability
of the matured liver to excrete unusually large
amounts of bilirubin without a significant rise in
the serum level. A case® of congenital spherocytosis
(acholuric jaundice) in a newborn infant illustrates
admirably the ability of the matured liver to handle
very large amounts of bilirubin without the produc-
tion of jaundice. On the 10th postnatal day, the
child’s hemoglobin was 18,3gm. per 100cc. and the
red cell count, 6,900,000 per cubic millimeter. The
infant was discharged on the 14th day as perfectly
well, only to return three days later with a hemo-
globin of 7.1gm. per 100cc. and a red cell count of
1,890, 000per cubic millimeter. The infant was pale,
but not jaundiced.

It is firmly held'® that at birth both physiclogic

and erythroblastotic jaundice are usually absent.
They develop hours to days after birth. Weech"
demonstrated that even with serum bilirubin levels
above 12mg. per 100cc., occasional newborn infants
do not develop jaundice and that a “critical level of
serum bilirubin, above which icterus is present and
below which it is absent, does not exist.” Anselmino
and Hoffmann® demonstrated in nonicteric normal
newborn infants that the iontophoretic application
of histamine resulted in the appearance of a jaun-
diced wheal. It appears, therefore, that for some
reason the skin of the newborn does not stain as
readily with bile pigment as it does shortly there-

after.

Case 4 of the present series, despite a survival
period of seven days, had icterus of the aortic intima
and kernicterus, but was not externally jaundiced.
Two other patients, Cases 1 and 6, showed only mild
cutaneous jaundice. This is of some significance in
view of what has been written above and of Zuelzer's

statement®:

Several of the patients did not have clinical
jaundice at any time, and even at autopsy none of

the other organs was visibly jaundiced. That is not
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to say they did not have hyperbilirubinemia. The
majority were icteric, but in the majority of the
infants of group 2 (non-erythroblastotic kernict-
eric children) the icterus was not greater than
that ordinarily classified as physiological jaundice,
especially in a premature infant.

The hiatus between the serum bilirubin level and
the intensity of cutaneous jaundice in the newborn
infant, particularly the premature infant, may be
much greater than has been suspected. Furthermore,
in some newborn infants, the impervious quality of
the skin to the bilirubin may persist longer than the
high liver bilirubin threshold. Thus, despite the
presence of unusually high bilirubin serum levels,

cutaneous jaundice may be mild or entirely absent.

Kernicterus., In respect to the pathogenesis of

kernicterus, many theories have been elaborated.®:*~

Some are projected back from experience with the
adult brain and from experimental data suggesting
that the basal nuclei are initially injured by hypo-
xemia, either through birth trauma, apnea, severe
anemia, vascular occlusion, or unknown mechanisms.
Another thesis advances the possibility that the
brain injury is due to an antigen-antibody reaction.
Regardless of the exact mechanism hypothesized, all
theories are uniform in suggesting that the nervous

tissue is first, seriously injured and second, stained.

Alternately, it has been hypothesized that biliru-
bin or its products are the primary injurious agents.
None of the advocates of this theory have specified
the nature of the process until quite recently, when
Najjar®® advanced the interesting suggestion as
follows:

Bilirubin is a molecule that is similar to heme in
shape and structure even though it is not a
completely closed ring and lacks iron. In this sense,
it can be considered as an analogue of heme and,
therefore, can compete with it at the active surface
of the heme containing enzymes, such as the
cytochromes. This interference in the function of
the cytochrome system, when large concentration
of bilirubin are present in blood and tissue, may be
sufficiently great to produce damage to the
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respiratory activity of the brain, a tissue which
is particularly sensitive to derangement of the
respiratory processes. The fact that the early
newborn period is the most favorable time for the
development of kernicterus may be related to the
greater permeability of this young tissue to
bilirubin.

Two of the concepts of the causation of kernic-
terus may be discarded. There has been no histologic
evidence or experimental confirmation that vascular
occlusion plays a role in kernicterus.” Nor has
evidence in support of the etiology of the antigen-
antibody reaction been reported, other than the
occurrence of kernicterus in hemolytic disease of

the newborn.

The possibility that anemia, especially in hemo-
lytic disease of the newborn, may be a significant
factor in the genesis of kernicterus is effectively

denied by almost all who have inquired into this

possibility. Thus, for example, Claireaux® observed
that among his kernicteric babies the hemoglobin
concentration ranged from 70 to 120% (Sahli). Day
and Perry*!stated that there was little or no correla-
tion between the degree of anemia and the occur-
rence of kernicterus. Very significantly, Pickles®™
pointed out that in the most anemic newborn and
stillborn infants with hemolytic disease of the
newhorn, the hydropic babies, there was neither

jaundice nor kernicterus.

Birth trauma may result in severe hypoxemia,
with permanent brain damage. The greatest hazard
in this respect is to the firstborn. Craig®’ and Asher
and Schonell,® in their studies of birth trauma,
found that the percentage of firstborn children
among their patients was 75 and 56.4%, respec-
tively. In contrast to this, the vast majority of all
children with hemolytic disease are preceded by at
least one sibling among the 11 infants without
hemolytic disease in the present report, none were

firstborn and 9 were preceded by full-term siblings.

Among the 368 patients of Asher and Schonell,®
there were 55 “athetoids.” Nineteen of these were

known to have had severe hemolytic disease of the
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newborn, and were believed to be survivors of kernic-
terus. Of the remaining 36 “athetoids,” 12 gave a
history of severe neonatal jaundice without evidence
of hemolytic disease. Among the 313 other nonathe-
toid cases of birth trauma, only 7 had a history of
neonatal jaundice. The authors were led by these
data to make the following statement:

This suggests that neurological complications of
icterus neonatorum are not peculiar to cases of Rh
incompatibity and cannot therefore be the result of
antibody fixation in the tissues. The jaundice itself,
or the hepatic insufficiency of which it is the sign,
appears to cause the nuclear damage which results

in athetosis.

This material is the only evidence encountered
that the late neurological sequelae of kernicterus
without hemolytic disease may be identical with

those of hemolytic disease.

In regard to the theory of the anoxic causation of
kernicterus, it is of interest to note, if we may draw
an analogy from experimental work, 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 that newborn
mice, rats, rabbits, and dogs are capable of surviving
anoxia for periods fortyfold greater than those fatal
to adults of the same species. This ability to survive
anoxia is quickly lost, so that, for example, by the
10th to the 16th postnatal day,
achieved parity with adults.Hicks**detected“virtually

newborn rats have

no damage or rarely damaged cortical neurons” in
the brains of his newborn rats after exposure up to
50 minutes in a nitrogen atmosphere containing
0.03% oxygen. His description of the effects of this
atmosphere were as follows:

When immersed in nitrogen the newborn animal
continued to breathe regularly for a few moments,
then gasped and stuggled irregularly for a minute
or two, urinated and turned cyanotic. From the
onset of cyanosis, it remained motionless except

for a gasp every few minutes. If jostled, it gasped
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and moved its limbs briefly. The heart ratelduring
asphyxia was slower than normal.

When Hicks prepared the animals with iodoace-
tate, the anaerobic survival was reduced to about
three minutes, which is characteristic of adult

behavior in nitrogen.

In man, the maximum anaercbic survival 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 remark-
able resistance to anoxia. This is believed to be
due to the persistence, as in the rat, from the fetal
into the neonatal period of a relatively more anaero-
bic carbohydrate metabolism than exists in the
postnewborn period. The administration to human
newborn infants of iodoacetate eliminates the pyru-
vic acid excretion characteristic of anaerobic

carbohydrate metabolism.”

Among the animal groups, the greater the prema-
turity, the greater is the resistance to anoxia. If
this relation should be true of man, it seems
improbable that anoxia, in the absence of other
injury, would damage the brain of the premature
infant more readily and frequently than that of the

mature infant.

The presumed sequence of severe anoxia or other
brain injury followed by staining of damaged neurons
received support from at least two experiments.
Day*® produced "kernicterus by injuring one of the
cerebral lobes of rats with roentgen radiation.
Jaundice was then produced by the occlusion of the
common bile duct and intravenous injections of
bilirubin. The most recent similar experiment was
reported by Vogel,*® who injected bilirubin into the
umbilical veins of rat fetuses. Kernicterus developed
in the younger animals, following partial occlusion
of the umbilical circulation for periods of 30 to 40
minutes, Kernicterus could not be obtained without

impairment of circulation.

Such experiments indicate that if brain tissue is
sufficiently damaged, it will be stained by circulat-
ing bilirubin, probably in much the same manner that
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intravascular trypan blue will localize in a cutaneous
area of inflammation®’ or as a histamine wheal will
selectively accumulate bile pigment in subicteric
states.!” These experiments only partially illuminate
the problem of kernicterus. It is reasonable to credit
the proposition that severe hypoxemia will aid in
the production of kernicterus, but ‘there is no good
evidence that, in man, Iit is a mecessary precursor.
Indirectly, severe hypoxemia may contribute to the
production of kernicterus through the impairment of
liver function

and the elevation of the serum

bilirubin level. This mechanism may be extremely
significant in prematurity, where periods of apnea

and cyanosis are nol uncommon.

Other experiments, much more physiologic than
the preceding, are not so uniformly successful.
Perhaps the first experimental kernicterus, a by-
product of investigations on the hematoencephalicr
barrier, was produced by Froehlich and Mirsky,®®
who injected bile intraperitoneally into newborn
rats. Up to the 10th postnatal day, the bile elicited
severe proiracted convulsion, and, in some animals,
there was pigmentation of Ammon's horn. Beyond
the 10th day, the bile was ineffective. Whether the
convulsions may have resulted in severe apnea and

cerebral hypoxemia was not discussed.

Experiments designed to simulate hemolytic dis-
ease of the newborn of man are exemplified by those
of Eyquem.?® Dogs and cats from 2 to 4 months of
age were given graded doses of heteroimmune
(rabbit) antiglobulin. In the largest dose group,
severe hemolysis appeared and was accompanied by
hemoglobinemia, hemoglobinuria, and intense shock
and dehydration. The animals died by the fourth
postinjection day, with icterus gravis; some proved
to have kernicterus. The author stated his belief
that the best explanation of the kernicterus lay in
presuming the fixation of antibodies on the brain
cells, with resultant necrosis and staining. Eyquem’s
use of a nonspecific antiglobulin to produce hemoly-
sis Is a severe restriction when comparing his lesions
to those resulting from specific hemolysin. Derey-
maker®® reported similar findings in rats and dogs,
utilizing the same approach. Day and Perry® could

not confirm Dereymaker's findings. Young and co-

14

TeAx 3 Vg

B A BRE ISR L b
Wi, MEEEATERCY AL E VT T

HITIeD ZENHBER TR 2h
b D FEE I EIHE OFE A O B R L i
FTEM. BEORBERZI ORI REES TS

e o A,

5o —

Zh
AT S LGS AT . SO
RZTITEEES S LUME e ) v & En LA+ %
foL, M EdEORBICHST 2 LR

COBEFIL T F U7 s — e LI LI AR R
HRPEDSS, FRICHERTHES Y,

il d,

PAEDER L b L APNEICES 2B\ TTich
HifhoERTIL, FEROERCRTLIEFEES ORI
B bhicdo o BFIOEREFEL, MK - kM

TS sE o ElEY & U T Froehlich & &
Mirsky™iZ L - TED & iz, hbidEibEZ »
b AR OEEE PSS L fse AEBRI0H B £ Tl L
WREHHEICH AV hAECDD, Ha3 Lok
vEVEHOEERSENED BRI, 100 B BT
VL2 DRI Ko oo A OES R B O T
IUMERZ LR LichBEMNT O TIEmE S i

BT

v L OF RGNS LR AR 2L B
DOESHOH E LTI, Eyquem® O D HD, 4
BE2~4 A0 25 LU A 2 THE 4« DR O REREE
FeZ ) viiEERE (vyE) 2h il BEEYS X
BRI O MRS Bk, MERIE,
IMEAFRRE, vy a 2 B IEHERERED B R
oo FEERENIEREGHEE 4 0 £ TIC A TR TR
L, BEESEDSLRILOLETH- o, FHEILE
WEE OFE E Uit EER L, WAL
ExbfobT EHEETRE, chikd L (HATE
B e TuA, Eyquem B IMB S PE T80

I, R omEeFEREF Y v 2 s, TR
A D IS RAMEEIMFRIC L » T TR L T
5 2 TR Tl L%, Dereymaker (17 o b &
4 2 LZon TR =T L b AT R 28 o 24
41 72, Day %5 LU Perry® | Dereymaker {5 /=Ff
RAMEATHZ ENTERD» 2. Young & T D3R




workers*! suckled pups with Type A antigen erythro-
cytes to dams secreting A antibodies in their milk,
Despite severe hemolysis, neither jaundice nor
kerincterus could be produced. They suggested that
the bilirubin-excreting power of the newborn dog
liver is too great to permit more than mild hyperbili-
rubinemija. In respect to the brain they stated,
“Autopsy revealed...... questionable evidence of
specific injury of the nerve cells of the basal nuclei
of the brain.”

It is evident that the experimental approach to
the problem of kernicterus leaves much to be
desired, It is significant, however, that there is no
clear-cut and confirmed evidence of injury to the
basal nuclei in the absence of severe jaundice,
without which the thesis of injury preceding bile

staining cannot be sustained.

Each hypothesis in explanation of the genesis of E

kernicterus®® has its merits. However, it would
appear that several well-documented observations
must be adeguately explained before any one
proposal may be considered correct. These are as
follows:

1. Kernicterus does not develop before birth,

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

3. Premature and some term children without
hemolytic disease of the newborn may develop
kernicterus.

4, Exchange transfusions have effectively reduced
the incidence of kernicterus in hemolytic di-

sease of the newborn.

If kernicterus is the result of a mass action effect
of the bilirubin, obviously kernicterus cannot occur
when the bilirubin blood level is low. All studies of
cord blood bilirubin levels!??*?% ¥ show that it rarely
rises above 10mg. per 100cc. There is evidence,
although inconclusive, that this limitation is due to
placental excretion of bilirubin.” Since kernicterus
is most apt to occur when the bilirubin rises above
30mg. per 100cc. and is unlikely to occur if it remains
below 20mg. per 100cc.,'’»** it is apparent that

kernicterus will not occur in utero.
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Considering the second observation, that kernic-

terus does not develop after the first few neonatal
days, it must be recorded that Rutledge and Neubu-
erger'’ did report, in a 74-year-old woman with
severe obstructive jaundice, bile-staining of an
encephalomalacic area. Nonetheless, in man, kernic-
terus, as it occurs in the newborn, has never been

described as developing in the postnewborn period.

It would appear that the commen finding of
kernicterus in the premature infant and in the infant
with hemolytic disease must depend upon some
factor or factors characteristic of the neonatal

period.

As already mentioned, Froehlich and Mirsky,*® in
1942, demonstrated a definite correlation between
age and susceptibility of the brain to the effects of

treatment of animals with theophylline, which in-
creases the permeability of isclated blood wvessels,
increased the susceptibility to acid fuchsin. Similar
pretreatment with vitamin D** protected young rats
{rom the convulsant effects of both acid fuchsin and
bile. The author*! concluded that “these findings are
consistent with the hypothesis of the development of
a functional type of hematoencephalic barrier in
older animals which controls the transfer of some
agents from blood to brain.” Vogel’s work®® led him
to the conclusion that, “prematurity and anoxia may
alter the blood-brain barrier so that bilirubin, when
present in excess, in the blood, may pass into the

cerebral tissues......

Bile giving the indirect van den Bergh reaction is
uniformly demonstrable in the spinal fiuid of all

newborns.* While its absolute concentration was not

determined, it was found to fluctuate directly with
the serum bilirubin in a proportion of about 1:125.
In adults, information on spinal fluid bilirubin in
icteric states is incomplete and in part, contradict-
ory.*""*" The most authoritative statement'® indicates
that, while in adults, “no correlation between
amount of bilirubin in fluid and degree of hyperbili-
rubinemia” existed, among 21 jaundiced persons, 20
showed bile in the spinal fluid. Several of the patients
had hepatitis; the majority had portal cirrhosis. The

bile. This was also true of acid fuchsin. The pre-”
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bilirubin was invariably of the prompt-reacting type.
Studies on the correlation of spinal fluid bilirubin
levels with bilirubinemia in purely hemeolytic states
could not be found in the literature available to us.
Since data concerning the concentration of spinal
fluid bilirubin in kernicteric babies is lacking, the
importance of the degree of permeability of the
hemoencephalic barrier in the causation of kernic-
terus cannot be properly evaluated, From the occur-
rence of kernicterus only during the first days of the
neonatal period, however, and from experimental
data typified by that of Froehlich and Mirsky,®® it
would appear very probable that the increased
permeability of the barrier during this period,
subject to individual variations, is one of the princi-
pal limiting temporal factors in the pathogenesis of
the lesion.

Concerning the third observation, that premature

and some term infants develop kernicterus without

the mediation of undue hemolysis, it may again be )

pointed out that in the infant with hemolytic disease
there exists a high correlation between the intensity
of the bilirubinemia and kernicterus. % *In addition,
it has been demonstrated®™ that the birth serum
bilirubin levels of premature infants without hemo-

Iytic disease parallel those in hemolytic disease.

That hyperbilirubinemia is, of itself, associated
with kernicterus is demonstrated by the case of
Crigler and Najjar,® who discovered within a family
group an inherited bilirubin excretion defect of the
liver. Among the children of this family, one case of
kernicterus was demonstrated and a number of those
affected developed the neurologic signs characteris-
tic of kernicterus. All members of the family were
Rh positive and isoimmunization could not be demon-
strated.

Examination of Table 1 reveals that § of our 13
infants were, by weight, premature, each weighing
2,000 gm. or less* Of the remainder, three were
immature and only two were mature term children.

Zuelzer and Mudgett® reported a 25% prematurity
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among their kernicteric infants without hemolytic
disease. Aidin, Corner, and Tovey® had 23 premature
and only 1 mature infant in their group. Ahvenainen
and Nevanlinna® noted among 28 similar icteric

infants that 18 were premature and 10, mature.

It is pertinent to the discussion to recall the
previously cited case of Weech, that is, a full-term
infant who developed severe “physiological jaun-
dice,” with a serum bilirubin level of 40 mg. per 100
ee, The child was Rh compatible with its mother and
was never anemic. There was no demonstrable ABO
incompatibility. The infant developed the neurologic
signs of kernicterus and was permanently crippled.
This case indicates the heights which bilirubin may
occasionally reach without the added hemolysis of
isoimmunization. Full-term mature children without
hemolytic disease of the various series with kerni-

cterus may be analogous to this instance.

The reduction in the number of kernicteric babies
resulting from exchange transfusions in hemolytic
disease of the newborn® can only be explained by a
mechanism which precludes severe brain injury
preceding the bile staining of the nuclear masses.
Obviously, if the brain were severely injured prior
to staining, this injury should persist despite ex-
change transfusion, and the incidence of dead and
neurologically damaged babies would remain unaffec-
ted. The effective reduction in the morbidity and
fatality rate of kernicterus is a powerful negation

of the “preceding anoxia” school of thought.

Thus it would appear that kernicterus occurs in
the newborn group with the greatest bilirubinemia,
Among full-term infants, it is most often a complica-
tion of the jaundice associated with hemolytic
disease of the newborn. Among the premature
infants, it is most commonly a complication of
“physiologic jaundice.” The latter group constitutes
a clear-cut majority of all cases of kernicterus. In
addition, the presence of any lesion tending to reduce

the level of liver function, for example, pneumonia,
might well contribute to a further rise of serum
bilirubin, increasing the possibility of kernicterus
without any known or demonstrable direct effect

upon the brain. Such lesions or states were not
noted in our cases.
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Pigment of Kernicterus.—The nature of the pig-
ment in kernicterus is not yet firmly established.*:*
The working assumption has been that it is bilirubin
or a derivative. The most recent information on this
subject is a study on the nature and deposition of
kernicterus pigment.?® Extraction of the kernicterus
pigment from three infant brains gave a diazoposi-
tive material which electrophotometrically showed
the characteristics of crystalline mesobilirubin. The
injection of bilirubin into the umbilical veins of
living rat fetuses, the flow of placental blood having
been diminished for a period of 30 to 40 minutes,
resulted in pigmentation of the brains of the less
mature animals. Since it had been demonstrated®
that the brain, in vitro, may convert bilirubin to
mesobilirubin, Vogel*® concluded that kernicteric
pigment is composed of mesobilirubin. It would have
been of some interest had the author studied the
nature of the pigment in his experimentally stained

brains.

Other forms of bile pigment have been suggested.®
Among the brains of our material, four gave positive
and three, negative Gmelin reactions. Of the four
positive brains, two were very clear-cut, and two
were less so but, nonetheless, showed a color change
to nitric acid application. This small series indicates
that at least in some brains with kermicterus, the
pigment, or an appreciable part of it, is bilirubin.

Liver.—Hsia and co-workers® have most recently
investigated the syndrome of prolonged obstructive
jaundice in infants. Of 156 such patients, 23 (152 )
had associated hemolytic disease of the newborn;
300192
the present study were 94 (60%) instances of bile-

5 )the etiology was unknown. Not pertinent to

duct atresia and 9(6% ) with other causes of jaun-
dice. The two groups of 23 and 30 cases were believed
to have the syndrome of “inspissated bile” as the
basis for the biliary obstruction. Twenty of the
second group were operated upon and liver biopsy
specimens examined, The operations were under-
taken in the hope of repairing the presumed bile-duct
in 4,
they were thought to be small and stenotic, although

obstructions. In 16, the ducts were normal,

not atretic. The livers revealed marked plugging of
bile capillaries by bile thrombi. All the children
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with hemolytic disease and about 60% of the group
without known etiology were later spontaneously
relleved of their jaundice. The authors, discussing
pathogenesis, suggest, among other possibilities, a
decreased bilirubin excretion as a result of liver
immaturity. Additional factors in the case of the
infants with hemolytic disease were the overloading
of the liver with bilirubin and in the others, dehy-
dration. Among the 30 infants without hemolytic
disease of this series, 9 were premature and several
others had low birth weights. It would appear
reasonable to suggest that some, if not all, might

have been instances of severe “physiologic” jaundice.

SUMMARY

Definite evidence of the central nervous sysiem
toxicity of bilirubin or some related compound in
man has not yet been reported, but the preceding

data appear to support such an assumption. -

Thirteen cases of kernicterus without hemolytic
disease were recorded among the dead newborn
infants of a Japanese community. These cases, in
every way, are comparable to those described in the
Occident. Occurring among a people whose Rh-
negative members constitute only 0.44% of the total
population, they confirm the conclusion that phy-
siologic jaundice is respomnsible for more cases of

kenicterus than is hemolytic disease of the newhorn.

Both physiologic jaundice and hemolytic disease
of the newborn are examples of retention jaundice
characterized by an increase of indirect bilirubin.
The jaundice is due to the inability of the immature
neonatal liver to excrete, in the former syndrome,
the normal lead of bilirubin, and, in the latter,
bilirubin of the same source and quantity plus that
contributed by the hemolytic system.

Premature infants, and some full-term children
with greater hepatic immaturity than usual, develop
bilirubinemia levels comparable to those of hemo-
Ivtic disease. Several sequelae may occur, namely,
kernicterus, probably the syndrome of “inspissated

bile,” and chronic obstructive jaundice.

Kernicterus is probably a result of the increased
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perrheabillty to bilirubin of the hematoencephalic
barrier of the neonatal state. The bilirubin may
possibly, by mass action, replace one or more vital
substances which may damage or kill the involved
cells.

While severe hypoxemia or periods of anoxia may
promote directly or, more probably, indirectly the
production of kernicterus, it is doubtful if they are

a necessary precursor of the lesion.

There is indirect evidence in the literature that
the late manifestations of kernicterus of physiologic
jaundice may be identical to those of kernicterus

with hemolytic disease.

The recognition of two components in some
instances of jaundice with hemolytic disease, physi-
ologic jaundice and a specific hemolytic jaundice,
as well as the realization of the potential gravity of
physiologic jaundice, makes it possible to explain
several of the apparent inconsistencies described in

hemolytic disease of the newborn.
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