MEDICAL GRAND ROUNDS
PARKLAND MEMORIAL HOSPITAL

January |3, 1966

UNCONJUGATED HYPERBILIRUBINEMIA




Uncon jugated Hyperbilirubinemia

I« Definition

2. Bile Pigment Metabolism

3. Clinical Spectrum (characteristics and mechanism)

Definition: Serum indirect-reacting bilirubin in excess of 1.2 mg% (1) and direct~-reacting

fraction less than 20% of total bilirubin (1,2,3,4), as determined by Ducci-Watson
modification (5) of the standard diazo reaction (6).

Methodology of bilirubin determination: Diazo Reaction - (Van den Bergh test)
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Red color read in | minute at 540 K gives approximate concentration of conjugated bilirubin.
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Difference between total and direct-reacting fractions gives an approximate measurement
of uncon jugated bilirubin.

Diazo reaction is specific for bilirubin, only mesobilirubin (bilirubin whose vinyl groups
are reduced to ethyl) and monopyrroles react similarily (7).
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Normal bilirubin values (1) 719 normal male subjects - Age 30.3 % 5.2 years ?Z; wt. 162 % 24

(a) Direct-reacting bilirubin

Per cent 401
Frequency

A2 48
Cumulative
Per ‘cent
Frequency 5% = .20
I1Z = .25
{ ! ! | | i « i \ )
.05 A2 .18 24 0 .36 42 .48
mg%
FIG. | One-minute (direct-reacting) bilirubin.

Note: This measurement in normal individuals may be artifactual since prior chemical extractio
of unconjugated fraction from serum gives no direct-reaction on residual serum (8).



(b) Total bilirubin
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FiG. 2 Total bilirubin

Thus_any indirect bilirubin value greater than |.2 mq% mav be considered abnormal .
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Direct-reacting fraction in unconjugated hvyperbilirubinemia: Pertinent comments

a)

b)

c)

d)

e)

Less than 3% of indirect bilirubin diazotizes directly (artifact of method) in absence
of alcochol, as shown in vitro (2).

Analysis of proven cases of unconjugated hyperbilirubinemia has shown that up fo °OZ
of total bilirubin may react directly, though usually less than 15%.

Lowest values, < 53, are seen in infants with unconjugated hyperbilirubinemia due to
defective conjugating apparatus (physiologic jaundice, breast-milk jaundice, Crigler-
Najjar, etfc.)

Highest values, 203, in hemolysis. With total bilirubin of < 4.0 mg%, the direct
fraction may even reach 303 of total. Cause of rise ?7 - presumably due to regurgitation
of the increased pigment load (2).

In absence of associated liver disease, hemolysis almost never gives a direct-reacting
bilirubin over 1.2 mg%. In presence of such liver disease, direct-reacting fraction
may rise substantially both in absolute terms and as per cent of total (2).

10,
Cumulative 80a.
Per cent
Frequency

6Q. hemolytic

Jaundice

40L other (cirrhosis, hepatitis, obstructive jaundice)

20-

FiIG. 3 Direct/Total bilirubin, Z, in jaundice states

Hemolytic jaundice - 23 patients
Other jaundice - 326 patients (1)

Conclusion: Unconjugated hyperbilirubinemia:

a) indirect bilirubin > 1.2 mg%

b) direct-reacting fraction < 20% of total bilirubin
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Normal Bilirubin Metabolism in Adults

Fa Bilirubin Production

Sources

1 Ma jor: Hemoglobin of circulating sencscent erythrocytes. Accounts for about 80% of
bilirubin produced.

Quantitative note: |In 60 Kg adult with RBC life span of about 120 days = about 7.5
gms Hgb released/day = resulting in 250 mg unconjugated bilirubin/day, assuming 100§ conversion.
With large quantities of Hgb (exceeding haptoglobin binding) there may be conversion to
bilirubin of only 63-80% (9). Alternate products are not known.

Minor:

al liver hemes, possibily catalase (10,11,12)

b) heme, or its precursors, of newly formed erythrocytes catabolized in the bone
marrow prior to release into circulation or shortly thereafter (10). These
account together for about 10-18% of bilirubin produced.

c) ? myoglobin and other hemes = quantity unestablished.

These minor sources add about-50 mg = total 300 mg/day.
Mechanism of Heme Catabolism: Sequential steps for Hgb catabolism are confroversial

(13). 1ron and globin split off and reutilized, ring opened to form bilirubin., Mechanism
of conversion of hemes to bilirubin also not certain.

e s s

3. Tcs of Hab Catabolism: Reticuloendothelial tissue of bone marrow, liver and spleen.
Relative contribution of each of these sites for catabolism of senescent RBC's in vivo is
unknown. In rats, infused Hgb is cleared primarily by liver (71%), and the rest by bone
marrow (22%) and spleen (7%) (14).

Rate of Hgb Catabolism: Rapid. Mean interval between sequestration of injected
labeied Hgb and appearance of cl4=bilirubin in bile is about 3 hours (9).

Il. Bilirubin Transport from Sites of Formation into Bile.

In _plasma unconjugated bilirubin is attached to albumin - maximal binding capacity
is 2 moles of bilirubin per mole albumin (15). This corresponds to bilirubin concentrations
of 60-80 mg3.

Across liver

Uptake by Liver: Bilirubin probably is dissociated from its albumin carrier prior
to uptake by liver (13,16) since albumin:

a) enters liver cells more slowly
b) has a different hepatic subcellular distribution
c) is quantitative insufficient fo bind all hepatic bilirubin
It is not known if the uptake process is energy~dependent or even carrier mediated.
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Intrahepatic conjugation: Infrahepatic unconjugated bilirubin is rendered water
soluble to allow biliary excretion. This is accomp!ished by complex series of steps wherein
glucuronic acid is transferred enzymatically from uridine diphosphate glucuronic acid to
bilirubin (80%). In addition, about 10-15% of unconjugated bilirubin may be conjugated
with sul fate (17) (although there is disagreement about this for man (i18) ) and the remainder
as other unknown conjugates. Bilirubin conjugation is energy-dependent.

Excretion into bile: Little known about transfer of conjugated bilirubin from liver
intfo bile. Conjugated bilirubin is secreted against a high concentration gradient and
exhibits a transfer maximum - features suggestive of an active process.

111, Disposition of Bilirubin Excreted into intestine

Con jugated bilirubin excreted via bile into intestinal lumen in man does not undergo
intestinal absorption to any significant extent and in limited studies is pot hydrolyzed
to the uncon jugated pigment, which is absorbable across biologic membranes (19). Thus
con jugations

a) allows excretion of bilirubin into bile
b) prevents significant enterohepatic circulation of bilirubin.

In the intestinal lumen conjugated bilirubin is reduced by bacterial action fo uro-
bilinogens and their oxidation products, the urobilins. The major part of these are excreted
in the stool and are measured as fecal urobilinogens. Less than 303 of the urobilinogen
is absorbed across the intestinal mucosa and, in absence of liver disease most is excreted
in bile. A small fraction, less than 6%, (< 4 mg) is excreted in urine (2). This urinary
fraction rises in presence of liver disease which impedes the enterohepatic circulation
of urobilinogen.

Conciusion from above: possible mechanisms of unconjugated nyperbilirubinemia:

1) I ncreased production of bilirubin
2) Decreased hepatic uptake, decreased transport to conjugating site in tiver and/or
decreased conjugation of bilirubin.
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FiG. 4 Normal Bilirubin Mstabolism
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CLINICAL SPECTRUM

Pediatric Uncon jugated Hyperbilirubinemias
"Physiologic', fransient, jaundice of newborn.
Definition:

a) Transient hyperbilirubinemia of newborn within pigment values set down below.

b) No obvious cause of jaundice other than hepatic functional "immaturity'.
ONSET peAKHT OFFSET
Day Bilirubin - Days Bilirubin Davs Bilirubin
Full Term Hours | .8 mg%* 2-5 2-12 mg% 7 . < 2 mg?
Premature Hours | .8 mgZ* 2-6 |15 mg@** 7-14 |0~5 mg@
* Cord blood., During fetal life bilirubin is cleared via placenta and excreted

by mother (28). .
*¥%  Occasionaliy much higher and may lead to kernicterus.

*T Bilirubin usually rises no more than 5 mg%/day. Values in excess of these or
faster rate of climb should suggest another additional etiology (21).

Incidencs: Jaundice: 70-80%

Hyperbilirubinemia - all
Mechanism: Inefficient glucuronide conjugating system in liver (22),

Glucuronyl fransferase ¢ 835% (rate limiting)
UDPG dehydrogenase v 70%

Cause of this = unknown. Possibilities:

a) Hormonal: pregnancy hormones inhibit bilirubin conjugation in vjtro (23) but

maternal |iver shows no impairment of conjugation (24) and fetal conjugation
improves during gestation as hormone concentration rises. .
b) Functional "immaturity'": more likely explanation, Many other hepatic enzymes

also increase with development.

Conjugation defect may be augmented by bilirubin overproduction (hemolysis) or greater
impairment of conjugating capacity by factors such as hypoxia, starvation, etc.

Quentitative note: Assuming normal adult RBC life span for the newborn (it is probably
somewhat shorter — 100 days (25) ) one can caiculate a daily production of about 17 mg

bilirubin/3 Kg infant. Since this quantity leads fto jaundice and adult liver can handie
about 800-1000 mg/day = the newborn l|iver capacity for bilirubin metabolism is only about
2.5% of the aduit.
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Ciinical Aspects: Danger of bilirubin encephalopathy (kernicterus) at high levels.

Mechanism of encephalopathy: Lipophilic unconjugated bilirubin penetrates into brain
where it is cytotoxic, prcbably by affecting phosphorylation and intracerebra! energy
metabolism (26,27).

Prognosis: Exceileni, in absence of kernicterus.

Rx: Exchange transfusions in appropr}a+e cases of‘very severe hyperbillirubinemia,
Transient, familial, neonatal hyperbilirubinemia (Lucey~Driscoll Syndrome} {29).
Definition:

a) Serum bilirubin greater than in physiologic jaundice.

b) No obvious precipitating cause for * bilirubin,

c) Transient.

d) Familial.

e) Associated with factor(s) in serum inhibitory to conjugation of bilirubin
in vitro.

Clinica! Aspects: 24 children - 8 familes; equal sex ratio.

Hyperbilirubinemia

Onset: Hours after birth
Peak: 3=7th day (8.9-65 mg%, mean 25.4 mg%; <5% direct-reacting)
Duration: 7=15 days

Prognosis: Kernicterus 3/24
Cerebral palsy |/24 . : .

Rx: Exchange transfusions

Family History:

a) Syndrome seen in all siblings.
b) Parents, other relatives and their children unaffected,
c) No consanguinity among parents.

Conclusion: Familial but not hereditary.

Mechanism: Increased inhibitor of bilirubin conjugation by factor{s) present in

maternal and neonatal serum, as shown by in vitro assay.
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FIG. 5 Inhibition of Bilirubin Conjugation in Lucey=Driscoll Syndrome

Comments about inhibitor{s):

a)

b)
c)

Nondialyzable, heat and cold stable and temporarily associated with pregnancy = probably

progestational steroid.

Hsia isolated pregnane -3(1),20{(@)~diol from pregnancy serum and

showed competitive inhibition of bilirubin conjugation in viftro with hepatic microsomes

(23).
identified serum steroid.

This is unconfirmed with human liver slices (30) but has been shown with an un-

Factor is probably of maternal origin since maternal levels higher than those in cord blood
It is not known if the increased inhibitory effect, as compared with normal, is on

qualitative or quantitative basis.
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3, Breast Milk Hyperbilirubinemia
Definition:

a) Serum bilirubin elevation persists longer than in physiologic jaundice or
exhibits 2° rise.

b) No obvious precipitating causes for 1 bilirubin,

c) Transient {(but more prolonged than Lucey-Driscoll)

d) ? Familial

e) Associated with breast feeding and remits gradually on its discontinuation.
f) No increase in serum factor(s) inhibitory to conjugation of bilirubin.

g) Presence in breast milk of factor{s) inhibitory to bilirubin conjugation.

Clinical Aspects: At least |9 instances reported since 1963 (31,32,33). Equal sex
incidence.

Hyperbilirubinemia

Onset: 7-14 days
Peak: 10-19 days (i4.3-24.5 mg%; < 10Z direct-reacting)
Duration: 2-6 weeks with continued breast feeding;- 3-6 days with cow's milk

Prognosis: No kernicterus = benign course)? due to late onset and maturation
of blood-brain barrier.

Famjly History:

a) No single ethnic group

b) Parents, other relatives and their offspring unaffected

c) In one group of 13 siblings = 6 breast-fed and 5 had prolonged jaundice;
6 bottle-fed - none had jaundice.

Conclusion: 7 Familial but not hereditary

Mechanism: Inhibitor of bilirubin conjugation demonstrated in breast milk fed to
affected children.

Comments about Inhibitor:

a) Average inhibition with affected breast milk (30-70%)
~b) Colostrum is not inhibitory

c) Pregnane-3(a), 20(B)~diol isolated from the affected milk and shown to inhibit
bilirubin conjugation both in liver microsomes in vitro and on feeding (| mg/day)
To newborn infants (35).

d) Maternal serum is not inhibitory and source of hormonal inhibitor in breast
milk is unknown.

Rx: ? Stop breast-feeding
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4, Congenital familial nonhemolytic jaundice (Crigler=Najjer Syndrome) (35,36,37,38)
Definition:
a) Severe icterus noted within 3 days of birth
b) lcterus persists for life
c) No obvious cause for jaundice
d) Familial
e) Genetically determined

) Liver shows persistant inability to form bilirubin glucuronide in vitro and
has decreased capacity to form other giucuronides in vitro and in vivo.

g) Absence of serum inhibitor of cénjugafion

h) Notrelated to breast feading

Clinical Aspects:

Hyperbilirubinemia

Onset: Within 3 days of birth

Peak: None - levels of 18-45 mgZ%, all unconjugated, persist for life.,

Prognosis: About 20 cases described in literature. Most diad with kernicterus or
its sequellae within I5 months. A few survive with severe neurological damage. Two
with bilirubin levels of about 20-30 mg? are well at 6 and 36 years. ‘

Laboratory Findings:

a) No evidence of |iver abnormality chemically, histologically (other than
t in bilirubin) or radiographic {cholangiogram)

b) Bile pale yellow and contains little or virtually no conjugated bilirubin
c) Fecal urobilinogen greatly reduced
d) Decreased capacity to conjugate exogenous test substances (menthol,

N-acetyl=p~amino-phenol, tetrahydrocortisons) with glucuronide.

Family History:

a) Original 7 children were members of 3 related families stemming from common
ancestors. Other cases reported in more than | member of a family.

b) Typical family pedigree (39) - (See following page)
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c) Since parents exhibit no hyperbilirubinemia = the full defect has beern postulataed
as due to recessive gsns with the affccred individuals homozydous. -Sousvyas, 3om2
parents exhibit a mild abnormality in forming glucuronides su gg°s+‘“g that the
single gene (heterozygous) may give incompisete dominance with respect to glucuronide
conjugation. This last point is controversial.

fachanism: Impaired capacity to form glucuronides, especially for bilirubin.

Note: Maintenance of stable serum bilirubin leve! in patients who survive beyond infanzy ac=

complished by biliary and transintestinal excretion of breakdown products of bilirubin or in
latter instance unconjugated bilirubin (40),
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Pediatric and Adult Unconjuaated Hyperbilirubinemia

Hemolysis
Definition:

1) In adults, indirect-reacting bilirubin usually < 5 mg%, unless associated liver
disease present. |In infants, the associated defect in conjugation causes much higher
values, often > 20 mgZ (41).
2) Evidence of accelerated RBC destruction:

I RBC life span; 1 fecal urobilinogen, 1 urinary-urobilinogen.{in absencs of !iver
disease) t plasma Hgb hemoglobinuria,(+) .Coombs test, hemoagglutinins, abnormalities
in RBC shape (spherocytes; sickling,.etc.); 1 osmohic. and mgchanjcal fragility (42)..
Splenomegaly may be present.

3) Evidence of accelerated bone marrow activity:
t absolute reticulocyte count; t iron turnover and incorporation into RBC's;
erythroid hyperplasia ©f bone marrow (43).

4) Anemia may or may not be present (compensated hemolysis) depending on balance
between destruction and production of RBC's (44,45),

Family Hx: May or may not be positive, depending on nature of hemolysis.

Symptoms and Prognosis: Related to degree of disease.

Mechanism: |Is it all overproduction of pigment or is there an associated hepatic

defect?

1) Over production?

a) Crosby suggests that maximally 45 g Hgb/day — bilirubin 1500 mg/day (48).
Based on analysis of blood Hgb and bilirubin values in patients given massive
blood transfusions. Data in abstract form = not susceptible to analysis.

b) Bone marrow acutely may increase its effective Hgb production X 3 (approximate)
and in chronic states X 6. This latter would release about 1500 mg bilirubin/day,
assuming complete conversion of destroyed Hgb — bilirubin. Data derived from
measurement of maximal rate of hemolysis which can be compensated for by marrow
activity (44). |In chronic states theoretically additional bilirubin (? amount)

can be released from RBC's, their precursors or heme precursors in bone marrow

or liver (shunt).

c) Capacity of normal human liver to metabolize bilirubin

(1) From infusion of bilirubin into man, velocity constants for bilirubin
removal from plasma estimated - suggest that threefold rise in bilirubin
production will cause slight bilirubin retention (~ 2 mg%). A sixfold
rise in bilirubin production {compensated hemolysis - RBC life span 20
days) should raise serum bilirubin to about 3.7 mg% (46).

(2) These calculations supported by bilirubin levels actually obtained in
man after infusion of bilirubin (47) or Hgb (48)*, (See following page).
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* FOOTNOTE = From Page 14 - 1), c), (2)
Caution: a) Data based on single rapid infusions and not strictly comparable to in vivo
bilirubin synthesis,

b) Clearance of bilirubin from blood reflects all net transfer to and from all
tissues, not oniy hepatic excretion.
Data are still valuable as ow’y available index of ability of normal human to handle bilirubin,
Conclusions

(1) Severe hemolysis alone may result in hyperbilirubinsmia.

’

(2) With miid hemolysis an associated liver abnormality probably has fo
be implicated. |+s nature is speculative, but may involve a ¢ in glucuronyl
transferase.

2) Is there associated liver disease?

a) Three reports of decrease (50-65%) in glucurony! transferase from patients
with hemolysis, using bifirubin as acceptor substrate (49,50).

b) Six tested cases _one with bilirubin as substrate, showed no decrease in
transferase (49,63,4). No apparent correlation between severity and length of
hemolysis, degree of hyperbilirubinemia and any change in transferase. Sig-
nificance of decrease is therefore questionable.

c) There are cases of hemolysis where 1 bilirubin is much greater than would
be expected as a result of hemolysis alone (45).

d) Generally higher bilirubin levels seen in chronic hemolysis - anoxia may
contribute.

2 "Shunt" Hyperbilirubinemia
Definition: * Bilirubii. formation from sources other than circulating RBC's

Concept of Shunt: Normally:

a) About 15% in adult (51) and 22% in infants (25) of bilirubin produced is
derived from sources other than senescent erythrocytes.

b) There is a dual origin of this bilirubin (called early labeled peak (ELP)

since it arises early in the incorporation of exogenous label into circulating
erythrocytes. The first part of the early labeled bilirubin (first day after
administration of label) comes from heme and its precursors in the liver.

The second part (3-5 days after administration of label is derived from heme
precursors and red cell heme in bone marrow, i.e., before release of the erythrocytes
into circulation (52,53,54,55).

c) The exact proportion of bilirubin derived from each site in man is not
known; in the rat most originates from liver (li) and in the dog - 2/3 from
marrow (55),
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In diszase states:

Ervthropoietic disorders

a) In many primarily hematologic disorders as thalassemia, pernicicus anemia,
refractory normobliastic anemia, extramedul lary hemopoiesis, congenita! erythropoietic
porphyria, etc,, the early labeling peak may be greatly increased (40-80% of

total pigment excretion) (62).

b) These diseases in general are characterized by ineffective ervthropeiasis,
i.., there is a discrepancy between quantity of RBC's reaching periphsrai cir=
culation and quantity of heme synthasized by bone marrow (56,54). In:this state,
although total erythropoiesis may be increased, most of synthesized hemez is
destroyed in sity and does not reach peripheral circulation or survives only for

hours in peripheral circulation. The 3 characteristics of ineffective erythropoiesis
are:

1) Fecal urobilinogen t out of proportion to peripheral RBC survival i,
which may be only slightly ¥,

2) Active marrow erythropoiesis with low absolute reticulocyte count,
3) Increased plasma iron turnover with poor RBC utiiization of iron,

Conclusion: Jaundice mechanism same as in classical hemolysis of circulating RBC's
except that hems is degraded to bilirubin before RBC's reach peripheral circulation.

Other disorders

a) Six cases reported in 3 families who manifested: 1 _fecal urobilinogen,
norma! circulating RBC life span, no anemia, no evidence of liver disease,

t indirect-reacting bilirubin 1.3 = 4.5 mg$. 1n vitro tests {2 cases) and in
vivo tests (3 cases) of hepatic glucuronide conjugating capacity were normal

in 4 and slightly impaired in | (57,58). Extent of ELP was isotopically studied
in 2 patients and ranged from 5-8 X norma! (57,59). Four of six patients had

an atypical spherocytosis (postsplenectomy) with normal fragility studies but

a slight reticulocytosis and all had t erythropoiesis on bone marrow smears.

Conclusion: These patients without gross blood disorders apparentiy also have increased
bilirubin production from sources other than circulating erythrocytes.

b)  Scattered reports of patients with a similar disorder following recovary
from viral hepatitis (60,51,58). Inadequately studied to verify inclusion in this
group.

Site and mechanism of shunt:

Site:

a) In pernicious anemia both hepatic and erythropoietic, proportion of each
not known (53).

b) In atypica! spherocytosis primarily erythropoietic (54).

G) Not known for other diseases.
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Mechanism{s):

a) Affects orderly heme and/or hemoglobin synthesis in thalassemia

b) Affects preformad hemoglobin incorporation into RBC's in pernicious
anemia (53).

Evidence: Measurement of heme/giobin spzcific activity in labeled hemogiohin,

Constitutional Hepatic Dysfunction (C.H.D.); Chronic unconjugated hyperbilirubinemia
without hemolysis {(Gilbert’s Disease - Cholemie Simple Familiale (64).

Definitions

1)

Hyperbilirubinemia of indirect-reacting type in absence of clinical, laboratory

or histologic evidence of hepatic dysfunction, "extrahepatic" disesases which may
cause unconjugated hyperbilirubinemia, hemolysis (compensated or not) or shunt hyper=
bilirubinamia.

2)

history of viral hepatitis.

Negative data must include RBC life span, fecal urobilinogen studies and probably

3) Many sxciude patients with splenomegaly.
4) A positive family history is helpful evidence, especially spanning severai generations
incidence: Even with above rigid criteria - 58 cases over || years {3). Many cther

smaller series in literature (4,65).

Sex _and Age of Onset: Sex ratio equal; onset usually early in life {(mean 18 vyears).

Clinical Aspects (3,4,65}:

Symptoms: Nonspecific, subjective discomfort, fatigue, dyspepsia pain in region
of liver. ? Psychogenic. Symptoms sometimes apparently aggrevated by conccmittant
illnesses, especially infections, exercise and ? by alcohol intake. .

Signs = lcterus

LAB - t bilirubin, less than 107 direct reacting. Levels of bilirubin usually
< 5 mg%, some as high as 12, 18 mg% (individual cases = ? definition). Bili=
rubin levels fluctuated in the same individual over a broad range and at times
were normal. Occasionally appeared to be increased by exercise, infection or
alcohol, Steroids do not constantly or significantly decrease the bilirubin
level (68) but there is an impression it may fall with advanced age.

Histology = Light microscopy normal. Electron microscopy shows alterations
in endoplasmic reticulum (microsoma! area) but this was found in instances
with and without decrease in hepatic glucuronyl transferase (49,4,67) and
in patients with Dubin Johnson Syndrome (67).

Prognosis: 1In absence of iatrogenic disease, excellent,

Rx:

——

None except for reassurance as to lack of chronic liver disease (hepatitis).



Family History:

a) Positive history is obtained in from 25-60% of cases, cften spanning 3
generations (38},

b} The greater incidence is ssen in the mcre jaundiced pafients. in some .
instances their parents are anicteric and evidence of abnormal hepatic metabolism
can only be brought out by infusion of bilirubin, menthol or in vifro assays

of hepatic conjugating capacity (4),

Conclusion: Probably genetically determined defect, most !ikely dominant with
varied expressivity.

Mechanismis)s

a) In all patients with severe hyperbilirubinemia (> 5 mg%) 75% ¥ hepatic
glucurony! transferase was found jn vitro both with bilirubin and other substrates
(4) and a lssser impairment of ability to conjugate menthol and especially ftetra=-
hydrocortisone (63). The degree of } in transferase in gznaral correlated with

t bitirubin, These patients, however, show an almost normal concentration of
conjugated bilirubin in bile,

Conclusions This group with bilirubin > 5 mgd apparently has a pzrtia! defect
in glucuronide conjugation. The presence of other hepatic defects and rziationship
of this group to Crigler-Najjsr is unsettled.

b) A larger group of patients with bilirubins < 5 mg% has variable findings.
Most groups have found normail capacity to conjugate bilirubin and cther substrates
in vitro €4,49) and to handie menthol (4) and NAPA (88) but one group {(50) has
found a consistant reduction (55%2) of transferase in 6 patients with bilirubins
between 1.9-4.3 mg%Z. In addition, in this less icteric group a defect in bilirubin
uptake and conjugation by the liver has besen postulated from elaborate analysis

of bilirubin infusion clearance curves {69) and plasma clearance of radioiodinated
iodipamide (70), However, the above analyses regarding bilirubin metabolism

are open to question and specificity is questionable since similar findinrs

have bean noted in 2 patients with posthepatitic hyparbilirubinemia and oneg of

twe cases of hemolysis studied,

Conclusion: Nature of hepatic defect in this group is unknown. Perhaps this
is a heterogenous group with multiple hepatic defects, of conjugation and/or
uptake cf bilirubin.
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Posthepaiitic Hyperbilirubinemia

Dafinition:

a) As for constitutional! dysfuncticn except:
1) History of viral hepatitis present.

2) Some slight alteration of hepatic histology {(round celi infiitration,
fat) may be present.

3) Some alterations in liver function tests (BSP),
4) Negative family history of jaundice.

All these are gsuqgestive differential features from constitutionai dysfunction,
It may be impossibie to make the distinction.

incidence:

a) 7/350 manifested icterus as sole (71) abnormal finding for 12 months after
onset of hepatitis.

b) 18 cases over |i years (Mayo Clinic) (3).

c) 15 cases (65),

Clinical Aspects:

Symptoms: Indistinguishable from constitutional dysfunction.
Signs: Occasionally hepatosplenomegaly and icterus.

Lab: Bilirubin < 5 mg%, almost all indirect-reacting. Occasional abnormaiities
in BSP test.

Prognosis: Excellent. Jaundice known to persist as long as 12-18 years after
onset of hepatitis without other sequellae (3,73)., Transition to chronic hepatitis
not reported.

Mechanism(s): Unknown. Normal glucuronyl fransferase found on in vitro testing in

all cases (4,49) and on in vivo studies with menthol (4), Possibility of hepatic
uptake defect exists (69) and in scme instances there may be associated hemolysis
or shunt hyperbilirubinemia (72).

Miscel lansous Causes:

incidence

!

a) Acquired diseases of various origin: 336 cases/I5 years (74).

1) Cardiac diseases with or without congestive failure.
2) Hepatobiliary

3) Gastrointestinal diseases

4) Miscel lanous

5) Infectious
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6) Hematologic
7) No apparent abnormality (idiopathic ? = constitutional) 10%

Hyperbilirubinemia: = {.5 -4.8 mg% ~ totai
< .25 mg¥ = direct-reacting

Duration: - Few days = 8 years. Often remitted with recovery from associated
disease,

Liver function: Hepatomegaly in 123
| /3 abnormal liver function
Biopsy abnormal 31/40

Comments: in most instances no detailed study of patients (a retrospective study)
hence exclusion of hemolysis, shunt, associated liver disease, etc., often im=
possible.

Conclusion: Various systemic diseases may be associated with unconjugated
hyperbilirubinemia . The mechanism of this is unknown.

b) Orabilex=induced (76

Hyparbilirubinemia occurring only within | day after ingestion of dye.
Bilirubin levels < 2,5 mg%, essentially all indirect=reacting.,

Mechanism: Unknown, BSP clearance also impaired. ? due fto inhibition of
uptake or conjugation of bilirubin by dye. Telapaque apparently does not
cause This.

c) Post portal=-caval shunt (75)

Mild hyperbilirubinemia < 5 mg%, < 30% direct-reacting. Observed in patients
with and without hepatic parenchymal disease.

Mechanism: Hemolysis demonstrated with labeled RBC study. Alleviated by
splenectomy.
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