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MEDICAL GRAND ROUNDS 

PARKLA ND MEMORIAL HOSPITAL 

January 13, 1966 

UNCONJUGATED HYPERBILIRUBINEMIA 

~ . 



Uncon jugated Hyperb i I irubinem ia 

I. Definition 

2. Bile Pigment Metabolism 

5. Clinical Spectrum (characteristics and mechanism) 

Definition: Serum indirect-reacting bilirubin in excess of 1.2 mg.%' (I) and direct-reacting 
fraction less than 20% of total bi I irubin (I ,2,3,4), as determined by Ducci-Watson 
modification (5) of the standard diazo reaction (6). 

Methodoloay of bi I irubjn determination: Diazo Reaction- (Van den Bergh test) 
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Red color read in 1 minute at 540 1..1 gives approximate concentration of conjugated bilirubin. 
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Red color develops over 15-30 minutes. Read at 540 ~· Wi I I give sum of one-minute and 
indirect bi I irubins- accuracy± 2 %. 

Difference between total and direct-reacting fractions gives an approximate measurement 
of unconjugated bi I irubin. 

Diazo reaction is specific for bi I irubin, only mesobi I irubin (bi I irubin whose vinyl ~roups 
are reduced to ethyl) and monopyrroles react simi lari ly (7). 



Normal bi I i rubin values ( l) 

(a) Direct-reacting bi I irubin 
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719 normal male subjects -Age 30.3 ± 5.2 years- Av. wt. 162 ± 24 
lbs. 

.30 .36 
mg% 

I I 
.42 .48 

5% - .20 

I% - .25 

.05 .12 .18 .24 .30 .36 .42 .48 
mg% 

FIG. I 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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I .2 1. o4 I .6 I .8 2 . 0 

5% - I .l 0 

1%- !.50 

I I -~~----~----~J----~ 
.8 I .0 I .2 I .4 I .6 1 . . 8 2 . 0 

mg% 
FI G. 2 Totgl b i I iry b i n 

Thus any indirect b i I i rub i n va l ue gr eater than I "~ mg% mav be cons i dered a bnor ma I • 
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Direct-re~cting f raction in uncon jugat ed hyperbi lirubinem ia : Pertinent comment s 

a ) Less t han 3% of ind i r ect bi I irubin di azot izes directly (a r tifact of method) in absence 
of a lcohol, as shown ln vi tro (2). 

b) Analys i s of proven cases of unconjugated hyper bi I irubinem ia has shown that up to 20% 
of total bi I irubin may react directly, though usually less than 15%. 

c) Lowest values , < 5%, are seen i n infants with unconjugated hyperbi I irubinemia due to 
defective conjugat i ng apparatus (physiologic jaundice: breast-milk jaundice, Crigler­
Najjar, etc.) 

d) Highest values, 20%, i n hemolysis. With total bi I irubin of < 4.0 mg%, the direct 
fract ion may even reach 30% of total. Cause of rise ? - presumably due to regurgitation 
of the increased pigment load (2). 

e) In absence of associated I iver disease, hemolysis almost never gives a direct-reacting 
b i I i rubin over I .2 mg%. In presence of such I i ver disease, direct-reacting fraction 
may rise substantially both in absolute terms and _as per cent of total (2). 

Cumulative 8 
Per cent 
Frequency 

6 

4 

2 

other (cirrhosis, hepatitis, obstructive jaundice) 

40 80 100 

FIG. 3 Direct/Total bi I ~rubin, %, in jaundice states 

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

Conclusion: · Dnconjugated hyperbi tirubinemia: 

a) i nd i rect b i I i rubin > I .2 mg% 
b) direct-reacting fraction< 20% of total bi I irubin 
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Normal Bi l.irubin Me tabolism in Adults 

I. Bi I i r ~ bi n Product ion 

Sou rce s 

. Major: Hemoglobin of circulating se nes ce nt erythrocytes. Accounts for about 80% of 
bi! i r.1 b i n produced . 

Quantitative note: In 60 Kg adult with RBC I i fe span of about 120 days- about 7 ,5 
gms Hgb released/day- resulting i n 250 mg unconjugated bi I irubin/day, assuming 100% conversion. 
With large quantities of Hgb (exceeding haptoglobin binding) there may be conversion to 
bi I iru b ~n of only 63-80% ( 9 ). Alternate products are not known. 

Mi nor: 

a) 
b) 

c) 

I iver hemes, possibi ly catalase (10,1 I ,12) 
heme, or its precursors, of newly formed erythrocytes catabolized in 
marrow prior to release into circulation or shortly thereafter (10). 
account together for about 10-18% of bi I irubin produced. 
? myoglobin and other hemes- quantity unestabl ished. 

These minor sources add about · 50 mg =total 300 mg/day. 

the bone 
These 

Mechanism of Heme Catabolism: Sequential steps for Hgb catabolism are controversial 
(13). Iron and globin split off and reutilized, ring opened to form bil i rubin. Mechanism 
of conversion of hemes to bi I irubin also not certain. 

S ' ,J...s s of Hgb' Catabolism: Reticuloendothelial tissue of bone marrow, I iver and spleen. 
Relat i ve 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 Cata bolism: Rapid. M~an interval between sequestration of injected 
labeled Hgb and appearance of c14-bi I irubin in bile is about 3 hours (9). 

II. Bilirubin Transport from Sites of Formation into Bile. 

In olasma unconjugated bi I irubin is attached to albumin- maximal binding capacity 
is 2 moles of bi I irubin per mole albumin (15). This corresponds to bi I irubin concentrations 
of 60-80 mg%. 

Across I i ver 

Uotake bv Liver: Bi I irubin probably is dissociated from its albumin carrier prior 
to uptake by I iver (13,16) since albumin: 

a) enters I iver eel Is more slowly 
b) has a different hepatic subcellular distribution 
c) is quantitative insufficient to bind alI hepatic bi I irubin 

It is not known if the uptake process is energy-dependent or even carrier mediated. 
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Intrahepatic con iug~tion: Intrahepatic unconj ugated bl I irubi n is rendered wate r 
sol ubl e t o allow bi I iary excretion. Th i s is accomp! i shed by complex se r ies of s teps whe rein 
glucuronic acid is transferred enLymatic ! l y from ur i dine d iphosphate glucuroni c acid to 
bi I i rub in {80;0 . In addition, about 10- 15% of u:-~ co n j ugated bi I i r ubi n may be conjugated 
with sulfate ( 17) (although t he re is d isag reement about this for man (!8) ) and the r emai nde r 
as othe r unknown conjugates. Bi li r ubi n conjugation is ene rg y-dependent. 

Excretion i nto bile: Little known about t ra nsfe r of conjugated bi I i r ubln from I iver 
into bi le. Conj ugated bi I I rub in i s secreted against a hi gh concentration gradi ent and 
exhib i ts a transfer maximum- feature s s uggestive of an act i ve process. 

Ill. Disposi tion of Bilirubin Excreted into Intest ine 

Conjugated bi I i rub i n excreted v ia bi le into intestinal l umen in ma n does not .undergo 
intestina l absorpt i on to any significant extent and ln I imi ted stud ies i s not hyd rolyzed 
to the unconjugated pi gment, wh i ch~ absorbable acros s biol og i c membranes ( 19 ). Th us 
conjugation ~ 

a) allows excretion of b i I ir ubin into bile 
b) prevents s ignificant e nterohepati c c i rc ulat ion of bl I irubi n. 

In the intestinal lume n co njugated bi l i r ubin i s reduced by bacterial act ion to uro-
bi I inogens and t hei r oxi dation products, t he urob l I i ns. The major part of t hese are excreted 
in the stool and are measured as fecal uro bi I i nogens • . Less t han 30% of t he urob i I inogen 
is absorbed across the intest i nal mucosa and, in absence of I iver d i sease most is exc reted 
in bile. A smal I fraction, less than 6%, (< 4 mg ) i s excreted in ur ine (2). This urina ry 
fraction r ;ses in presence of I iver d i sease whi ch impedes the enterohepati c circu lati on 
of urob i I i nogen. 

Co nc l usion from above: possible mechan l sms of uncon jugated nyperb i li r u bi nem ia~ 

I) Increased prod uct ion of bi I i rubin 
2) Decreased hepat i c uptake, decreased transport t o conj ugat i ng site in t iver and/or 

decreased conjugat ion of bi I irubin. 
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FIG . 4 Norm§l Bl l i£Ybin Metabolism 

HE~1E -' Senescent RBC's (80%) 

< Hepatic, erythropo ietic (~8%) 

R.E. System <- Other (2%) 

{ 

f 
l Unconjugated 

Bi I i rubin 

Bi I i rubin and 
UDPGA* 

? Bi I irubin and 
nAct i ve" SuI fate 

? Other 

------· 

" 
, 

UNCONJUGATED 
Bill RUBIN (300 mg) 

/ 

't Albumin / 

.... L.-'"------
_. p 

-----)>Bi lirubiA 
Glucuronyl Glucu/onide 
Transferase I 

I 
I 

...,.....-,-.,..--,---~) B i I i r ub i n 
Sulfate Su)fate 

Transferase 1 

I 

I 
CONJUGATED BILI~UBIN 

z 
0 u­

-1--
1--<C 

I 
(Bacteria) 

' I 
I 

UROBILINOGENS 

"'-' Q..:J wu :co:: 
o­o::u 
w 
1-z 
w 

- "') Urine 
// (< 6%) 

/ .r::. 4 mg 

1 *Uridine diphospho glucuronic acid 

) 70% 



- 8 -

CL INICAL SPECTRUM 

Pediat r ic Uncon iugated J±iper bi li rubinemias 

I. "Physiologic" , trans ient; ja undice of newborn. 

De finit i on~ 

a) Transient hype rb i I i r ubinem ia of new born within pigment values set down below. 
b) No obvious ca use of jaundice other than hepatic functional " immatu r ity " ·. 

ONSET PEAK* t OFFSET 

Dav Bilirub in Davs Bilirubin Davs Bili r ubin 

Full Term 1-!ours I .8 mg%'* 2-5 2- 12 mg .% 7 < 2 mg% 

Premature I Hours I .8 mg%'* 2-6 15 mg%** 7-14 10-5 mg% 

* 

** 

Cord blood. Dur ing fetal I ife bi I irubin is cleared via placent a and excreted 
by mother (28 ) • 

Occas iona l iy much higher and may lead to kernicterus. 

Bl I lrubln us ual ly rises no more than 5 mg%/da y. Val ues in excess of these or 
faster rate of cl im b should suggest another additional etiology (21 ). 

lncidencs: Jaundi ce : 70-80% 
Hyperbi 1 irub inemia -al I 

Mec hanism : Inefficient gl~curonide conjugating system in I iver (22 ) . 

Glucuronyl transferase ~ 

UDPG dehydrogenase ~ 

Cause of this - unknown. Poss i bi I ities: 

8 5t (rate I imiti ng) 
70% 

a) Hormonal~ pregnancy hormones inhib i t bi I irubin conjugation ln vitro (23 ) but 
maternal I iver shows no impairment of conjugat ion (24) and fetal conjugat ion 
improves duri ng gestation as hormone concentration rises. 

b) Functional "immatur i ty" : more I ikely explanation. Many other hepatic enzymes 
also increase with development. 

Conjugation defect may be augmented by bi I irubin overproduction ( hemolysis) or greater 
impairment of conjugat ing capacity by factors such as hypoxia, starvation, etc. 

Qu;: nt i tat ive note: Assum ing normal adult RBC I ife span for the new born (it is probably 
somewhat shorter~ 100 day s (25) ) one can ca lculate a daily production of about 17 mg 
bi I irubin/3 Kg inf ant. Si nce this quantity leads to jaundice and adult I iver can hand le · 
about 800-1000 mg/day -the newborn I iver capacity for bi I irubin metabolism is only about 
2.5% of the adult. 
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Clinical A,spects: Danger of bilirub i n encephalopathy (kernicterus) at high levels. 

Mechan i sm of enceph3lopathy : Lipophl I ic unconj ugated bilirubin penetrates into brain 
where it i s cytotoxic, pfcbably by af fect ing phosphorylation and intracerebral energy 
meta bolism (26,27 ) . 

Prog nosis: Excel leni, in absence of kernicterus. 

Rx: Exchange transfusions in appropr iate cases of very severe hyperbi llrubinemia. 

2. Trans ient, fami I ial , neonatal hyperbi I irubinemia (Lucey- Driscol I Syndrome) (29). 

Def ini t ion: 

a) Serum bi I i r ubi n greater than in physiologic jaundice. 

b) No obvious precipitating cause fort bilirubin. 

c) Transient. 

d ) F ami I i a I • 

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

Clinica! Asoects: 24 children- 8 fami les; _equal sex ratio. 

Byperbil irubinemia 

Onset: Hours after bi rth 

Peak : 3-7th day (8.9-65 r.g%, mean 25.4 mg%; <5% direct-reacting) 

Duration : 7-15 days 

Prognosis: Kernicter us 3/24 · 
Cerebral palsy 1/24 

Rx: Exchange transfusions 

Family History: 

a) Syndrome seen in alI siblings. 

b) Parents, other relatives and their children unaf fected. 

c) No consanguinity among parents. 

Conclusion: Fami I ial but not hereditary. 

Mechanism: Increased inhibitor of bilirubin conjugation by factor(s) present in 
maternal and neonatal serum, as shown by lD. vitro assay. 
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FIG. 5 Inhibition of Bi I irub i n Con iugation in Lucey- Dr i sco l l Sv ndrome 

Comments about inhi bi tor (s ) : 

a) Nond ialyzable, heat and cold stable and temporarily assoc iated with preg n~ncy- probably 
progestational steroid. Hsia isolated preg nene -3 {0:),20(0:) - d iol from pr egnancy serum and 
shewed com petitive inhibition of bi I irub i n conjugation in vitro with hepat i c mi crosomes 
(23). Th i s is unconfirm~d with human I iver slices (30) but ·has bee n s hown wit h a n un­
identif ied serum steroid . 

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

qualitative or quantitative basis. 
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3 . Breast Mi lk Hyperbi I irubinemia 

Def i nition : 

a) Serum bilirub i n e levation persists longer tha n in physiologi c j aundi ce or 
exhibits 2° r ise . 

b) No obvious precip itati ng causes for t bili r ubin. 

c) Trans ient (b~t more prolo nged than Lucey-Driscoll) 

d ) ? F ami I i a I 

e) Associated w: th breast feed i~g a nd remits gradually on its discontinuat ion . 

f) No increase i n serum factor (s) inhibitory to conjugat ion of bi I irubln. 

g) Prese nce in breast milk of factor {s) inhibitory to bilirubin conjugat ion. 

Clin ica l Aspects: At least 19 i nsta nces reported since 1963 (31 , 32,33 ). Equal sex 
incide nce. 

HvRerbi I i r ubi nemi a 

Onset : 7-14 days 

Peak : 10-19 days (14.3-24.5 mg%; < 10% direct-reacting) 

Durat i on : 2-6 weeks with continued breast feeding~- 3- 6 days with cow's milk 

Prognosis: No ke~nlcterus - benign course)? due to late onset and maturat ion 
of blood-bra in barrier. 

Famj ly 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: ? Fami I ial but not hereditary 

Mechanism: Inhibitor of bi I lrubin 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) Pregn~1e-3(a), 20(~)-diol isolated from the affected milk and shown to inhibit 
bilirubin conjugation both in I iver microsomes ln vitro and on feeding (I mg/day) 
to newborn infants (35). 

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

Rx: ? Stop breas t-feed i ng_ 
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4. Conge nital fam i I ial nonhe!m.lytic jaundice { Cr i gler-Najjc~r Sy ndrome ) (35,36,37,38) 

Definition: 

a) Severe icterus noted within 3 days of bi rt h 

b) Icterus pers ists for l if e 

c) No obv ious cause for jaundice 

d) Fami lia I 

e) Genetically determ i ned 

f) Liver shows pers jstant inability t o form bili r ubin gl ucuronide ln·vitro and 
has decreased capacity to form other gi ucuron i des ln vi t ro and ln v ivo . 

g) Absence of serum inhi bitor of conj ugation 

h) Notre I ated to breast feed i ng 

Clinical Aspects: 

Hyperb l liru binemi a 

Onset ~ Within 3 days of birth 

Peak : None - levels of 18-45 mg%, alI unconj ugated, persist for I ife. 

Prognosis : About 20 cases described in literature. Most died wit h kernicterus or 
its sequel lae within 15 months. A few surv ive with severe neurological damage. Two 
with bi I irubin levels of about 20-30 mg% are wei I at 6 and 3~ years. 

Laboratory Findings: 

a) No evidence of l i ver ab norma li ty chemi cally, · histo logically (othar ·than 
t in bilirubin) or radiograph i c {cholangiogram ) 

b) Bile pale yel low and contains I ittle or virtually no conj ugated bi I irubln 

c) Fecal urobtl inogen greatly reduced 

d) Decreased capac ity to conjugate exogenous test substances (menthol, 
N-acetyl-p-amino-phenol, tetrahydrocortiso~e) with glucuroni de. 

Family History: 

a) Original 7 ch i ldren were members of 3 related fami I ies stemming from common 
ancestors. Other cases reported in more than I member of a family. 

b) Typ ica l family pedigree (39) - (See following page) 
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c) Since parents exh l blt no hyperb l l i rubinemi.a- t he f ull defect ha3 bee ~< poit 5J iated 
as due to recess ive. -~ wlth t he affected ind : v i dua! s homozyaous. :---:c ,.· ;:;·r s:- .' .s,::::e 
parents exh lb i T am i ld abnormsl i ty l n form i ng g lucuron l des s 'gges t i ng that t~e 
s i ng l e gene (heterozygo!.! s ) may g l ve ::-:c:omplete dominance wi t h respect to g lucuronide 
conjugat i on . This iast po l nt is cont r overs i al. 

Mechgpl sm: Impaired capadty to form g !ucuron i des, espec i ally for bl l i r ubi n. 

Not.e: Maintenance of stable serum b i lirubin lev-el i n pat i ents who surv i ve beyond 1hfan::y ac= 
compl ished by b l l iary and trans inte st i m::~l excret i on of breakdown products of bi I i r ub l n or i n 
latter instance unconj ugated b fi l Gr ubin ( 40 ). 
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Pediatr ic and Adu lt Uncon juoated Hype rb i I irub i nemia 

I. Hemolysis 

Definition: 

I) In adults, indirect-reacting bi I irub i n usually< 5 ~g%, unless associated I iver 
disease present. In infants, the associated d~fect in conjugation causes much higher 
values, often> 20 mg% (41 ). 

2) Evidence of accelerated RBC destruction : 
.j. RBC life soan ; .1 fecal yrobilint;gen , , l_ : ur inary·urobi!i nogen : . Un , abs~nce of. liver 

d_i sease) t pI asma tJg b. Jlemog.l obi nur: i 9, { +tL Cqgmbs i:est, bemoagg I wt i n i, ns , aboorma ~+ties 
in . 'RBC, .sttape (sphe r-ocytes )r s ~~k I i ng,, cetc. ).;< kosmo"hi c , a nd m~chani ca ! ' 'tr.ag r !·i ty.· {42}.. : 
Sp I enomega! y may be present. 

3) Evidence of accelerated bone marrow activity~ 
t absolute reticulocyte count; t iron turnover and incorporat ion into RBC's; 

erythroid hyperplasia of 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 i t alI overprod uction of pigment or is there an associated hepatic 
·defect? 

I) Over production? 

a) Crosby suggests that maximally 45 g Hgb/day ~ bi I irubin 1500 mg/day (48). 
Based on analysis of blood Hgb an.d bi I irubin 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 ir. chron i c states X 6. This latter would release about 1500 mg bi I irubin/day, 
assuming complete conversion of destroyed Hgb ~ bi I irubin. 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 I iver to metabolize bi I irubin 

(I) From infusion of bi I irubin into man, velocity constants for bilirubin 
removal from plasma estimated- suggest that threefold rise in bilirubin 
production wi II cause s I i ght b i I i rubin retention ("""" 2 mg%). A s i xfo I d 
rise in bilirubin production (compensated hemolysis- RBC life span 20 
days) should raise · serum bi I irubin to about 3.7 mg% (46). 

(2) These calculations supported by bi I irubin levels actually obtained in 
man after infusion of bi I irubin (47) or Hgb (48)*. (See following page). 
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* . FOOTNOTE - From Page 14 - I), c), (2 ) 
Ca ut i on ~ a ) Data based o~ si ng le rap i d in fuslons and not strictly comp~rab! e to ln ~ivo 
bl I i r ubin synthes is. 

b) Clear3nce of bi ll rub i n from blood ref lects a! I net transfer t o a nd fro:n a_! l 
t i ssues, not on!y he pati c excret ion. 
Data are s till va lua ble as on ly ava i lable index of ab i lity of normal human to handle bi linJbi . • 

(! ) Severe hemol ysi s alone may result in hy perbi li r ubinemia . 

(2 ) Wi t h ml ld hemolysis an associ ated I iver a bnorma l ity probabl y has to 
be imp ! icated . It s nature is speculative, but may involve a~ in g lucuronyl 
transferase . 

2) Is there assoc iate d I iv~r disease? 

a) Three reports of de~ rease (50- 65%) in glucuronyl transferase frciD pati ent s 
with hemolysis, using bi/ irubin as acceptor substrate (49,50). 

b) Six tested cases • )ne with bi I i rubin as substrate, showed no decrease in 
transferase (49,63,4) . No apparent correlation between severity and le ngth of 
hemolys i s, degree of hy perbi I irubinemia and any change in transferase. Sig­
ni ficance of decrease is therefore questionable . 

c) There are cases of hemolysis where t bil irubin is much greater tha n wo ul d 
be expected as a result of hemolys i s alo ne (45). 

d) General !y h l gher bi I i rubin levels see n in chronic hemolysis- anox i a may 
contribute . 

2. "Shunt " Hyperb i lirubinemia 

Defjnjtiq.,D~ t Bi l i rub i t. formati on fro;n sources other tha n circulat i ng RBC qs. 

Conceot of Sh unt ~ Normally : 

a) About 15% in adult (51) and 22% in infants (25) of bi I i rubin prod uced is 
derived from sources other than senescent erythrocytes. 

b) There is a dual origin of this bilirubin (cal led early labeled peak (ELP) 
Since it arises early in the incorporation of exogenous label into c i rculat ing 
erythrocytes. The first part of the early labeled bi I irubin (first day after 
acmi r.i s t r oti on of label ) comes from heme and its precursors i n the I iver. 
The second part (3-5 days after admin i stration of label is derived from heme 
precursors and red ce I I heme in bone marrow, i .e . , before reI ease of the erythrocytes 
into circulation (52,53,54,55) . 

c) The exact proportion of bi I irubin derived from each site in man is not 
known; in the rat most originates from I iver (I I) and in the dog- 2/3 from 
marrow (55). 



80 

60 
Liver 

40 

20 

:ounts/m i n/mg 

10 

J 
2 4 

Days 

Marrow 

Plasma 
Heme 

r I 

6 8 

- 16 -
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In d i sease sta7est 

Erv thropo (etlc d isor ders 

a ) In many pr ima r i'!y hematolog i c d isorde rs as t halassem ia , pe r· nlCIOU5 anem ia, 
refractory normob as t i c anemia, ext ramedullary hemopoiesis , conge ni ta e ryt hropo iet i c 
porphyria, etc., t he ea r ly !abel ing peak may be greatly increased (40-80% of 
total pi gment excr etion ) (62 ) . 

b) These d i seases in general a r e c haracterized by i neff ect ive eryth rQROiesis, 
i.e., the re l s a d i screpancy between quantity of RBC 1 s reach i ng peripheral c i r ­
culation and quantity of heme synt hesized by bone marrow ( 56,54 ). l n•this state, 
a lthough t otal erythropo iesis may be increased , most of synthes i zed heme i s 
destroyed ln s i tu a nd does not r each peripheral circulat ion or s urv l ves onl y for 
hours in per iphe ral c i rculation. The 3 characteristics of ineffecti ve erythropo ies i s 
are ~ 

I) Feca l urobi !lnogen tout of propor tion to peripheral RBC s urv~va! +, 
which may be only slig htly+. 

2) Active ma r row erythropoiesis with · low absolute reticulocyte CO l nt. 

3) Increased plasma iron turnover with poor RBC uti I ization of iron. 

Conclusion: Jaund i ce mechan ism same as in classical hemolysis of circulating RBC's 
except that heme is degraded to bi I irubin before RBC 1 s reach peripheral c i rculat ion. 

Other disorders 

a) Six cases reported in 3 fam i I ies who manifested: t fecal urobi l lnoge~ , 

normal circu lating RBC life span, no anemia, no evidence of liver disease, 
t indirect-reacting b i Ii r ubin I .3 - 4.5 mg% " .Ln. v itro tests (2 cases ) and j .n 

~tests (3 cases) of hepati c gl ucuron i-de conjugating capacit y were nor::'lla l 
in 4 and sl lghtly impaired in- l (57,58). Extent of ELP - .,.Jas isotopically stud ied 
in 2 pat ients and ranged from 5-8 X normal ( 57,59) . Four of six patients had 
an atypical spherocytosis ( postsplenectomy) with normal fr~gi I ity stud ies but 
a slight reticulocytosis and alI had t erythropoiesis on bone marrow smear~. 

Conclusion ~ These patients without gross b lood d isorders apparently also have increased 
bi I irubin pr od uct ion from sources other than circu lat ing erythrocytes. 

b) Scattered reports of pat ients wit h a similar disorder fo llow ing recovery 
from viral hepat i tis (60,51 ,58). Inadequately studied to verify inclusion i n th i s 
group. 

Site and mechanism of shunt: 

Site: 

a) In pern1ctous anemia both hepatic and erythropoietic, proportion of each 
not known ( 53) • 

b) In atyp ical spherocytosis primarily erythropoietic (54). 

c) Not known for other diseases. 
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a) Affects order ly. heme and/or hemog lobin sy nthesis in t halassem ia 

b) Affects preformed hemog lob i n incorporation into RBC's in perni c ious 
a nem i a ( 53 ) . 

Ev i dence : Meas urement of heme/g lob in spec i fi c actl~ity in labe led hemog l o~ ! n. 

3. Consti tutional Hepat i c Dys f unct i on (C.H.D.) ; Chron i c unconj ugated hype rb i I i r ubl nem i a 
wit hout hemolysis {Gi !bert ' s Qisease- Cholem ie Sim ple Fami I lale (64). 

De f i n i t i on ~ 

I ) Hyperbi l l rub inem ia of indirect-reacting type in absence of clinical, laborator y 
or histolog i c ev idence of hepatic dysf unct i on, ~~extra he pati c" diseases which m~y 
cause uncon j ugated hyperb l 1 irubinemia, hemolys i s (compensated or not ) or shunt hype r~ 
b i I i r ub i nem i a . 

2) Negat ive data must incl ude RBC ! ife spa n, fecal urobilinogen st udies and probably 
history of viral he patit is. 

3) Ma ny exc lude pati ent s with splenomegaly. 

4) A positive fami ly history l s helpful ev i de nce, especially spanning several generat io ns 

Incidence: Even with above rig i d cr ite r ia- 58 cases over I I years (3). Many other 
sma ! ler ser ies in I iterature (4,65). 

Sex and ASJ.e of Onset: Sex rat i o equa I ; onset usua I I y ear I y i n I i fe (mean 18 years) • 

Cli nica l Aspects (3,4,65 ) : 

Symptoms : No nspec i fic, subjective discomfort, fat i gue, dyspepsia pain in region 
of liver. ? Psychogen ic. Symptoms somet imes apparent ly aggravated by concomittant 
i I lnesses, espec ially infections, exercise and ? by alcohol intake. 

Si 9J1$..- Icterus · 

LAB- t bilirub i n, less than 10% direct reacting. Levels of bi l irubin us lially 
< 5 mg%, some as high as 12, 18 mg% (individ ual cases- ? definition ) . Bi !i­
rubin levels fluctuated in the same individual over a broad ra nge ~nd at ~i mes 

were normal. Occasiona lly appeared to be increased by exercise, infection or 
alcohol. Steroids do not constantly or significantly decrease the bi li r ubi n 
level (68) but there is an impress ion it may fal I with advanced age. 

Histology -Light microscopy normal. Electron microscopy s hows alterations 
in endoplasmic ret i cul um (mi crosomal area) but this was fo und i n i nstances 
with and without decrease in hepatic glucuronyl transferase (49,4,67) and 
in patients with Dubin Johnson Syndrome (67). 

Prognosis : In absence of iatrogeni c disease, excel lent. 

Rx: None except for reassurance as to lack of chronic I iver d i sease (hepatit i s ). 
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Fam i ly ~ · .:;tory_~ 

a) Pos "tive history 1s obta i ned i n from 25-60%' o f cases , otte r. sp.:~nning 3 
generat ions (38 ) . 

b ) The greater inci dence is see n i n the more j aundiced pat ients. In so~e 
i ns t ances the i r pare nts are anicte ric and evidence of abnormal hepat ~ c matabo !" sm 
can only be broug 1t mit by ; nfo:.:sion of bilirubi n, mentho l or .irl.YJJ ro as.sa;ts 
of hepat i c con j ugating capac ity (4). 

Concl ·s i Q.OJ.. Probably genet i cal ly dete rmi ned defect, most li ke ly do;ninant w; t :-u 
var ied express !vi ty . 

Meehan l srn (s l~ 

a) In £ll patients with seve re hyper bi I i n.;b inemia (> 5 mg%) flJ + c.epatic 
g !ucuronyl transfe rase was fo und l.o. vitro both wi th bi I in:bin and othe r s ubstrates 
( 4 ) a nd a lesse r impa l rrnent o f a bility to conj ugate mentho l a nd e speci~l !y tetra­
hydrocortisone (63 ) . The degree of+ i n transferase i n general corre lated with 
t bi I irubin. These pat ients, however, s how ~n almost normal co ncent rat ion of 
conjuga ted bi llrubln ln bi !e . 

Concl usion~ Thl s group ~ith bi I l r ubl n > 5 mg% appare ~t l y has a pErt l a l defect 
in glucuronlde conjugation. T~e presence of other hepati c defects a nd r e !at ions h! p 
of this group to Crigler-Najjir is unsett led. 

b) A la rge r group of pat ients wi th bi I irubins < 5 mg% has var labie find ings . 
Most groups have found normal capacity to conjugate bi I l rub in and other s ubstrates 
l.n. vi tro ( 4,49) and t o hB ndl e mentho l ( 4} and NA PA (68) but one group ( 50 ) !; .::~s 
fo und a cons istant red uction ( 55%) of transferase i n 6 pat i ents with b i l i r ubi ns 
between I .9-4.3 mg%. I n ad d it ion, in t his less icte ric group a defect i n bi 1 l r ~ b i n 
uptake and conj ugat i on by the liver has been post ulated from elaborate ana!ys ! s 
of bi I i rub ln infusion clearance curves ( 69 ) and plas ma clearance of rad iolodinated 
iodlpam :de ( 70 ) . However, t he above analyses regard i ng bilirubin metabolism 
are open to quest ion and specific ity i s quest ionable s ince sim i lar f lndi nns 
have bee n noted i n 2 pat i ents with postliepatltic hyperbi I i rub i n9mla and one. of 
two cases of hemolysis studied . 

Concl usion: Nature of he pati c def ect in this group i s unk nown. Perhaps this 
is a heterogenous group with mult i ple hepatic defects, of con j ugation and/or 
uptake of bi l i rubin. 
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De f i nition: 

a) As tor constit ut ional dysf unction except: 

I ) History of viral he patitis prese nt. 

2 ) Some slight alteration of hepatic hi s t ology ( round ee l l lnffl t rati on, 
fat) may be present. 

3) Some alterat ions i n I lver f unct i on tests (SSP). 

4 ) Negat ive fam l ly hi s t ory of jaundi ce. 

AI I these are sugges t i ve differential feat ures from co nstit uti onal dy ~f u nction. 
I t may be imposs i ble to make the distinction. 

_Lncidence: 

a) 7/350 ma n i tested icterus as so I e ( 71 ) abnorma I find l ng for 12 mont hs after 
onset of hepatit i s. 

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

c) 15 cases (65). 

Cl in ical Asoect s : 

Sym ptoms: I ndi st ingui shable from constitutional dysfunct ion. 

S!gns: Occasionally he patosplenomegaly and icterus. 

La b: Bi I i r ubin < 5 mg%, a lmost alI indirect-reacting. Occasional abnormai it ie s 
in BSP test. 

Prognos is: Excel lent . Jaundice known to persist as long as 12- 18 years a~ ter 
onset of hepatitis without other sequel lae (3,73). Transition to chroni c he patit is 
not reported • 

Mechan i sm ( s ): Unknown. Normal gluc uronyl transferase found on ln v i tro test i ng i n 
alI cases {4,49 ) and on ln vjvo studies with menthol {4). Possibi I ity of he pat i c 
uptake defect ex ists (69) and in some instances there may be assoc i ated hemolys is 
or shunt hyperbil i r ubi nemia (72). · 

Miscellaneous Ca uses : 

a) Acquired _diseases of various origin: 336 cases/15 years (74). 

I ) Cardiac d i seases with or without congestive failure. 
; ncidence 

t 
2) He patob l I i ary 

3) Gast ro i ntestinal diseases 

4) M i see I I a no us 

5) Infectious 
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6 ) Hemato log ic 

7) No appar ent a bnormali ty ( idiopat hic? - co nstit utiona l ) 10% 

Hyperb i l i r ubi nem la: - I .5 -4 .8 mg% - tot 3i 

D urat i on ~ 

disease. 

< .25 mg% -d i rect - reacti ng 

-Few days - 8 yea rs. Often rem i tted with recovery from as soc iated 

Liver f u nction ~ Hepatomegaly i n 12% 
1/3 abnormal liver function 
Biopsy abnormal 31/40 

Comment~ in most i nstances no detailed study of patients (a retrospective study ) 
hence excl usion of h~mo!ysis, shunt, associated I iver d i sease, etc., often im~ 

poss i ble. 

Conclus i on~ Various systemic d i seases may be associated with unconj ugated 
hyperbi I ir ubinem i a • The mechanism of this i s unknown. 

b) Orab i !ex- ind uced (76) 

Hyperb l lirub i nem i a occurring only with i n I day after ingestion of dye. 
Bi I irubin levels< 2.5 mg%, essent ially alI indirect- react i ng. 

Mechan i sm~ Unknown. SSP clearance also impaired. ? due to inhibit ion of 
uptake or conjugation of bi I irubin by dye. Te!apaque apparently does not 
cause th i s. 

c) Post oorta l -cava ! s hunt ( 75) 

Mild hyperbi I !rubinem i a < 5 mg%, < 30% direct- reacting. Observed in patients 
with and without hepatic parenchymal disease. 

Mechanjsm ~ Hemolysis demonstrated with labeled RBC study. AI leviated by 
splenectomy. 
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