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Purpose: There is a lack of scholarly reports on pediatric emergency department (PED) exposure to 

hyperbilirubinemia. We aimed to describe the epidemiology of hyperbilirubinemia in patients presenting to a PED 

over a three-year period. 

Methods: This was a retrospective cohort study, completed at an urban quaternary academic PED. Patients were 

included if they presented to the PED from 2010 to 2012, were 0 to 18 years in age, and had an elevated serum 

bilirubin for age. A chart review was completed to determine the incidence of hyperbilirubinemia, etiology, diagnostic 

work up and prognosis. The data set was stratified into four age ranges.

Results: We identified 1,534 visits where a patient was found to have hyperbilirubinemia (0.8% of all visits). In 47.7% 

of patients hyperbilirubinemia was determined to have arisen from an identifiable pathologic etiology (0.38% of all 

visits). First-time diagnosis of pathologic hyperbilirubinemia occurred in 14% of hyperbilirubinemia visits (0.11% of 

all visits). There were varying etiologies of hyperbilirubinemia across age groups but a male predominance in all 

(55.0%). 15 patients went on to have a liver transplant and 20 patients died. First-time pathologic hyperbilirubinemia 

patients had a mortality rate of 0.95% for their initial hospitalization.

Conclusion: Hyperbilirubinemia was not a common presentation to the PED and a minority of cases were pathologic 

in etiology. The etiologies of hyperbilirubinemia varied across each of our study age groups. A new discovery of 

pathologic hyperbilirubinemia and progression to liver transplant or death during the initial presentation was ex-

tremely rare.
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INTRODUCTION

Pediatric hyperbilirubinemia (HB), an elevation of 

serum bilirubin above age-adjusted norms, has a 
myriad of possible etiologies [1]. Some of these etiol-
ogies represent significant underlying disease while 
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Table 1. Age Adjusted Laboratory Ranges for Total Direct and 
Indirect Bilirubin

Age
Total 

bilirubin 
(g/dL)

Direct 
bilirubin
(g/dL)

Indirect 
bilirubin
(g/dL)

Birth-1 day 0.0 to 5.8 0.0 to 0.4 0.0 to 0.7
1-2 day 0.0 to 1.0 0.0 to 0.4 0.0 to 0.7
2 day-1 month 0.0 to 12.0 0.0 to 0.4 0.0 to 0.7
1 month 0.0 to 1.0 0.0 to 0.4 0.0 to 0.7

others represent more benign processes [2]. There is 
a surprising lack of scholarly reports on pediatric 
emergency department (PED) exposure to HB and 
its’ varying etiologies. 

It is the challenge of the pediatric emergency med-
icine physician to identify HB and then distinguish 
pathologic from nonpathologic forms [3]. An aid to 
assist physicians in this distinction would be an as-
sessment of the current epidemiology and etiologies 
of HB patients presenting to the PED. There are sev-
eral studies in the literature related to the specific ep-
idemiology and emergency medical management of 
neonatal HB [4-6]. However, the authors are un-
aware of any publications that assess the epidemiol-
ogy and etiologies of HB presenting to the PED across 
all ages and diagnoses. 

MATERIALS AND METHODS

Study design, settings, and population
After obtaining approval for the study from the in-

stitutional review board, we conducted a retro-
spective cohort study of all eligible patients that pre-
sented to an urban quaternary academic PED. 
Patients were included in the study if they presented 
to the PED from 2010 to 2012, were 0 to 18 years in 
age, and had an elevated serum bilirubin (Table 1). 
As this study was retrospective, any patients who did 
not have a serum bilirubin ordered by the provider 
during their PED stay were naturally excluded.

Measurements
The researchers used the electronic medical record 

to identify patients who had an elevated serum bilir-

ubin discovered in the PED setting. We then re-
viewed the patient’s charts for medical history, phys-
ical examination, laboratory results, diagnostic 
imaging reports, surgical consultation notes, histo-
pathology, admission data, discharge diagnoses, pa-
tient outcomes, and future clinic notes.

This large data set was compiled to determine epi-
demiological data and stratified into four age ranges 
to reflect age related changes in epidemiology 
(neonates, 0 to 8 weeks; infants, 8 weeks to 1 year; 
young children, 1 year to 6 years; and older children, 
6 to 18 years). The researchers then reviewed the da-
ta in an effort to determine the incidence of HB, mor-
bidity and mortality, and, when possible, the 
etiology. The etiology outcome of the study was de-
fined as a diagnosis that can be found in the 
International Classification of Diseases, 9th edition 
(ICD-9) that could be reasonably attributed as the 
cause of the patient’s HB. 

The algorithm for determining reasonably attrib-
utable etiologies for a patient’s HB in our cohort is 
outlined below: The investigators reviewed the 
aforementioned data set. They then determined if an 
etiology was reasonably attributable based on the 
known natural progression of the disease process, 
the patient’s clinical presentation, laboratory results, 
and diagnostic imaging. If a reviewer came across a 
HB patient where the etiology was unclear or they 
had questions about a disease process, then the case 
was re-reviewed by the study’s hepatologist for final 
assessment. Patients who lacked an identifiable eti-
ology after this review process were identified as 
such in the results.

All cases of elevated direct HB (greater than 20% of 
total bilirubin) represent pathological HB, as these 
cases always represent an underlying significant dis-
ease process. Indirect HB cases could be found to be 
pathological, non-pathological (benign), or of un-
known etiology.   

We identified six different etiologies of HB that 
were non-pathological. There are two types of be-
nign HB associated with breast-feeding in young 
infants. The first is known as physiologic jaundice, 
which is early onset, and related to caloric depriva-
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Table 2. Characteristics of Hyperbilirubinemia Patients Presenting to the Pediatric Emergency Department

Characteristic
Neonatal
(n=484)

Infant
(n=91) 

Young 
child

(n=179)

Older 
child

(n=780) 

All study 
patients

(n=1,534)

Male HB patients 58.1 57.1 57.0 53.0 55.0
Race
  White 86.0 89.0 62.0 72.1 76.0
  Black  5.0  7.7 29.1 23.0 17.0
  Asian  3.1  1.1  6.2 ＜1  2.0
  Native American  3.9  2.2  2.8  4.0  4.0
  Other/unknown  2.1  0 ＜1  1.0  1.0
  Hispanic ethnicity 55.0 57.1 21.2 38.0 45.0
Total ED visits in this age group discovered to have HB  6.7  0.3  0.2  1.1  0.8
Total ED visits in this age group discovered to have first time 

pathologic HB
 0.6  0.06  0.04  0.18  0.11

HB patients in this age group with first time pathologic HB  9.1 22.0 16.2 15.0 14.0
HB patient visits from this age group 32.0  5.5 11.7 51.0 -
Unique HB visits from this age group 37.0  5.5 11.2 47.1 -
First time pathologic HB visits from this age group 20.0  9.9 14.0 57.1 -
Presenting signs/symptoms and bilirubin of all HB patients and (of just first time pathological HB)
  Vomiting    7.0 (7.0)  20.0 (15.0)  31.3 (37.9)  34.0 (50.1)  24.0 (37.3)
  Diarrhea    3.1 (2.1)   6.6 (5.0)  12.9 (20.7)   9.0 (15.1)   7.0 (11.8)
  Abdominal pain    ＜1 (0)   2.2 (0)  22.4 (34.5)  39.0 (68.1)  23.0 (43.8)
  Fatigue    7.0 (12.1)  4.4 (5.0)  12.9 (27.6)   8.9 (17.1)   9.0 (16.0)
  Family observed jaundice   59.1 (37.9) 19.8 (40.0)  11.2 (24.1)   5.0 (11.0)  24.0 (21.3)
  Fever    8.1 (16.9) 22.0 (25.0)  40.2 (65.5)  22.1 (30.1)  20.0 (29.0)
  Mean total bilirubin 13.2 (11.8)  4.37 (4.94) 2.99 (3.49)  2.17 (2.54)  6.50 (4.70)
  Mean direct bilirubin on those with a fractionated value 0.46 (1.10)  3.15 (3.90) 1.54 (1.89)  1.81 (2.54)  0.88 (2.10)
Hospital course and interventions of all HB patients and (of just first time pathological HB)
  Admission   52.1 (91.0) 59 (100)  53 (86)  44 (74)  50 (82)
  Admitted More than 3 days   12.0 (45.2) 30 (65)  29 (55)  22 (51)  20 (52)
  Surgical Intervention    3.1 (5.2)  7 (20)   5 (10)   9 (24)   7 (18)
  ERCP     0 (0)  0 (0)   0 (0)   1 (5)   1 (3)
Labs obtained from all HB patients
  Complete blood count 50.0 87.9 67.0 67.1 63.0
  Complete metabolic panel 27.1 93.4 98.9 99.0 76.0
  Fractionated bilirubin 80.0 30.8 15.6 11.0 34.0
  Lipase  0  0  1.1 34.0 17.0
  Erythrocyte sedimentation rate  0  1.1  6.2  6.0  4.0
  C-reactive protein  0  2.2 10.1  9.0  6.0
  Urine analysis 25.0 35.2 35.8 43.0 36.0
  PT/PTT ＜1  6.6  6.2 11.0  7.0
  Stool culture ＜1  0  2.2  2.1  1.0
Imaging obtained from all HB patients
  Chest radiograph  9.1 19.9 17.9 12.1 12.0
  Abdominal radiograph  5.0 17.6 10.1  9.0  8.0
  Ultrasound  3.1  9.9  6.2 10.0  7.0
  Computed tomography  0  0  6.2 12.1  7.0
  HIDA scan (total)    0 (0)   0 (0)   0 (0) ＜1 (2) ＜1
  MRCP (total)    0 (0)   0 (0)   0 (0) ＜1 (1) ＜1

Values are presented as percent.
Neonatal: 0-8 weeks, infant: 8 weeks-1 year, young child: 1-6 years, older child: 6-18 years.
HB: hyperbilirubinemia, ED: emergency department, ERCP: endoscopic retrograde cholangiopancreatography, PT: prothrombin time,
PTT: partial thromboplastin time, HIDA: hepatobiliary iminodiacetic acid, MRCP: magnetic resonance cholangiopancreatography.
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Fig. 1. Age distribution of hyperbilirubinemia.

tion and/or insufficient feeding of newborns [5]. The 
second is breast milk jaundice, which has a later on-
set, and is associated with abnormalities of the ma-
ternal milk itself [5]. Physiologic jaundice was de-
termined to be the etiology in infants less than two 
weeks of age with no other identifiable etiology. 
Breast milk jaundice was determined to be the etiol-
ogy in breastfed infants older than two weeks but 
less than eight weeks of age with no other identifi-
able etiology. Generalized infection not otherwise 
specified (NOS) was any child with symptomatology 
of a simple viral or bacterial process that had no other 
explanation for HB and did not meet criteria for sys-
temic inflammatory response syndrome (SIRS) or 
sepsis. SIRS and sepsis criteria were based on the 
American College of Critical Care Medicine defi-
nitions [7]. Dehydration was determined to be the 
etiology of HB when the treating physician docu-
mented dehydration and there was no other likely 
etiology after review of the records. Patients with 
mild elevations in bilirubin (less than 1 g/dL above 
age corrected norms) and no clear cause were cate-
gorized as “mild indeterminate HB”. Finally, any pa-
tient who was diagnosed with Gilbert’s syndrome by 
a pediatric hepatologist or gastroenterologist was 
considered benign HB (see discussion section for 
more information on Gilbert’s). 

Data analysis
The collected data was coded and logged into 

spreadsheets. Epidemiological trends of HB and its’ 
various underlying etiologies were extrapolated in 
the context of the four age ranges (Appendix 1). 

RESULTS

We identified 1,534 total visits (1,236 unique pa-
tients, 55.0% male) where a patient was found to 
have HB, which represented 0.8% of total PED pa-
tient visits (190,079) over the three years (Table 2). 
In 47.7% (732) of the patients, HB was determined to 
have arisen from an identifiable pathologic etiology. 
The remaining 52.3% of patients either had a 
non-pathologic etiology or an etiology that could not 

be determined. A first time diagnosis of pathologic 
HB (no known history of pathologic HB) occurred in 
13.8% (211) of HB patient visits and in 0.1% of all 
PED patient visits. The aforementioned groups of HB 
patients, stratified by age, are presented in Fig. 1. The 
gap between all HB and pathologic HB on the figure 
is attributable to the six non-pathologic causes of HB 
we discussed as well as those who did not have an 
identifiable pathologic etiology which most likely 
represented underlying Gilbert’s mild hemolysis or 
other benign causes. We identified 75 different etiol-
ogies of HB in our cohort out of the 110 possible etiol-
ogies we were evaluating for. 

For all patients in the study, the 5 most common 
diagnoses were jaundice (299), dehydration (174), 
mild indeterminate HB (168), generalized infection 
NOS (136), and breast milk jaundice (101). The five 
most common etiologies for any visit with identifi-
able pathologic HB were sickle cell disease (202), 
acute lymphoblastic leukemia (72), sepsis (58), total 
parenteral nutrition associated cholestasis (52), and 
pancreatitis (38). The five most common etiologies 
for first time identifiable pathologic HB were chol-
edocholithiasis (23), urinary tract infection (19), 
sepsis (18), pancreatitis (16), and neonatal blood 
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type incompatibility (12). 
In the neonatal age range (0 to 8 weeks), 6.7% of 

all PED visits were discovered to have HB. This age 
group was 58% male, represented 31.6% (484) of the 
total PED HB visits, and 37.2% (460) of unique PED 
HB visits. In this group, the five most common etiol-
ogies of HB for any visit were physiologic jaundice 
(299), breast milk jaundice (90), generalized in-
fection NOS (42), dehydration (35), and ABO in-
compatibility (27). In the neonatal group first time 
pathologic HB was found in 8.7% (42) of HB patients 
and accounted for 20% of the total first time HB in 
the cohort. The five most common etiologies for first 
time identifiable pathologic HB were ABO in-
compatibility (12), urinary tract infection (9), con-
gestive heart failure (4), sepsis (3), and idiopathic 
neonatal hepatitis (3). It should also be noted that 
the important diagnosis of biliary atresia was seen 14 
times over the study period in 7 unique patients, and 
2 times it was diagnosed for the first time in the PED.

In the infant group (8 weeks to 1 year), 0.3% of all 
PED visits were discovered to have HB. This age 
group was 57% male, represented 5.9% (91) of the to-
tal PED HB visits, and 5.4% (67) of the unique PED 
HB visits. In this group, the five most common etiol-
ogies of HB for any visit were generalized infection 
NOS (13), breast milk jaundice (11), mild in-
determinate HB (10), dehydration (9), and total pa-
renteral nutrition associated cholestasis (7). In the 
infant group first time pathologic HB was found in 
22.0% (20) of HB patients and accounted for 10% of 
the total first time HB in the cohort. The five most 
common etiologies for first time identifiable patho-
logic HB were idiopathic neonatal hepatitis (4), total 
parenteral nutrition associated cholestasis (4), sep-
sis (3), urinary tract infection (3), and sickle cell dis-
ease (3). 

In the young child group (1 to 6 years), 0.2% of all 
PED visits were discovered to have HB. This age 
group was 57% male, represented 11.7% (179) of the 
total PED HB visits, and 10.6% (131) of the unique 
PED HB visits. In this group, the five most common 
etiologies of HB for any visit were generalized in-
fection NOS (33), acute lymphoblastic leukemia 

(21), sickle cell disease (19), dehydration (17), and 
mild indeterminate HB (15). In the child group, first 
time pathologic HB was found in 16.2% (29) of HB 
patients and accounted for 14% of the total first time 
HB in the cohort. The five most common etiologies 
for first time identifiable pathologic HB were 
Kawasaki’s disease (6), viral hepatitis NOS (3), he-
reditary spherocytosis (2), Epstein Barr Virus (2), 
and sepsis (2). 

In the older child group (6 to 18 years), 1.1% of all 
PED visits were discovered to have HB. This age 
group was 53% male, represented 50.8% (780) of the 
total PED HB visits, and 46.8% (578) of the unique 
PED HB visits. In this group, the five most common 
etiologies of HB for any visit were mild in-
determinate jaundice (136), dehydration (113), 
sickle cell disease (64), generalized infection NOS 
(48), and acute lymphoblastic leukemia (25). In the 
older child group, first time pathologic HB was found 
in 15.4% (120) of HB patients and accounted for 57% 
of the total first time HB in the cohort. The five most 
common etiologies for first time identifiable patho-
logic HB were choledocholithiasis (22), acute or 
chronic pancreatitis (16), sepsis (12), Epstein-Barr 
virus (10), and viral hepatitis NOS (6). 

Fifteen of the patients in our cohort eventually 
went on to have a liver transplant with inciting etiol-
ogies including autoimmune hepatitis (5), extra-
hepatic biliary atresia (4), viral hepatitis NOS (2), 
alagille syndrome (1), cystic fibrosis (1), tyrosinemia 
(1), and progressive familial HB (1). First time 
pathologic jaundice patients identified in the PED in 
our cohort eventually required a liver transplant in 4 
patients, representing 1.9% of all such patients. First 
time patients requiring liver transplant were diag-
nosed with viral hepatitis NOS (2), extrahepatic bili-
ary atresia (1), and progressive familial HB (1).    

Twenty patients with pathologic HB from our co-
hort have since died, with the most common causes of 
death being sepsis (10) followed by congestive heart 
failure (3). See Table 3 for a list of patient deaths. 
Many of these sepsis deaths occurred in patients with 
significant underlying pathology for example, 9 of the 
20 patients had an underlying oncological condition. 
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Table 3. Causes of Death in Cohort

Patient 
No.

Age Underlying condition
Death with first 
presentation of 

HB to the PED?
Eventual cause of death

1  5 y Sickle cell disease No Intracranial hemorrhage following bone 
marrow transplant

2 11 y Acute lymphoblastic leukemia No Liver failure secondary to chemotherapy 
toxicity

3  3 y Hypoplastic left heart syndrome No Congestive heart failure
4 10 y Hypoplastic left heart syndrome, 

pulmonary hypertension, heterotaxy
No Congestive heart failure, pulmonary 

hypertension, cirrhosis, and failure to 
thrive

5 11 y Ventricular septal defect, coarctation, 
congestive heart failure

No Dilated cardiomyopathy, congestive 
heart failure

6  2 y Alagille syndrome No Complications of chronic liver failure
7 18 y Chondroblastic osteosarcoma No Klebsiella sepsis, chondroblastic 

osteosarcoma
8 12 y Synovial sarcoma, diffuse metastatic disease No Klebsiella sepsis, septic shock, synovial 

sarcoma
9 18 y Ulcerative colitis, primary sclerosing 

cholangitis, TPN dependence
No Ischemic bowel, Klebsiella Sepsis, 

ARDS, and acute kidney injury
10  8 y Septo-optic dysplasia, panhypopituitarism, 

hypothyroidism, hydrocephalus
No Urosepsis

11  7 y Retinoblastoma, history of bone marrow 
transplant

No Retinoblastoma diffuse metastatic
disease, urosepsis

12 11 d None Yes Disseminated HSV infection
13  2 y Niemann-pick, seizure disorder, 

ventriculoatrial shunt
No Niemann-Pick disease

14 12 y Burkitt lymphoma No Burkitt lymphoma
15 13 y Acute lymphoblastic leukemia No Staphylococcus aureus sepsis, typhlitis, 

fungal pneumonia, acute l
ymphoblastic leukemia

16 12 y T-cell acute lymphoblastic leukemia No T-cell acute lymphoblastic leukemia
17  4 y Acute lymphoblastic leukemia No Sepsis, acute lymphoblastic leukemia
18 13 y None Yes Submersion and cardiopulmonary 

arrest, ischemic liver injury
19  5 mo Heterotaxy, biliary atresia, kasai procedure, 

malrotation, atrioventricular canal defect, 
history of bidirectional shunt

No Sepsis, congestive heart failure

20  8 mo Microvillus inclusion disease, cirrhosis, portal 
hypertension, esophageal varices 

No Gastrointestinal hemorrhage, sepsis

HB: hyperbilirubinemia, PED: pediatric emergency department, TPN: total parenteral nutrition, ARDS: acute respiratory distress 
syndrome, HSV: herpes simplex virus.

Of first time pathologic jaundice patients identified in 
the PED, there were only 2 deaths during their imme-
diate hospitalization. These deaths were attributed to 
neonatal herpes simplex virus encephalitis and ische-
mic liver injury from a prolonged submersion. First 
time pathologic jaundice patients identified in the 
PED in our cohort had a mortality rate of 0.95% for 
their immediate hospitalization.   

When stratified by age, a bimodal distribution of 
frequency of HB was demonstrated (Fig. 1). There 
was a higher prevalence of HB in children less than 6 
months of age (most non pathological) and those 
greater than 9 years of age (more pathological). 
There was a male predominance noted across all age 
groups. Interestingly, most patients were not re-
ported by the caregivers to have jaundice. Most 
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pathologic HB patients were admitted and the ma-
jority for more than 3 days. Only a small minority of 
patients required a surgical intervention with the 
most common surgical procedure being endoscopic 
retrograde cholangiopancreatography. Infants were 
more likely to have only a bilirubin ordered but it was 
more likely to be fractionated. Older children tended 
to not have a fractionated test ordered but typically 
had many additional labs ordered. 

DISCUSSION

Bilirubin is the product of heme catabolism that oc-
curs as red blood cells, which contain hemoglobin, are 
cleared from the body. It initially exists in an uncon-
jugated form until processed by the liver where a mole-
cule of glucuronic acid is added making it conjugated 
bilirubin. Total serum bilirubin (TSB) represents the 
combination of unconjugated (indirect) and con-
jugated (direct) bilirubin. Jaundice or icterus, is a yel-
low-green discoloration of the skin, eyes, mucous 
membranes, and body fluids that results from ex-
cessive serum bilirubin [4]. Jaundice becomes clin-
ically evident in infants when TSB exceeds 5 g/dL and 
in older children when TSB exceeds 2 to 3 g/dL [3].

There are numerous processes that can cause a be-
nign elevation in bilirubin, whereas in pathologic HB, 
the elevation in bilirubin is a symptom or a byproduct 
of a more clinically significant underlying condition 
[2]. The most common causes of pathologic HB in-
clude hemolytic processes (indirect HB), extrahepatic 
obstruction (i.e., biliary atresia, choledochal cyst, chol-
edocholithiasis, and primary sclerosing cholangitis, 
etc.) or intrahepatic obstruction caused by various ge-
netic, metabolic, infectious, and toxic causes [2]. 
Conjugated, or direct HB (cholestasis), is defined as a 
conjugated bilirubin greater than 1 mg/dL or when the 
conjugated portion of the TSB exceeds 20% [2]. This 
cholestatic type of HB universally represents an under-
lying pathologic process and a timely as well as accu-
rate diagnosis of these conditions is required to pre-
vent significant morbidity and mortality [2].

Despite the myriad of different etiologies of HB, it 
is rarely discovered in the PED. Only 0.8% of patients 

during our 3-year sample demonstrated this finding. 
Furthermore, a first time diagnosis of pathologic HB 
was only found in 0.1% of patient visits in our cohort. 
We can conclude that diagnosing pathologic HB in the 
PED setting is quite a rare event. This may be due to 
the fact that patients are seen at the primary care pe-
diatricians and are referred directly to pediatric gas-
troenterology/hepatology and not through the PED. 

Defining “pathologic” HB proved difficult for our 
team, as there are so many processes that can con-
tribute [2]. Though it has been described that dehy-
dration and general infectious processes can cause 
HB, we opted to label these patients without more 
clear diagnoses as “non-pathologic”, owing to the 
somewhat subjective and transient nature of their 
etiologies [3]. We also elected to label patients with 
mild elevations in bilirubin and no clear cause “mild 
indeterminate HB” for similar reasons. Surely, if an 
exhaustive battery of tests had been employed on 
these patients, more patients would have been la-
beled more specifically. We assume that a large pro-
portion would likely be diagnosed with the benign 
Gilbert’s syndrome. A relatively common form of be-
nign indirect HB found in older children prevalent in 
5% to 10% of the population [8]. This syndrome is an 
inherited autosomal recessive disorder of bilirubin 
glucuronidation, characterized by recurrent episodes 
of benign HB that can be brought on by fasting, ill-
ness, and dehydration among others [8]. Our results 
demonstrate that such exhaustive testing in the PED 
setting is likely unnecessary and will not lead to im-
provements in patient’s immediate outcomes. 

There was a significant frequency of the diagnosis 
in the neonatal period, owing to physiologic jaundice 
and the diagnosis of genetic conditions. Less ex-
pected, was a second increase in HB frequency seen 
in adolescence. This increase was represented in all 
categories, including total cases, pathologic cases, 
and first time pathologic cases. Some of this rise can 
be attributed to pancreas and biliary pathology that 
was not seen in the younger populations. 

When comparing the “neonatal” to the “infant” 
group we noticed that the “neonatal” group had far 
more cases of HB (484 vs. 91) but a much lower rate 
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of first time pathologic HB (9% vs. 22%) than the 
“infant” group. We assume that the “neonatal” 
pathologic cases were washed out by benign physio-
logic and breast milk HB. The overall cohort had a 
first time pathologic HB rate of 14%. We conclude 
that the index of suspicion for a pathologic process 
should be higher when HB is discovered in the 
“infant” age range.

There was a male predominance across all age 
ranges for patients discovered to have HB in the PED. 
However, this predominance became less significant 
in the adolescent population of our cohort. 

Finally, first time diagnosis of pathologic HB rare-
ly went on to liver transplant (1.9%) or death (0.9%). 
Though there were other serious interventions, such 
as cholecystectomy and liver biopsy, it was rare to 
proceed to more significant morbidity and mortality. 

The retrospective design of this study is limited in 
that patients lost to follow up could not be contacted 
or followed. Given the epidemiological goals of the 
study these patients cannot be excluded from analy-
sis, or else the result would be an under-reporting of 
HB rates in the PED. It is likely that the patients lost 
to follow up will represent different demographics 
and socioeconomic features than those who have the 
means to attend regular gastroenterology appoint-
ments. Furthermore, one can reasonably assume, 
that the patients with more benign forms of HB will 
be less likely to be hospitalized and less likely to fol-
low up in clinic. These patients will therefore be less 
likely to have an “eventual diagnosis” which could 
lead to an under-reporting of the more benign forms 
of HB. A further potential limitation, in the setting of 
this retrospective analysis, is that the TSB levels that 
were obtained may not have been fractionated into 
direct and indirect portions thereby limiting inter-
pretation of the results. Finally, our patient pop-
ulation is 60% Latino which may limit the general-
izability of this data to institutions with different 
demographics. These limitations, while significant, 
are excusable for the purposes of this study, which 
will serve as pilot data for a future prospective analysis.

Though a seemingly common laboratory finding 
with a myriad of possible etiologies, HB was encoun-

tered rarely in our PED. The etiologies of HB and the 
incidence of pathologic HB vary by age. Incidence of all 
HB and first time diagnosis of pathologic HB present-
ing to the PED exhibits a bimodal age distribution, 
with increases in patients less than 6 months and 
greater than 9 years of age. There is a male predom-
inance in HB cases presenting to the PED throughout 
all age ranges but it becomes less pronounced in 
adolescence. A new discovery of pathologic HB and 
progression to liver transplant or death during the in-
itial presentation was extremely rare.
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Appendix 1

Non-pathologic hyperbilirubinemia
1. Physiologic jaundice 314/299
2. Generalized infection NOS 251/198 
3. Dehydration 228/209
4. Mild indeterminate jaundice 184/168
5. Breast milk jaundice 105/101
6. Gilbert’s syndrome 13/8/5

Unconjugated pathologic 
hyperbilirubinemia

Increased bilirubin production
7. Sickle cell disease 202/87/1
8. Acute lymphoblastic leukemia 75/50/1
9. ABO incompatibility 35/29/13 

10. Hereditary spherocytosis 31/18/4
11. Autoimmune hemolytic anemia 8/7/3
12. Large hematoma NOS 6/6/5
13. Beta thalassemia 5/3/1
14. Polycythemia NOS 4/4/4
15. Malaria 2/2/2
16. Alpha thalassemia 2/2/0
17. Erythroblastosis fetalis (RH incompa-

tibility) 2/2/0
18. Glucose-6-phosphate-dehydrogenase 

deficiency 2/2/1 
19. SLE hemolytic anemia 2/2/0
20. Evan’s syndrome 2/2/0
21. Pyruvate kinase deficiency hemolytic 

anemia 2/1/0
22. Hemolytic uremic syndrome 1/1/1
23. Thrombotic thrombocytopenic purpura 

1/1/0
24. Congenital hemolytic anemia NOS 

1/1/0
25. Hemoglobin H disease 1/1/0 
26. Subgaleal hematoma 1/1/0 

Decreased excretion/conjugation  
27. Drugs: Ketoconazole, ethinyl estradiol, 

amitriptyline, HIV protease inhibitors, 
acetaminophen, 6-mercaptopurine, 
topiramate, alkylated steroids, chlo-
rpromazine, herbal meds (Jamaican 
bush tea), arsenic, rifampin, proben-
ecid 16/11/5

28. Congenital hypothyroidism 1/1/1
29. Crigler-Najjar syndrome types I and 

II 0/0/0
Impaired uptake

30. Congestive heart failure 31/20/8
31. Portosystemic shunts 1/1/0

Conjugated hyperbilirubinemia
Extrahepatic cholestasis

32. Acute and chronic pancreatitis 38/ 
27/16

33. Choledocholithiasis 37/30/23
34. Biliary sludge 26/13/4
35. Extrahepatic biliary atresia 14/7/2
36. Cholangitis/cholecystitis 14/11/1
37. Choledochal cyst 5/4/1
38. Biliary dyskinesia 5/3/2
39. Stricture after invasive procedure 

3/2/0
40. Obstructive tumor-wilms 1/1/1  
41. Cholangiocarcinoma 1/1/0 
42. Primary sclerosing cholangitis 1/1/0  
43. Congenital hepatic fibrosis (Caroli 

disease) 1/1/0
44. Inspissated bile syndrome 0/0/0
45. Ascaris infection 0/0/0
46. Lumbricoides infection 0/0/0
47. Liver flukes 0/0/0
48. Neonatal sclerosing cholangitis 0/0/0  
49. Spontaneous perforation of the bile 

ducts 0/0/0  
Intrahepatic cholestasis

50. Idiopathic neonatal hepatitis (giant 
cell hepatitis) 16/9/7

51. Portal hypertension 14/6/0 
52. Autoimmune hepatitis 14/5/2
53. Cystic fibrosis 11/7/0
54. Acute transplant rejection 5/4/1
55. Alagille syndrome 4/3/0

Bacterial hepatitis
56. Sepsis 58/37/18
57. Urinary tract infection 37/36/19
58. Syphilis 0/0/0
59. Toxoplasmosis infection 0/0/0

Viral hepatitis 
60. Epstien-Barr virus14/12/12
61. Viral hepatitis NOS 10/10/10
62. Human herpesvirus six 5/2/1
63. Hepatitis A virus 4/2/1
64. Hepatitis C virus 2/1/1
65. Cytomegalovirus infection 1/1/1
66. Herpes simplex virus 1/1/1
67. Hepatitis B virus 1/1/0
68. HIV 0/0/0
69. Rubella 0/0/0
70. Parvovirus B19 0/0/0

71. ECHO virus 0/0/0
72. Adenovirus 0/0/0

Genetic Hepatitis
73. Pan-hypopituitarism 7/3/0
74. Hypothyroidism 4/4/3
75. Wilson disease 3/2/2
76. Progressive familial hyperbilirubinemia 

2/1/1
77. Tyrosinemia 2/1/0
78. Microvillus inclusion disease 2/1/0
79. Cholestasis from congenital adrenal 

insuff 1/1/1
80. Niemann-Pick disease 1/1/0
81. Navajo neurohepatopathy 1/1/0
82. Alpha-1 antitrypsin deficiency 0/0/0
83. Nonsyndromic paucity of bile ducts 

0/0/0
84. Disorders of bile acid synthesis 0/0/0  
85. Neonatal hemochromatosis 0/0/0  
86. Galactosemia 0/0/0
87. Fructosemia 0/0/0
88. Wolman disease 0/0/0
89. Gaucher disease 0/0/0

Other
90. Lymphoma 8/6/2  
91. Primary biliary cirrhosis 0/0/0 
92. Pregnancy 0/0/0
93. Tuberculosis 0/0/0
94. Hepatic crisis in sickle cell disease 

0/0/0
Toxic

95. TPN-associated cholestasis 52/19/1

Others
96. Cancer NOS 11/9/1
97. Kawasaki’s disease 8/8/8
98. Juvenile idiopathic arthritis 5/3/1
99. Traumatic liver laceration/contusion 

4/4/4
100. Failure to thrive 4/3/2
101. Anaphylaxis 3/3/2
102. Inflammatory disorder NOS 2/2/1
103. Ischemic liver injury 1/1/1
104. Serum sickness 1/1/1
105. Liver metastases 1/1/1
106. Fatty liver/hepatic steatosis 1/1/0
107. Hepatoblastoma 1/1/0
108. Cryptogenic liver cirrhosis 1/1/0
109. Prematurity NOS 1/1/0
110. Macrophage activation syndrome 0/0/0

The first number following an etiology represents total patient encounters with that diagnosis, the second number represents total 
unique patient encounters with that diagnosis, and the final number represents first time presenting patients with that pathologic 
diagnosis. Non-pathologic jaundice does not have the third value. The etiologies are listed in order of prevalence for their particular 
subtype of hyperbilirubinemia.
NOS: not otherwise specified, HIV: human immunodeficiency virus, TPN: total parenteral nutrition.


