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Male, 63-year-old
Hyperbilirubinemia
Abdominal pain ¢ depression ¢ nausea

General and Internal Medicine

Unusual clinical course

Overdoses on over-the-counter (OTC) drugs are increasing in the United States, which includes widely available
non-steroidal anti-inflammatory drugs (NSAIDs) like naproxen. Symptoms of NSAID toxicity are well known and
nonspecific, including nausea, vomiting, abdominal pain, and headaches. Extreme cases can present with con-
fusion, seizures, and renal failure.

We present the case of 63-year-old man with a history of hyperthyroidism and polysubstance use who had an
elevated total bilirubin level after attempting suicide via ingestion of 16 tablets of naproxen. The patient pre-
sented with vague abdominal pain and nausea in the setting of 2 weeks of worsening psychiatric symptoms,
including suicidal ideation. Vital signs, physical examination, and review of systems revealed no significant find-
ings. Medical workup was notable only for an elevated total bilirubin level; workup for hemolysis, biliary stasis,
hepatic dysfunction was all within normal limits. Direct bilirubin was not elevated. The patient received intra-
venous fluids and antiemetic medications, and indirect hyperbilirubinemia resolved by the following day. After
ruling out other causes of hyperbilirubinemia, it was determined that his elevated bilirubin was due a naprox-
en metabolite, O-desmethylnaproxen (ODMN), that has been shown to interfere with certain bilirubin assays
when naproxen is ingested over the therapeutic dose.

Supratherapeutic naproxen ingestion can lead to laboratory findings of elevated total bilirubin in some assays
due to ODMN interference. With the rise in suicide attempts in the United States with OTCs, clinicians should
consider laboratory error in such clinical circumstances where the clinical data does not fit the history and phys-
ical examination.
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Background

Naproxen is a non-steroidal anti-inflammatory drug (NSAID)
commonly used for its anti-inflammatory and analgesic ef-
fects. It is part of the 2-arylpropionic acid class of NSAIDs and
is completely absorbed when taken orally. It has a 95% bio-
availability, binding avidly to albumin at doses up to 500 mg,
after which the fraction of unbound naproxen increases. It is
metabolized to O-desmethylnaproxen (ODMN) and then is gluc-
uroconjugated prior to elimination [1]. The half-life of naprox-
en varies by patient age and renal function, and over 80% is
eliminated in the urine.

Naproxen inhibits the cyclooxygenase (COX) enzymes, COX-1
and COX-2. COX-1 is constitutively active in the gastrointestinal
tract, and COX-2 exhibits peak expression at sites of inflamma-
tion. COX enzymes are responsible for the production of pros-
taglandins, thromboxane, and levuloglandins. Prostaglandins
are molecules that mediate pain perception and inflamma-
tion. COX-2 is also expressed in parts of the central nervous
system and likely plays a role in nociception [2]. As such, inhi-
bition of the COX enzymes and prostaglandin synthesis helps
in alleviating pain related to inflammation.

Naproxen is readily available as an over-the-counter (OTC)
medication, making overdose more common given its easy
accessibility. Toxic ingestion of drugs can often lead to a va-
riety of clinical signs and symptoms, which typically follow a
known pattern. Naproxen toxicity is similar to that of other
NSAID toxicity, which includes nausea and vomiting, abdom-
inal pain, headaches, and drowsiness, with more severe cas-
es presenting with seizures, metabolic acidosis, renal failure,
and even coagulopathy [3,4]. The following case presents a
patient who arrived at the hospital following attempted sui-
cide via naproxen overdose and was found to have an isolat-
ed elevated bilirubin level without an otherwise apparent or-
ganic explanation.

Case Report
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ataxia, and any genitourinary lesions or symptoms. He had no
prior history of jaundice, or indirect hyperbilirubinemia on lab-
oratory test results. The patient was afebrile, with a tempera-
ture of 36.5°C (97.7°F). Vital signs were all within normal lim-
its, with blood pressure 129/74 mmHg, heart rate 74 beats/
min, respiratory rate 14 breaths/min, and oxygen saturation
of 100% on ambient air. Physical examination was unremark-
able, with the absence of abdominal tenderness or distention,
jaundice, and scleral or sublingual icterus. He had a medical
history of hyperthyroidism, which was previously treated with
methimazole and propranolol but the patient was not current-
ly on thyroid replacement therapy, as well as polysubstance
use disorder, including the use of methamphetamine, fentan-
yl, alcohol, and marijuana.

In the Emergency Department, the patient received 1 L of nor-
mal saline and 4 mg of ondansetron. Laboratory findings were
significant for an elevated total bilirubin level to 5.7 mg/dL,
with direct bilirubin of 0.1 mg/dL. His baseline total bilirubin
was 0.6 mg/dL, from an admission 2 months prior. Additional
laboratory testing results can be seen in Table 1. A urine drug
screen was positive for amphetamines and marijuana, and se-
rum ethanol was negative. He was admitted to the medical
ward for further workup of hyperbilirubinemia. Further inves-
tigation revealed an ingested naproxen level of 92.4 mg/kg. In
addition to those results listed in Table 1, the patient also had
a negative peripheral smear, with no abnormal red blood cell
morphology (eg, schistocytes) and a urinalysis that was posi-
tive for moderate bilirubin, without urobilinogen. A right-upper
quadrant ultrasound did not demonstrate biliary ductal dila-
tion, signs of cholecystitis, or hepatosplenomegaly. The patient
was placed on a psychiatric hold and received isotonic fluids
and ondansetron as needed for nausea. His abdominal pain
resolved overnight without gastrointestinal decontamination,
and the patient’s total bilirubin level was normal at 0.9 mg/dL
the next morning. The patient was transferred to The Inpatient
Psychiatric Unit for further management and treatment.

Discussion

A 63-year-old male patient presented to the Emergency
Department with nonspecific left-sided abdominal pain and
nausea without emesis after attempting suicide via inges-
tion of 16 tablets of 500 mg naproxen. The patient reported
2 weeks of worsening depression, increased auditory hallu-
cinations, with suicidal and homicidal content, and paranoid
delusions. These symptoms worsened in the 3 days prior to
presentation. Of note, the patient had been smoking meth-
amphetamine and marijuana daily and drinking a half pint of
vodka daily for multiple weeks leading up to hospitalization.
The patient denied chest pain, dyspnea, visual disturbances,
dizziness, lightheadedness, visual hallucinations, confusion,
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This case demonstrates spurious indirect hyperbilirubinemia
caused by naproxen toxicity. This conclusion was established
once the other causes of hyperbilirubinemia, such as hemoly-
sis, hepatic dysfunction, biliary obstruction, and genetic causes,
were investigated and found negative. Other causes, including
Wilson Disease, biliary extravasation, shunt hyperbilirubine-
mia, portosystemic shunt, and hyperthyroidism, are detailed
in Table 2. However, the patient’s indirect hyperbilirubinemia
normalized within 24 h without intervention. This is likely the
result of the inference of a naproxen metabolite, ODMN, with
a particular method used by many bilirubin assays to assess
for serum bilirubin levels.
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Table 1. Laboratory findings of the patient on admission. Bolded values represent the abnormal findings.

Laboratory test P:::ﬁ:t Rerfae:;:ce
Sodium (mEg/L) 136 135-145
Potassium (mEq/) - 35 3550
Chloride (mEqn) 102 95105
Bicarbonate (mEa/) 2 243
?r:]ogo/t(jjsrea nitrogen 8 5.5
Creatinine (mg/dt) 079 070-140
Glucose (mg/dl)  106(H) 6000
\('I\g’::]‘:n?)lo"d cell 7.85 4.00-11.00
Hemoglobin (g/d)  127() 135170
Hematocrit %)) 91 390500
z:j;EzHEBC“br 88.7 82.0-98.0
Platelet (/mm?) 98 150400
Calcium (mgrd) 88 85105
TotalProtein (g/dl) 66 6085
Abumin @dy 2800 3348
 Aspartate transaminase .

(lu/L)

Bilirubin levels are commonly obtained in clinical practice and
can be elevated in a variety of disease states. Unconjugated (indi-
rect) bilirubin is produced as heme and is broken down from red
blood cells. Conjugated (direct) bilirubin is produced from uncon-
jugated bilirubin using the enzyme UDP-glucanosyltransferase
in hepatocytes. Our patient had an elevated total bilirubin lev-
el without direct hyperbilirubinemia, indicating an elevated in-
direct bilirubin. Increased breakdown of hemoglobin from he-
molysis can cause indirect hyperbilirubinemia; however, our
patients’ normal lactate dehydrogenase (163 mU/mL) and hap-
toglobin (201 mg/dL) ruled out hemolysis. Intrahepatic biliary
obstruction can also lead to an indirect hyperbilirubinemia if
there is enough obstruction and damage to hepatocytes. Our
patients’ right-upper-quadrant ultrasound showed no biliary
ductal dilation, signs of cholecystitis, or hepatosplenomegaly,
suggesting biliary obstruction was not present. Chronic hepati-
tis and advanced cirrhosis can lead to indirect hyperbilirubine-
mia through reduced hepatic uptake of indirect bilirubin from
the serum. Genetic abnormalities, such as Gilbert syndrome or
Crigler-Najjar syndrome, can affect the bilirubin conjugation
pathway [5]. There was no sign of liver disease on the right-
upper-quadrant ultrasound, and the liver panel results were
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Laboratory test Patient Reference
value range
Alanine transaminase
(1U/L) 15 0-40
Alkaline phosphatase
(1U/L) 82 30-115
Total bilirubin (mg/dL) 5.7 (H) 0.2-1.3
Direct bilirubin (mg/dL) 0.1 0.0-0.2
Haptoglobin (mg/dL) 201 43-212
Lactate dehydrogenase 163 100-225
(mU/mL)
Creatine phosphokinase
22-2

(U 147 69
Reticulocyte (%) 1.64 0.85-2.50
Iron (mcg/dL) 37 35-140
Vitamin B12 (pg/mL) 558 211-911
Folate (ng/mL) 11.80 3.00-20.00
Thyroid stimulating
hormone (ulU/mL) 0.64 0.55-4.78
International normalized 12
ratio ’
Prothrombin time (s) 15.0 12.0-14.4
Activated partial
thromboplastic time (s) i 2
Lactic acid (mEq/L) 1.2 0.5-2.2

within normal limits (aspartate transaminase 24 IU/L; alanine
transaminase, 15 IU/L; alkaline phosphatase, 82 IU/L). In both
Gilbert syndrome and Crigler-Najjar syndrome there is a defect
in the UDP-glucanosyltransferase enzyme that causes elevations
in indirect bilirubin. Gilbert syndrome was considered in this
patient, as it typically presents with mild elevations in uncon-
jugated bilirubin that are largely asymptomatic, particularly in
states of stress. Crigler-Najjar syndrome is more severe and is
typically diagnosed in patients within their first year of life [6].
This patient had normal bilirubin levels during previous admis-
sions and states of stress, which makes either syndrome less
likely. Additionally, the bilirubin normalized within 1 day, which
would be less common in an enzymatic deficiency. This patient’s
nausea was treated with ondansetron, a 5HT-3 serotonin-re-
ceptor antagonist metabolized primarily in the liver, which can
cause transient elevations in liver function tests [7]. However,
ondansetron typically causes a hepatocellular pattern of inju-
ry, so it would be an unlikely cause of an indirect hyperbilirubi-
nemia. Additionally, the use of serotoninergic medications can
lead to serotonin syndrome in patients taking other serotonergic
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Table 2. Differential diagnosis of indirect hyperbilirubinemia [18].

Mechanism of

hyperbilirubinemia Examples

Intravascular hemolysis ~ Glucose-6-phosphate

dehydrogenase (G6PD) deficiency

Extravascular
hemolysis

Thrombotic thrombocytopenic
purpura*

Ketoconazole
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Mechanism of

hyperbilirubinemia Examples

Protease inhibitors

Drug-induced
(contunued)

Antibiotics (rifampicin,
cephalosporins, penicillins,
nitrofurantoin)

Impaired hepatic
bilirubin uptake

Miscellaneous

Thyrotoxicosis*

* Typically symptomatic.

A

Figure 1. Ball-and-stick model of naproxen (A): “Naproxen molecule ball” by Jynto is licensed under CCO1.0. Line structure of bilirubin
(B): “Structure of bilirubin” by LHcheM is licensed under CC BY-SA 3.0.

medications. However, our patient’s symptoms improved with-
out further signs of clinical decompensation.

Naproxen is part of the propionic acid class of NSAIDs and is
structurally and physiologically unrelated to bilirubin (Figure 1).
Naproxen is metabolized to ODMN, and both naproxen and its
metabolite are excreted as conjugates, primarily in the urine
[8-10]. Naproxen has a mean half-life of 13 h, while ODMN
has a half-life of 1 h [10,11]. Naproxen overdoses are usually
mild, and severe toxicity is rare [4]. There is no specific toxic-
ity cutoff for naproxen, although it is generally accepted se-
vere toxicity occurs at levels over 400 mg/kg and symptoms
are unlikely at less than 100 mg/kg, like with other NSAIDs in
the propionic acid group (ie, ibuprofen) [12].
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Our patient reported abdominal pain in the setting of inges-
tion of 92.4 mg/kg of naproxen, which is significantly under
the 400 mg/kg level for severe toxicity. There is no standard
treatment for naproxen overdose, as the role for anti-toxins
such as activated charcoal is currently unclear, and hemodial-
ysis would be ineffective in clearance of ODMN given naprox-
en’s high binding to albumin in serum [4]. It is possible there
was biliary stasis in this patient in the setting of elevated se-
rum naproxen; however, there was no accompanying laborato-
ry or imaging findings suggestive of biliary stasis, as previous-
ly mentioned. Additionally, hemolysis was effectively ruled out
with laboratory testing, as discussed. The patient may have had
underlying Gilbert syndrome, exacerbated by the stress of an
active overdose and suicide attempt, but previous admissions
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have never led to elevated bilirubin levels. In the absence of
typical organic causes of hyperbilirubinemia, the possibility of
laboratory error was considered.

Supratherapeutic serum naproxen ingestion has been shown to
affect certain laboratory assays [8,13]. Evidence suggests that
ODMN interacts with total bilirubin assays that use the time-
endpoint diazo-based Jendrassic and Grof method, which uses
the reaction between bilirubin and diazotized sulfanilic acid to
measure total serum bilirubin levels [8,13]. ODMN does not
interfere with direct bilirubin assays obtained using the same
method. This pattern of interference has been shown with sev-
eral chemistry analyzers that use the Jendrassic and Grof meth-
od, including the Beckman Synchron DxC800 assay and oth-
ers, including the Siemens Dimension Vista assays [8,13]. Of
note, therapeutic doses of naproxen have not been shown to
interfere with any bilirubin assays. The hospital running the
laboratory testing for this patient used the Beckman Synchron
DxC800 timed-endpoint diazo method for total bilirubin, which
is known to have interference from both naproxen and ODMN
at elevated serum levels of naproxen. The Jendrassic and Grof
method used by the Beckman Synchron DxC800 assay mea-
sures direct and total bilirubin through their reaction with di-
azotized sulfanilic acid in the presence of caffeine. While there
have been multiple hypotheses as to why ODMN only interacts
with unconjugated bilirubin levels, studies performed suggest
that acidic pH of conjugated bilirubin reagents inhibits the re-
action of ODMN with diazo salts, leading to no interference be-
tween the compound and reported direct bilirubin levels [13].
The patient’s return to normal total bilirubin levels within 24 h of
naproxen ingestion with no further abnormalities is suggestive
that this interference was the cause of this laboratory finding.

Of note, the Beckman Synchron AU680 assay does not exhibit
this same pattern of interference with ODMN in the setting of
elevated serum naproxen levels. The AU680 assay measures
total and direct bilirubin using a stable diazo salt in the pres-
ence of surfactant and caffeine. The primary difference be-
tween this and the DxC800 assay is the endpoint absorbance,
with the AU680 assay measuring endpoint absorbance at 570
nm, and the DxC800 assay at 520 nm [13]. In the AU680 assay,
diazo-reacted ODMN exhibits peak absorbance between 400
nm and 540 nm, versus the DxC method, in which peak absor-
bance occurs between 450 and 560 nm. The AU680 assay end-
point absorbance is beyond the range in which a change in di-
azo-reacted ODMN absorbance is observed, unlike the DxC800
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assay, in which the endpoint absorbance is close to the peak
absorbance of the ODMN-diazo reaction. As such, the AU650
assay is unlikely to produce any laboratory value anomaly in
the setting of naproxen overdose.

The overall rates of self-poisoning suicide attempts, specifically
via overdose on OTC analgesics like naproxen, have increased
by 33.5% over the past 2 decades in the United States [14].
According to the Center for Disease Control, self-poisoning was
the third leading cause of successful suicide attempts in all
age groups from 2000 to 2020 [15]. Self-poisoning accounted
for 16% of successful attempts, behind firearms (51.4%) and
suffocation (24.7%) (WISQARS) [15]. Of all drugs available in
OTC formulations, analgesics and antihistamines are the most
frequently used in suicide attempts and completions across
all age groups [16]. In the case of overdose using NSAIDs, it is
important to monitor renal, gastrointestinal, hepatic, hema-
tologic, neurologic, and biochemical function for various or-
gan toxicities and laboratory abnormalities [17]. With the rise
of suicide attempts using NSAIDs like naproxen, clinicians will
likely see increasing frequencies of such attempts in the hospi-
tal, with the potential of laboratory abnormalities such as bili-
rubin, as discussed in this case. It is important for clinicians to
be able to recognize such anomalies and consider interference
as confounders of data in clinical decision making. However,
these should remain diagnoses of exclusion.

Conclusions

In the setting of naproxen overdose, the patient’s laboratory
workup can demonstrate an unexplained elevated total bili-
rubin level due to the interference of ODMN with certain total
bilirubin assays. As observed in this patient, it is important to
investigate all potential causes of indirect hyperbilirubinemia
and have a broad differential when evaluating patients pre-
senting in the Emergency Department. When laboratory abnor-
malities are present with no identifiable underlying cause and
resolve without specific intervention, it is important to consid-
er laboratory interference as the potential cause.
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