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Abstract

Background: Rotor syndrome is a rare, benign and inherited cause of chronic
hyperbilirubinemia. Several studies have provided evidence that elevatedimbilevel has
cardioprotective benefits with reduction in the severity of coronaigryadisease (CAD).
However, current evidence is inconclusive regarding the protective effectrobinilon CAD.

Case description: A 57-year-old male with a history of chronic jaundice since childhood,
presents to the Gastroenterohepatology clinic of Dr. Soetomo General HospitaAitTriple
Vessel Disease pro urgent CABG. Physical examination revealedc isiederae without
hepatosplenomegaly. The patient suffered from hypertension and dyslipiderh@ayears. He

had an elevated total bilirubin level of 5.92 mg/dL with a direct bilirubin of 4.02 mg/dL (68% of
total bilirubin), with normal aspartate aminotransferase (ASThiraaminotransferase (ALT)
and alkaline phosphatase (ALP) levels. An evaluation for chronic liver diseaseeceneghtive
hepatitis serologies, anti-smooth muscle antibody, antinuclear antibody andaaftondrial
antibody as well as normal. BSP clearance test results show a delay. Abdomputed
tomography (CT) scan showed normal without any biliary dilation. The liver biopsy was normal
with no hepatocellular pigment.

Conclusion: A patient with chronic jaundice symptoms has been reported who idigeosed

as Rotor syndrome. The patient also suffered from CAD. The protectivésedfdailirubin are

not proven in this patient.

Keywords Rotor syndrome; bilirubin; antioxidant activity; coronary artery disease; cardioaasiisgase.

1. Introduction

Rotor syndrome is the second most rare hereditary disease cause of hyperbilirul§Einmg i
et al., 2014)(Pratt et al., 2012)). Typically, patients are asymptomatic, and the predomiramjtigated
hyperbilirubinemia are often discovered incidentally. This phenomenon is a resuihpaired
hepatocellular storage of conjugated bilirubin that leaks into plasma caugegbilirubinemia. Its
presenting symptom is jaundice, but Rotor Syndrome is a benign, self-limitindetitioat does not require
treatment (van de Steeg et al., 2012).

Elevated serum bilirubin has been associated with reduced risk of CAD. Titabkvavidence
regarding the effects of bilirubin are not definitive and different stugiieside contradictory findings
(Gupta et al., 2017). Whether bilirubin is a byproduct of another reaction with catéictpre effects, or
whether it has a direct role in reducing severity of CAD remains to be elucidatette¢4sd., 2014).

1JRP 2022, 92(1), 369-377; doi:.10.47119/1JRP100921120222699 WWw.ijrp.org
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A 57-year-old male patient was consulted from the cardiology department to the
Gastroenterohepatology outpatient clinic of Dr. Soetomo General Hospital with isterergaluation and
coronary artery disease triple vessel disease (CAD TVD) pro urgent coronary artey dmgia(CABG).

He has a history of chronic jaundice since early childhood. He complainedighliskin and eyes since

the age of 1 year. He also complained dark color urine. No complain ofnaosgting, itchy, abdominal

pain, fever, general weakness and pale stool. No history of coffee groundsdikéoady vomiting. He

was not on any hepatotoxic medication. He suffered from hypertension and dyslipidemia for 10 years. No
history of hepatitis and autoimmune disease. No history of his family memperiences chronic jaundice

like him. The patient had heart attack, diagnosed as CAD TVD on Sept2athef017 and underwent
percutaneous transluminal coronary angioplasty (PTCA) stent. Staging peotistaneonary intervention

(PCIl) was performed on December 29th, 2017 showed coronary artery rest@imesigatient visit
cardiology clinic routinely, last medication was ASA100mg g.d., clopidogrel 75mg qidoplig10mg

g.d., ISDN 5mg b.i.d., bisoprolol 2.5mg b.i.d. and atorvastatin 40mg g.d.

Patient had compos mentis consciousness, visual analog scale (VAS) obd.pBissure was
136/84 mmHg, heart rate 70 beat/minute, respiratory rate 18 times/minute, temgp866°C and 02
saturation 99%. The patient had icteric sclera. No spider naevi, hepatveplly, ascites, collateral vein,
erythema palmaris, and edema.

Automated blood count on April 17th, 2017, demonstrated hemoglobin of 15.5 g/dl, WBC
5.460/ul, neutrophil 59.7%%, PLT 359.000/4rRBC 5.830 106/uL, reticulocyte1.02 %, CRP 2 mg/dI,
LED 29 mm/h, RBG 98 mg/dl, BUN 9 mg/dl, SC 0.80 mg/dl, AST 16 u/l, ALT 15 u/l, total bilirubin 5.92
mg/dl, direct bilirubin 4.02 mg/dl, albumin serum 4,5 g/dl, ALP 49 u/L, PPT 10.5(11,8hd®cAPPT
27,1(25,7) seconds and AFP 5ng/ml. Protein electrophoresis within normal limitsChotasterol was
182mg/dI, triglyceride 161mg/dl, HDL 35mg/dl and LDL 130mg/dIl. Serological examinatioapattitis
showed HBsAg, anti-HBC and IgM anti-HAV non-reactive. ANA test, anidoth muscle antibody, and
antimitochondrial antibody as well as normal. Urinalysis showed dark coloapili+1, Urobilin 1 mg/dl,
no blood, leukocyte, erythrocyte, leukocyte, cast, protein, glucose and ketone. BSP Tolerahogvest
52.63 % (30 minute), 43.21 % (45 minute), 26.31 (90 minute), 27.66 (120 minute).

Chest X Ray showed cor and lung within normal limit. Electrocardiography showed sinus rhytme
70 x/minute, frontal and horizontal axis were normal. Abdominal ultrasound showed senagharp
angles, flat edge, the intensity of echo parenchyma appears to be normal hausgestesisible widening
of the IHBD and EHBD, portal vein and hepatic vein looks normal, no nodules, cystsaaadsvappear.
Normal size gallbladder, no wall thickness, no stone, nodules, sludge and mass. No extraluminal free flu
echo intensity was seen in the abdominal cavity. The liver, spleen, pancreay, dadmet appear
abnormalities. Abdominal MSCT Abdomen with and without contrast showed normal sizeshaep
angles, flat edge, normal density, not visible widening of the IHBD and EHBD, peittehnd hepatic vein
looks normal, no nodules, cysts and masses appear. Gallbladder has normal size, normal density, no stone,
nodules, sludge and mass. Liver biopsy showed normal parenchyma cell, no atftamfibrosis and

hepatocellular pigment. Typical signs of intracellular virus infection were not found.
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Angiography on September 29th, 20dtYowed stenosis 30% in distal left main coronary artery
(LMCA), diffuse disease heavy calcification in osteal-distal left antdescending artery (LAD), stenosis
75% in proximal LAD, chronic total occlusion (CTO) in mid LAD, stenosis 90%istal left circumflex
artery (LCx) and no canalization in right coronary artery (RCA). It gmaluded as CAD TVD, CTO in
mid LAD and post PTCA stent in osteal-mid LAD. Angiography (staging PCDerember 29th, 2017
showed stenosis 50-70 distal LMCA, in stent restenosis (ISR) osteal-mid LAD, CTO in idD,
significant stenosis 80-90% in distal LCx and Cindnid RCA. The second angiography was concluded
asCAD TVD, CTOin mid RCA, ISR 90-99% in osteal-mid LAD and CTO in mid LAD.

Patients diagnosed with Rotor syndrome, CAD TVD, left main disease, aras itlecided to
perform CABG. This patient was not given therapy for Rotor syndrome.niddications from the
cardiology clinic was continued. Patients and family members wereuredsthat Rotor syndrome is

benign with no effect on life expectancy.
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Figurel. (Left)DCA (PCI staging on 09-29-2017); (Right) DCA (PCI staging on 29 -12- 2017)

2. Research Methods

3. Research Results and Discussion

Rotor syndrome is an autosomal recessive disorder caused by homozygous mnothtitnghe
SLCO1B1 and SLCO1B3 genes on chromosome 12. These genes provide instructions for making organic
anion transporting polypeptide 1B1 and 1B3 (OATP1B1 and OATP1B3, respectively). These proteins are
found in liver cells and mediate sodium-independent cellular uptake of compouhdinigdilirubin
glucuronide, bile acids, and steroid and thyroid hormones as well as numeroystakings and their
conjugates. In a normal liver, a majority of bilirubin is conjugated by hepatocyteseareded back into
the blood. It is then reabsorbed in downstream hepatocytes by the OATP1B1 @aRdE3BAproteins. In
Rotor syndrome, the OATP1B1 and OATP1B3 proteins are abnormally shortotbetiee bilirubin is less
efficiently taken up by the liver and removed from the body, causing a build-up of hiliruthie blood
and urine which results in jaundice and dark urine ((Erlinger et al., 2abawa et al., 2017}Pratt et
al., 2012) (van de Steeg et al., 20}2)
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As mentioned, Rotor syndromedaused by mutations in two proteins responsible for transporting
bilirubin and other compounds from the blood to the liver to be metabolized aneldcfeam the body.
Coproporphyrin I, a major coproporphyrin isomer in bile, is transported from the hepatocyte balbk int
circulation and is excreted in the urine. Thus, urine coproporphyrin is elevated an $yotdrome.
Cholescintigraphy using sulfobromophthalein (BSP) have shown that the transpatyaHghe into bile
is reduced by less than 50%, and the storage capacity in the hepatodge®#sed more than 5-fold
compared with normal values in this disease (Kagawa et al., 2017).

Patients with Rotor syndrome are typically asymptomatic, however, generabmegruritic
jaundice can present at birth or early childhood. These symptoms mayaodnge. Some patients only
have scleral icterus. Patients will also complain about passing dark-cotoredAdditionally, around 5%
to 30% of patients may also experience abdominal pain, gastric mucosal abnormalities, aiefaoer (
et al., 2016).

Rotor syndrome is largely a diagnosis of exclusion. Serological abnormalities in Rotor syndrome
only include elevated total serum bilirubin (typically elevated between 2 to 5 mg/dL but may be as high as
20 mg/dL). Most of the time, alanine aminotransferase, aspartate amgfetesse, gamma-glutamyl
transferase, and alkaline phosphatase levels are normal, but mild elevations can barsgeftiese lab
values are markedly elevated, investigation for other, more serious conditiarsasted. Imaging studies
cannot diagnose Rotor syndrome but can help rule out other diseases tadtygeubilirubinemia. For
example, ultrasound of the liver and biliary tree can help investigate thescafuextra-hepatic biliary
obstruction. The gallbladder is visualized on oral cholecystography in Rotor syndrofeeitvigiinot
visualized in Dubin-Johnson syndrome (DJS). Ultimately, the best method of diagnosing theisligease
analysis of urine coproporphyrin excretion. The total urine coproporphyrin excretionan $yatirome
has a 2 to 5-fold elevation, with 65% constituting coproporphyrin | (Memon et al., 2016).

Liver biopsy is not required to make the diagnosis of Rotor syndrome, but if done, liver biopsy in
patients with the disease reveals normal histology. Liver biopsy may Helhelgistinguishing Rotor
syndrome for other, more serious liver diseases. Since Rotor syndrafimécally similar to DJS, it is
imperative to distinguish between these two conditions. The absence of dark rikéapigments on liver
biopsy distinguishes Rotor Syndrome from DJS (Dhumeaux and Erlinger 2013t dits2@12; Memon
et al., 2016). This patient had icteric sclerae without hepatosplenomegalyffétedsfrom hypertension
and dyslipidemia for 10 years. His father also experiences chronic jaundideadHen elevated total
bilirubin level of 5.92 mg/dL with a direct bilirubin of 4.02 mg/dL (68% of total biin), with normal
AST, ALT and ALP levels. An evaluation for chronic liver disease revealgdtive hepatitis serologies,
anti-smooth muscle antibody, antinuclear antibody and antimitochondrial antibody as well as BS##nal.
clearance test results show a delay. CT scan was normal without any biliary dilation. Th®fisg was
normal with no hepatocellular pigment.

Rotor syndrome is a benign disease requiring no treatment. Jaundice is a lifelong finding, but the
disease is not associated with morbidity or mortality, and life expectancy is not affectethdiodtials
with Rotor syndrome are born to consanguineous couples, and its diagnosis ntageotly identify

consanguinity. Distinguishing Rotor syndrome from other more serious disordergogant to avoid
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unnecessary workup and interventions. It is also critical to reassuralamgatients or family members

of patients with Rotors syndrome that the condition is benign ((Dhumeauxr&&ili2013)(Kagawa et

al., 2017) (Shimizu et al., 1981)).This patient was not given therapy for Rotor syndrome. Reassure patient
and family members that Rotor syndrome is benign with no effect on life expgetatiche occasional
appearance of jaundice is important.

The many causes of hyperbilirubinemia can be divided into causes of unconjugatas ve
conjugated hyperbilirubinemia and then further classified. Some conditions that cae cau
hyperbilirubinemia include Dubin-Johnson syndrome, Gilbert syndrome, Crigler-Ngijjdrosne (type |
and type |Il), extra-hepatic biliary obstruction, familial intra-hepatic cholestd®enign recurrent
intrahepatic cholestasis (BRIC), drug-induced hepatotoxicity, hemolysis, ckiestgpregnancy, viral
hepatitis, autoimmune hepatitis, Wilson disease, hemochromatosis, alpha-1-amtilgficsency and
cirrhosis. It is important to differentiate Rotor syndrome from other diseasising hyperbilirubinemia.
Normal levels of alkaline phosphatase and gamma-glutamyltranspeptidasetieduisih Rotor syndrome
from disorders associated with biliary obstruction. Abnormal urinary coproporphyrinieraad normal
liver histology help distinguish this entity from DJS ((van de Steeg et al.,;3&t2nizu et al., 198))

Rotor syndrome is a benign disease with no effect on life expectancydvdsa drug effects
have been documented in people with Rotor syndrome, but the absence of thephetgatic OATP1B1
and OATP1B3 may lead to serious issues with liver uptake. OATP1B1 plays a role in drug dé&toxifica
and with a reduced activity of this protein, certain drugs such as antiesyeres, methotrexate, and statins
can accumulate and result in drug toxicity. Caution should be taken before adingniitese drugs
(Garcia et al., 2021).This patient was given statin therapy for lipid lowering therapy se thdetleffects
of statins should be monitored properly

Several mechanisms have been proposed highlighting the protective effeclisubinbi(1)
Bilirubin has antioxidant properties independent of whether it is free or albomoind, conjugated or
unconjugated. Bilirubin increases in response to the oxidative stress and acts as a sochtrengeactive
oxygen species ((Liao, 2015Wu et al., 1996)). Bilirubin sub-fractions (Bu and Bc) have demonstrated
inhibition of low-density lipoproteins oxidation, which in turn retards the peroxidatidipids, hence
could potentially restrict the progression of atherosclerosis (T.-W. Wu et al., 1996). (2) Biliasbbeen
shown to be inversely associated with increased arterial stiffness(lieet al., 2015; (Liu et al., 2015)).
This effect to be mediated by preservation of vascular nitric oxide, whedmates endothelial relaxation
inhibits leukocyte adhesion to endothelium, vascular smooth muscle cell migradopraliferation,
platelet aggregation and neointimal formation ((Pae et al., 2QliQ)et al., 2015) (Kang et al., 2014)).
(3) Bilirubin has also been seen to reduce platelet aggregation. (4) Bilmdbiheme oxygenase exhibit
anti-inflammatory properties and prevent oxidant induced microvascular leukadiyésien. Heme
oxygenase (the rate-limiting enzyme in bilirubin production) also functions asoditeésry and anti-
proliferative agent during vascular injury (Kang et al., 2014). Bilirubin hasksen seen to exhibit anti-
complement effect in vitro, thus, conferring protection against increasethiibgenicity and clot
formation ((Kundur et al., 2015)Rapoport et al., 2002jAkboga et al., 2015)). Preclinical studies on mice

have demonstrated a protective effect of bilirubin on angiotensin-1l induced hypmrtg6¥ Bilirubin has
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also been described to solubilize cholesterol and promotes its cle#iteoggh the bile (Routh, 1976)
(Grendell & Ockner, 1982)

Several studies have suggested a cardioprotective role of bilirubin. Studsetwugrtner et al.
and Song et al. provided convincing evidence of low bilirubin to be an independefaicts for CAD
(Schwertner et al., 1994). Results reported by Akboga et al., Wei et al., gamtb8tet al., further helped
to establish an inverse association of bilirubin levels with the risk of develGpiby Study by Erdogan
et al. in 2012, showed that higher serum bilirubin levels were associated with good collateral development
as compared to poor collateral development. These findings suggest a pesdulive effect of elevated
serum bilirubin levels against myocardial ischemia in patients with chramicctmronary occlusion with
collaterals limiting infarct size and providing additional blood flow to the isihaenea (Erdogan et al.,
2012). Wei et al. also showed similar results with a significant inverse correlation betweesnGAdal
bilirubin in patients who underwent coronary angiography (Wei et al., 2012).

Contrary to the evidence presented above, several studies have rikgateatective effect of
bilirubin on CAD. British Regional Health Study (BRHS) was a prospectivly stasigned to examine the
relationship between the level of bilirubin and risk of ischemic CAD. A U-sheglationship was observed
between serum bilirubin and risk of ischemic CAD with increased risk at bilircdmcentrations <0.4
mg/dL and at >0.7 mg/dL. Ayaz et al. reported an independent positive associatioanbeitimgbin and
left ventricular mass hypertrophy in a population with untreated hypertension. Aftempied a linear
and logistical regression, total bilirubin was shown to be an independentatiskfta CAD (Ayaz et al.,
2014). The authors attribute this to the suppression of reactive oxygen species@Ndixadhav, 2009).
In a population of ST-elevation myocardial infarction, demonstrated an increased mortality rate and major
adverse cardiac events in patients with elevated bilirubin level (Acet 20a#). Whether bilirubin is a
by-product of another reaction with cardioprotective effects, or whethasita direct role in reducing
severity of CAD remains to be elucidated (Gupta et al., 2017).

Studies have shown that the protective effects of bilirubin are additivgnergsstic to high-
density lipoprotein (HDL)-cholesterol and when HDL-cholesterol and bilirubin leasglscombined in
ratios of low-density lipoprotein (LDL)-C/(HDL-C+bilirubin) and cholestéfdDL-C+bilirubin), a 3%
increase in predictive value of CAD is observed (Wagner et al., 2(B&)wertner & Fischer Jr, 2000)
Thus, given the additive nature of bilirubin to other risk factors, its @aroliective effects might get
masked in the presence of other unfavorable risk factors such as hypartéiasietes, and hyperlipidemia
as seen the study population. These findings are further supported by a comparatively lower prevalence of
these risk factors (hypertension, diabetes, and hyperlipidemia) in studies supppudsitiva correlation
among reduced bilirubin levels with increased risk of CAD ((Hopkins et al., 1@8&habadi et al., 2014)
(Song et al., 2014)).

In the largest study in the United States, which aims to determin¢sedfeelevated bilirubin on
CAD and also aims to determine predictors of CAD in patients with abhbitnabin excretion. There
was increased prevalence of CAD in patient population with increasedemesa@f cardiovascular risk

factors. Age, diabetes mellitus, hypertension, and hyperlipidemia were found to be independent predictors
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of CAD. The increased prevalence of cardiovascular fidsitor might mask the protective effects of
bilirubin, finding that needs further investigation (Gupta et al., 2017).

While the available evidence regarding the effects of bilirubin are rimitode and different
studies provide contradictory findings, some useful conclusions can be diestjnt i5 possible that the
protective effects seen with higher bilirubin levels are possibly mediatedgh heme oxygenase or by
other substrates involved in the pathway of bilirubin production, namely, biliverdin and carbon monoxide.
Although few studies have reported an inverse association between bilirubin and the risk of CAD, no such
association was seen with UGT1A1 gene polymorphism and the risk of CAD.a basglusion can be
safely inferred that if at all bilirubin is protective in CAD, it is likétat bilirubin production (by induction
of heme oxygenase and accompanied by production of carbon monoxide) and not justettenexc
indirectly confers the protective effect observed with CAD. This woul@ateas bilirubin having a
protective effect on CAD whereas, in reality it is only a mediator or a marker (6ugplta2017). Second,
low bilirubin levels can be indicative of decreased heme oxygenase aiypywerful antioxidant) or
could be indicative of high oxidative stress in patients leading to consumptioe wtural anti-oxidants
including bilirubin. Hence, lower levels of bilirubin are perhaps not the téasar for CAD but may
indicate patients at an increased risk of developing CAD (Wu et al., 2008), bilirubin requires vitamin
E as the co-oxidant, hence patients with a high bilirubin and deficiency ohinit&, have less
atheroprotective effect that weakens the inverse association betwedackglaubin levels and the risk
of CAD (Neuzil & Stocker, 1994). Also, Grosser et al have reported inductionnod lbgygenase with
statin and aspirin therapy. Induction of heme oxygenase increases the bilirubiniprodindividuals with
UGT1A1 gene variants have a lower capability of exclusion of bilirubin; hergepbi accumulation is
to be expected in individuals on statins and aspirin. Hence as per this hypptesigs with CAD or at
an increased risk of CAD with UGT1A1 gene polymorphism, on aspirin and gtatiitdshave increased
levels of bilirubin. In that case, bilirubin might be looked upon as a markeeafrtly ((Grosser et al.,
2003) (Grosser et al., 200%)

Mendelian randomization is done to establish a causal relationship (Relton & Daitey2912)

As mentioned above, a lack of significant association between the gene polymsrphidGT1A1 and
risk for CAD goes in favor of bilirubin being a marker than a primary ntedfar the cardioprotective
effects observed with CAD. Moreover, it also points out towards incomplegtrpace of the UGT1Al
gene. Inconsistent results further support the need for further explorationwidédying mechanisms
and a prospective study with a high power to establish a definite causal réiatlmetsveen bilirubin levels
and CAD (Kireyev et al., 2016).

4. Conclusion
This patient suffered from coronary heart disease despite experiencing ¢tyjoeribilirubinemia
due to Rotor syndrome. Patients have risk factors for CAD, namely hypierteand dyslipidemia. The

protective effects of bilirubin are not proven in this patient.
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