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Abstract

Alkaptonuria is a rare inherited tyrosine metabolism disorder, resulting in
homogentisic acid deposition in the connective tissues. The condition is
commonly referred to as ochronosis and manifests as skin pigmentation, de-
generative arthropathy, and black urine. Among the rare complications of
this disease is the involvement of the cardiovascular system. We report a case
of a 63-year-old woman with alkaptonuric ochronosis who had already un-
dergone three joint replacements. She was referred to our center for aortic
valve replacement after accidentally discovering severe aortic valve stenosis in
the preoperative assessment prior to her fourth joint replacement. Intraoper-
ative findings included ochronosis of a severely calcified black-pigmented
aortic valve and black pigmentation of the aortic intima. Histopathological
analysis and elevated homogentisic acid levels in the patient’s urine con-
firmed the diagnosis of alkaptonuria. However, alkaptonuria was not diag-
nosed until aortic valve replacement despite the previous symptoms and
signs. This report aims to outline the history, etiology, pathogenesis, clinical
presentation, and treatment of aortic valve ochronosis in addition to pre-
senting the case.
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1. Introduction

Alkaptonuria is an autosomal recessive rare genetic disorder of amino acid me-
tabolism, affecting phenylalanine and tyrosine. The condition is caused by insuf-
ficient homogentisate 1,2-dioxygenase activity in the liver and is manifested by

the accumulation of homogentisic acid in extracellular tissues [1]. The responsi-
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ble gene is on chromosome 3q, with a variety of mutations [2]. Homogenetic
acid deposits as oxidized and polymerized pigments (ochronotic pigments) in
various tissues and organs, bound irreversibly to collagen, resulting in bluish-
black pigmentation [1]. Usually, the diagnosis is based on a triad of degenerative
arthritis, ochronotic connective tissue pigmentation, and black urine on alkali-
nization [3]. Among the most common clinical features is a pigmentation of the
skin, sclerae, and ear cartilage; and ochronotic arthropathy affecting mainly the
vertebral discs and large joints. Some less common manifestations include
urethral and renal calculi and cardiovascular abnormalities, especially valvular
disease.

Alkaptonuria affects roughly 1 in 250,000 to 1 in 1,000,000 people, although
the incidence in some areas, like Slovakia and the Dominican Republic, is much
higher (e.g., 1 in 19,000 in Slovakia) [4]. An Egyptian mummy from 1500 BC
was the first specimen verified to have suffered from ochronosis [5]. In 1859,
Boedeker used the term alkaptonuria to describe urine discoloration caused by a
reducing compound. Wolkow and Baumann identified the compound as homo-
gentisic acid in 1891. In 1866, Virchow named this condition ochronosis (liter-
ally “yellow disease” in Greek) since accumulated pigment in the connective tis-
sues appeared yellow under a microscope. In 1908, Garrod proposed that alkap-
tonuria was an inborn metabolic error, and Neubauer mapped the complete ty-

rosine-degradation pathway by 1909 [6].

2. Case Presentation

We report a case of aortic valve ochronosis encountered during an aortic valve
replacement surgery. A 63-year-old woman was referred from a district hospital
to our center after severe aortic valve stenosis was discovered in the preoperative
evaluation before total right hip replacement. She suffered from intractable
chronic right hip pain and restricted mobility not improving despite taking non-
steroidal anti-inflammatory drugs and physiotherapy. The patient had a re-
markable medical history of progressive degenerative arthritis, which began in
her late 40s and affected her hips, knees, shoulders, and spine. Having already
undergone a total joint replacement on both knees and the left hip, the right hip
should also be replaced. There was no family history of alkaptonuria or other
genetic disorders. Her parents were not related. Despite severe aortic stenosis,
the patient was asymptomatic until it was discovered accidentally during a
preoperative assessment before a right hip replacement. The lack of symptoms
may be due to physical limitations resulting from severe arthritis.

General physical examination revealed a well-nourished woman weighing 73
kg with a body mass index of 26.8 and a body surface area of 1.88 m* There was
dark blue pigmentation in the sclera of both eyes and the ear cartilages (Figure 1
& Figure 2). Examination of the respiratory, neurological, and abdominal sys-
tems was normal. A systolic murmur of Levine grade III/VI was detected in the

right intercostal border during auscultation, which implies aortic valve stenosis.
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Figure 1. Ochronotic pigmentation of the sclera.

Figure 2. Ochronotic pigmentation of the ear cartilage.

Electrocardiography revealed sinus rhythm and left ventricular hypertrophy.
Echocardiography revealed severely calcified aortic valve leaflets, with a mean
aortic valve pressure gradient of 58 mmHg and a maximum pressure gradient of
82 mmHg. The calculated aortic valve area was 0.5 cm’. Moreover, both mitral
valve leaflets were calcified without significant stenosis (mean pressure gradient:
3 mm Hg with heart rate: 74/min). In addition, there was moderately reduced
left ventricular systolic function due to global hypokinesia (left ventricular ejec-
tion fraction 40%) accompanied by severe concentric left ventricular hypertro-
phy. The right ventricular function was normal with a TAPSE of 22 mm. Coro-
nary angiography demonstrated mild coronary artery disease. Routine laborato-
ry tests were unremarkable.

The aortic valve was replaced using cardiopulmonary bypass in January 2022.
The intraoperative findings showed a severely calcified tricuspid aortic valve
with nodular calcified dark black leaflets (Figure 3), severe annular calcification
extending into the left ventricle outflow tract, and black pigmentation of the in-
tima extending up the entire luminal surface of ascending aorta. The calcifica-
tion reached the anterior leaflet of the mitral valve. Neither commissural fusion
nor evidence of infective endocarditis was observed. The aortic valve leaflets
were resected, the annulus was decalcified, and a portion of the aortic root was
resected. Aortic valve replacement (AVR) was performed using a 23 mm Med-

tronic Hancock II aortic valve prosthesis with a reconstruction of the partially
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resected aortic root with a pericardial patch.

As shown in (Figures 4-6), sections of the aortic valve leaflets show nodular

Figure 3. Section of resected aortic valve showing ochronotic black pigmentation.

Figure 4. Microscopic view of an aortic valve section showing dark brown to black och-
ronotic pigment deposition (Hematoxylin and Eosin, original magnification x5.5).

Figure 5. Zoom in view showing the black ochronotic pigments (Hematoxylin and Eosin,
original magnification x48).

Figure 6. Microscopic view of an aortic valve section showing dark brown pigment depo-
sition (Prussian Blue stain, original magnification x27). The pigment is not hemosiderin
by negative contrast.
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calcification and ochronotic dark pigment within the calcified areas and focally
in the noncalcified valvular tissue. Both intracellular and extracellular pigment
deposition was present, and the granularity was variable, with some areas being
coarser and granular like haemosiderin and others being finer.

Alkaptonuria was confirmed by a high level of Homogentisic acid in the urine:
312 mmol/L (reference range: <200 mmol/L). After prolonged exposure to air,
the urine color did not change. A urine alkalinization test was not performed.

The pathological examination confirmed the diagnosis of aortic valve ochro-
nosis. However, despite the apparent signs and symptoms, our patient had
reached 63 years of age without being properly diagnosed with alkaptonuria. The
diagnosis of ochronosis was not made until after the aortic valve replacement
procedure.

It was an uneventful postoperative course. One week following the surgery, an
echocardiogram revealed well-functioning aortic valve prosthesis with a mean
aortic valve pressure gradient value of 12 mm Hg and a left ventricular ejection
fraction of 40%. The patient was discharged without any complications eight

days after surgery.

Outcome and Follow-Up

At present, the patient has not experienced any symptoms related to the cardi-
ovascular system for three months following aortic valve replacement, and a

right hip replacement is planned for the near future.

3. Discussion

Alkaptonuria is a rare metabolic disorder which typically manifests as a triad of
homogentisic aciduria, ochronotic pigmentation in connective tissues, and de-
generative ochronic arthropathies [3]. Typically, homogentisic aciduria is the
first sign, which manifests as blackened urine upon oxidation or alkalinization at
birth [7]. Secondly, ochronotic connective tissue pigmentation usually appears
between the third and fourth decade of life, where dark blue, brown, or black
pigmentation appears on the skin, sclera, and cartilages. Finally, in the fourth
decade of life, severe degenerative ochronic arthropathies usually become evi-
dent in large joints, such as the hips and knees [8]. Our patient has never noticed
abnormal urine discoloration; however, she had a typical presentation of severe
ochronotic arthropathy, which began in her late forties. She also noticed the
bluish pigmentation of the eye sclera and ear cartilage; however, she did not seek
medical attention due to the lack of symptoms.

Cardiovascular involvement is a serious consequence of alkaptonuric ochro-
nosis. Despite several reports being published in recent years [9] [10], it remains
challenging to determine the exact incidence of cardiac ochronosis. It has been
reported that approximately 40% of alkaptonuric patients will develop cardi-
ovascular disease by their fifth decade [11]. Our patient was 63 years old when

severe aortic stenosis was discovered. The ochronotic pigment has been detected
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on cardiac valves, aortic intima, coronary arteries, endocardium, and pericardium.
The ochronosis-associated valvular disease occurs due to pigment accumulation
in valvular tissue, leading to dystrophic calcification and fibrosis, resulting in
valvular dysfunction, mainly stenosis [9]. Aortic valve stenosis is the most
common cardiac manifestation of the disease, but multiple valvular involve-
ments have also been described [12]. In most cases, the pigment is most promi-
nent at the cusp of the valve or the base of the leaflet extending into the valve
annulus. Our patient had a multivalvular disease, including severe aortic valve
stenosis and marked calcification of the mitral valve without significant stenosis.
Though alkaptonuria has no effective treatment, its prognosis is relatively
good. Management is focused on dealing with the complications associated with
the disease. The consumption of high doses of ascorbic acid combined with a di-
etary restriction in protein (mainly phenylalanine and tyrosine) is often recom-
mended to reduce homogentisic acid levels, but this does not change the course
of the disease and is not a long-term treatment for most patients [13]. A high
dose of ascorbic acid, approximately 1000 mg per day, has been suggested to re-
duce homogentisic acid deposition and, therefore, delay or prevent subsequent
symptoms. Alkaptonuria-associated arthropathy is typically managed with non-
steroidal anti-inflammatory drugs, physical therapy, or total joint replacement.
The 4-hydroxyphenylpyruvate dioxygenase inhibitor Nitisinone reduces the
production of homogentisic acid and its excretion in the urine. The initial data
showed that Nitisinone slowed down the clinical progression of alkaptonuria,
but further studies are still needed to determine its long-term effectiveness and
side effects [14]. Due to the minor effect these treatments have on disease pro-
gression, the ochronotic valvular disease is most often treated with surgical valve
replacement, resulting in a favorable outcome. However, there is still debate
about the valve prosthesis of choice for patients with ochronosis. An in-depth
understanding of aortic valve ochronosis and its recurrence in heart valve pros-
theses will require further research. Though cardiac ochronosis is a rare disease,
cardiac surgeons need to be aware of its symptoms since they might encounter
them during elective cardiac surgery. It is also essential to consider aspergillosis
and long-term minocycline therapy as alternate causes of black pigmentation on

the aortic valve and walls.

4. Conclusion

Cardiovascular ochronosis is an extremely rare disease. The diagnosis and man-
agement of patients with alkaptonuric ochronosis are complex. Patients have
been able to overcome progressive disabilities due to advances in orthopedic and
cardiac surgery. Physicians and surgeons should be aware that multiple systems
are involved in this disorder; an early diagnosis and proper treatment may sig-

nificantly improve the quality of life for these patients.
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