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MAcroScoPIc ASPectS In AlkAPtonurIA coMPlIcAteD In evolutIon wIth 
MyocArDIAl InFArctIon AnD cArDIAc tAMPonADe (Abstract): Alkaptonuria is a 
rare metabolic disease in clinical medicine, with autosomal recessive genetic character, with a 
prevalence of 1 case to 250000-1000000 births, presenting itself in three clinical forms with symp-
toms ranging from homocysteic acid elimination with no other clinical sign, to ochronotic osteo-
arthropathy. In the clinical picture, excretion of homogentisic acid in urine remained the only 
pathological sign for decades. Meanwhile in the body of the patients with alkaptonuria, the process 
taking place are much more serious from both pathological and clinical point of view. the body 
present deposits of homogentisic acid and its derivatives in some tissues, which causes their dis-
coloration and, therefore, tissues contain homogentisic acid and its oxidative polymer, a pigment 
who has typical yellow-brown or even black color. Most commonly, in medical literature, alkap-
tonuria is associated with cardiovascular abnormalities. the authors present the case of a 55-year-
old female whose autopsy revealed color modifications of most tissues and organs and, also, as-
sociated cardiovascular alterations. Key words: AutoPSy, AlkAPtonurIA, ochronotIc 
MoDIFIcAtIonS 

INTrOduCTION
Alkaptonuria has a global prevalence of 1 

case to 250000-1000000 births, with approx. 
950 cases identified in 40 countries. (1) the 
highest incidence of alkaptonuria can be identi-
fied in Slovakia, India and Jordan (fig 1) (2).

Despite it’s rare presence in clinical medi-
cine, alkaptonuria is mentioned in the literature 
since the 16th and 17th centuries. An egyptian 
mummy, 1500 years old, was subjected to ra-
diological investigations which uncovered cal-
cification of the intervertebral discs and nar-
rowing of the hip and knee joints. Spectral 
analysis of the pigment obtained from the hip 
region of the mummy was similar to the one 
for the pigment resulting from the oxidation of 
homocysteic acid. So, oxygen’s property of 

oxidating in a saline solution is attributed to the 
substance alkapton, a term first used in 1859. 
the term alkaptonuria originates from the Ar-
abic alkali, signifying alkaline and from the 
Greek alcapton (3).

CAse repOrT
the authors present the case of a 55 years 

old woman, smoker, no known alcohol drinking 
habits or medical treatment, found dead at home. 
her medical history mentions arterial hyperten-
sion diagnosed 20 years before (since 1997) and 
alkaptonuria; in 2011, a radiological examina-
tion diagnoses bilateral coxarthrosis and right 
sacro-iliac arthrosis; 2 years later, in 2013, a 
dorsal spine x-ray, shows plurisegmental spon-
dilarthrosis, while a neurological examination 
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reveals multiple cerebral infarctions and left 
spastic hemiparesis; in 2016, approx. 6 months 
before her death, she accused diffuse pluriar-
ticular pain (especially in the knees and spine).

the autopsy revealed cerebral cortical atro-
phy with architectural anarchy in the right len-
ticular nucleus and atherosclerosis of the blood 
vessels composing the willis polygon. After 
opening the thoracic cavity, on the cross-section 
of clavicles and ribs (mostly the first 3 right 
ribs and the whole thoracic wall on the left), it 
was observed black, coal-like, and hard areas 
replacing the normal bone tissue; longitudinal-
sections revealed the same type of changes. 
(fig.2,3) examination of the lungs showed, on 
the posterior aspect and in the pulmonary fis-
sures, multiple black dot-like areas (fig.4). the 
“in situ” examination of the pericardial cavity 
revealed 300ml liquid blood and black-red 
cloths; (fig.5) the heart weighted 514g and 
showed, on the anterior aspect of the left ven-
tricle and of the interventricular septum, a “v-
shaped” area of rupture, opening toward the 
right ventricle, with irregular margins. the 
myocardium had fibrillary structure, with trans-
mural red areas on the anterior and outer as-
pects of the left ventricle and on the interven-
tricular septum (fig.6); also, the left auricle, 

multiple small black areas were identified. 
(fig.7) the aorta showed multiple atheroscle-
rotic plaques, hard, ulcerated limiting the di-
ameter of the vessel. the gallbladder contained 
2 black calculi, oval shaped, of approx. 5/4 and 
6/4 cm. (fig.8) the vertebral bodies t11 and 
t12 presented the same cross-section aspect as 
the clavicles and ribs (fig.9).

Microscopical examination of the bone frag-
ments revealed a modified architecture with 
osteoid bone tissue and several striate muscle 
fascicules associated with conjunctive-adipose 
tissue; also, gatherings of red-brown material, 
focal foamy macrophages and cells organized 
in relatively large groups loaded with brown 
pigment, associated with several siderophages.

the microscopic examination of the heart 
showed modified architecture: the epicardium 
presented focal fibrin deposits on the surface, 
associated with acute inflammatory infiltration 
and multiple hemorrhagic areas, alternating 
with areas of acute inflammatory infiltration; 
the myocardium presented numerous necrotic 
and hemorrhagic areas, abundant inflammatory 
infiltration, while the coronary arteries had 
fibro-lipid calcified plaques associated with 
lymphocyte infiltration.

Death was concluded to be the consequence 

Fig. 1. (taken from reference 2)
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of an acute myocardial infarction with rupture 
of the anterior wall of the left ventricle and 
cardiac tamponade, occurring on top of the 
preexisting multiple pathologies.

dIsCussIONs
the first autopsy description of this pathol-

ogy dates from 1895, when virchow acciden-
tally found a black coloration of the rib carti-
lage, larynx and of the years; secondary to this 
case, he observed that homocysteic acid appears 
yellow-black in ochre coloration and named this 
pathological change, ochronosis. later, in 1902, 
Dr. Garrod discovered that alkaptonuria is a 
metabolic change based on the absence of an 
enzyme necessary in the degradation of homo-
cysteic acid as a result of a genetic disorder (4).

Alkaptonuria, an autosomal recessive meta-
bolic disease, is a rare pathology which implies 
a destabilization in the chain of amino acid 
metabolism (fig.2). the amino acid responsible 
for these metabolic changes is tyrosine; during 
its catabolism, one of the main reactions is the 
opening of the benzene nucleus under the effect 
of the homogentisic acid oxidase; when the 
activity of this enzyme is significantly dimin-
ished or absent, homocysteic acid is not being 
catabolized anymore, accumulating in large 
quantities in the human body, as the benzene 
nucleus is no longer opened. the accumulated 
homocysteic acid is oxidized to benzene acetate, 
its polymers assist in forming the melanin-like 
polymers, with the final result of creating black 
deposits in the cartilages and the fibrous and 
conjunctive tissues. the homocysteinic acid ac-
cumulates in blood, passes in the urine and, in 
contact with atmospheric air, darkens. (5)

In conclusion, it has been proven that this 
pathology is based on the absence of homocyst-

eic acid’s 1,2-dioxigenase enzymatic activity, 
people suffering from this illness being unable 
to synthetize it. 

MICOsCOpIC INvesTIgATION
cartilages, mostly costal, laryngeal and tra-

cheal, are intense pigmented, described as 
charcoal-black in certain areas. Pigment ac-
cumulation occurs, also, in conjunctive and 
fibrocartilaginous tissues, in tendons, ligaments 
and periarticular in the intervertebral discal 
spaces. to a lower degree, this accumulation 
can be found in the duramater, endocardium, 
great vessels intima and in certain viscera (kid-
ney, prostate, lungs, skin) (6,7). Microscopi-
cally, pigment deposits can be identified both 
intra and extracellular and can be homogenous 
or granular. electronic microscopy of the syn-
ovial membranes and articular cartilages with 
alkaptonuria reveal, in detail, the areas affect-
ed by homocysteic acid pigment accumulation.

classically, alkaptonuria has 3 clinical forms: 
i) homocysteic acid elimination, ii) ochronosis 
and iii) ochronotic osteoarthropathy. each of 
these has various appearances during the pa-
tient’s life, with a first clinical symptom of the 
presence of homocysteic acid in the urine. the 
medical literature mentions cases of alkaptonu-
ria diagnosed even since early childhood, even 
in the first year of life, either accidentally or 
during screening programs (7,8,9).

As a second clinical characteristic, ochro-
nosis develops simultaneous with accumulation 
of benzoquin acetate in the conjunctive tissue, 
in both intra and extracellular environment; 
this element is frequently observed in the 3rd 
-4th decade, the mean age of the patients being 
40-50 years old, rarely under 30. characteris-
tically, the pigment is clearly identified in the 

Fig. 2. Pathophysiology of alkaptonuria
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eyes and ears, but it can also be found in body 
fluids (including perspiration), resulting in skin 
discoloration. the main areas affected are big 
and medium joints, cardio-vascular system, 
kidneys, skin and glands. other changes include 
renal and gallbladder litiasis with black cal-
culi, ligament and tendon ruptures, osteopenia 
and fractures. (table I)

ochronotic osteoarthropathy, the third clin-
ical characteristic of alkaptonuria, is the result 
of homocysteic acid polymer deposits inside the 
articular hyaline cartilage, pigment deposits af-
fecting all joints. consequently, the joints be-
come weak, fragile and predisposed to fractures, 
quick progressing to articular degeneration. An 
important element to remember is that alkap-
tonuria doesn’t affect longevity, only the qual-
ity of life, death being caused by cardiac com-
plications of this illness. the first symptom 
exhibited by patients with ochronotic osteoar-
thropathy is, usually, lumbar pain (10, 11).

As far as the clinical manifestations and the 
diagnosis of alkaptonuria goes, elimination of 
homocysteic acid through the urine and the 
consecutive urinary color changes, is the only 
pathological change. the pathological back-
ground is represented by the pathophysiological 
changes taking place in the human body during 
the evolution of this illness. the biochemical 
processes determined by the absence of the 

enzyme involved in the metabolism of homo-
cysteic acid, lead to its accumulation in the 
tissues which, turn brown or even black, 
through the effect of both homocysteic acid and 
its polymer. the appearance of this pigment 
which deposits in most tissues is due to the 
oxidation and polymerization of homocysteine 
acid.

the clinical diagnosis of alkaptonuria is dif-
ficult, requiring testing on the urine samples 
for increased quantities of homocysteic acid; 
identifying its excretion is recommended only 
when alkaptonuria is suspected. other meth-
ods, x-ray or ekG can reveal cardio-vascular 
changes, while abdominal echography shows 
gallbladder or renal calculi. MrI examination 
is, however, the election method for identifica-
tion of alkaptonuria pathognomonic changes: 
degeneration of lumbar intervertebral discs 
with narrowing of the intervertebral spaces and 
dense calcification of the vertebral discs. the 
same changes, characteristic for this disease, 
can be seen in the shoulder and hip. Studies 
show that MrI has an increased efficiency in 
revealing these changes and placing them in the 
right context. however, alkaptonuria can be 
rarely suspected, especially during surgical 
procedures which reveal the black pigmentation 
of the cartilages or, worst case scenario, during 
autopsy (12).

tABle I

Viscera Ochronotic changes

heart
Black coloration of endocardium and vascular intima
Myocardial infarction

Pericardium Diffuse pigmentation

Aorta calcifications

coronary arteries Sclerotic, no pigmentation

lungs ochronotic pigmentation in the bronchial cartilage and peribronchial 

kindney, Adrenal glands
Black pigment deposits
kidney stones
ochronitic nephrosis

Spleen, Pancreas no pigmentation

Bones, Big joints
Black pigment deposits replacing spongious bone tissue, which be-
comes crumbly 

Gallbladder Gallstones

Skin, nails (advanced 
stages)

hyperpigmentation of sun-exposed areas
Facial and ocular dot-like pigmentation
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Alkaptonuria complications are, mostly, of 
cardiologic nature, with an increased incidence 
among the patients with this diagnosis. through 
time, at the autopsies of 11 patients with the 
diagnosis of ochronosis, it has been revealed, 
in 8 cases – chronic aortic or mitral valvulitis, 
in 1 case – aortic aneurysm and, in another 
case, left ventricle rupture. Studies show myo-
cardial infarction as the most frequent cause of 
death in patients diagnosed with alkaptonuria 
in any of its 3 clinical stages. Also, generalized 
atherosclerosis has been mentioned in these 
patients. one study, performed by Phornphut-
kul et al, revealed 58 patients who developed 
aortic dilatations and atherosclerosis around the 
age of 50 years old. other changes which com-
plicate the evolution of alkaptonuria, are poly-
cythemia, nephroangiosclerosis and severe re-
nal failure, all gathered under the term of 
ochronotic nephrosis (3, 13, 14).

there is no current treatment for alkaptonu-
ria, no matter the clinical stage, although many 
therapies have been tried out. So, it’s manage-
ment involves psychotherapy, articular surgical 
treatment and pain therapy. Ascorbic acid, known 
as vitamin c, is an antioxidant which reduces the 
conversion of homocysteic acid to benzoacetate. 
Also, medical literature suggests a low-protein 
diet. (table II). one of the most promising 
therapies was proven to be nitizonin, which 
inhibits 4- hydroxyphenylpyruvate, the enzyme 
involved in the conversion of hydroxyphe-
nylpyruvate to homocysteic acid, and signifi-
cantly reduces urinary elimination of homocyst-
eic acid in both animal and human subjects. 
Also, human studies showed a 95% decrease 

of the urinary and plasmatic levels of homo-
cysteic acid after 3 years of treatment, but no 
obvious clinical benefits were detected (3, 15, 
16, 17, 18, 19).

CONCLusIONs
Alkaptonuria is a rare metabolic disease, 

with 3 clinical stages, with evolution towards 
internal deterioration of the human body. As 
the pathognomonic signs are only present inside 
the human body, the most natural this would be 
to initiate as many screening programs as pos-
sible in order to diagnose this rare, genetically 
determined illness.

In the case we presented, in which the pa-
tient was diagnosed with alkaptonuria 20 years 
before her death, there was no follow-up ex-
aminations for close monitoring of the disease; 
this illness requires periodic clinical evaluations 
with multiple paraclinical examinations.

Also, in this case, death followed a myocar-
dial infarction with a left ventricle rupture so, 
a cardiac complication of alkaptonuria. these 
aspects increase the responsibility of medical 
staff to propose and implement as many screen-
ing and control programs for disease of this 
type, which, by themselves, don’t pose a vital 
risk, but become a possible cause of death due 
to their complications.

A similar responsibility falls upon the pa-
thologist as well, as these kind of cases can 
arise at any time and he should be prepared to 
identify them and, depending on the national 
legislation, eventually reported to the health-
care authorities responsible for public health 
issues.

tABle II
The effects of therapies used in the treatment of alkaptonuria

Ascorbic acid
unproven efficiency, even worsening patient’s 
status

low-protein diet unproven efficiency in adults

Pain therapy currently used, but incomplete
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