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ABSTRACT
The prognosis for the life of patients with genetic pathology depends on the interaction between specialists from different 
areas of medicine for timely detection and selection of treatment tactics. Pseudoxanthoma elasticum (Grenblad–Strand-
berg syndrome) is a hereditary disease in which elastic fibers of the skin, the cardiovascular system and the retina are 
affected. Clinical manifestations: skin changes in Grenblad–Strandberg syndrome are represented by flat xanthomatous 
nodules of yellowish color. Cardiovascular manifestations of pseudoxanthoma elasticum are angina pectoris, decreased 
pulse amplitude, cardiomyopathy, sudden heart failure, often leading to death. Eye disorders occur in stages. For the early 
stages, the appearance of angioid streaks is typical, which appear as a result of calcification of elastic fibers of capillaries. 
The progression of the process leads to neovascularization and hemorrhages from the choriocapillaries, the formation of 
a subretinal neovascular membrane of foveolar localization, causing a decrease in vision. The late stages are characterized 
by scarring. Therapy depends on the stage and rate of progression of the disease and is effective at stages I–II (according 
to Vivaldi). Own clinical observation: Male patient, 71 years old, referred for cataract surgery with the diagnosis “Both eyes: 
Senile cataract, open-angle glaucoma, (stage I a, under beta-blocker therapy), Grenblad–Strandberg syndrome”. Atten-
tion is drawn to the long observation period — 34 years, with documented data from the first examinations in 1989 and 
all subsequent ones. Of particular interest is the availability of preserved patient documentation for all years of follow-up, 
including diagnosis and treatment.
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АННОТАЦИЯ
Прогноз жизни пациентов с генетической патологией зависит от взаимодействия специалистов из разных обла-
стей медицины для своевременного выявления и выбора тактики лечения. Псевдоксантома эластическая (син-
дром Гренблада – Страндберга) — наследственное заболевание, при котором поражаются эластические волок-
на кожи, кардиоваскулярная система и сетчатка глаз. Клинические проявления: изменения кожи при синдроме 
Гренблада – Страндберга представлены плоскими ксантоматозными узелками желтоватого цвета. Сердечно-со-
судистыми проявлениями псевдоксантомы эластической являются стенокардия, снижение пульсовой ампли-
туды, кардиомиопатия, внезапная сердечная недостаточность, часто приводящая к смерти. Со стороны органа 
зрения: для ранних стадий типично появление ангиоидных полос как результат кальцификации эластических 
волокон капилляров. Прогрессирование процесса приводит к неоваскуляризации и кровоизлияниям из хориока-
пилляров, формированию субретинальной неоваскулярной мембраны фовеолярной локализации, вызывающей 
снижение зрения. Для поздних стадий характерны рубцовые изменения. Терапия зависит от стадии и скорости 
прогрессирования заболевания и эффективна на I–II стадиях (по Vivaldi). Собственное клиническое наблюде-
ние: Пациент, 71 год, направлен на оперативное лечение катаракты с диагнозом «OU: Сенильная катаракта, 
О/У IА п/ß-блокаторами глаукома, синдром Гренблада – Страндберга». Обращает на себя внимание уникально 
длительный период наблюдения — 34 года, с документально подтвержденными данными первых обследований 
от 1989 г. и всех последующих. Особый интерес вызывает наличие сохранившейся документации на руках у паци-
ента за все годы наблюдения, включающие диагностику и лечение.

Ключевые слова: синдром Гренблада – Страндберга; кожные папулы; фовеолярная область; псевдоксантома 
эластическая; ангиоидные полосы; ксантоматозные узелки; субретинальная неоваскулярная мембрана; пигменный 
эпителий; мембрана Бруха; анти-VEGF-терапия.
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BACKGROUND
Survival prognosis and therapy efficacy in patients 

with genetic disorders directly depend on collaboration 
of specialists in different areas for timely diagnosis and 
selection of adequate treatment strategy.

Pseudoxanthoma elasticum (PXE, Grönblad–Strand-
berg syndrome) is an inherited disorder that affects the 
elastic fibers of the skin, cardiovascular system, and 
retina. The prevalence of PXE is 1 case per 25,000 to 
100,000, and the condition is inherited in an autosomal 
recessive pattern. The disease is caused by mutations in 
the ABCC6 gene encoding the MRP6 membrane transport-
er on chromosome 16p13.1 [1–6]. The ATP-dependent 
transporter MRP6 is responsible for the active release 
of glutathione-conjugated low-molecular-weight me-
tabolites from cells, which leads to calcification of the 
elastic fibers. Because of calcification of the elastic fibers 
of blood vessels, patients with PXE should avoid injuries 
(especially head and/or eyes injuries) and limit the use 
of non-steroidal anti-inflammatory drugs and anticoagu-
lants (due to the increased risk of hemorrhages to the 
retina, brain, and gastrointestinal tract). Although skin 
manifestations occur in the vast majority of cases, the 
outcomes depend on ocular and cardiovascular system 
changes. Ocular changes associated with this syndrome 
are characterized by angioid streaks, which represent 
the breaks in Bruch’s membrane caused by destruc-
tion of its elastic layer. Central retinal disorders are a 
significant risk factor for spatial vision loss and disabil-
ity of a patient of working age [6, 7]. If angioid retinal 
streaks are detected, a multidisciplinary approach is 
required, because similar ophthalmoscopic pattern can 
be observed in Ehlers–Danlos and Marfan syndromes, 
sickle cell anemia, Paget disease, etc. Timely diagnosis 
and pathogenesis-directed therapy of these patients in-
crease the chances of long-term preservation of visual 
function.

HISTORICAL FACTS
French dermatologist D. Rigal first described skin 

changes characteristic of pseudoxanthoma elasticum 
in 1881. Later, in 1884, F. Balzer performed histologi-
cal examinations of the changed skin. However, the 
term elastic pseudoxanthoma was introduced by an-
other researcher Ferdinand-Jean Darier, who managed 
to differentiate this condition from simple cutaneous 
xanthoma (yellow papule) [8]. Ophthalmologists Doyne 
(1889) and Pflange (1892) first reported ocular mani-
festations in the form of posterior pole hemorrhages 
leading to dark brown or black pigmented lines and 
streaks; later US researcher Hermann Knapp proposed 
the term angioid streaks [9]. In 1929, ophthalmologist 
Esther Grönblad and dermatologist James Strandberg 

from Sweden first identified a relationship between 
angioid streaks and PXE, and the condition was named 
Grönblad–Strandberg syndrome. The term “pseudo-
xanthoma elasticum” is currently used as a synonym 
[10, 11].

PATHOMORPHOLOGY 
AND PATHOGENESIS

Histopathological examinations of eye tissues with 
angioid streaks, in addition to linear tears with or with-
out fibrovascular tissue ingrowth, showed extensive 
calcification and thickening of Bruch’s membrane with 
signs of thickening of capillary bridges [12]. The fibrous 
tissue growth from the choroid causes discoloration, ex-
pansion, and blurring of the striae margins. Fibrovascu-
lar tissue ingrowth may lead to serous and/or hemor-
rhagic detachment of the retinal pigment epithelium [13]. 
No visible changes in the neurosensory retina are ob-
served at early stages. This is followed by atrophy of the 
choriocapillary, retinal pigment epithelium, and photore-
ceptors and a decrease in pigment granules in cells near 
the striae.

Scanning electron microscopy and histochemical 
examinations of the eye tissue of a patient with homo-
zygous sickle cell anemia and angioid streaks showed 
severe calcification and breaks in Bruch’s membrane. 
A group of authors proved that calcification, rather than 
iron deposition, is the main factor leading to Bruch’s 
membrane fragility in patients with hemolytic anemia and 
angioid streaks [14].

Baccarani-Contri et al. reported calcification and 
following fragmentation of the elastic fibers. Immuno-
electron microscopy proved increased biosynthesis of 
proteins, such as vitronectin, as well as accumulation 
of abnormal matrix proteins with high affinity for cal-
cium and calcifying compounds [15]. Quaglino et al. [16] 
demonstrated the role of fibroblasts in the PXE patho-
genesis. A change in glycosaminoglycan metabolism 
was detected (increased activity of xylosyltransferase I 
in serum samples from patients with PXE). Xylosyltrans-
ferase I is a key enzyme in glycosaminoglycan biosyn-
thesis and has been identified as a serum marker of 
increased proteoglycan biosynthesis. Considering the 
above, PXE seems to be a metabolic disorder caused by a 
decrease or lack of production of the ABCC6 gene encod-
ing this enzyme, but this suggestion has yet to be proven 
[17, 18].

Hereditary hemoglobinopathies, such as beta-thal-
assemia, are known to cause similar ultrastructural 
changes in the skin, eyes, and cardiovascular system 
without ABCC6 mutations [19]. This suggests alternative 
pathological mechanisms, such as increased chronic oxi-
dative stress, which has also been proven in a study of 
fibroblasts of patients with PXE [20].
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GENETIC RESEARCH
Direct sequencing found mutations causing PXE only 

in the ABCC6 gene, an active transmembrane transporter. 
The gene contains 31 exons spanning a 75 Kb genomic 
region, 4.5 Kb of which are encoded by multi-drug resis-
tance-associated protein 6 (MPR6) expressed in the liver 
and kidneys. However, the tissues primarily affected by 
PXE (skin, vascular walls, Bruch’s membrane) express 
low concentrations of MRP6 [21–23]. Several authors 
consider PXE as a systemic metabolic disease with mo-
lecular changes associated with abnormal synthesis 
of the extracellular matrix and defective MRP6 protein 
transporter [18, 24]. Today, over 110 different mutations 
of the ABCC6 gene, which are suggested to cause PXE, 
have been identified almost in all 31 exons. They include 
missense and nonsense mutations with fewer splicing 
mutations, which can be identified in 55%–83% of pa-
tients with PXE [25–27]. Failure to identify the mutation 
can be explained by exon deletion and mutations located 
further from the coding sequence or other systemic dis-
orders simulating PXE (e.g., sickle cell anemia) should 
be excluded [28].

CLINICAL MANIFESTATIONS
Skin changes in Grönblad–Strandberg syndrome in-

clude flat round or oval yellowish xanthomatous nodules 
which are arranged linearly or merge into single or dif-
fuse plaques. Early skin manifestations look like papules 
with a distinct yellowish tint, the size of a millet grain, 
and a tendency to merge. They have a mottled appearance 
and are most often localized on the neck and large skin 
folds (armpits, elbows), less often on other body parts. 
The affected skin is lemon yellow, somewhat thickened 
and flabby at the same time, and easily gathers into 
folds. Skin sagging progresses and causes premature 
aging. Sometimes papules are found in the inguinal folds, 
popliteal areas, on the oral (“geographic tongue”), vagina, 
and rectum mucosa [29]. Cardiovascular manifestations 
of PXE include angina pectoris, decreased pulse ampli-
tude, arterial hypertension, cardiomyopathy, mitral valve 
prolapse or stenosis, and sudden cardiac failure often 
leading to death [30–32]. Ocular changes occur gradually. 
Angioid streaks are typical for early stages and caused 
by calcification of the capillary elastic fibers. Progres-
sion leads to neovascularization, hemorrhages from the 
choriocapillaris, and formation of a subretinal neovas-
cular membrane (SNVM) in the fovea area, which de-
creases visual acuity. Later stages are characterized by 
severe scarring. The first fundus changes are observed 
on ophthalmoscopy and include an uneven pigment 
distribution called peau d’orange (orange peel appear-
ance). These changes are most noticeable at the tempo-
ral fovea, do not affect visual function, precede angioid 

streaks, and occur on average within 1–8 years. An-
gioid streaks are 50–100 μm in diameter, several times 
larger than retinal vessels, dark or reddish radial lines 
radiating out from the optic nerve [2, 33, 34]. Patients 
are asymptomatic until neovascularization develops, 
which leads to maculopathy with a significant decrease 
in visual function.

Vivaldi identified 3 stages of fundus changes:
Stage I: grayish or reddish-brown angioid streaks ap-

pear in the central retina and its middle periphery, radiate 
out from the optic nerve, and represent linear breaks in 
Bruch’s membrane;

Stage II: SNVM is formed in the parafoveal area and 
accompanied by a decrease in visual acuity;

Stage III is characterized by subretinal scarring of the 
macula, with the development of scotoma and irrevers-
ible vision loss. The changes are bilateral, chronic, and 
progressive [2–4, 35].

Secondary degenerative and hemorrhagic macular 
changes are found in 73%–86% of cases and often lead 
to a sharp decrease in visual acuity in adolescents. Even 
minor injuries can cause diffuse subretinal hemorrhages, 
especially around angioid streaks. By the age of 50, most 
patients with PXE have a bilateral decrease in vision to 
0.1 or lower [36–41].

TREATMENT
Therapy depends on the stage and rate of disease 

progression and is effective at stages I–II (according to 
Vivaldi).

Transpupillary thermotherapy
Transpupillary thermotherapy consists in using a di-

ode laser with a lower threshold to avoid producing a 
thermal burn and is used to treat macular choroidal neo-
vascularization (CNV) of any origin. A laser beam with 
an 810 nm wavelength penetrates the transparent eye 
media well and has a dosed thermal effect due to lower 
absorption by the retinal pigment epithelium and deeper 
penetration into the choriocapillaris.

Photodynamic therapy
An analysis of large randomized clinical trials and 

clinical case reports evaluating the effectiveness of 
photodynamic therapy (PDT) for CNV secondary to 
age-related macular degeneration and pathologic myo-
pia showed that the results did not meet expectations. 
Several stu dies consider PDT as an adjuvant therapy that 
does not prevent, but only slows down the natural course 
of CNV. In some cases, PDT was used in combination with 
anti-VEGF therapy for the treatment of CNV to enhance 
the effect. Unfortunately, most of the above treatment 
methods cannot stop progressive loss of visual func-
tion in patients with CNV secondary to angioid streaks. 
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Anti-VEGF therapy is the future and shows the 
most encouraging results [13, 40–47]. When SNVM 
develops, combined therapy, including intravit-
real injections of VEGF inhibitors and focal laser 
photocoagulation of SNVM, is considered the most ap-
propriate. Currently, treatment for stage III disease is not 
effective.

Laser photocoagulation
Clarkson et al. [13] reported the treatment results 

for 6 patients with angioid streaks and macular CNV. 
They received argon laser photocoagulation targeted di-
rectly at the neovascular membrane without any posi-
tive effect. Further expansion of the neovascularization 
area and loss of central vision were reported in all pa-
tients. In 1988, Gelisken et al. [42] provided the results 
from a study of 30 eyes with CNV secondary to angioid 
streaks. All patients were treated with blue-green ar-
gon or krypton laser, and the follow-up period ranged 
from 2 months to 16 years. The authors concluded that 
laser treatment was effective in cases of extrafoveolar 
(200 μm or more from the foveal center) neovascular 
membranes.

Macular translocation
The method was introduced by R. Machemer and 

U.H. Steinhorst in 1993. It involves repositioning of the 
neurosensory retina (macula and various areas of the 
adjacent retina) further away from the neovascular le-
sion. Surgery is performed by limited translocation in-
cluding local retinal detachment and scleral shortening or 
a 360° retinotomy with rotation of the entire retina. This 
is a complicated and time-consuming surgical proce-
dure associated with the risk of serious complications 
(retinal detachment, proliferative vitreoretinopathy, 
endophthalmitis, etc.) threatening central and periph-
eral vision [48]. In 2001, Roth et al. described a case 
of successful inferior macular translocation followed 
by laser photocoagulation of the CNV area in a patient 
with angioid streaks [49]. Notably, the encouraging re-
sults of these procedures are not statistically significant 
because of the small number of studies and patients 
[50–55].

Anti-VEGF therapy
Currently, anti-VEGF therapy is promising, significant-

ly superior to all other CNV treatment methods, and al-
lows stabilizing visual acuity in most patients, especially 
if early treatment is initiated.

Transplantation of an autologous retinal pigment 
epithelium flap

The technique involves removal of a neovascular 
membrane and subretinal fibrosis to further restore the 
integrity of the retinal pigment epithelium.

MEDICAL GENETIC COUNSELING
All family members should be examined, and the 

patient should be followed-up by a general practitioner 
and ophthalmologist. First stage ocular manifestations 
require constant monitoring and compliance with recom-
mendations to avoid even minimal eye injury and wear 
protective glasses while working or exercising.

CLINICAL CASE REPORT
Examination and clinical follow-up data of a 71-year-

old patient are presented below. The patient was diag-
nosed with OU age-related cataract, stage IA open-angle 
glaucoma controlled with beta-blockers, and Grönblad–
Strandberg syndrome and referred for cataract surgery 
to the eye hospital of the I.I. Mechnikov North-Western 
State Medical University (St. Petersburg). Interestingly, 
the follow-up period was uniquely long-34 years – with 
documented data of the first examinations in 1989 and 
all subsequent test. The available documentation for all 
years of observation, including diagnosis and treatment, 
is of particular interest. Medical history states that the 
patient had complained of decreased visual acuity in 
both eyes since April 19, 1989 when he was 37 years old 
(Fig. 1). Primary examination revealed OU central sco-
toma and retinal degeneration with angioid streaks. Cor-
rected visual acuity: OD = 0.2, sph –1.5D = 0.7; OS = 0.7, 
sph –0.75D = 1.0. Based on the case conference con-
clusions (Diagnostic Center No. 7 and Saint-Petersburg 
Phthisiopulmonology State Research Institute), as well 
as clinical and instrumental tests, Grönblad–Strandberg 
syndrome was diagnosed. In 1991, argon laser coagula-
tion of the central lesion in the left eye was performed 
at the Saint Petersburg Phthisiopulmonology State Re-
search Institute. OU fundus autofluorescence (AF) was 
performed several times, hypo-autofluorescence in 
the peripapillary dystrophy area was observed in the 
optic disk image obtained in 2009. There were an ex-
tensive focus of hypo-autofluorescence in the macula 
and hyper-autofluorescent paramacular paracentral 
ring. Follow-up examinations (2010–2011) showed no 
changes. In 2013, AF found an extended atrophy area 
(Fig. 2).

In 2007, electrophysiology testing (EPT) revealed 
3rd order neuron conduction abnormality. Visual evoked 
potential (VEP) test of OU found that the activity of the 
3rd order neuron was reduced, and latency was moder-
ately increased. This finding represented abnormal con-
duction of visual stimulation along the visual pathways. 
VEP test showed that OU positive evoked potentials rep-
resented IOP regulation abnormality. Glaucoma was di-
agnosed in both eyes. In 2008, repeated EPT and VEP test 
demonstrated OU negative evoked potentials and glau-
coma stabilization. In 2009, macular examination (multi-
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Fig. 1. Ophthalmological examination from 04/19/1989. Both eyes — initial complicated cataract, peripheral chorioretinitis in the scarring 
phase, retinal degeneration of the “angioid streaks” type
Рис. 1. Осмотр офтальмолога от 19.04.1989. OU — начальная осложненная катаракта, периферический хориоретинит в фазе руб-
цевания, дегенерация сетчатки типа «ангиоидных полос»

Fig. 2. Images  in  the  IR  and  AutoFluo  modes  on  the  Heidelberg  Engineering  device.  There  is  an  expansion  of  the  area  of  atrophy. 
The top row is from 2009, the bottom row is from 2013
Рис. 2. Снимки  в  режимах  IR  и  AutoFluo  на  приборе  Heidelberg  Engineering.  Наблюдается  расширение  площади  атрофии. 
Верхний ряд — 2009 г., нижний ряд — 2013 г.

focal  electroretinography,  mfERG)  confirmed  damage  to 
the  1st  and  2nd  order  neurons.  Macula  mfERG  revealed 
signs of abnormal visual conduction in the central retina 
indicating  decreased  activity  of  the  outer  photoreceptor  
layers  (1st  order  neuron)  and  bipolar  cells  (2nd  order  
neuron) in both eyes. A standard ophthalmic examination 
during  the  last  hospital  stay  at  the  eye  hospital  of  the  
I.I. Mechnikov North-Western State Medical University in 
May  2023  provided  the  following  data:  OD0.1  non-cor-
rectable;  OS  =  0.04,  sph  –1.0D  cyl  –1.0D  Ax  65°  =  0.1.  
Bilateral IOP per Maklakov method was 20 mmHg. Kinetic 
perimetry found bilateral irregular concentric visual field 
constriction  and  central  scotoma  within  15–30°  of  the  
fixation point (Fig. 3).

OU  biomicroscopy  showed  normal  anterior  seg-
ment  and  early-stage  age-related  cataract.  Macular  

ophthalmoscopy revealed subretinal fibrosis with exten-
sive  retinal  pigment  epithelium  atrophy  (Fig.  4).  Optical  
coherence tomography indicated increasing disc cupping 
with average C/D ratios of  0.81 mm and 0.80 mm in the 
right and left eyes, respectively (Fig. 5). The macular sur-
face was irregular with severe atrophy, destruction of the 
retinal  pigment  epithelium–Bruch’s  membrane complex, 
and  subretinal  fibrosis  with  extensive  retinal  pigment  
epithelium atrophy (Fig. 6).

The patient was additionally consulted by a dermato-
logist-venereologist  at  the Eye hospital  of  the I.I.  Mech-
nikov North-Western State Medical University.

Examination on April 24, 2023 revealed a symmetrical 
pattern and single small oval papules of normal color in 
the  supraclavicular  area.  Dermoscopy  showed  no  signs  
of melanocytic tumor. The skin color was yellowish-beige 
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Fig. 3. Kinetic perimetry data, 2023
Рис. 3. Данные кинетической периметрии, 2023 г.

Fig. 4. Color Fundus Photo the right and left  eyes, respectively. 
2023 Obtained using TOPCON 3D OCT-1 Maestro2
Рис. 4. Цветная  фотография  глазного  дна  правого  и  левого  
глаза. 2023 г. Выполнено на TOPCON 3D OCT-1 Maestro2
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and  homogeneous.  Similar  dermoscopy  pattern  is  cha-
racteristic of pseudoxanthoma elasticum (Fig. 7).

Bilateral cataract phacoemulsification with intraocular 
lens implantation 1.5 months apart was performed at the 
eye  hospital  of  the  I.I.  Mechnikov  North-Western  State  
Medical  University.  Postoperative  visometry  and  refrac-
tometry  revealed  no  changes  in  visual  acuity  (OU  =  0.1,  

uncorrectable),  the  patient  reported  a  subjective  signifi-
cant improvement in vision acuity, which was not enough 
for  self-service.  At  this  stage,  all  possible  conventional  
treatment  methods  to  preserve  or  improve  the  patient’s 
vision  acuity  were  used.  The  patient  reported  that  they  
were not enough for self-service, because recovering the 
transparency  of  optical  media  neither  improved  visual  

Fig. 5. ONH and RNFL analysis of each eye, Optic Disc Cube 200×200. Extension of the Optic Nerve Head cup of the right eye: average 
C/D 0.81; left eye: average C/D 0.80. Obtained using ZEISS CIRRUS 5000
Рис. 5. Анализ ONH и RNFL каждого глаза, Optic Disc Cube 200×200. Расширение экскавации диска зрительного нерва на правом 
глазу: среднее отношение C/D 0,81; на левом: среднее отношение C/D 0,80. Выполнено на ZEISS CIRRUS 5000
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Fig. 6. The  destroyed  complex  “pigment  epithelium–Bruch’s  membrane”,  subretinal  fibrosis  with  extensive  atrophy  of  the  Retinal  
Pigment Epithelium: a — right eye; b — left eye. Obtained using TOPCON 3D OCT-1 Maestro 2
Рис. 6. Разрушенный  комплекс  «пигментный  эпителий  –  мембрана  Бруха»,  субретинальный  фиброз  с  обширной  атрофией 
пигментного эпителия сетчатки: а — правый глаз; b — левый глаз. Выполнено на TOPCON 3D OCT-1 Maestro2

Fig. 7. Photo of the patient’s dermatoscopy, 04/24/2023. Check-
up by a dermatovenerologist at the Medical and Preventive Cen-
ter  of  the  North-Western  State  Medical  University  named  after 
I.I.  Mechnikov,  PhD  (Mеd),  Assistant  Professor  A.A.  Vashkevich.  
Isolated  small  papules  of  yellowish-beige  color  and  of  normal  
skin color are outlined
Рис. 7. Фото  дерматоскопии  пациента  от  24.04.2023.  Осмотр  
врача-дерматовенеролога Медико-профилактического центра 
СЗГМУ  им.  И.И.  Мечникова  —  канд.  мед.  наук,  доцента 
А.А. Ваш кевич. Обведены единичные мелкие папулы желтова-
то-бежевого окрашивания и цвета нормальной кожи

b

a

function nor resulted in central fixation. Currently, trans-
plantation  of  an  autologous  retinal  pigment  epithelium  
flap is planned.

CONCLUSION
A  gradual  decrease  in  visual  acuity  progressing  to  

irreversible  blindness  is  a  common  outcome  of  PXE,  
especially  in  patients  over  50  years  of  age.  Choroidal  
neovascularization and following disciform scar with sub-
retinal fibrosis and atrophy lead to loss of spatial vision. 
The  frequency  of  visual  impairments  caused  by  the  
disease  is  comparable  to  that  observed  in  age-related  
macular degeneration in elderly patients, but they mani-
fest  earlier  and  significantly  reduce  the  quality  of  life  in 
patients of working age. Patients diagnosed with angioid 
streaks  on  ophthalmoscopic  examination  need  regular  
monitoring to prevent irreversible macular complications. 
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Moreover, a multidisciplinary approach is extremely im-
portant in these patients, as differential diagnosis is 
required to detect systemic conditions (including life-
threatening) in collaboration with specialists from related 
disciplines.
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2012. Vol. 9, N. 2. P. 1–7. doi: 10.1016/j.jfo.2012.05.003
2. Тимохов В.Л., Русановская А.В. Синдром Гренблада –
Страндберга // Офтальмологические ведомости. 2014. Т. 7, № 4. 
С. 69–72. EDN: THSCLH
3. Кряжева С.С., Снарская Е.С., Карташова М.Г., Филатова 
И.В. Синдром Гренблада – Страндберга  // Российский жур
нал кожных и  венерических болезней. 2011. № 5. С.  43–47. 
EDN: OHXPYV
4. Fukumoto T., Iwanaga A., Fukunaga A., et al. Firstgenetic analy
sis of atypical phenotype of pseudoxanthoma elasticum with ocu
lar manifestations in the absence of characteristic skin lesions  // 
J Eur Acad Dermatol Venereol. 2018. Vol. 32, N. 4. P. e147–e149. 
doi: 10.1111/jdv.14637
5. Jiang Q., Endo M., Dibra F., et al. Pseudoxanthoma elasticum 
is a metabolic disease  // J Invest Dermatol. 2009. Vol. 129, N. 2. 
P. 348–354. doi: 10.1038/jid.2008.212
6. Оркин В.Ф., Платонова А.Н., Марченко В.М. Псевдоксантома 
эластическая (синдром Гренблада – Страндберга)  // Клини
ческая дерматология и  венерология. 2008. Т.  3, № 6. C. 44–46. 
EDN: QIZBOZ
7. Wolff K., Goldsmith L., Katz S., et al. Fitzpatrick’s dermato logy 
in general medicine. 8th ed. (2 Volume Set). McGrawHill, 2012. 
P. 1426–1429.
8. Rigal D. Observation pour servir à l’histoire de la chéloide diffuse 
xanthelmique // Annales de dermatologie et de syphiligraphie. 1881. 
Vol. 2. P. 491–495.
9. Knapp H. On the formation of dark angioid streaks as an unusu
al metamorphosis of retinal hemorrage  // Arch Ophthalmol. 1892. 
Vol. 21. P. 289–292.
10. Finger R.P., Charbel Issa P., Ladewig M.S., et al. Pseudoxan
thoma elasticum: genetics, clinical manifestations and therapeutic 
approaches  // Surv Ophthalmol. 2009. Vol. 54, N. 2. P.  272–285. 
doi: 10.1016/j.survophthal.2008.12.006
11. Groenblad E. Angioid streaks  — Pseudoxanthoma elasticum; 
vorläufig Mitteilung // Acta Ophthalmol. 1929. Vol. 7. P. 329
12. Jensen O.A. Bruchs membrane in pseudoxanthoma elasticum. 
Histochemical, ultrastructural, and Xray microanalytical study 
of the membrane and angioid streak areas  // Albrecht Von Grae
fes Arch Klin Exp Ophthalmol. 1977. Vol. 203, N. 3–4. P.  311–320. 
doi: 10.1007/BF00409836
13. Clarkson J.G., Altman R.D. Angioid streaks // Surv Ophthalmol. 
1982. Vol. 26, N. 5. P. 235–246. doi: 10.1016/00396257(82)901588
14. Jampol L.M., Acheson R., Eagle R.C., et al. Calcification of 
Bruch’s membrane in angioid streaks with homozygous sickle 
cell disease  // Arch Ophthalmol. 1987. Vol. 105, N. 1. P.  93–98. 
doi: 10.1001/archopht.1987.01060010099039
15. BaccaraniContri M., Vincenzi D., Cicchetti F., et al. Immuno
chemical identification of abnormal constituents in the dermis of 
pseudoxanthoma elasticum patients  // Eur J Histochem. 1994. 
Vol. 38, N. 2. P. 111–113.
16. Quaglino D., Boraldi F., Barbieri D., et al. Abnormal phenotype of 
in vitro dermal fibroblasts from patients with Pseudoxanthoma elas
ticum (PXE) // Biochim Biophys Acta. 2000. Vol. 1501, N. 1. P. 51–62. 
doi: 10.1016/s09254439(00)000077

17. Gotting C., Sollberg S., Kuhn J., et al. Serum xylosyltransfer
ase: a new biochemical marker of the sclerotic process in systemic 
sclerosis  // J Invest Dermatol. 1999. Vol. 112, N. 6. P.  919–924. 
doi: 10.1046/j.15231747.1999.00590.x
18. Uitto J. Pseudoxanthoma elasticuma connective tissue disease or 
a metabolic disorder at the genome/environment interface? // J Invest 
Dermatol. 2004. Vol. 122:9–10. doi: 10.1111/j.0022202X.2004.22350.x
19. Aessopos A., Farmakis D., Loukopoulos D. Elastic tissue ab
normalities resembling pseudoxanthoma elasticum in beta thalas
semia and the sickling syndromes // Blood. 2002. Vol. 99. P. 30–35. 
doi: 10.1182/blood.v99.1.30
20. PasqualiRonchetti I., GarciaFernandez M.I., Boraldi F., et al. Oxi
dative stress in fibroblasts Ofrom patients with pseudoxanthoma elas
ticum: possible role in the pathogenesis of clinical manifestations // 
J Pathol. 2006. Vol. 208, N. 1. P. 54–61. doi: 10.1002/path.1867
21. Bergen A.A., Plomp A.S., Schuurman E.J., et al. Mutations 
in ABCC6 cause pseudoxanthoma elasticum  // Nat Genet. 2000. 
Vol. 25, N. 2. P. 228–231. doi: 10.1038/76109
22. Le Saux O., Urban Z., Tschuch C., et al. Mutations in a gene 
encoding an ABC transporter cause pseudoxanthoma elasticum  // 
Nat Genet. 2000. Vol. 25, N. 2. P. 223–227. doi: 10.1038/76102
23. Ringpfeil F., Lebwohl M.G., Uitto J. Abstracts: mutations in the 
MRP6 gene cause pseudoxanthoma elasticum // J Invest Dermatol. 
2000. Vol. 115, N. 2. P. 332. doi: 10.1046/j.15231747.2000.00abs.x
24. Gorgels T.G., Hu X., Scheffer G.L., et al. Disruption of ABCC6 in 
the mouse: novel insight in the pathogenesis of pseudoxanthoma 
elasticum  // Hum Mol Genet. 2005. Vol. 14, N. 13. P.  1763–1773. 
doi: 10.1093/hmg/ddi183
25. Chassaing N., Martin L., Mazereeuw J., et al. Novel ABCC6 mu
tations in pseudoxanthoma elasticum  // J Invest Dermatol. 2004. 
Vol. 122, N. 3. P. 608–613. doi: 10.1111/j.0022202X.2004.22312.x
26. Gheduzzi D., Guidetti R., Anzivino C., et al. ABCC6 mutations 
in Italian families affected by pseudoxanthoma elasticum (PXE)  // 
Hum Mutat. 2004. Vol. 24, N. 5. P. 438–439. doi: 10.1002/humu.9284
27. Le Saux O., Beck K., Sachsinger C., et al. A spectrum of 
ABCC6 mutations is responsible for pseudoxanthoma elasticum  // 
Am J Hum Genet. 2001. Vol. 69, N. 4. P. 749–764. doi: 10.1086/323704
28. Aessopos A., Farmakis D., Loukopoulos D. Elastic tissue abnor
malities in inherited haemolytic syndromes // Eur J Clin Invest. 2002. 
Vol. 32, N. 9. P. 640–642. doi: 10.1046/j.13652362.2002.01033.x
29. Elouarradi H., Abdelouahed K. Angioid streaks // Pan Afr Med J. 
2014. Vol. 17:13. doi: 10.11604/pamj.2014.17.13.3609
30. Challenor V.F., Conway N., Monro J.L. The surgical treatment of 
restrictive cardiomyopathy in pseudoxanthoma elasticum // Br Heart 
J. 1988. Vol. 59, N. 2. P. 266–269. doi: 10.1136/hrt.59.2.266
31. Fukuda K., Uno K., Fujii T., et al. Mitral stenosis in pseudo
xanthoma elasticum  // Chest. 1992. Vol. 101, N. 6. P.  1706–1707. 
doi: 10.1378/chest.101.6.1706
32. Lebwohl M., Halperin J., Phelps R.G. Brief report: occult pseu
doxanthoma elasticum in patients with premature cardiovascu
lar disease  // N Engl J Med. 1993. Vol. 329, N. 17. P.  1237–1239. 
doi: 10.1056/NEJM199310213291705
33. Krill A.E., Klien B.A., Archer D.B. Precursors of angioid 
streaks  // Am J Ophthalmol. 1973. Vol. 76, N. 6. P.  875–879. 
doi: 10.1016/00029394(73)900767

https://doi.org/10.1016/j.jfo.2012.05.003
https://elibrary.ru/thsclh
https://elibrary.ru/ohxpyv
https://doi.org/10.1111/jdv.14637
https://doi.org/10.1038/jid.2008.212
https://elibrary.ru/qizboz
https://doi.org/10.1016/j.survophthal.2008.12.006
https://doi.org/10.1016/0039-6257(82)90158-8
https://doi.org/10.1001/archopht.1987.01060010099039
https://doi.org/10.1016/s0925-4439(00)00007-7
https://doi.org/10.1046/j.1523-1747.1999.00590.x
https://doi.org/10.1111/j.0022-202X.2004.22350.x
https://doi.org/10.1182/blood.v99.1.30
https://doi.org/10.1002/path.1867
https://doi.org/10.1038/76109
https://doi.org/10.1038/76102
https://doi.org/10.1046/j.1523-1747.2000.00abs.x
https://doi.org/10.1093/hmg/ddi183
https://doi.org/10.1111/j.0022-202X.2004.22312.x
https://doi.org/10.1002/humu.9284
https://doi.org/10.1086/323704
https://doi.org/10.1046/j.1365-2362.2002.01033.x
https://doi.org/10.11604/pamj.2014.17.13.3609
https://doi.org/10.1136/hrt.59.2.266
https://doi.org/10.1378/chest.101.6.1706
https://doi.org/10.1056/NEJM199310213291705
https://doi.org/10.1016/0002-9394(73)90076-7


DOI: https://doi.org/10.17816/OV623597

92
КЛИНИЧЕСКИЙ СЛУЧАЙ Офтальмологические ведомостиТом 17, № 2, 2024

AUTHORS' INFO ОБ АВТОРАХ
*Anton A. Sharma, MD; address: 41 Kirochnaya st., Saint Peters
burg, 191015, Russia; ORCID: 0000000348497004; 
eLibrary SPIN: 11663917; Scopus Author ID: 58181373600; 
email: saa98@mail.ru 

*Антон Ашваниевич Шарма; адрес: Россия, СанктПетербург, 
191015, ул. Кирочная, д. 41; ORCID: 0000000348497004; 
eLibrary SPIN: 11663917; Scopus Author ID: 58181373600; 
email: saa98@mail.ru

Natalia G. Zumbulidze, MD, Cand. Sci. (Medicine), Assistant Pro
fessor; ORCID: 000000027729097X; eLibrary SPIN: 44398855; 
Scopus Author ID: 6503932033; email: zumbulenok@mail.ru

Наталия Гурамовна Зумбулидзе, канд. мед. наук, доцент; 
ORCID: 000000027729097X; eLibrary SPIN: 44398855; 
Scopus Author ID: 6503932033; email: zumbulenok@mail.ru

34. Gills JP. Jr., Paton D. Mottled fundus oculi in pseudoxanthoma 
elasticum; a report on two siblings // Arch Ophthalmol. 1965. Vol. 73. 
P. 792–795. doi: 10.1001/archopht.1965.00970030794007
35. BenitezHerreros J., CamaraGonzalez C., LopezGuajardo L., 
et al. Neovascularización coroidea secundaria a estrías angioides: 
un caso familiar  // Arch Soc Esp Oftalmol. 2014. Vol. 89, N. 5. 
P. 190–193. doi: 10.1016/j.oftal.2012.11.005
36. Mansour A.M., Ansari N.H., Shields J.A., et al. Evolution of an
gioid streaks  // Ophthalmologica. 1993. Vol. 207, N. 2. P.  57–61. 
doi: 10.1159/000310407
37. Groenblad E. Color photographs of angioid streaks in the late 
stages // Acta Ophthalmol (Copenh). 1958. Vol. 36, N. 3. P. 472–474.
38. Carlborg U., Ejrup B., Groenblad E., Lund F. Vascular studies in 
pseudoxanthoma elasticum and angioid streaks; with a series of co
lor photographs of the eyeground lesions // Acta Med Scand Suppl. 
1959. Vol. 350. P. 1–84.
39. Connor P.J., Juergens J.L. Pseudoxanthoma elasticum and an
gioid streaks. A review of 106 cases  // Am J Med. 1961. Vol. 30. 
P. 537–543. doi: 10.1016/00029343(61)90078x
40. Secretan M., Zografos L., Guggisberg D., Piguet B. Chorioretinal 
vascular abnormalities associated with angioid streaks and pseu
doxanthoma elasticum  // Arch Ophthalmol. 1998. Vol. 116, N. 10. 
P. 1333–1336. doi: 10.1001/archopht.116.10.1333
41. Shields J.A., Federman J.L., Tomer T.L., et al. Angioid streaks. 
I. Ophthalmoscopic variations and diagnostic problems // Br J Oph
thalmol. 1975. Vol. 59, N. 5. P. 257–266. doi: 10.1136/bjo.59.5.257
42. Gelisken O., Hendrikse F., Deutman A.F. A longterm followup 
study of laser coagulation of neovascular membranes in angio
id streaks // Am J Ophthalmol. 1988. Vol. 105, N. 3. P.  299–303. 
doi: 10.1016/00029394(88)900141
43. Fine H.F. Photodynamic therapy in the antiVEGF era // Br J Oph
thalmol. 2007. Vol. 91, N. 6. P. 707–708. doi: 10.1136/bjo.2007.114041
44. Brown D.M., Regillo C.D. AntiVEGF agents in the treatment of 
neovascular agerelated macular degeneration: applying clinical trial 
results to the treatment of everyday patients  // Am J Ophthalmol. 
2007. Vol. 144, N. 4. P. 627–637. doi: 10.1016/j.ajo.2007.06.039
45. Pieramici D.J., Rabena M.D. AntiVEGF therapy: comparison 
of current and future agents  // Eye (Lond). 2008. Vol. 22, N. 10. 
P. 1330–1336. doi: 10.1038/eye.2008.88

46. Ahmadieh H., Taei R., Soheilian M., et al. Singlesession photo
dynamic therapy combined with intravitreal bevacizumab for neovas
cular agerelated macular degeneration // Eur J Ophthalmol. 2008. 
Vol. 18, N. 2. P. 297–300. doi: 10.1177/112067210801800222
47. Georgalas I., Papaconstantinou D., Koutsandrea C., et al. Angio
id streaks, clinical course, complications, and current therapeutic 
management // Ther Clin Risk Manag. 2009. Vol. 5, N. 1. P. 81–89. 
doi: 10.2147/TCRM.S4682
48. Machemer R., Steinhorst U.H. Retinal separation, retinotomy, and 
macular relocation: II. A surgical approach for agerelated macular 
degeneration? // Graefes Arch Clin Exp Ophthalmol. 1993. Vol. 231, 
N. 11. P. 635–641. doi: 10.1007/BF00921957
49. Roth D.B., Estafanous M., Lewis H. Macular transloca
tion for subfoveal choroidal neovascularization in angioid 
streaks  // Am J Ophthalmol. 2001. Vol. 131, N. 3. P.  390–392. 
doi: 10.1016/s00029394(99)00207x
50. Toth C.A., Freedman S.F. Macular translocation with 360degree 
peripheral retinectomy impact of technique and surgical experi
ence on visual outcomes // Retina. 2001. Vol. 21, N. 4. P. 293–303. 
doi: 10.1097/0000698220010800000001
51. Toth C.A., Lapolice D.J., Banks A.D., Stinnett S.S. Im
provement in near visual function after macular transloca
tion surgery with 360degree peripheral retinectomy  // Grae
fes Arch Clin Exp Ophthalmol. 2004. Vol. 242, N. 7. P.  541–548. 
doi: 10.1007/s0041700408671
52. Park C.H., Toth C.A. Macular translocation surgery with 360de
gree peripheral retinectomy following ocular photodynamic therapy 
of choroidal neovascularization // Am J Ophthalmol. 2003. Vol. 136, 
N. 5. P. 830–835. doi: 10.1016/s00029394(03)007232
53. de Juan E.Jr., Fujii G.Y. Limited macular translocation  // Eye. 
2001. Vol. 15. P. 413–423. doi: 10.1038/eye.2001.146
54. Fujii G.Y., Humayun M.S., Pieramici D.J., et al. Initial experience 
of inferior limited macular translocation for subfoveal choroidal neo
vascularization resulting from causes other than agerelated macu
lar degeneration // Am J Ophthalmol. 2001. Vol. 131, N. 1. P. 90–100. 
doi: 10.1016/s00029394(00)007698
55. Tanaka M., Shimada H., Haruyama M., et al. Surgical removal 
of choroidal neovascularization in angioid streaks // Nippon Ganka 
Gakkai Zasshi. 2003. Vol. 107, N. 8. P. 440–444.

* Corresponding author / Автор, ответственный за переписку 

https://orcid.org/0000-0003-4849-7004
https://www.elibrary.ru/author_profile.asp?spin=1166-3917
mailto:saa98@mail.ru
https://orcid.org/0000-0003-4849-7004
https://www.elibrary.ru/author_profile.asp?spin=1166-3917
mailto:saa98@mail.ru
https://orcid.org/0000-0002-7729-097X
https://www.elibrary.ru/author_profile.asp?spin=4439-8855
mailto:zumbulenok@mail.ru
https://orcid.org/0000-0002-7729-097X
https://www.elibrary.ru/author_profile.asp?spin=4439-8855
mailto:zumbulenok@mail.ru
https://doi.org/10.1001/archopht.1965.00970030794007
https://doi.org/10.1016/j.oftal.2012.11.005
https://doi.org/10.1159/000310407
https://doi.org/10.1016/0002-9343(61)90078-x
https://doi.org/10.1001/archopht.116.10.1333
https://doi.org/10.1136/bjo.59.5.257
https://doi.org/10.1016/0002-9394(88)90014-1
https://doi.org/10.2147/TCRM.S4682
https://doi.org/10.1007/BF00921957
https://doi.org/10.1016/s0002-9394(99)00207-x
https://doi.org/10.1097/00006982-200108000-00001
https://doi.org/10.1007/s00417-004-0867-1
https://doi.org/10.1016/s0002-9394(03)00723-2
https://doi.org/10.1038/eye.2001.146
https://doi.org/10.1016/s0002-9394(00)00769-8


DOI: https://doi.org/10.17816/OV623597

93
CASE REPORTS Ophthalmology ReportsVol. 17 (2) 2024

AUTHORS' INFO ОБ АВТОРАХ
Ernest V. Boyko, MD, Dr. Sci. (Medicine), Professor; 
ORCID: 0000000274137478; eLibrary SPIN: 75892512; 
Scopus Author ID: 34067475000; email: Boiko111@list.ru

Эрнест Витальевич Бойко, др мед. наук, профессор; 
ORCID: 0000000274137478; eLibrary SPIN: 75892512; 
Scopus Author ID: 34067475000; email: Boiko111@list.ru

Anatolii V. Kononov, MD; ORCID: 0000000246735024; 
email: 7435020@gmail.com

Анатолий Викторович Кононов; ORCID: 0000000246735024; 
email: 7435020@gmail.com

https://orcid.org/0000-0002-7413-7478
https://www.elibrary.ru/author_profile.asp?spin=7589-2512
mailto:Boiko111@list.ru
https://orcid.org/0000-0002-7413-7478
https://www.elibrary.ru/author_profile.asp?spin=7589-2512
mailto:Boiko111@list.ru
https://orcid.org/0000-0002-4673-5024
mailto:7435020@gmail.com
https://orcid.org/0000-0002-4673-5024
mailto:7435020@gmail.com

	Analysis of long-term (34 years) observation of a patient with ophthalmological manifestations of Grenblad–Strandberg syndrome
	Abstract
	To cite this article


	Анализ многолетнего (34 года) наблюдения за пациентом с офтальмологическими проявлениями синдрома Гренблада – Страндберга
	Аннотация
	Как цитировать 

	Background
	Historical facts
	Pathomorphology and pathogenesis
	Genetic research
	Clinical manifestations
	Treatment
	Medical genetic counseling
	Clinical case report
	Conclusion
	Additional information
	Дополнительная информация
	References
	Список литературы
	Authors' Info
	Об авторах




