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HECOBEPLUEHHbIV OCTEOTEHE3 KAK MPUYNHA NNETAJIbHOIO UCXO4A
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HecoBepLueHHbI ocTeoreHes (HO) npeactaBnsieT coboli peakoe reHeTnYeckoe 3aboneBaHne CoegnHUTENbHON TKaHU, Bbl-
3BaHHOE B MOAABASAIOLEM OONMbLUMHCTBE CilyyaeB MyTauusamu B reHax COLTAT n COL1A2, OTBETCTBEHHBIX 3@ CUHTE3 KOJ-
nareHa 1 Tuna, KOTOPOe NPUBOAMNT K PA3BUTUIO MHOXECTBEHHbIX NMEPENTOMOB KOCTEN U NMporpeccmpyowmmM gedpopmaumam
cKeneta us-3a gedpuunta KonnareHa | Tvna. MsgectHo 15 Trnos HO, 3 KoTopbix Hanbonee TsaXKesbiM TeYEHMEM OT/IMYAETCS
Il Tn HO B BMAy 100% CMepTHOCTM 6OJIbHbIX B HEOHATANIbHOM U NepuUHaTalibHOM neprogax. CTpYKTypa CMepTHOCTU Npu
apyrux tunax HO mano n3yyeHa B BUAY reTepOreHHOCTU KIMHUYECKON CUMNTOMATUKN U TAXKECTU NOPaKeHNA COefMHNTENb-
HOW TKaHW. B ctaTbe npuBogmnTca onncaHne KnuHuyeckoro cnyyasa HO Il Tvna, ocnoXHeHHOro reHepan3oBaHHbIM OCTEO-
NMOPO30M C MHOXECTBEHHbIMY MEePesIoMaMu TeJ1 MO3BOHKOB 1 TPYOUaTbIX KOCTEN 1 BblPaXXeHHbIM K1$OCKOIM030M, 0bycro-
BMBLUMM NI€TaNbHbIN UCXog,.
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OSTEOGENESIS IMPERFECTA AS A CAUSE OF DEATH
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Osteogenesis imperfecta (Ol) is a rare heterozygous connective tissue disordercaused by mutations in genes that affect
collagen components (in most cases mutations in COLTAT n COL1A2 genes). The current classification system includes 15
types of Ol, one of which (type Il) is characterized by 100% intrauterine or perinatal mortality. The structure of mortality in
other Ol types is poorly understood because of the heterogeneity of clinical symptoms and the severity of connective tissue
damage. W present a clinical case of type Ill osteogenesis imperfecta, complicated by generalized osteoporosis with multiple
fractures of vertebrae and tubular bones and progressive kyphoscoliosis. Late-initiated treatment led to progression of the
disease and led to cardiopulmonary insufficiency and death of the patient. Our clinical case highlights the importance of

timely diagnosis, treatment and regular observation in patients with Ol.
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INTRODUCTION

Osteogenesis imperfecta (Ol) is a hereditary connective
tissue disease in most cases caused by mutations in the
COL1A1 and COL1A2 genes which are responsible for the
synthesis of type 1 collagen [1-4]. In addition to classical I-IV
types of Ol by D.Sillence [5] classification, there are 15 known
types of the disease [6]. Clinically, the Ol is characterized by
severe bone fragility with a tendency to low-trauma frac-
tures, joint hypermobility, blue sclera, dental abnormalities
and hearing loss [7]. According to statistics in the USA and
Canada, the incidence of Ol is 1: 10,000-20,000 cases [8, 9].

Ol Type | is the most common type of the disease; it is
characterized by mild clinical picture, as fractures do not oc-
cur after puberty due to complete ossification. As the adult-
hood setsWhen the patients reach adulthood, their BMD
becomes equal to populational, with mean life expectancy
slightly decreased due to the risk of fatal fractures during
childhood [10]. Type Il Ol is a perinatal lethal form of the
disease, characterized basiliar skull fractures, vertebral and
long tubular bone fractrures, and decreased lungcapacity.
Patients with type Il Ol die within 1 year of life due to pul-
monary insufficiency or cerebral hemorrhage [11].Among
non-lethal forms of the disease, Ol type Il is the most se-
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vere, characterized bymultiple fractures and progressive
bone deformities. The average life expectancy of type llI
Ol patients is decreased, compared with the populational
level —approximately 30 years [11]. In type IV O, the severity
of clinical picture may vary from mild (as 1O type |) to severe
(as type Il). Life expectancy in mild forms of the disease usu-
ally does not differ from general population, and in severe
cases it is slightly lower [10].

CASE DESCRIPTION

Patient I. admitted to Endocrinology Research Centre in
November 2014 at the age of 36, complaining of periodic
back pain, frequent atraumatic fractures (up to 10 per year),
partial hearing loss.

At admission, the first thing to notice was the patient’s
appearance: he had a disproportional short stature with a
shortening and deformation of upper and lower extremi-
ties, pronounced kyphoscoliosis with a deviation to the left
in the thoracic and to the right in the lumbar spine, barrel
chest, shortening of the cervical spine, macrocephaly, opal
color of tooth enamel. Height 110 cm, weight 55 kg, BMI 45
kg/m2; abdominal type of obesity. Patient could move only
with the help of automatic wheelchair, as the result of severe
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deformations and shortening of the extremities. He required
the help of a nurse or relatives for everyday activities.

According to the medical history, Ol was suspected
at birth. From infancy, the patient was developing dispro-
portionately with gradual formation of kyphoscoliosis and
shortening of the limbs, which resulted in inability to walk.
Since childhood, patient suffered from partial hearing loss,
which progressed with age. At the age of 28 a hearing aid
was installed dut to bilateral sensorineural hearing loss.
Teeth issues also appeared in childhood: opal color of enam-
el, tooth crumbling. Fractures has been developing regularly
since early childhood, with minimal physical impact, 10-12
times a year. Patient felt a «crack» noise at the site of fracture,
accompanied by pain, swelling and bruising.

The patient underwent multiple musculoskeletal system
assessments in different medical institutions. Nevertheless,
he has been refusing to take suggested bisphosphonate
treatment for several years because of personal reasons.

During his hospitalization at the Endocrinology Research
Centre in 2014, a marked decrease in the lumbar vertebrae
BMD (L1-L4 to -4.2SD, with maximum decrease in L4 to
-6.9SD Z-score) was revealed. To assess the number and se-
verity of fractures, as well as the spine and thorax condition,
we performed whole-body multispiral computed tomog-
raphy (MSCT), which revealedmultiple vertebrae fractures
with pronounced S-shaped right-left scoliosis, shortened
long tubular bones, deformities of the pelvical and femoral
bones, valgus deformity of the knee joints (Fig. 1). Signs of
osteomalacia were most likely caused by vitamin D defi-
ciency, with normal values of phosphorus-calcium metab-
olism (Table 1). Ttubular bones calluses, which could be a
confirmation of fractures, were not revealed, which can be
explained by the high porosity of the skeleton and the diffi-
culty of CT visualization.

Considering the deformation of the chest, immobili-
zation of the patient, as well as medical history of chronic
bronchitis, a cardiovascular system was examined. Accord-
ing to the echocardiography, left ventricular ejection frac-
tion was 57%, the ventricular myocardium wasn't thickened,
the chambers of the heart were not dilated, no zones of
myocardium asynergy were presented; signs of diastolic
dysfunction of the ventricles and initial pulmonary hyper-
tension were revealed. A cardiologist could not measure the
patient’s blood pressuredue to pronounced shortening of
the extremities, but the the patient did not have left ven-
tricle hypertrophy, it was possible to expect normal blood
pressure. Taken together with the sinus rythm on the ECG,

Fig. 1. Multispiral computed tomography of patient I.

these data suggested that the patient did not have signifi-
cant cardiac disorders.

Progression of bone deformities, multiple bone fractures,
which has been occuring since childhood, marked kypho-
scoliosis, barrel chest, impairment of ossification and linear
bone growth, as well as the impairment of teeth formation,
hearing loss in adulthood - are common clinical features
of type lll Ol. The diagnosis of type Il Ol was genetically
confirmed in December 2014 - a heterozygous mutation
€.2260G> T in the COL1A2 gene was found. Another iden-
tified heterozygous mutation ¢.2096G>C in the LEPRE1
gene (the gene is associated with type VIII Ol) was probably
non-pathogenic.

In order to increase the BMD, decrease the severity of
pain in the spinal cord and potentially reduce the risk of new
fractures, we recommended the treatment with zoledronic
acid 5.0 mg in combination with calcium after correction of
severe vitamin D deficiency.

Table 1. Calcium, phosphorus and bone metabolism parameters of the patient I.

Parameter Result R'e ference
interval
Total calcium (mmol/L) 2,32 2,2-2,55
lonized calcium (mmol/L) 1,1 1,03-1,29
Phosphorus (mmol/L) 1,3 0,74-1,52
PTH (pg/mL) 10,42 15-65
Vitamin D (ng/mL) 13,2 30-100
C-terminal telopeptide of type 1 collagen (ng/mL) 0,305 0,01-0,69
Osteocalcin (ng/mL) 29,96 11-43
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During the second hospitalization in Endocrinology Re-
search Centre in November 2016, we noticed that the pa-
tient's condition deteriorated since 2014: he developed par-
oxysmal productive cough; physical examination revealed
an umbilical hernia 8 cm in diameter. After talking to the
patient, we found that he did not recieve the recommended
treatment with zoledronic acid 5.0 mg and calcium; patient
was treated only with cholecalciferol in low doses. Whole-
body MSCT showed progression of the spine deformity,
signs of multiple rib fractures, atelectasis in the left lung S3,
signs of infiltrative changes in the left lung $S9-10, lower lobe
of the right lung, with no change in heart configuration. ECG
revealed sinus tachycardia with a heart rate of 102 beats /
min; signs of a decreased blood supply to the myocardium
in the anteroposterior region and the apex of the left ventri-
cle. Productive paroxysmal cough was considered as a man-
ifestation of chronic pharyngitis, appropriate treatment was
prescribed. Patient was previously seen by a surgeon, who
recommended surgical treatment for umbilical hernia.

Atraumatic fractures continued to occur regularly 1 time
per month, back pain worsened; antiresorptive therapy was
strongly recommended. Patient flatly refused suggested infu-
sion of zoledronic acid 5.0 mg. Therefore, denosumab 60 mg
injection was administered subcutaneously as an alternative
treatment. The patient was discharged, we recommended
him to take calcium carbonate 1000 mg / day, cholecalciferol
10,000 IU per week, denosumab 60 mg after 6 months. Con-
sidering the change in the configuration and volume of the
left lung, as well as signs of right ventricular heart failure, we
recommended the patient to visit a pulmonologist.

However, in this clinical case, antiresorptive treatment
was administered untimely, after the development of pro-
nounced kyphoscoliosis and the formation of a barrel chest
that undoubtedly induced and accelerated the functional
degradation of the internal organs and caused cardiopul-
monary insufficiency, from which the patient died 6 months
after he was discharged from the hospital.

DISCUSSION

McAllion and Peterson analysed 38 cases of death in IlI
Ol patients and described life expectancy for this condition
and causes of death. According to this study, in most cases
death occurred in childhood or adolescence due to respi-
ratory, cardiovascular or post-traumatic complications. The
average life expectancy of patients with type Il Ol was 6.2
years (from 1 year to 28 years) [12].

In England, the structure of Ol patients mortality was
analyzed based on observations of 743 patients between
1980 and 1993. In the group of patients with type | and IV
Ol, there was no significant decrease in life expectancy, how-
ever, deaths at a young age occurred more often compared
to healthy population. In type Il Ol, there was a very high
mortality in childhood, and the risk of death after puberty
also significantly exceeded the general population risk [13].

Another large study that estimated life expectancy and
causes of death in a cohort of Ol patients was based on data
from the Danish National Register from 1977 to 2013 [14].
The study included data on 687 patients with different types
of Ol, and a control group of 3435 people from the healthy
population. The average life expectancy in a cohort of Ol
patients was 72.4 years for men (vs. 81.5 years in the con-

trol group) and 77.4 years for women (vs. 84.5 years in the
control group). In general, statistical analysis showed that
the mortality rate (excluding the cause of death) was 3 times
higher in Ol group, gender and age matched. Patients with
Ol had a higher risk of dying from respiratory diseases, gas-
trointestinal diseases and fractures compared to a healthy
population. The study of the register data, however, did not
allow separate analysis for each type of Ol, therefore the re-
sults of the work are averaged,as both mild and severe Ol
forms were included [14].

Despite different study design, it is obvious that life ex-
pectancy in patients with type Ill Ol is much lower than in
other non-lethal forms of the disease and compared with
a healthy population, which is caused by cardiopulmonary
insufficiency at a young age, as well as complications of mul-
tiple fractures.

For the last decades, in the world practice, as well as in
Russia [7,15], Ol patients are being treated with bisphospho-
nates (BP) from childhood. BP increase BMD by reducing
bone resorption, but does not affect collagen fibers. Dwan
K, et.al presented an analysis of studies and publications on
treatment of OI [1]. Based on the results of this study, BP in Ol
does contribute to BMD increase, but there is no convincing
evidence of fracture risk reduction in this cohort of patients.
Moreover, according to the analysis, there is no observed
reduction in clinical symptoms (reduction of pain, improve-
ment in bone growth, increased mobility). Thus, the study
of the efficacy and safety of prolonged BP therapy requires
further study [1].

Besides that, there are attempts to treat Ol-induced os-
teoporosis with drugs with a different mechanism of action
[16]. Teriparatide stimulates bone formation and promotes
rapid increase in BMD, but its effect on reducing fracture risk
in a cohort of patients with Ol has not been studied [17-20].
In addition, its use in children is limited due to possible risk
of neoplastic process. Denosumab is a human monoclonal
antibody with affinity for receptor activator of nuclear fac-
tor kappa-B ligand (RANKL) [21]. It has been shown to be
effective in the treatment of several children with type VI
Ol, whereas due to special feature of the pathogenesis, BP
treatment did not lead to an increase in BMD [22, 23]. How-
ever, there is currently no data on the safety of densumab in
children with OI.

Ideal osteoporosis treatment in Ol should focus on in-
creasing bone quality by improving the structural integrity
of collagen. For this purpose, studies have been conducted
using different in vivo laboratory models for bone marrow
and mesenchymal stem cells transplantation for Ol patients
[22-24]. The first clinical trial included the treatment of Ol
children with mesenchymal stem cells transplantation from
allogeneic bone marrow taken from siblings, which resulted
an increase in growth rate and BMD and a decrease in frac-
ture frequency 6 months after treatment [25, 26]. Thus, the
latest medical achievements open new possibilities for the
treatment of hereditary bone diseases.

CONCLUSION

The mortality of Ol patients is higher than in general
population and depends on the severity of connective tissue
damage. The majority of deaths are associated with respira-
tory and cardiovascular diseases, which are primarily the re-
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sult of fractures and bone deformities of the chest, as well as
post-traumatic complications. Antiosteoporotic treatment
allows to increase BMD without strong evidence of fracture
risk reduction. The drug effect on bone remodeling, with the
help of cellular therapy, may prove to be a promising direc-
tion in the treatment of Ol.

It is necessary to note the importance of an integrated
approach to the management of Ol, involving different spe-
cialists, including endocrinologists, cardiologists, pulmonol-
ogists and surgeons.
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