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ABSTRACT

Aim. To perform a scintigraphic assessment of the bronchopulmonary system and pulmonary microcirculation in
patients with connective tissue dysplasia.

Materials and methods. The study included 31 male patients of conscription age with connective tissue dysplasia
(CTD), diagnosed according to the 2019 clinical guidelines (average age (19.6 + 2.6 years)), and 25 practically
healthy individuals comparable in gender and age, who formed a control group. All patients underwent planar
pulmonary ventilation — perfusion scintigraphy with determination of pulmonary alveolar — capillary permeability.

Results. In patients with CTD, the apical to basal perfusion gradient (U/L,) was on average 24% lower than in the
control group (p = 0.046), and alveolar — capillary permeability was higher in both lungs, both at minute 10 and at
minute 30.

Conclusion. Static pulmonary ventilation — perfusion scintigraphy allows to identify functional disorders in
patients with CTD at the preclinical stage: a decrease in the perfusion gradient on average by 24% compared with
the control group and an increase in alveolar — capillary membrane permeability.

Keywords: connective tissue dysplasia, pulmonary ventilation — perfusion scintigraphy

Conflict of interest. The authors declare the absence of obvious or potential conflicts of interest related to the
publication of this article.

Source of financing. The authors state that they received no funding for the study.
Conformity with the principles of ethics. All patients signed an informed consent to participate in the study.

The study was approved by the Ethics Committee at Siberian State Medical University (Protocol No. 8903 of
20.12.2021).

For citation: Vesnina Zh.V., Anashbaev Zh.Zh., Teteneva A.V., Krivinogov N.G., Bespalova [.D., Sazonova S.1I.,
Serdyukov N.A., Potapov K.V. Radionuclide methods in assessing pulmonary perfusion and ventilation in patients
with connective tissue dysplasia. Bulletin of Siberian Medicine. 2022;21(3):22-27. https://doi.org/10.20538/1682-
0363-2022-3-22-27.

DA Vesnina Zhaneta Zh., zhvesnina@mail.ru

22 BionneTteHb cMbUpckon MegmuuHbl. 2022; 21 (3): 22-27



Original articles

PagnoHyKnugHble MeToAbl B OLleHKe NlIeroyHol nep¢ysnm n BeHTUAALUMN

y NauMeHToB C Ancnna3snen coeguHNTENbHON TKaHU

BecHuHa XK.B.", AHawb6aeB XK.>K.?, TeteHeBa A.B.3, KpuBoHoros H.I'.", becnanosa 1.[.2,

CasoHoBa C.1.', CepgilokoB H.A.3, Motanos K.B.?

! Hayuno-uccreoosamenvckuil uncmumym (HUH) kapouonocuu, ToMCKuil HAUuOHAIbHbILL UCCACO08AMENbCKULL

meduyunckuu yeump (HUMIL]) Poccuiickou akadoemuu HayK
Poccus, 634034, e. Tomck, yn. Kuesckas, 111a

? Hayuonanvhulil meouyunckuil uccredosamenvcxuti yenmp (HUMI]) um. axao. E.H. Mewanxuna
Poccus, 630055, 2. Hosocubupck, yia. Peukynosckas, 15

3 Cubupckuil 2ocydapcmeennoiii meouyunckuil ynueepcumem (Cudl’ MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

Henas. [IpoBectn cruHTHrpadUUecKyio OLEHKY COCTOSHHS OPOHXOATbBEOIIPHON CHCTEMBI M JIETOYHOW MHKPO-
IUPKYJSIHAN y TTAIUEHTOB C JUCIUIa3Heil COeIMHNTENLHOH TKaH!.

Matepuajbl U MeTOABI. B uccienoBanue BkiIo4eH 31 MmalyeHT My»KCKOTO IoJia IPU3BIBHOIO BO3pacTa C Jic-
wiasueit coenuuutensHoi Tkauu (JCT), TnarHocTHpOBaHHON COTVIACHO KIMHUYECKUM pexoMennammsaM 2019 r.,
cpeanuii Bo3pact 19,6 + 2,6 seT, 1 25 NpakTUYECKU 30POBBIX JIUII, CONIOCTABUMBIX I10 ITOJIy ¥ BO3PACTY, COCTABUB-
IIUX IPYIITYy KOHTPOJIS. BceM maruenTam BBINOIHSIIN BEHTHIIIMOHHO-TIEP(Y3HOHHYIO CLIMHTHIPAHUIO JIETKUX B
IUIAHAPHOM PEKHMME C OIPEAEIICHUEM CKOPOCTH allbBEOISIPHO-KAMIUIAPHON TPOHULIAEMOCTH.

PesyabTartel. Y nanuentoB ¢ JICT anukanbHO-0a3aIbHBIN TpagueHT ephy3un (U/LQ) uMmen 0osiee HU3KHE 3HA-
YCHUS 110 CPABHECHUIO C TPYIION KOHTPOJISE B cpeHeM Ha 24% (p = 0,046) 1 GoJiee BBICOKHE 3HAYCHUS aTbBEOIISIP-
HO-KaIUWUIIPHON MPOHUIIAEMOCTH B 000UX JIeTKUX, Kak Ha 10-#, Tak 1 Ha 30-i MuH.

3aka0ouenne. BentmsimnonHo-niepdy3noHHass COUHTUTPA(UST B CTATHIECKOM PEXXUME MO3BOJISIET Ha JOKIIHHU-
YECKOM JTalle BBISIBUTH (DYHKIMOHATIBHBIC HapynieHus y nanuenToB ¢ JICT: cHIbKeHHe rpajueHTa nepdysun mno
CPaBHEHHMIO C IPYIIION KOHTPOJIS B CpefHeM Ha 24% 1 MOBBIILICHUE TPOHUIIAEMOCTH AJIbBEOJIIPHO-KATHIISIPHON
MeMOpaHBI.

KuroueBrble ciioBa: JUCILIa3usA COCIMHUTEIIBHOU TKaHH, BeHTI/IJ'ISIL[I/IOHHO-Hep(l)y?,I/IOHHaS{ CHPIHTI/Il"pa(l)I/ISI JICTKUX

KonpaukTt nuaTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHE SIBHBIX U MOTEHIMAIBHBIX KOHMOIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNneil HaCTOSIIEeH CTaThH.

HUcTouHuk q)ﬂHchHpOBaHHH. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU (l)I/IHaHCI/IpoBaHI/ISI py MPOBECACHUUN UCCIIEN0-
BaHUA.

CooTBeTcTBHE MPUHIMNAM 3THKH. Bce mannenTs! noamucany NHGOPMUPOBAHHOE COTJIACHE Ha y4acTHE B HC-
crnenoBannu. McecnenoBanne on06peno stmdeckuM komureroM Cu6I'MYVY (mporoxon Ne 8903 ot 20.12.2021).

Jns nurnposanusi: Becnuna JK.B., Anambaes XK. K., Terenera A.B., Kpusonoros H.I'., becianosa 1. /1., Ca3o-
HoBa C.U., CeparoxoB H.A., [Toranos K.B. PaguonykiuHeie METO/IBI B OIIEHKE JIETOYHOH nepdy3un 1 BEHTHIIS-
1Y Y MAIUEHTOB C JTUCIIa3UeH COCAMHUTEIBHON TKaHU. broiiemens cubupckou meouyunsl. 2022;21(3):22-27.
https://doi.org/10.20538/1682-0363-2022-3-22-27.

INTRODUCTION

Connective tissue dysplasia (CTD) is an inherited
condition manifested through defects of the ground
substance and fibrous tissue structures. It underlies
morphological and functional disorders in various
organs and systems and is characterized by a pro-

gressive course, which determines the features of as-
sociated pathological conditions. Social and clinical
significance of these pathological manifestations is
determined, on the one hand, by high prevalence of
the disease due to accumulation of genetic defects in
the population and by a significant impact of anthro-
pogenic and abiotic factors and on the other hand —
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by the progressive nature of clinical manifestations,
characterized by multi-organ lesions with a risk of
severe complications at late stages, up to death of
the patient [1, 2].

The main period for a clinical debut of CTD is
adolescence, when an increase in the volume of con-
nective tissue corresponds to growth and development
of the body [3]. Phenotypic manifestations of CTD are
usually divided into groups depending on organs and
systems involved in it. The first systematized data on
lesions of the respiratory tract in undifferentiated CTD
were published in 1994. [3].

The authors identified a group of dysplasia-associ-
ated changes of respiratory organs, which were deter-
mined by genetic defects in fibrillogenesis. This group
included tracheobronchomegaly, tracheobronchoma-
lacia, Williams — Campbell syndrome, pulmonary
hypoplasia, bronchiectasis, pulmonary emphysema,
and tracheobronchial dyskinesia. The morphofunc-
tional state of the respiratory system in CTD is char-
acterized by both increased elasticity of the bronchial
tree and alveolar lung tissue and by extrapulmonary
manifestations, such as thoracoabdominal syndrome
and lability of the autonomic nervous system and
immune system. Later, spontaneous pneumothorax as
a consequence of bullous emphysema was included in
the group of dysplasia-associated respiratory changes
[4,5].

Some authors believe that the mainstay for
impaired binding and supporting function of the con-
nective tissue in CTD is genetic weakness of all lung
structures (bronchi, blood vessels, alveoli) that is
manifested through several clinical syndromes in the
postnatal period under the influence of external factors
[5]. Dysplasia is often accompanied by a decreased
tone of the bronchial wall with subsequent develop-
ment of tracheobronchial dyskinesia and bronchiec-
tasis [6]. The most important extrapulmonary factors
determining the state of respiratory organs in CTD are
chest wall and spinal deformity, weakness of respira-
tory muscles, features of breathing regulation, and the
state of pulmonary hemodynamics [7, §].

Radiology techniques are known to occupy a
prominent place in the diagnosis of bronchopulmona-
ry pathology. However, generally accepted radiology
methods allow to detect changes in the lung parenchy-
ma at relatively late stages of the disease. To assess
morphofunctional changes at the preclinical stage of
the disease, the use of radionuclide methods is promis-
ing. They are easy to reproduce and highly sensitive in
evaluating both pulmonary ventilation and perfusion

[9-11]. At the same time, when studying pathological
changes in the lungs, the most complete information
can be obtained using combined ventilation—perfu-
sion scintigraphy, which significantly complements
the data on the state of the capillary blood flow with
lung ventilation parameters, which is essential for the
diagnosis of early functional disorders [12].

Therefore, the aim of the study was to perform a
scintigraphic assessment of the bronchopulmonary
system and pulmonary microcirculation in patients
with CTD.

MATERIALS AND METHODS

The study is based on the results of the examina-
tion of a group of persons subject to mandatory enlist-
ment in the Armed Forces of the Russian Federation
at the Military Medical Commission of Tomsk. The
study included 31 male patients aged 1622 years.
The average age was 19.7 £ 2.7 years, the body mass
index was 18.2 +£2.2.

CTD was detected by the anamnestic data to iden-
tify previously diagnosed diseases typical of CTD,
the clinical examination to identify external signs of
systemic connective tissue involvement, including the
anthropometric study, and the findings of instrumental
methods of examination. Undifferentiated CTD was
revealed in all patients. The severity of the disease was
assessed using the phenotype table proposed by T.I.
Kadurina and V.N.Gorbunova [4]. Exclusion criteria
were patients’ inability to participate or disagreement
with the protocol requirements, bronchopulmonary
diseases, acute diseases, and exacerbation of chronic
diseases. The control group encompassed 25 healthy
non-smoking volunteers, comparable in gender and
age with the patients of the experimental group.

All the individuals underwent planar pulmonary
ventilation — perfusion scintigraphy with determina-
tion of alveolar — capillary permeability according to
the previously developed technique [9]. The ventila-
tion — perfusion ratio (V / Q ratio) was determined
by dividing the percentage of the accumulated inhaled
radioaerosol by each lung separately by the similar pa-
rameter of the perfusion radiopharmaceutical (RPC).

Scintigraphic studies were performed using the
Forte gamma camera (Philips Medical Systems, Neth-
erlands). Image registration and gamma scan process-
ing were carried out using the JETStream Workspace
3.0 software (PMS, Netherlands).

Statistical data analysis was performed using
Microsoft Office and STATISTICA 10.0 software
packages (StatSoft Inc, USA). Quantitative data were
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presented as the mean (M) and the standard deviation
(SD). The Mann — Whitney test was used to compare
independent quantitative variables. The differences
were considered statistically significant at p < 0.05.

The study was conducted in accordance with
the principles set out in the Declaration of Helsinki
and approved by the Ethics Committee at Siberian
State Medical University and the Ethics Commit-
tee at Cardiology Research Institute. All patients
signed an informed consent to participate in the
study.

RESULTS AND DISCUSSION

The results of the scintigraphic studies are present-
ed in the Table. In the patients with CTD, the mean
V / Q value for the right lung was 0.97 = 0.06 and for
the left lung — 1.04 + 0.07, and these values did not
differ from the ones in the control group. The apical
to basal ventilation gradient (U/L,) also did not differ
from that in the control group, while the perfusion gra-
dient U/LQ was 24% lower than in the control group
(p = 0.046) and averaged 0.52 = 0.14.

Three physiological processes are involved in ef-
fective external respiration: pulmonary ventilation,
pulmonary perfusion, and gas diffusion through the
alveolar — capillary membrane. In various patholo-
gical conditions in the lungs, these processes can be
impaired. To assess the disorders, it is necessary to
use methodological approaches allowing to determine
diagnostically significant parameters, which include
the V / Q ratio, alveolar — capillary permeability, etc.
[9, 13-15].

In assessing the results of ventilation — perfusion
scintigraphy in patients with CTD, the V / Q ratio
corresponded to the control values for both lungs
(Table). In CTD patients, a decrease only in U / L,
(0.52 £ 0.14; p = 0.046) was observed, while the
U / L, gradient was not significantly different from
that in the control group (Table). Concordance of the
main functional units of the lungs in patients with
CTD was quite satisfactory, and a drop in U/ L, was
probably associated with vasoconstriction, which con-
tributed to a decrease in the blood flow to poorly ven-
tilated lung areas.

Table

Scintigraphic parameters of pulmonary perfusion and ventilation in patients with connective tissue dysplasia and in the control group,
M+ SD

Experimental group with CTD, n =31

Control group,

Parameter =25 RL | MW test (o) 1-2 LL MW test (p) 14 | RL+LL | MV @)
1 2 3 4 5 6 7
VIQ 0.98£0.03 | 097006 NS 1.0420.07 NS N N
UL, 0.68 £ 0.03 N N N N 052+0.14 | 0.046
UL, 0.66  0.04 - - - N 0.630.11 NS
AP 0min | 106229 | 18732851 0.005 1556+ 8.58 0.006 N N
30min | 21343 | 33.17£987 0.001 303229.96 0.004 - -

Note: NS — nonsignificant; CTD — connective tissue dysplasia; n — number of patients in the group; RL — right lung; LL — left lung; MW test —
Mann — Whitney test; p — significance of differences between the groups; V / Q — ventilation — perfusion ratio; U/ L, — apical to basal perfusion
gradient; U / L, — apical to basal ventilation gradient; ACP — alveolar — capillary permeability.

It is known that alveolar air and pulmonary capil-
lary blood flow are separated by the alveolar — capil-
lary membrane, which provides gas transport accord-
ing to the laws of diffusion, and pulmonary diffusing
capacity depends on both lung capacity and the cor-
responding gas exchange surface. To assess alveo-
lar — capillary permeability (ACP) of the lungs, we
proposed and used an improved method of pulmonary
ventilation — perfusion scintigraphy, which included
the use of planar ventilation scintigraphy, assessment
of radiopharmaceutical washout from the entire affec-
ted / intact lung, as well as examination in the poste-
rior — anterior imaging plane of ACP in RPC washout

and its registration at minute 10 and then at minute 30
after RPC inhalation [9, 15].

The study revealed an increase in the ACP rate
in patients with CTD both in the right and left lung
at minute 10 (18.73 £ 8.51% (p = 0.005), 15.56 +
8.58% (p = 0.007), respectively) and at minute 30 of
the study (33.17 £ 9.87% (p = 0.001), 30.32 + 9.96%
(p = 0.004), respectively), compared with the control
group (Table).

Therefore, a significant increase in the RPC wash-
out rate in patients with CTD was revealed, compared
with the control group, which indicates increased
ACP. The observed decrease in the U / L, perfusion
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gradient in CTD can be explained by the involvement
of the vasoconstrictor mechanism in the development
of alveolar hypoxia. A statistically significant increase
in the ACP rate in both lungs, compared with the con-
trol group, is probably a compensatory response of the
alveolar — capillary network aimed at increasing gas
exchange [12, 14]. At the same time, the increase in
ACP can be determined both by an increase in gas ex-
change surface area, typical of primary emphysema in
patients with CTD, and by hyperventilation syndrome,
often observed in this group of patients [16].

CONCLUSION

Planar ventilation — perfusion scintigraphy allows
to detect functional disorders in patients with CTD at
the preclinical stage: a decrease in the U / L, perfusion
gradient on average by 24%, compared with the con-
trol group, and an increase in ACM.

REFERENCES

1. Connective tissue dysplasia. Clinical guidelines. Russian Sci-
entific Medical Society of Therapists, 2017 (in Russ.).

2. Vershinina M.V., Nechaeva G.I., Grinberg L.M., Govoro-
va S.E., Homenya A.A., Bagisheva N.V. Clinical and function-
al components of bronchopulmonary dysplasia in connective
tissue dysplasia. The Russian Archives of Internal Medicine.
2015;2:55-61(in Russ.). DOI: 10.20514/2226-6704-2015-0-2-
55-61.

3. Yakovlev V.M., Nechaeva G.I. Cardiopulmonary syndromes
in connective tissue dysplasia. Omsk: OSMA; 1994 (in Russ.).

4. Kadurina T.I., Gorbunova V.N. Connective tissue dysplasia:
guidelines for physicians. St.-Petersburg: ELBI, 2008:1121 (in
Russ.).

5. Nechaeva G.I., Viktorova I.A., Druk I.V. Connective tissue
dysplasia: pulmonary aspects. Pulmonology. 2004;2:116—120
(in Russ.).

Authors contribution

6. Klemenov A.V. Extracardiac manifestations of undifferentiat-
ed connective tissue dysplasia. Clinical Medicine. 2003;10:1-6
(in Russ.).

7. Kuchmaeva T.B. The role of expiratory stenosis of the trachea
and main bronchi in the development of respiratory failure
in patients with undifferentiated connective tissue dysplasia:
abstract of the Candidate of Sciences thesis. Vladikavkaz,
2008:137 (in Russ.).

8. Nechaeva G.I., Vershinina M.V., Govorova S.E. Respiratory
pathology and connective tissue dysplasia: is a single concept
possible? Pulmonology. 2010;3:5-10 (in Russ.).

9. Lishmanov Yu.B., Krivonogov N.G., Zavadovskij K.V. Radio-
nuclide diagnosis of pathology of the pulmonary circulation.
Tomsk: STT, 2007:204 (in Russ.).

10. Rubin M.P. Radionuclide methods for diagnosing functional
disorders of the lungs in the outpatient basis. Terapevticheskii
Arkhiv. 2008;1:10-16 (in Russ.).

11. Bajc M., Neilly J.B., Miniati M., Schuemichen C., Meignan M.,
Jonson B. Committee EANM guidelines for ventilation/per-
fusion scintigraphy: Part 1. Pulmonary imaging with venti-
lation/perfusion single photon emission tomography. Euro-
pean Journal of Nuclear Medicine and Molecular Imaging.
2009;36(8):1356-1370. DOT: 10.1007/s00259-009-1170-5.

12. Grippi M.A. Pathophysiology of the lungs. M.: Eastern Book
Company, 1997:344 (in Russ.).

13. Rubin M.P., Kuleshova O.D., Chechurin R.E. Radionuclide
lung perfusion scintigraphy: research technique and interpre-
tation of results. Radiology Practice. 2002;4:16-21 (in Russ.).

14. Weir E.K., Reeves J.T. Physiology and pathophysiology of
pulmonary vessels. M: Meditsina, 1995:635 (in Russ.).

15. Mishustina E.L. Pulmonary ventilation/ perfusion scintigra-
phy in differential diagnosis of infiltrative lung disease: ab-
stract of the Candidate of Sciences thesis. Tomsk, 2009:26 (in
Russ.).

16. Teteneva A.V., Bodrova T.N., Serdyukov N.A., Karzilov A.L.,
Larchenko V.V., Tetenev K.F. et al. Ventilation function of
the lungs in underweight patients with connective tissue dys-
plasia. Modern Issues in Science and Education. 2019;4:19 (in
Russ.).

Vesnina Zh.V. — collection of the material, analysis of the obtained material, statistical processing of the data, interpretation of the
data, drafting of the manuscript. Anashbaev Zh. Zh. — carrying out of radionuclide studies, processing of scintigraphy findings, database
filling. Teteneva A.V. — conception of the study, review of the literature, analysis of the disease under investigation. Krivonogov N.G. —
development of the radionuclide technique, methodological support, analysis of the findings. Bespalova 1.D. — coordination of patient
selection, clinical substantiation of the diagnostic method and design of the study, collection of the data (clinical section). Sazonova S.I. —
literature search, provision of material facilities for radionuclide studies. Serdyukov N.A. —coordination of patients (obtainment of the
informed consent to participate in the study), theoretical and clinical confirmation of the findings. Potapov K.V. — selection of patients,
collection of raw data for filling the clinical patient database.

Authors information

Vesnina Zhaneta V. — Dr. Sci. (Med.), Radiologist, Head of the Laboratory, Cardiology Research Institute, Tomsk NRMC, Tomsk,
zhvesnina@mail.ru, https://orcid.org/0000-0002-9238-6814

26 BionneTteHb cMbUpckon MegmuuHbl. 2022; 21 (3): 22-27



Original articles

Anashbaev Zhanat Zh. — Radiologist, E.Meshalkin National Research Medical Center, Novosibirsk, zhanatizm@gmail.com, https://
orcid.org/0000-0003-3169-0326

Teteneva Anna V. — Dr. Sci. (Med.), Professor, Division of Introduction into Internal Diseases with a Course in Therapy at the
Department of Pediatrics, Siberian State Medical University, Tomsk, anna.dubodelova@mail.ru, https://orcid.org/0000-0002-4323-2798

Krivonogov Nikolay G. — Dr. Sci. (Med.), Senior Researcher, Cardiology Research Institute, Tomsk NRMC, Tomsk, kng@cardio-
tomsk.ru, https://orcid.org/0000-0003-2848-3254

Bespalova Inna D. — Dr. Sci. (Med.), Professor, Division of Advanced Therapy, Deputy Head of the Division of Introduction into
Internal Diseases with a Course in Therapy at the Department of Pediatrics, Siberian State Medical University, Tomsk, innadave@
mail2000.ru, https://orcid.org/0000-0002-4513-6329

Sazonova Svetlana I. — Dr. Sci. (Med.), Principal Researcher, Cardiology Research Institute, Tomsk NRMC, Tomsk, sazonova_si@,
mail.ru, https://orcid.org/0000-0003-2799-3260

Serdyukov Nikolai A. — External Doctoral Candidate, Division of Introduction into Internal Diseases with a Course in Therapy at the
Department of Pediatrics, Siberian State Medical University, Tomsk, serdykov@sibmail.com.

Potapov Kirill V. — Post-Graduate Student, Division of Introduction into Internal Diseases with a Course in Therapy at the Department
of Pediatrics, Siberian State Medical University, Tomsk, potapovschool@mail.ru

(B<) Vesnina Zhaneta Zh., zhvesnina@mail.ru
Received 18.01.2022;

approved after peer review 10.02.2022;
accepted 17.03.2022

Bulletin of Siberian Medicine. 2022; 21 (3): 22-27 27



