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Abstract

Aim - to study the dynamics of respiratory function indicators in patients
with bilateral widespread destructive tuberculosis during staged surgeryt
using extrapleural pneumolysis with silicone plombage on the side of the
smallest lesion.

Material and methods. The main study group consisted of 14 patients with
widespread bilateral destructive tuberculosis who underwent extrapleural
pneumolysis with silicone plombage (EPSP) in combination with lung
resection on the opposite side. The control group included 29 patients who
underwent lung resections on both sides. All patients underwent spirometry
before and 3-5 weeks after each stage of surgery: FVC (forced vital capacity

of the lungs) and FEV1 (forced expiratory volume in 1 second) were
registered.

Results. The dynamics of the spirometric study values after staged surgery in
the EPSP group was a decrease in FVC by 1.05+0.47, FEV1 by 0.95+0.6 1, and
in the control group — by 1.74+0.76 1 and 1.33+0.5 1, respectively (p < 0.05).
Conclusion. The staged surgery with the use of EPSP was accompanied
by a significantly smaller decrease in functional parameters and can be
used in patients with widespread bilateral destructive tuberculosis with low
respiratory function.
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Xupyprus

AHHOTaUuA

Iean — u3y4uTh IUHAMUKY IIOKa3aTesledl GyHKIUM BHEIIHero JbIXaHUusl Y
60JIbHBIX [IBYCTOPOHHUM PaclpOCTPaHEeHHbIM 1eCTPYKTUBHBIM TyOepKysie30M
JIErKUX T1PY NPOBeJIeHUH 3TallHOI0 XUPYPrU4ecKoro jiedeHus! C IpUMeHeHreM
3KCTpaIvIeBpaJIbHOIO ITHEBMOJIN3A C INIOMOMPOBKOM CHIIMKOHOBBIM UMITIAH-
TOM Ha CTOPOHE HaUMEeHBIIIero TOPaXkeHHUs.

Marepuas u Metonbl. OCHOBHAs IpyIna cocTosuia U3 14 GOJbHBIX pac-
NIPOCTPAHEHHBIM JIByCTOPOHHUM JIeCTPYKTHBHBIM TyOepKyJie30M, KOTOPbIM
BBIIIOJIHEH DKCTpaIjieBpaJIbHbIN THEBMOJIM3 C INIOMOMPOBKOW CUITMKOHOBBIM
unmiuianToM (3IICH) B codeTaHuM C pe3eKIIMOHHBIMU OlleparisMU JIerKux
Ha IIPOTHBOIIOJIOXKHOM cTOpoHe. KoHTpOJIbHAsI rpyIINa BKitodana 29 naryeH-
TOB, KOTOPBIM BBIIIOJIHEHBI Pe3eKI[UOHHbIe OIlepallkH JIETKUX C 00eHuX CTOPOH.
BceM G0sIbHBIM BBINOJIHSIM CIIMPOMETPHIO JI0 U Yepe3 3—5 Hefiellb 1ocie
KaXJI0r0 3Tala XUPYPruuecKkoro jiedeHus:: onpeessiii GpyHKIMOHAIBHYIO

Hayka n nHHoBauuu B meguuuHe T.9(1)/2024

>KM3HEHHYIO eMKOCTb jterkux (PJKEJI) u o6bemM popcupoBaHHOTO BHIIOXA
3a 1 cexyuny (OPB1).

Pesynbrarel. JIMHaMuKa IoKa3aTeneil CIMPOMETPUYeCKOr0 UCCIIeI0BaHHUs
TI0CJIe 3TAITHOIO XUPYPrHUYecKoro jledeHus cocTaBwia B rpymmne JIICU cau-
sxerre @IKEJT va 1,05+0,47 1, OPB1 — 1a 0,95+0,6 11, a B rpynme cpaBHeHs
Ha 1,74+0,76 n u 1,33+0,5 11 coorBeTcTBeHHO (p<0,05).

3akio4eHne. JTallHOe XUPyprudecKoe jiedeHue ¢ npuMenennem JDIICH
COIIPOBO’K/IAETCsl 3HAUUTEILHO MEHBIINM CHIDKEHHEM (GyHKIHOHAIBHBIX
TIoKa3aTeJied ¥ MOXKeT GBITh MCIIOIB30BAHO Y OONBHBIX PaclpoCTPaHeHHbIM
JIByCTOPOHHHM JIeCTPYKTUBHBIM Ty6epKYJIe30M C IbIXaTeIbHOM HeJloCTaTou-
HOCTBIO ¥ HU3KUMHU [I0Ka3aTe/ISIMHU GYHKIUH AbIXaHUS.

KiroueBsle cnoBa: TybepKyries, SKCTpaIlieBpaIbHbIH ITHEBMOJIN3 C INIOMOH-
POBKO¥ CHITMKOHOBBIM MMIIIAHTOM.

KonnuKT HHTepecoB: He 3asBeH.
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m INTRODUCTION
Currently, the Russian Federation has seen an increase in
cases of tuberculosis with multidrug-resistant (MDR)
and extensively drug-resistant (XDR) Mycobacterium
tuberculosis, leading to the formation of a severe patient
group with widespread destructive pulmonary tuberculosis
[1-3]. Typically, these patients are characterized by a long
duration of the disease, often bilateral localization of lung
lesions, and severe respiratory dysfunction. Due to the
insufficient effectiveness of drug therapy in these patients,
surgical treatment methods are increasingly being employed
[4-7]. There is often a need for multi-stage surgical treatment
due to the extensive nature of the disease. According to many
researchers, resections involving one lobe or more than three
segments lead to overexpansion of the remaining parts of
the lung and increase the risk of postoperative pulmonary-
pleural complications and tuberculosis reactivation [8—10].
Additionally, a significant reduction in the respiratory surface
of the lungs increases the risk of respiratory disorders,
necessitating the avoidance of resection procedures and
requiring the use of collapse surgery. The primary method
of collapse surgery to date has been therapeutic extrapleural
thoracoplasty. This procedure involves extensive trauma to the
chest muscles, leading to impaired respiratory mechanics and
upper limb function, and is also accompanied by prolonged pain
syndrome [11]. Due to the poor cosmetic effect, characterized
by chest deformity, patients often refuse this type of surgical
treatment. This has led to the search for and development of
new minimally invasive methods of surgical collapse.
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The least traumatic method of collapse surgery is
considered to be extrapleural pneumolysis with plombage.
Various types of plombage materials have been proposed:
collagen, thoracore, displaced autologous skeletal muscles,
methacrylate beads, and others [12—15]. All plombage types
had a number of drawbacks, the most common of which were
the short-term effect of collapse due to the resorption of the
material and suppuration of the filling due to its biological
incompatibility with the organism [14—17]. Currently, the
search for the ideal plombage for extrapleural pneumolysis
continues, one that would provide a stable and long-lasting
collapse of lung cavities while preserving the integrity of
the chest wall.

The clinics of the Federal State Funded Research Institution
“Central Research Institute of Tuberculosis” (FSFRI CRIT)
has a vast experience of using extrapleural pneumolysis with
silicone plombage (EPSP) in collapse surgery treatment of
tuberculosis (mainly, as an alternative to thoracoplasty).
The satisfactory tolerability and preservation of lung tissue
integrity have allowed for the successful application of EPSP
in patients with low functional reserves, including those with
bilateral destructive pulmonary tuberculosis.

m AIM

Study the dynamics of respiratory function indicators in
patients with bilateral widespread destructive tuberculosis
during staged surgery using extrapleural pneumolysis with
silicone plombage on the side of the smallest lesion and
resections of various volumes on the side of the largest lesion.

www.innoscience.ru
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Figure 1. Extrapleural pneumolysis plombage using a silicone implant.

PucyHok 1. SkcmpanneBpasbHbll NHEBMOAU3 C UCNOJ/1b30BaHUEM
CUJTUKOHOBO20 UMniaHma.

m MATERIAL AND METHODS

Since 2010, staged surgical treatment using EPSP in
combination with lung resections has been performed on
14 patients at FSFRI CRIT. These patients, included in the
main study group, had a very high risk of postoperative
complications due to the widespread nature of the disease
and low functional indicators. The extrapleural pneumolysis
using a silicone implant was performed according to the
original technique (patent No. RU 2448658). The surgery was
conducted with a modified approach and without resection of
the rib segment.

For plombing, a round silicone breast implant with a high
profile, textured shell, and dense cohesive gel was used,
intended for lifelong presence in the body and not causing
rejection reactions, with a volume corresponding to the volume
of cavities in the lung (Fig. 1).

The comparison group included 29 patients with extensive
destructive pulmonary tuberculosis who underwent bilateral
sequential lung resection surgeries. The majority of patients in
both groups were women: 8 (57%) in the main group and 15
(52%) in the comparison group. The average age was 43.5£0.8
years in the main group and 38+0.4 years in the comparison
group. Drug resistance of the tuberculosis mycobacterium
(MTB) was detected in the main group in 8 patients (57.1%),
while in the comparison group it was noted in 19 patients
(65.4%). All patients received anti-tuberculosis therapy
according to the spectrum of sensitivity of MTB in accordance
with the order of the Ministry of Health of Russia No. 951 prior
to the start of surgical treatment.

All patients underwent computed tomography of the chest
organs before surgical treatment. Spirometry was performed
before surgery and 3-5 weeks after each stage of the
operation, in compliance with the standards of the Russian
Respiratory Society study [18]. The study used the proper
values of the European Coal and Steel Community [19]. To
assess lung function impairments, a modified qualification of
the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) was used.

In the main group, the average value of respiratory
parameters before staged surgical treatment was as follows:
FVC66.248.1%d. v., FEV1 53.8+7.3% d. v.; in the comparison
group: FVC 95.5£12.2% d. v., FEV1 109.2+37.7% d. v.

www.innoscience.ru
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Volume of EPSP + resection (n=9) | Resection + EPSP (n=5)
operation

Combined resection Resection + EPSP 4 (80%)

Lobectomy 1(11%) 1 (20%)

Table 1. Distribution of resection operations using extrapleural
pneumolysis with a silicone plombage depending on the sequence of
the stage (n=14)

Tabnuuya 1. PacnpedeneHue pe3ekUyuoHHbIX onepayull

C ucnonb3oBaHUEeM 3KCmpansieBpaibHO20 NHeBMosU3a C
naomMbupoBKoll CUNUKOHOBLIM UMNIAHMOM B 3aBUCUMOCMU OM
o4epedHocmu amana (n=14)

Statistical processing was performed using the Medcalc
v. 18.2.1 software suite. For respiratory function indicators,
the arithmetic mean and standard deviation of the indicators
(M=+0) were calculated; for the average age, the arithmetic mean
and error of the arithmetic mean (M+m) were calculated. The
reliability of differences in the same quantitative indicators was
determined using Student's t-test. Differences were considered
statistically significant at p<0.05.

m RESULTS AND DISCUSSION

The choice of tactics for staged surgical treatment using
EPSP was determined depending on the extent of the process
and the presence of complications in the lung subject to
resection. The distribution of options for the volume of
resection operations depending on the choice of staged surgical
treatment in the main group is presented in Table 1.

The table data demonstrates that the majority of patients in
the main group underwent resection interventions in the volume
of combined resection. In 9 (64%) patients, the first stage
included the EPSP operation. In 5 (36%) patients, the first stage
was the lung resection to ensure sanation: these were patients
with hemoptysis and a high risk of pulmonary hemorrhage.

In the comparison group, the operations were distributed
as to the sequence of staged resections; the data follows in
Table 2.

It follows from the table, in the comparison group 15
(51.7%) patients underwent resection on the side of the smaller
lesion on the first stage in order to ensure a minimal decrease of
functional indicators, and 14 (48.3%) patients underwent large
volume resections on the first stage (more than 3 segments),
also due to a high risk of pulmonary hemorrhage.

The dynamics of lung function indicators in the main group
after the surgery is shown in Table 3.

Volume of Large volume resection Resection + large
operation + resection (n=14) volume resection (n=15)
Combined resection 2 (14%) 11 (73%)

Lobectomy 12 (86%) 4 (27%)

Table 2. Options for the volume of resection interventions in the
comparison group (n=29)

Ta6nuya 2. BapuaHmsi 06bema pe3eKyUOHHbIX BMewamesbCms
B 2pynne cpaBHeHusi (n=29)

Subgroup | 1(n=9) | 2(n=5) | 1(n=9) | 2(n=5) [ 1(0=9) [2(n=5)| |

After 2 stages of
N R A
FVC, | -0,02¢0,5 -1,02¢0,15 -1,08:0,4 -0,17:0,17 -0,96:0,55 -1,2:02 1,1 03
FEV1,l  -024#0,3 -1,13:05 -0,73:0,25 -0,16:0,09 -0,75:0,56 -1,3:0,5 1,7 0,1
Table 3. Dynamics of respiratory parameters after surgery in the
main group

Ta6bnuuya 3. JuHaMuka pecnupamopHbIX noka3amenel nocne
Xupypau4yecKozo JiedeHusi B OCHOBHoLU epynne
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Subgroup | 1(n=14) | 2(n=15) | 1(n=16) | 2(n=15) | 1(n=14) | 2(n=15) | |

After 2 stages of
- After stage 1 After stage 2 surgery treatment !u
FVC, -0,75:0,65 -1,11+0,5 -1,02:0,45 -0,9:t0,4 -1,66:0,8 -1,83:0,72 0,6 0,5
FEVI, | -0,6£0,4 -0,75:0,27 -0,76:0,4 -0,63t0,2 -1,3:0,6 -1,38:0,25 05 06
Table 4. Dynamics of respiratory parameters after surgery in the
control group

Tabnuuya 4. [JuHamuka pecnupamopHbIX nokasamersnel nocne
XUpypau4yeckozo fiedeHust B epynne cpaBHeHus!

Main group | Comparison

(n=14) group (n=29)
FVC, 1 -1,05+0,47 -1,74+0,76 3,74 0,005
FEV1, | -0,95+0,6 -1,33+0,5 2,16 0,037

Table 5. Dynamics of absolute values of FVC and FEV1 before and
3-5 weeks after staged surgery in patients of the compared groups

Tabnuua 5. JuHaMmuka abconomHbix BeauduH ©XXKEJT u OPB1 oo
U Yyepes 3—5 Hedeslb NOCJIe 3IMANHO20 XUPYP2UYECKO20 JSleHeHUs y
60/1bHbIX CpaBHUBaEMbIX 2pynn

In the subgroup where the EPSP was performed on the
first stage, a lesser decrease of FVC and FEV1 was seen, by
0.96+0.55 1 and 0.75+0.56 1 respectively, than in the subgroup
where the EPSP was performed on the second stage. The
changes in respiratory parameters were as follows: FVC
1.2£0.2 1 and FEV1 1.3£0.5 1 respectively. In the individual
complex assessment of the dynamics of respiratory functions
in the main group after the EPSP stage, in 10/14 (70%) patients
opposite changes of the respiratory function: in 5/14 (35%)
— deterioration, and in 5/14 (35%) patients, improvement of
functional indicators was identified.

In the comparison group, an analysis of the dynamics of
respiratory parameters after staged surgical treatment was
performed; the data follows in Table 4.

In the comparison group, regardless of the order of the
surgical treatment stage, a moderate decrease in respiratory
parameters was observed, the degree of which was practically
the same for all options.

A comparative analysis of dynamics of absolute values of
FVC and FEV1 in patients in the main and comparison groups
before and after the staged surgery. The data follows in Table 5.

Hayka n uHHosauuum B meguunHe T.9(1)/2024

According to the data from the table, patients of the main
group showed a decrease of the FVC after staged surgery by
1.05+0.47 1, whereas the patients of the comparison group
showed a decrease of this parameter by 1.74+0.76 1 (p<0,05).
The FEV1 in the patients from the main group decreased by
0.95+0.6 1, and in the patients from the comparison group it
decreased more, by 1.33+0.5 1 (p<0.05).

In graphic form, the dynamics of absolute values of FVC
and FEV1 before and 3-5 weeks after the staged surgery in
patients from the two groups is presented in Figures 2, 3.

It is clearly shown that in both groups, the decrease in
respiratory parameters was moderate, but in the main group,
patients initially had lower functional reserves; therefore, the
degree of decrease in indicators was less than in the compared
group of patients.

The decrease of FVC and FEV1 (liters) is seen both in the
main and the comparison group, which is accounted for by
the removal of the lung parenchyma. Even affected by the
tuberculosis, it was still involved in the respiratory function.
In the group of patients that underwent the EPSP method, the
degree of decrease of indicators was significantly less.

Analysis of the results showed that the dynamics of FVC
and FEV1 values in the main group were significantly less
than in the control group (p<0.05), which indicates a more
functionally preserving nature of extrapleural pneumolysis
with silicone implant plombage.

Therefore, when choosing surgical treatment tactics using
extrapleural pneumolysis with silicone implant plombage,
it is advisable to perform EPSP at the first stage in order to
maximize the preservation of the ventilation function, which
is safer for anesthesia during resection surgery.

m CONCLUSION

Extrapleural pneumolysis with silicone implant plombage
allows to achieve a significantly smaller decrease in respiratory
function (p<0.05) than resection surgery. The use of EPSP in
staged surgical treatment of patients with advanced destructive
tuberculosis makes it possible to expand the functional
operability of patients with limited respiratory reserves. #=

FVC dynamics, |
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4 ;k
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Figure 2. Dynamics of FVC absolute values before and 3-5 weeks
after surgical treatment in patients of the compared groups.

PucyHok 2. [luHamuka abcontomHbix BenuduH ®XXEJ1 oo
u Yyepes 3—5 Hedeslb Nocie Xupypaudveckozo eHeHusl y 601bHbIX
cpaBHUBaeMbIx 2pynn.
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Figure 3. Dynamics of absolute values of FEV1 before and 3-5
weeks after surgical treatment in patients of the compared groups.

PucyHok 3. [luHamuka abcontomHbix BenuduH O®B1 do
u yepes 3-5 Hedeslb NoC/e Xupypau4ecKozo eveHus y 6osbHbIX
CpaBHUBaeMbIx 2pynn.
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Bce aBropn! omo6priy GUHAILHYIO BEPCHIO CTAThH Ieper Iy OiyKanyer,
BBIPA3WIN COMIACHe HEeCTH OTBeTCTBEHHOCTD 3a BCe acCHeKThl paboThl, MOA-
Pa3yMeBaIoIIyIo Hajilexaliiee H3ydeHHe U pellleHre BOIPOCOB, CBSI3aHHBIX C
TOYHOCTBIO WM JI0OPOCOBECTHOCTHIO JIF000H YacT paboTHL.
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