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Background: The long history of the struggle against tuberculosis (TB) inspired us to develop a new
minimally invasive technique of thoracoplasty with videothoracoscope control (VATP). The aim of this study
was to determine its efficacy.

Methods: We conducted a retrospective single-center study of a cohort of patients operated on between
1999 and 2017. Two hundred eight patients who were indicated for thoracoplasty with verified TB with
cavities in the upper lobe/S6 were enrolled in this study. Treatment outcomes were assessed based on
Laserson criteria and active TB absence verified with CT.

Results: Intraoperative and postoperative complications were observed in 15 (7.2%) and 4 (2.0%) cases,
respectively. There were no 30-day mortalities. VATP with curative intent succeeded in 88% of cases
according to Laserson criteria and active TB absence verified with computed tomography (CT). Clinical
improvement (sputum negativity, closure of caverna, and lack of reactivation for 3 years) was achieved in
81% of cases.

Conclusions: Comparing the successful results of this technique in the cohort of multidrug-resistant
(MDR) TB patients with the outcomes of treatment of MDR TB worldwide (77% vs. 55%, respectively), the
VATP technique is shown to be efficacious and thus recommended.
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Introduction prognosis and the impossibility of surgical resection, the

situation can be corrected with collapse surgery techniques.

"Tuberculosis (TB) exhibiting as drug-resistant mycobacteria In the last part of the 20th century, curative extrapleural

tuberculosis (M'TB) has become an important problem (1). thoracoplasty disappeared from the thoracic surgery

In Russia, newly diagnosed TB patients are very frequently arsenal in the majority of countries, though it has been

identified with extensively drug-resistant (XDR) or
multidrug-resistant (MDR) TB, both of which indicate
unfavorable chemotherapy outcome (2). Radical surgery
cannot be offered for every patient with an ineffective
chemotherapy course, but in many patients with poor
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episodically applied in some countries with a high
TB incidence. Important reasons for discontinuing
thoracoplasty include its high grade of invasiveness,
expressed pain effect, cosmetic and functional defects, as
well as subsequent disability, which has been emphasized
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Table 1 Chemotherapy regimens (6)

Chemotherapy phase

Regimen
Intensive Continuation
| 2-3HRZE(S) 4*HR/4*HRE5*
HRE
I 3 Km/Am (Cm) RZ Fq (E) 6 R Z Fq (E) (Pto/Eto)
(Pto/Eto)
I} 2-3HRZE 4 *HR5"HRE
I\ 8 Cm Lfx Z Cs/Trd PAS Pto/ 12-18 Lfx Z Cs/Trd PAS

Eto (Km/Am) (E) (Mfx) (Bq)  Pto/Eto (E) (Mfx)

Vv 8 Cm Mfx (Lfx) Z Cs/Trd PAS 12-18 Mfx (Lfx) Z Cs/Trd
Bg*** Lzd (E) (Pto/Eto) (Amx PAS (Lzd) (E) (Pto/Eto)
Imp Clr Mp) (Amx Imp ClIr Mp)

* *k

, in new cases of pulmonary tuberculosis; **, in pulmonary
tuberculosis for cases after interrupted treatment, relapse,
or the category “other cases of repeated treatment” (except
after failure); ***, Bq prescribed for 6 months. H, isoniazid;
R, rifampicin; Rb, rifabutin; Z, pyrazinamid; E, ethambutol;
Km, kanamycin; Am, amikacin; Pto, prothionamide; Eto,
ethionamide; Cm, capreomycin; Fq, fluoroquinolones; Lfx,
levofloxacin; Mfx, moxifloxacin; Cs, cycloserine; Trd, terizidone;
PAS, para-aminosalicylic acid; Lzd, linezolid; Amx, amoxicillin
with clavulanic acid; Imp, imipenem with cilastatin; Clr,
clarithromycin; Mp, meropenem.

by many authors (3-5).

Giller et al. in 1999 developed a new, minimally invasive
technique involving extrapleural thoracoplasty with
videothoracoscope control, or video-assisted thoracoplasty
(VATP).

The aim of this study was to test VATP efficacy
assessment in the treatment of destructive pulmonary
TB. We evaluated the intraoperative and postoperative
complications risk, postoperative mortality, and the direct
and long-term efficacy of our modified thoracoplasty in
comparison with published reports from other authors
using other methods.

Methods

To assess our technique efficacy, we conducted a
retrospective single-center study of a cohort of patients
operated on between 1999 and 2017. The criteria
for inclusion were age between 16 and 70; clinically,
bacteriologically, and radiologically confirmed signs of
destructive pulmonary TB, with cavities localized in
the upper lobe or in the upper lobe and S6; significant
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pulmonary seeding, not allowing technical lung resection
without the risk of foci along the resection zone; and
dyspnea grades 1 to 4 (MRC dyspnea scale) and grades 0
to 2 respiratory insufficiency (the degree of severity scale).
Exclusion criteria were clinical and radiological signs of
caseous pneumonia; pleural empyema; dyspnea grade 5
(MRC dyspnea scale), respiratory insufficiency grade 3
(classification by the degree of severity), and/or pulmonary
and cardiac insufficiency with decompensation signs; or
severe comorbidities with poor prognosis.

The study group in accordance with the above mentioned
criteria included 159 men (76.4%; 95% CI: 70.2-81.7%)
and 49 (23.6%; 95% CI: 18.3-29.8%) women. The
mean age was 37.6 years [SD =6.55, 95% CI: 37.6+1.203
(£3.20%)]. Before surgery, XDR was established in 101
(48.6%; 95% CI: 41.8-55.3%) cases, MDR 66 (31.7%;
95% CI: 25.8-38.3%), PolyDR in 16 (7.7%; 95% CI:
4.7-12.2%), and DS was in 16 (7.7%; 95% CI: 4.7-12.2%)
patients, DR was unknown in 9 (4.3%; 95% CI: 2.2-8.1%)
cases. The disease duration ranged from 3 months to
29 years [M =4.86; SD =5.48; 95% CI: 4.87«1.15
(£23.68%)], and 88.8% (95% CI: 83.9-92.6%) exceeded
one year.

The entire series of patients received pre- and
postoperative chemotherapy.

The terms of preoperative chemotherapy in the group
ranged from 3 months in patients operated on urgently
for bleeding up to 36 months [M =19.48; SD =8.73; 95%
CI: 19.48+3.423 (£17.57%)]. Postoperative chemotherapy
ranged between 10 and 28 months [M =16.21; SD =5.27;
95% CI: 16.21+1.80 (+11.10%)].

The regimen and duration of chemotherapy were
determined by the phthisis pulmonologist in accordance
with the treatment regimens of the Russian Federation
(Table 1) (6). They were based on the sputum-status
(AFB+/-) and operating material bacteriological
examination, TB activity, remaining focal changes, and
MTB DR.

In the postoperative period, patients with preserved
drug sensitivity received treatment according to the scheme
recommended as the standard I regimen 2QRHZE/4RH).
Patients with established MDR and with XDR MTB
received anti-TB therapy according to the standard regimen
of the national guidelines, which have changed over time.
According to Russian recommendations (Order No.
109), until 2014, patients with MDR/XDR-TB received a
common IV chemotherapy regimen [6ZEPtK/CapFq(Cs)
(Pas)/12EPtFg(Cs)(Pas)]. Starting in 2014, a new regulation
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Figure 1 Conventional thoracoplasty. (A,B) J-shaped skin incision for standard extrapleural thoracoplasty; (C,D) appearance of patient after

standard extrapleural thoracoplasty.

(Order of the Ministry of Health of Russia, dated December
29, 2014; No. 951) extended the chemotherapy IV regimen
for patients with MDR-TB, and a new V treatment regimen
was introduced for patients with XDR-TB (Table 1).

When MDR MTB was detected, IV chemotherapy
regimen was prescribed, which included pyrazinamide and
levofloxacin/moxifloxacin/sparfloxacin. But at least 5 anti-
TB drugs were prescribed. Postoperative chemotherapy was
followed by a transition to anti-relapse courses. In the cases
of XDR MTB, the V chemotherapy regimen was prescribed,
which included at least six effective drugs, with priority
given to moxifloxacin, bedaquilline, and linezolid. The
postoperative chemotherapy in these cases was followed by a
transition to preventive spring-fall therapy for 5 years.

Treatment outcomes were assessed based on two criteria:
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(I) in accordance with Laserson criteria (cured: MDR/
XDR-TB patients completed treatment as planned and had
at least five consecutive negative sputum cultures during
the final 12 months of treatment; treatment completed:
completed treatment as planned but did not meet the
definition for cure due to lack of bacteriological results;
failed: if two or more cultures out of the five in the final
12 months were positive, or if one out of the final three
cultures were positive) (7); and (I) the absence of active TB
changes verified by CT.

Indications

In the early 20th century, paravertebral thoracoplasty was
usually applied for TB (8,9). This requires a wide J-shaped
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Figure 2 Section line for VAT extrapleural thoracoplasty.

skin incision (Figure I) with sectioning of all underlying
tissues up to the rib cage. This is an extremely traumatic
surgery resulting in significant reduction of upper limb
function, shoulder girdle muscle atrophy, and gross chest
deformation in addition to the chest wall lesions. Several
attempts were made to modify the surgery, such as the
anterio-lateral approach (10) or rib flap forming, in which
it is turned inwards after extensive pneumolysis (11).
According to the data from that time, thoracoplasty
indications were solitary thin-walled caverns in the upper-
posterior segments of the upper lobes or S6 of the lungs
without focal dissemination (12-14). In modern conditions,
such morpho-radiological changes serve as indications for
lung resections (15).

Present indications for thoracoplasty are single/multiple
cavity(ies) in the upper-posterior segments of the upper
lobe and/or S6 of one or both lungs combined with
massive seeding that does not allow for a lung resection
to be performed (16). In addition, we often perform this
technique to correct the hemithorax volume after lung
resections to prevent pulmonary tissue hyperextension and
TB reactivation. Other important data in favor of surgical
treatment are MDR or XDR mycobacteria, the absence of
positive dynamics despite adequate regimen, and the timing
of chemotherapy and pulmonary hemorrhage. The aim of
surgery is to preserve cardiorespiratory reserves.

Contraindications to curative extrapleural thoracoplasty
include the presence of destructive cavities in the pulmonary
parenchyma outside the zone of the alleged collapse,
caseous pneumonia, severe comorbidities with signs of
decompensation and poor prognosis, and low functional
reserves.
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Technique

The surgery technique involves an incision of 4-8 ¢cm on
the rib-resection side along the paravertebral line in the
projection of the II-IV rib necks (Figure 2). Then, the skin,
subcutaneous fat, and parts of the trapezius, rhomboid,
and latissimus dorsi muscles are dissected. Together with
the scapula, the dissected muscles are retracted from the
external surface of the ribs in the projection following the
decostation with a special hook (Figure 3). This creates a
cavity between the scapula, dorsal muscles and the rib cage.

The videothoracoscope is applied to control the
exposure and intersection of the anterior rib sections. It can
be introduced into the cavity via the wound or a separate
thoracoport 2 cm above the main incision. The ribs are
exposed from the periosteum on the external surface with
electrocautery (Figure 44), and on the internal surface with
a raspatory (Figures 3D,G,4B). Ribs with the transverse
processes of the vertebrae are cut with rib shears (Figure 3F),
posteriorly by the middle of the transverse process of the
vertebra (Figure 4C), except rib I, which is cut right by the
upper margin of the transverse process. Rib I is resected
last. Before exposure of soft tissue, the I intercostal space
is tightened with clamps downwards (Figure 4D) so that
the external edge of rib I from which explosion begins is
contoured.

Following preparation, first, we expose the rib I neck and
cut it. Then, using a hook for the first rib (Figures 3H,4E),
the exposed neck is pulled downwards and outwards, which
makes it possible to expose the entire rib with a raspatory
(Figure 4F). Then, rib I is cut in the middle part with rib
shears (Figure 4G). The anterior segment is then resected
with box-shaped shears (Figures 31,4H). The first rib is cut
directly by the sternum in front, and the second at the level
of its transition to the cartilaginous part. All subsequent
ribs, except for the lowest one, are cut off along the
anterior-axillary line. The lower rib is cut off by the mid-
axillary line. After hemostasis control (Figure 41), a polyvinyl
chloride drain is installed via a thoracoport puncture.

Next, the extrapleural cavity plombage with hemostatic
sponge plates and solutions of antibiotics in projection of
the decostation is performed. The wound is sutured layer
by layer. The size of the removed rib fragments far exceeds
that of the access itself required for this technique (Figure 5).
In the postoperative period (Figure 6), within three weeks,
the formed cavity volume is increased daily with injections
of antibiotic solutions and ropivacaine through the drain
with regular X-ray and CT control for the collapse level of
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Figure 3 Thoracoplasty instrument set (from DB Giller).

pulmonary tissue and cavern.

Results

In total, 251 VATP were performed on 208 patients between
1999 and 2017 (Table 2). In 43 cases, it was bilateral.
Intraoperative complications were experienced with 15
(7.2%) patients (pleural cavity opening in 14 cases, systemic
circulation vessels damage in one case). Postoperative
complications (e.g., TB progression, pleurisy, pulmonary
embolism, spontaneous pneumothorax, lower extremities
venous thrombosis, and lung-heart failure) emerged in four
(2.0%) cases. The 30-day mortality rate was 0%, and the
90-day mortality rate was 0.5%.

© Journal of Thoracic Disease. All rights reserved.

After applying VATP with curative intent and an
adequate chemotherapy background and surgery on the
opposite lung if required, we achieved an efficacy of 88%
according to the WHO criteria for MTB elimination.
Clinical recovery (MTB elimination, destruction cavity
closure, and T'B reactivation absence up to three years) was
achieved in 81% of cases (77% with MDR, 71% XDR).

Discussion

A rather high incidence of postoperative complications (up
to 46-52%) and mortality (up to 6.7-11.7%) follows the
injury due to standard access thoracoplasty, which is now
performed more often for empyema than TB (21,22).
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Figure 5 Decostation volume and resected rib.
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Figure 6 Appearance of patient after VAT extrapleural thoracoplasty.

In the last decade, only a few reports devoted to
extrapleural therapeutic thoracoplasty have appeared in the
literature. After the introduction of VATP thoracoplasty,
patients have given priority to minimally invasive
techniques, and combined with the retrospective study
design, we were not able to provide a comparison group.

Therefore, our results were compared with published data
(Tible 2).

© Journal of Thoracic Disease. All rights reserved.

The data obtained indicate a lower level of intraoperative
complications with VATP, which is explained by the good
visualization of tissues using the videothoracoscope. The
reduction in the rate of postoperative complications and the
absence of 30-day mortality in our series of surgeries may
be the result of less trauma due to minimally invasive access.
Extrapleural cavity sealing with long-term maintenance of
the required collapse in the postoperative period made it
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Table 2 Results of extrapleural thoracoplasty in destructive pulmonary TB treatment.

Source Year Surgeries ::rgrr:sri)ce;:xZ Zgr?wtp?lrif;:?r:z 30-dayrartneortal ity Direct efficacy LZ;%;i;m
Krasnov (17) 2011 291* 49 (16.8%) 75 (25.8%) 6 (2.1%) 180 (61.9%) 229 (78.6%)
Kalabuha (4) 2013 98 No data 10 (10.2%) 5(5.3%) 64 (65.3%) 80 (86.0%)
Korpusenko (18) 2015 66 10.6% 9.1% 2 (3.0%) No data No data
Belov (19) 2017 21 No data No data No data 10 (47%) No data
Krasnov (3) 2017 223* 28 (11.8%) 69 (30.9%) 1(0.4%) 176 (78.9%) 177 (79.7%)
Reyhrud (20) 2018 16* No data No data 0 10 (62.5%) 62.5%
VATP 1999-2017 251 15 (6.0%; 95% Cl: 4 (1.6%; 95% Cl: 0 88.0% (95% CI:  80.8% (95% Cl:
4.3-11.6%) 0.6-5.0%) 82.3-91.8%) 74.8-85.6%)

*, osteoplastic thoracoplasty + bronchoblockation. TB, tuberculosis; VATP, videothoracoscope control.

possible to achieve a relatively high direct (88%) and long-
term (81%) efficacy.

The obvious advantage of VATP is the achievement of
a high level of clinical recovery in the cohort with a high
XDR/MDR rate (80.3%), much higher than that of XDR/
MDR cases in the publications we compared our results
with (3,4,17-20). VATP intends complete removal of I
and II ribs and therefore creates a much greater collapse
than osteoplastic thoracoplasty of the Bjork type (23,24)
recommended by some authors (3,20). At the same time,
it cannot be denied that the most dangerous stage of
extrapleural thoracoplasty in the classical version is the
exposure of rib I in the zone of the subclavian vessels,
so osteoplastic thoracoplasty may be preferable to avoid
vascular damage.

The most significant weakness of our study is the lack
of our own comparison group, and therefore more reliable
studies should be carried out to optimize the technique
of extrapleural thoracoplasty and its implementation.
Given the rarity of this operation, this is feasible only in a
prospective multicenter study.

The VATP technique is much less traumatic than
standard extrapleural thoracoplasty (25-27) due to the
minimal sectioning of the dorsal muscles, vessels, and
nervous branches, and it further enables a significant
reduction of hemithorax volume without chest wall and
shoulder girdle muscle atrophy. Patients’ pain syndrome
manifestation is less severe, their functional rehabilitation
is full and early, chest deformation is absent, and shoulder
girdle function is completely saved. Comparing the results
of this technique in the cohort of MDR TB patients with
the outcomes of MDR TB treatment worldwide (77%

© Journal of Thoracic Disease. All rights reserved.

vs. 55%, respectively) (1), we regard this technique as
efficacious and recommend it for use. However, it is worth
noting that this technique should not be the method of
choice in cases where resection is possible.

Due to the increasing prevalence of drug-resistant TB, it
is possible to that extrapleural thoracoplasty should occupy
a more significant place in the arsenal of thoracic surgeons,
and its minimally invasive version can be qualitatively
superior to crippling operations of the past.
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