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EFFECT OF THORACOPLASTY ON CARDIORESPIRATORY AND IMMUNE 

SYSTEMS OF TUBERCULOSIS PATIENTS

A.F. Kravchenko

Study  findings  on  the  effect  of  thoracoplasty  (one  of  the  chief  surgical  treatments  for 

pulmonary tuberculosis)  on respiratory function,  central  hemodynamics,  and immune status  are 

presented. High compensatory capacities of the respiratory system and increased humoral immunity 

were detected,  canceling the need for  remedial  therapy.  Treatment  with nitrates  and ganglionic 

blockers was proposed for remedy of hemodynamic abnormalities.
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Background.  Surgical treatment of consumption – pulmonary form of tuberculosis – was 

first attempted by Austrian surgeon Sauerbruch F. in 1888 [18], when he removed small rib portions 

close to the spine, at the diseased side. The effect of the surgery topped all expectations; the patient 

recovered. From that time on, thoracoplasty has become a chief method for surgical treatment of 

tuberculosis, being successfully used until now. Many variations of the original surgical procedures 

have evolved [5,10]. Fairly detailed descriptions have been made for post-resection conditions as a 

problem in surgically operated lung [1,2,6].  At the same time, thoracoplasty produces a certain 

biophysical  effect  of  collapsed lung,  unlike  resection [9],  and thus  has  various  effects  also  on 

cardiorespiratory system and on indicators of systemic immunity. [11,12,16].

Material and methods

197 patients having pulmonary tuberculosis were the clinical material for the study; of them, 

84 (42.6%) with fibrocavitary TB, 84 (42.6%) with cavitary TB, and 29 (14.8%) with disseminated 

TB. All patients underwent standard upper posterior thoracoplasty by Bogush L.K. [3].

Home-produced  “Metatest-2-02”  equipment  was  used  to  study  respiratory  function.  We 

determined respiratory frequency (Rf), minute ventilation (MV), maximum voluntary ventilation 

(MVV), vital capacity (VC). Flow-volume loop rates, peak expiratory flow rate (PEFR), PEFR at 

25%, 50% and 75% of VC, forced expiratory volume in 1 second (FEV1) were assessed using 

“Spirosift” equipment from Fukuda Denshi (Japan).

Forced expiration rates were compared to reference predicted normal values by Klement 
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R.F. [8], interpretation of the respiratory function test findings with determination of the type and 

severity of the impairment of pulmonary ventilatory capacity were done based on recommendations 

by Nefedov B.V. [15].

Central  hemodynamic rates were assessed using MLC-1200 computer  densitometer from 

“Nihon Kohden” (Japan). Additionally, M.I. Tishchenko’s method of integral rheography [17] was 

employed for dynamic observation in follow-up period. Systolic pulmonary artery pressure (sPAP) 

was assessed using electrocardiography via V.P.  Melnik’s  modification [13] of  S.A.  Dushanin’s 

indirect method [7].

Cell-mediated and humoral immunity were assessed by standard methods [12].

All  examinations  were  performed  before  the  surgery  and  on  days  9–12  and  30 

postoperatively. Besides that, central hemodynamics was assessed either for 2–3 days, or hourly if 

medications were administered to correct central hemodynamic abnormalities.

Statistical  data  processing  was  done  by  Microsoft  Exсel  tools  for  statistical  analysis, 

employing  standard  methods  for  variable  assessment.  Assessment  of  statistically  significant 

(reliable) differences in mean values between the study groups was done by Student’s test and chi-

square test for 95% (p=0.05) probability of unmistakable prediction, and based on the presence of 

correlations by linear correlation analysis (r).

Results. For dynamic assessment of the effect of thoracoplasty on the function of respiratory 

organs,  tests  were  performed  in  116  patients,  who  had  the  following  forms  of  pulmonary 

tuberculosis:  83 (71.5%) with fibrocavitary TB, 4 (3.4%) with disseminated TB, 29 (25.1%) with 

cavitary TB. Decreased MVV (77.7±4.09%), along with the heightened MV (190.6%±10.6%) were 

the most noticeable baseline patient characteristics, which indicated the presence of 1-2 degrees of 

respiratory distress. Importantly, the increase in MV levels developed not only due to increased tidal 

volume (TV) (9±4.5%), but due to increase in frequency as well. After thoracoplasty, respiratory 

function indicators reduced abruptly, down to 40% of the baseline levels, due to the injury of the 

respiratory organs (intercostal muscles, deep and superficial thoracic muscles, rib removal). On the 

other hand, while MV increased by 8.6%, TV was decreasing to 7.1%, which was evidence that 

compensatory mechanisms are producing a smoothing effect on respiratory distress. Study of the 

expiratory  fraction  (PEFR  at  75%  of  VC)  in  early  postoperative  period  showed  decrease  to 

17.6±6.09; this finding signalized about the obstructive component in larger bronchi. But nearer to 

the day 30, respiratory function indicators were observed to restore: VC restored by 9.7%, MVV 

restored by 35.4%, MV decreased by 40.1% together with the increase in TV to baseline indicators, 

patency of the large bronchi improved (PEFR at 75% of VC) to 26.6±5.6%.
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To determine the effect of thoracoplasty on central hemodynamics, examinations at various 

stages of thoracoplasty were done in 82 patients, of them 55 with fibrocavitary (67.2%), 7 with 

disseminated (8.5%), and 20 with cavitary (24.3%) pulmonary tuberculosis.

By  E.A.  Vagner’s  classification  [4],  blood  flow  types  at  baseline  were  as  follows:  58 

(70.7%) patients had eukinetic circulation, 16 (19.5%) had hypokinetic circulation, 8 (9.7%) had 

hyperkinetic  circulation.  Pre-operatively,  no  meaningful  differences  were  found  in  central 

hemodynamic indicators of patients with different clinical forms of tuberculosis, possibly because 

of similar extents of the specific tuberculosis process.

In  early  postoperative  period,  thoracoplasty  caused  sharp  changes  in  hemodynamic 

indicators. Cardiac index (CI) heightened from 1.80±0.04 to 2.40±0.10 L/min/m2 (p<0.05). Systolic 

pulmonary artery pressure increased from 42.01±1.22 to 44.53±3.24 mmHg (p>0.05).  Left-side 

thoracoplasty was associated with more marked hemodynamic disorders, then right-side surgery. 

Pulse,  stroke  volume (SV),  CI  and sPAP (Р<0.05)  remained  significantly  high  at  all  stages  of 

treatment; this should be regarded as typical effect of thoracoplasty on cardiovascular system.

Analysis  of  postoperative  hemodynamic  indicators  suggested  unequal  rearrangements  in 

systemic  and  pulmonary  circulation  of  the  patients  after  thoracoplasty.  We  supplemented  the 

anesthetic care with antispasmodics: 0.01% solution of nitroglycerin (NG) in drop infusions. Such 

care was sufficient  to provide adequate anesthesia and to stabilize hemocirculation. The use of 

pentamin  (0.01-1.2  mg/kg  body  weight)  provided  total  sympathetic  blockade,  manifesting  as 

improved flow of blood to the heart, due to neutralized post-exercise vascular resistance.

Fig. 1 Correction of central hemodynamics: A - before; B - after

For correction of hemodynamic abnormalities, nitrate (nitroglycerin) and ganglionic blocker 

(pentamin)  classes  of  drugs  were  administered  in  threshold  doses  under  monitoring.  Use  of 

nitroglycerin was associated with marked systemic vasodilation, manifesting as  the reduction of 

systolic  and  diastolic  AP  to  14%  from  baseline  (p<0.05).  Total  peripheral  resistance  (TPR) 

decreased  concurrently  with  the  increase  in  levels  of  cardiac  output  (CO)  (from 4.87±0.23  to 

5.54±0.23 L/min/m2; p<0.05) and SV (from 58.3±4.2 to 75.6±3.4 mL/min/m2; p<0.05), decrease in 

levels of central venous pressure (CVP) (from 6.9±0.4 to 3.9±0.3 mmHg; p<0.05) and venous tone; 



147

the  latter  contributed  to  improvement  of  blood  flow  to  the  heart.  However,  the  decrease  in 

pulmonary arterial vascular tone was not reliable. Use of pentamin produces the desired clear effect 

of  decreased  pressure  in  pulmonary  circuit.  This  effect  was  confirmed  by  shortening  of  mean 

circulation  time  (MCT)  (from  20.1±0.12  to  13.9±0.43  sec;  p<0.05),  which  was  an  adequate 

reflection of the reduced pulmonary hypertension (Fig.1).

Considerable  traumaticity  of  thoracoplasty  can  be  smoothened  by  means  of  similar 

vasoparetic agents that improve the adequacy of the anesthesia care. These agents provide sufficient 

antistress  defense  and  restrict  the  pulmonary  arterial  barrier.  This  facilitates  adaptation  of 

respiratory and cardiovascular systems to altered postoperative functional state; this adaptation is 

directed primarily at optimization of ventilation-perfusion ratios.

Immune status indicators at different stages of thoracoplasty were studied in 32 patients, of 

them: 14 (43.8%) with fibrocavitary tuberculosis, 9 with cavitary TB and 9 with disseminated TB 

(28.1%) respectfully.

Patients’ baseline  immunological  assessments  were  compared  to  relative  assessments  in 

normal individuals. Pre-operative status of T-cell-mediated immunity in surgical patients was on 

fairly high level, as measured by total counts of T-lymphocytes, although levels of regulatory cells 

showed the predominance of T-suppressors. Analysis of immune indicators in patients with different 

clinical forms of TB showed that T-cell immunity reduced most profoundly in disseminated TB 

(45.9±3.65, p<0.05), while in cavitary disease T-lymhocyte counts approximated those in control 

group  (52.3±5.84,  p<0.05).  T-helper  subpopulation  counts  reduced  more  in  patients  with 

fibrocavitary or disseminated TB, and less so in patients with cavitary TB. The latter contributed to 

predomination of T-suppressors and hence to reduction of immunoregulatory index.

Intensification of humoral immunity was noted in all cases, due to increased relative and 

absolute numbers of B-cells. In turn, predomination of B-cell immunity correlated with the increase 

in levels of serum class A and G immunoglobulins.

Study of immune response at postoperative days 9-12 showed changes in T-cell immunity: 

reduction in T-helper content from 27.15±1.53 to 23.54±0.9% (p<0.05), increase in T-suppressors 

from 22.0±1.66 to 26.33±2.57% (p<0.05). B-lymphocyte counts were observed to decrease from 

28.25±1.58 to 13.01±2.08% (p<0.05).

In stage 3 of the study  (postoperative day 30), total populations of T-lymphocytes rose to 

baseline  levels;  the  same  trend  was  observed  in  T-helpers.  These  positive  changes  in 

immunoregulatory  cells  were  observed  in  all  patients  irrespective  of  the  clinical  form  of 

tuberculosis, although more markedly in patients with cavitary TB (p<0.05) and less manifested in 
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disseminated pulmonary TB (p<0.05).

Positive  changes  were  observed  in  B-cell  indicators  as  well,  with  more  pronounced 

manifestations  in  fibrocavitary  TB  (p<0.05)  and  a  bit  less  so  in  cavitary  TB,  compared  to 

disseminated  TB.  Immunoglobulins  showed  a  trend  to  normalization  in  IgA and  IgG  levels, 

reflecting the reduction of inflammatory activity in the lungs (Table 1).

Table 1

Systemic immune indicators at various stages of thoracoplasty

No Immune  response 

indicators

Baseline levels

(M+m)

Postoperative period

(М+m)

Test timings Days 9–12 Day 30

1. T lymphocytes (х10) 0.935 + 0.06 0.737 + 0.04 1.07 + 0.08

2. T lymphocytes (%) 50.09 + 1.88 49.56 + 2.19 51.05 + 1.98

3. T helpers (%) 27.15 + 1.53 23.54 + 0.9 25.35 + 1.31

4. T supressors (%) 22.0 + 1.66 26.33 + 2.57 23.58 + 2.03

5. Leucocytes (х10) 6.22 + 0.12 19.62 +     1.78 31.45 + 1.04

6. Lymphocytes (%) 28.25 + 1.58 13.01 + 2.08 26.94 + 1.6

7. B lymphocytes (х10) 0.533 + 0.02 0.405 + 0.03 0.570 + 0.02

8. B lymphocytes (%) 27.13 + 1.21 22.93 + 1.06 21.5 +     0.07

9. Ig A (%) 2.35 + 0.11 2.34 + 0.09 2.15 + 0.07

10. Ig M (%) 0.95 + 0.33 1.07 +     0.06 0.92 +     0.04

11. Ig G (%) 14.3 + 0.46 12.37 + 0.7 13.38 + 0.37

To  conclude,  changes  in  immune  indicators  in  postoperative  period  gave  evidence  for 

various degrees of the damaging effect that disease persistence and adaptation of the body to new 

postoperative  state  have  on  immune system.  In  patients  with  cavitary  TB changes  in  immune 

indicators  testified  for  better  and  quicker  restoration  of  immune  system,  than  in  patients  with 

disseminated or fibrocavitary forms of TB.

Conclusions:

1.  Although spirometric indicators were acutely reducing after thoracoplasty, significantly 

improved breathing activity and partially restored respiratory function were found on postoperative 

day  30,  demonstrating  high  compensatory  capacities  of  the  respiratory  system.  This  can  be 
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attributed  to  the  fact  that  thoracoplasty  is  less  traumatic  for  the  lung  and  preserves  lung 

parenchyma, which is of greater clinical and prognostic significance, than the surgical damage to 

respiratory organs.

2. In short term following thoracoplasty, systemic and pulmonary hemodynamic indicators 

are found to be inhibited (p<0.05), and this is a condition requiring corrective therapy. Use of nitrate 

and  ganglionic  blocker  classes  of  drugs  substantially  improves  the  central  hemodynamics  and 

ventilation/perfusion ratio (p<0.001).

3. Changes in immune status indicators following thoracoplasty had a compensatory nature 

caused by natural rearrangement of immune system, and did not require active immune corrective 

therapy.



150

References:

1. Balezina ZN. Kriterii operabelnosti bolnykh rasprostranennym destruktivnym tuberkulezom legkikh 

po  pokazaniyam  vneshnego  dykhaniya,  kislotno-shchelochnogo  balansa,  gemodinamiki 

[Operability criteria for patients with extensive destructive pulmonary tuberculosis, by spirometric, 

acid-base, and henodynamic indications]. Dr.Med.Sc.(MD) Thesis. Moscow; 1977. 319 p.

2. Bartusevichene AS. Operirovannoe legkoe [Operative lung]. Moscow: “Meditsina”; 1989. 237 p.

3. Bogush  LK.  Khirurgicheskoe  lechenie  tuberkuleza  legkikh  [Surgical  treatment  of  pulmonary 

tuberculosis]. Moscow: “Meditsina”; 1979. 296 p.

4. Vagner EA, Tavrovskiy VM. Oshibki, opasnosti i oslozhneniya v legochnoy khirurgii [Mistakes, 

dangers and complications in pulmonary surgery]. Perm: “Kn. izd-vo”; 1977. 267 p.

5. Gilman AG. Torakoplastika pri lechenii  legochnogo tuberkuleza [Thoracoplasty for treatment of 

pulmonary tuberculosis]. Moscow: “Meditsina”; 1947. 211 p.

6. Demidov BS, Priymak AA. Postrezektsionnaya bolezn legkikh [Post-resection pulmonary disease]. 

Kuibyshev: “Kn. izd-vo”; 1985. 185 p.

7. Dushanin SA. Giperfunktsiya pravogo zheludochka serdtsa: vozmozhnosti i granitsy kosvennogo 

opredeleniya  (sopostavlenie  s  tsentralnoy  gemodinamikoy)  [Right  ventricular  hyperfunction: 

opportunities and limits of indirect assessment (in relation to central hemodynamics)]. Dr.Med.Sc.

(MD) Thesis. Kharkov; 1969. 41 p.

8. Kravchenko AF. Vozmozhnosti torakoplastiki v lechenii bolnykh rasprostranennym destruktivnym 

tuberkulezom legkikh [Potential of thoracoplasty in treatment of patients with extensive destructive 

pulmonary tuberculosis]. Cand.Med.Sc.(MD) Thesis. Moscow; 1992. 168 p.

9. Kravchenko  AF.  Biofizicheskie  osnovy  effekta  kollapsa  legkogo  pri  tuberkuleze  [Biophysical 

foundations  of  the  phenomenon  of  lung  collapse  in  tuberculosis].  Nauka i tekhnika v Yakutii. 

2003;2(5):42-44.

10.Kravchenko  AF,  Dyagileva  TA,  Zakharova  MA.  Izmeneniya  mekhaniki  dykhaniya  u  bolnykh 

legochnym  tuberkulezom  posle  torakoplastiki  i  chastichnykh  rezektsiy  legkogo.  In:  Aktualnye 

voprosy  bolnykh  tuberkulezom na  sovremennom etape  [Breathing  mechanics  measurements  in 

patients with pulmonary tuberculosis after thoracoplasty and partial pulmonary resection]. In: Tez. 

dokl. nauch.-prakt. konf. ftiziatrov Kraynego Severa, Sibiri i  Dalnego Vostoka [Abstracts of the 

research-practice conference for phthisiologists of Far North, Siberia, and Far East]. Yakutsk; 1990. 

p. 72-74.

11.Kravchenko AF, Bezpalchiy AN. Korrektsiya gemodinamiki pri torakoplasticheskikh operatsiyakh 

u  bolnykh  tuberkulezom legkikh  [Hemodynamic  correction  during  thoracoplastic  operations  in 



151

patients  with pulmonary tuberculosis].  In:  Novye meditsinskie  tekhnologii  na  Dalnem Vostoke: 

materialy V region.  nauch.-prakt.  konf.,  g.  Khabarovsk, 30 yanv.  – 1 fevr.  2002 [New medical 

technologies  in  the  Far  East:  proceedings  of  the  V  regional  research-practice  conference 

(Khabarovsk, Jan 30 – Feb 1, 2002)]. Vladivostok; 2002. p. 24.

12.Klement RF; Putov NV, editor. Issledovanie sistemy vneshnego dykhaniya i ee funktsiy [Study of 

respiratory system and its functions]. In: Bolezni organov dykhaniya (Rukovodstvo dlya vrachey) 

[Diseases of respiratory organs (Guide for physicians)]. Moscow: “Meditsina”; 1989. Vol. 1. p. 302-

329.

13.Melnik  VP.  Davlenie  v  legochnoy  arterii  i  elektricheskaya  aktivnost  miokarda  u  bolnykh 

tuberkulezom  i  nespetsificheskimi  vospalitelnymi  zabolevaniyami  legkikh  [Pulmonary  artery 

pressure  and  electric  myocardium  activity  in  patients  with  tuberculosis  and  non-specific 

inflammatory diseases of lungs]. Cand.Med.Sc.(MD) Thesis. Kiev; 1981. 192 p.

14. Nefedov  VV.  Funktsiya  vneshnego  dykhaniya  u  bolnykh  tuberkulezom  legkikh  [Respiratory 

function  in  patients  with  pulmonary  tuberculosis].  Synopsis  of  Cand.Med.Sc.(MD)  Thesis. 

Moscow; 1978. 32 p.

15.Bezpalchiy AN, Streltsov VP, Kravchenko AF. Profilaktika i lechenie nekotorykh patologicheskikh 

sindromov na osnovanii analiza faktorov riska vo ftiziokhirurgii: metod. rekomendatsii MZ RSFSR 

[Prevention and treatment  of  some pathologic syndromes in  surgery for  tuberculosis,  based on 

analysis  of  risk  factors:  guidelines  of  the  Ministry  of  Health  of  the  Russian Soviet  Federative 

Socialist Republic]. Moscow; 1991. 12 p.

16.Tishchenko  MI,  Smirnova  AD,  Danilov  LN,  Aleksandrov  AL.  Kharakteristika  i  klinicheskoe 

primenenie integralnoy reografii – novogo metoda izmereniya udarnogo obyoma [Description and 

clinical  use of  integral  rheography – new method for  measuring stroke volume].  Kardiologiya. 

1973;9:54-62.

17. Sauerbruch F. Die chirurgie des Brustorgane. Leipzig; 1930. V. 1. p. 2.

Author information:

Kravchenko Alexander Fedorovich, Dr.Med.Sc., Director, State Budgetary Institution of the 

Sakha Republic (Yakutia) “Research-Practice Center ‘Phthisiatry”, Yakutsk, Republic Sakha 

(Yakutia), Russian Federation, e-mail: alex220560@yandex.ru.


