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A B S T R A C T

Tuberculosis (TB) is an important clinical and public health issue worldwide. Despite improved treatment
success rates following the introduction of antibiotics in daily clinical practice, the expected decline in
incidence has been hampered by HIV epidemics and multi- and extensively drug-resistant TB. During the
pre-antibiotic era, TB therapies were mainly based on improving hygiene conditions, strengthening
the immune system, and targeting the rest of the affected lungs with invasive techniques. Detailed
knowledge of old non-pharmacological therapies might support physicians and researchers in the
identification of new solutions for difficult-to-treat patients. We performed a narrative literature review
on the main old therapeutic options prescribed for patients with TB. The main recommendations and
contraindications of sanatorium therapies (i.e., bed rest, fresh air, sunlight) and pulmonary collapse
techniques are reviewed, evaluating their physiological basis and their impact on patient outcomes. We
report studies describing new interventional pulmonary and surgical techniques and assess new
perspectives based on old medical and surgical treatments, whose potential implementation could help
complicated patients.
© 2020 Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Tuberculosis (TB) is an important clinical and public health
issue worldwide (WHO, 2018). The economic and healthcare
burden of this disease is underlined by its estimated annual
incidence and mortality of 10 million persons and 1.6 million
persons, respectively. The World Health Organization (WHO) has
planned and recommended several global strategies to tackle TB;
however, the expected decline in TB incidence has been hindered
by the lack of adoption of WHO strategies at the national and local
levels, and by the emergence and spread of TB/HIV co-infection
and by multidrug-resistant (MDR) TB (D’Ambrosio et al., 2014;
Lönnroth et al., 2015).

The availability of new anti-tuberculosis (e.g., bedaquiline,
delamanid, pretomanid) and repurposed (e.g., linezolid, carbape-
nems) drugs has improved the treatment success rate and reduced
the risk of Mycobacterium tuberculosis transmission associated
with difficult-to-treat cases. However, pharmacological options are
not available or sufficient in some low-income, high TB incidence
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settings (Collaborative Group et al., 2018; Collaborative Group for
the Meta-Analysis of Individual Patient Data in MDR-TB treatment-
–2017 et al., 2018; Mohr et al., 2018; Mbuagbaw et al., 2019; Pontali
et al., 2017, 2018).

Starting in the industrial revolution, beginning around 1750,
TB was associated with a high mortality toll worldwide. However,
improvements in hygiene and healthcare conditions helped
regions of Europe and North America to improve the epidemiologi-
cal scenario (Daniel, 2006; Pezzella, 2019).

New ideas are now needed for alternative solutions, particularly
in the management of difficult-to-treat and drug-resistant forms of
TB. Careful evaluation of the options adopted in the past could help
shape the near future.

Methods

A non-systematic, narrative literature review was conducted
using PubMed as a search engine. The searches were conducted
without any time restriction (inception until October 2019). In
addition, an extensive private collection of old books and reports
was reviewed. Epidemiological studies performed on adult human
beings and written in the English, Italian, or German language were
selected.

The reference lists of recent articles were used to retrieve
articles and books not available in the electronic databases.
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A short historical background

At the end of the eighteenth century, during the industrial
revolution, the incidence of TB (also called ”consumption")
increased significantly in both Western Europe and the United
States (Murray, 2004). Burgeoning industrialization favored a
substantial migration of young workers from rural areas to the
cities, resulting in increasingly crowded living conditions (Murray,
2004; Daniel, 2006). A large proportion of the urban population
lived and worked in cold and damp dwellings and factories.
Malnutrition, poor hygiene, and poor healthcare conditions were
associated with a dramatic rise in TB cases. In some European
cities, TB-related mortality peaked at 800–1000 per 100 000
population per year (Krause, 1928; Daniel, 2006; Grigg, 1958).

Although the incidence of TB among intellectuals and artists led
to the portrayal of TB as a romantic disease, the relationship
between an infectious etiology and the occurrence of the disease
was demonstrated in the second half of the nineteenth century
(Daniel, 2006). In 1865, Jean-Antoine Villemin, a French military
surgeon, showed TB transmissibility by inoculating the purulent
cavity fluid from a dead TB patient into a rabbit (Daniel, 2006;
Herzog, 1998). This was confirmed in 1878 by the German
physician Hermann Tappeiner, who demonstrated the airborne
transmission of TB to dogs when the animals inhaled water
emulsions of dried sputum from patients with pulmonary TB
(Donald et al., 2018).

In 1882, the German scientist Robert Koch stated his postulates
in demonstrating the etiological role of M. tuberculosis in TB
(Murray, 2004; Daniel, 2006; Herzog, 1998).

In 1890, Robert Koch failed with his idea to introduce
tuberculin, i.e., a glycerin concentrate extract of dead tubercle
bacilli, as a remedy for TB (Daniel, 2006; Herzog, 1998; Martini
et al., 2018a). However, in the early twentieth century, Clemens von
Pirquet and Charles Mantoux showed its usefulness in screening
individuals with a latent TB infection (Martini et al., 2018a). This
diagnostic advance was accompanied by the discovery of X-rays
(1895) by Wilhelm Conrad von Röntgen, which could assist in
monitoring the course and severity of the disease (Daniel, 2006;
Herzog, 1998; Martini et al., 2018a).

Despite this key scientific progress in understanding the
etiology, pathogenesis, and diagnosis of TB, therapy for this
disease remained ineffective (Riva, 2014). For centuries, bloodlet-
ting, purging, and leeches had been the most frequently prescribed
therapies for patients with consumption. At the beginning of the
nineteenth century, new chemical compounds and old herbal
preparations were commonly used in an attempt to cure or relieve
the symptoms. Accounts of these include cod liver oil, pills of
copper sulfate, decoctions of moss, seeds of water dropwort, and
inhalations of sedative or stimulant substances (vapors of tar,
iodine).

The only recommendations that consistently had a modicum of
success were those first reported by physicians in ancient Rome
(e.g., Galen), namely adequate nutrition and fresh air (Daniel,
2006; Herzog, 1998; Riva, 2014).

Nutrition, bed rest, fresh air, and sunlight: the sanatorium
movement

In the second half of the nineteenth century, European theories
on the effects of climate on the prognosis of TB disease prompted
the construction of sanatoria (Daniel, 2006; Herzog, 1998; Martini
et al., 2018a, b; Riva, 2014; Williams, 1898; Zubiani, 1898).

The low TB prevalence in people living in mountainous areas
convinced Hermann Brehmer, a physician in Prussia, to open the
first high-altitude sanatorium in Görbersdorf, in Silesia, in 1854
(Daniel, 2006; Herzog, 1998). Brehmer had been a botany student
who had recovered from pulmonary TB after a stay in the
Himalayas. The ecological assumption of the benefit of high
altitude was supported by another prominent physician, Henri-
Clermont Lombard, who in 1856 claimed that exposure to altitude-
related rarefaction of air and the resultant reduction of blood
oxygen tension was curative (Martini et al., 2018a, b; Riva, 2014;
Williams, 1898). After the infectiousness of TB was demonstrated,
sanatoria proved their further public health usefulness by isolating
persons with pulmonary TB from the healthy community (Herzog,
1998; Riva, 2014; Martini et al., 2018a).

Frequent and abundant meals to address comorbid malnutri-
tion, fresh air (i.e., aerotherapy) and bed rest, and mild physical
exercise were the pillars of sanatorium therapy (Herzog, 1998;
Martini et al., 2018a, b; Riva, 2014; Williams, 1898; Zubiani, 1898).

Preliminary successful results were followed by the scale-up of
sanatoria, particularly in the Swiss Alps, and then in the United
States, where several early sanatoria were established including
Edward Livingston Trudeau’s Adirondack Cottage Sanatorium at
Saranac Lake, New York, and National Jewish Health in Denver,
Colorado (Herzog, 1998). Unfortunately, sanatoria were expensive
and not affordable for the poor, among whom the highest
incidence rates were observed (Zubiani, 1898; McCarthy, 2001).

National anti-TB campaigns, which started in France and
Germany, demonstrated the advantages of providing sanatori-
um-based therapy to socially disadvantaged population groups
(Herzog, 1998; Martini et al., 2018a). In Italy, a law issued in 1927
provided for a national insurance for workers and restored the
provincial anti-TB associations, ‘Consorzi’, founded in 1919, to
coordinate preventive and clinical services (Sagona, 1933; Joseph,
1938). This legislative intervention included TB training for all
healthcare providers and the construction of new sanatoria and TB
facilities countrywide (Martini et al., 2018a, b; Sagona, 1933;
Joseph, 1938; Bonesio and Del Curto, 2011). These efforts included
the construction of “Villaggio Morelli”, a hospital in Sondalo in
northern Italy, which was the largest sanatorium in Europe at the
end of the Second World War (Figure 1A) (Bonesio and Del Curto,
2011).

Generally, only patients with mild symptoms and a potential
curable disease were admitted to sanatoria, where they usually
stayed for 3–6 months, or longer, if necessary, in a small proportion
of cases (Martini et al., 2018; Zubiani, 1898; Bartolotti, 1933).

Bed rest, as a therapy for febrile patients, was suggested for the
first time by Brehmer and his collaborator (and former patient)
Peter Dettweiler, the creator of the sanatorium deck chair and of
the pocket spittoon (Herzog, 1998; Bartolotti, 1933). Patients were
prescribed to stay in south-facing bedrooms with wide-open
windows or on sheltered open-air terraces and porches, lying
down on deck chairs, using blankets during the winter months
(Figure 1B, C) (Zubiani, 1898; Valtorta and Fanoli, 1907; Bartolotti,
1933; Martini et al., 2018a). When symptomatic patients became
afebrile, mild exercises were carefully started under strict medical
supervision (Williams, 1898; Valtorta and Fanoli, 1907; Bartolotti,
1933; Martini et al., 2018a).

In 1954, William Dock, an American physician, advanced a
physiological theory as to why there was apical localization of adult
pulmonary TB (Dock, 1946; Dock, 1954). Dock held that in persons
who were upright, the pulmonary blood and lymph flow decreased
due to gravity, and this in turn increased the mycobacterial
infection and disease in the upper lobes (Dock, 1946; Murray,
2003). In theory, blood flow, more than ventilation, is affected by
gravity, favoring a higher oxygen concentration in the upper
regions of the lung, and resulting in growth of M. tuberculosis
(Dock, 1946; Murray, 2003). The recumbent position enjoyed with
bed rest resulted in increased blood flow to the apices and the
maintenance of lymph flow and oxygen tension similar to those of
the lower regions (Murray, 2003).



Figure 1. (A) The 3000-bed sanatorium “Villaggio Morelli” in Sondalo, Italy at the completion of the Second World War was the biggest in Europe. (B) (C) Typical sheltered
terraces and porches at a sanatorium, with the characteristic deck chairs for aerotherapy.
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Decades later, West (1977), using radioactive gases to study
pulmonary blood flow and ventilation, demonstrated definitely
that the partial pressure of oxygen in the apices was higher than
that in the basal regions (Dock, 1946; Murray, 2003).

However, in the treatment of pulmonary TB, the optimal
number of hours per day to be spent in bed by patients was a
matter of debate, with some investigators recommending that
long-term exposure be avoided in order to adequately drain
pulmonary secretions (Bartolotti, 1933; Martin, 1946).

In the second phase of the history of sanatoria, sun exposure (i.e.,
heliotherapy) was implemented together with aerotherapy (Barto-
lotti, 1933; Greenhalgh and Butler, 2017). This was prompted by the
findings of a study performed by the Danish physician Niels Finsen at
the end of the 19th century, who described the beneficial activity of
ultraviolet (UV) light (delivered through a special carbon arc lamp
with quartz filters) on a cutaneous infection (lupus vulgaris) caused
by M. tuberculosis (Jarrett and Scragg, 2017; Scolari, 1936; Palmieri,
1936). In 1903, Auguste Rollier, a Swiss physician, established a
sanatorium in Leysin, in Switzerland. Rollier’s prescription was 15
days of sun exposure, beginning with exposure to the feet and
gradually extending to the entire body surface, followed by daily 3/
4-h sun baths (Greenhalgh and Butler, 2017; Jarrett and Scragg,
2017; Zanoli, 1936; Vacchelli, 1936). Rollier’s whole-body sunlight
therapy was prescribed for skin and joint TB, and heliotherapy-
based facilities became popular throughout Europe and the United
States (Scolari, 1936; Palmieri, 1936; Zanoli, 1936; Vacchelli, 1936;
Greenhalgh and Butler, 2017; Jarrett and Scragg, 2017).

However, heliotherapy was recommended only for chronic
extrapulmonary TB (i.e., skin, joints, neck lymphadenopathies,
serosal and genitourinary tract TB), being of higher risk for those
with acute pulmonary TB with fever and hemoptysis (Howson,
1928; Magrassi, 1933; Scolari, 1936; Palmieri, 1936; Zanoli, 1936;
Vacchelli, 1936; Roelandts, 2002; Greenhalgh and Butler, 2017;
McCollough and Lehrer, 2018).

In Northern European countries, where sun exposure was
naturally limited during the winter, artificial light treatment (i.e.,
phototherapy) was prescribed (Palmieri, 1936; Jarrett and Scragg,
2017).

Vitamin D, discovered at the beginning of the twentieth century
after its isolation from animal skin and from codfish liver oil
(Norman, 2012), was added to the therapeutic regimen with helio-
and phototherapy, following its cutaneous activation after UV-B
irradiation (Jarrett and Scragg, 2017; McCollough and Lehrer, 2018;
Norman, 2012). Vitamin D promotes macrophage activation via
toll-like receptors and interferon-gamma, and upregulates the
expression of the cathelicidin genes in macrophages, leading to
the production of an antimicrobial peptide (LL-37) that contributes
to death of the M. tuberculosis organism. Vitamin D also promotes
the reversal of mycobacteria-induced phagosome maturation
arrest and autophagy (Ralph et al., 2013; Brighenti et al., 2018).

Sun exposure also favors the release of nitric oxide from
enzymatic and non-enzymatic sources of the innate immune
system, which has antibiotic properties (Greenhalgh and Butler,
2017; Braverman and Stanley, 2017).

However, some have argued about the real benefit of
sanatorium therapies, with clinical recovery described only in
those with mild disease. Long-term results were fairly disappoint-
ing, with many of the patients worsening or dying a few years after
their discharge (Alling and Bosworth, 1960; Cox, 1923; Daniel,
2006; Grzybowski and Enarson, 1978; Herzog, 1998; McCarthy,
2001).

Pulmonary collapse therapies

Beginning in the 1920s, artificial pneumothorax, the first and
less invasive pulmonary collapse therapy, was combined with the
sanatorium therapies described previously, for cases in which
these therapies were not effective in controlling the disease
(Herzog, 1998; Daniel, 2006; Martini et al., 2018a, b).

In 1888, the Italian physician Carlo Forlanini induced the first
artificial pneumothorax by filling the pleural cavity with nitrogen,
the absorption of which was slower than that of oxygen, injected
through a mechanical tool prepared with the support of his
engineer brother Enrico (Forlanini, 1907; Bottero, 1947; Sakula,
1983). This procedure met with academic resistance until 1912,
when Forlanini demonstrated several successful cases at the
Seventh International Tuberculosis Congress held in Rome
(Bottero, 1947; Sakula, 1983).

A volume of nitrogen equal to 200–250 ml was injected, which
was followed by alternate-day administrations and then
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administration every 2–3 weeks (Sakula, 1983). During this era, an
American thoracic surgeon, John Benjamin Murphy, introduced
larger nitrogen volumes (i.e., 1000–3000 ml) using an open
technique (i.e., by incising the skin and muscle) and assessed the
size of the collapsed lung with a chest X-ray (Costantini and
Redaelli, 1933; Omodei Zorini et al., 1940; Sakula, 1983; Herzog,
1998).

Pneumothorax was mostly successful in cases of unilateral and
rapidly worsening infiltrative, caseous, and cavitary lesions (Carpi,
1929; Carpi, 1933; De Castro, 1933; Soper, 1935).

Bilateral pneumothorax was performed for cases with bilateral
forms, or in unilateral cases after infection of the contralateral
lung. Notably, the lower gas volume administered in these cases
allowed selective collapse of the less elastic affected lobe to be
performed (Carpi, 1929; Ferrari, 1933; Soper, 1935).

The duration of a pneumothorax ranged from 1 to 3–4 years
depending on the disease severity, with a long-term success rate of
35–65% (Carpi, 1929; Carpi, 1933; De Castro, 1933; Daniel, 2006).

The basic principles of collapse therapy rely on lung rest, by
reducing respiratory movements, relaxing lung tissues, and
decreasing cavity volumes, as well as parenchymal oxygen tension
and blood flow (Carpi, 1929; Carpi, 1933; De Castro 1933; Sakula,
1983); the subsequent kinking and/or squeezing of the bronchus
may explain the sputum smear conversion (Carpi, 1933; De Castro,
1933; Herzog, 1998; Murray, 2003).

Pleural adhesions could prevent lung collapse (Carpi, 1929; De
Castro, 1933; Cova, 1933). In 1910, Hans Christian Jacobaeus
described the use of a cystoscope to study the pleural cavity
(Jacobaeus, 1910; Marchetti et al., 2011). Fibrous adhesions could
be managed through thermocautery under direct vision inside the
pleural space (intrapleural pneumolysis), inducing collapse of the
lung without opening the chest cavity (Jacobaeus, 1916; Jacobaeus,
1922; Cova, 1927; Cova, 1928; Marchetti et al., 2011) (Figure 2A–D).
This technique, known as the Jacobaeus operation, formed the
basis of modern medical thoracoscopy and video-assisted thoracic
surgery (VATS) (Jacobaeus,1910; Cova,1928; Marchetti et al., 2011).

Bernou introduced a new methodology, injecting sterile
mineral or vegetable oil (paraffin, olive, cotton-seed, gomenol
oil), which had long-term efficacy, avoiding the necessity of
refilling (De Castro, 1933; Singer, 1936). Recommendations for
oleothorax included treatment of pleuro-pulmonary fistulas or
empyema occurring after a pneumothorax. It was also performed
Figure 2. (A) Jacobaeus operation. Left anterolateral adhesion keeping a cavitary lun
introduced horizontally into the pleural cavity; cautery with the cutting edge applied to
(B) The same case after resection of the adhesion. Complete cavitary and pulmonary collap
the collapse and so it was not resected (from Cova, 1927 and Costantini and Redaelli, 193
adhesion (from Cova, 1927 and from Cova, 1928, original description).
after incomplete pneumothorax to prevent premature re-expan-
sion or pleural adhesions (De Castro, 1933; Singer, 1936).

Extrapleural pneumolysis, extrapleural pneumothorax

Extrapleural pneumolysis, known as plombage, was suggested
for patients with an apical cavity for whom pneumothorax was
contraindicated due to pleural adhesions. After the resection of a
portion of at least one rib, the parietal pleura was separated by
blunt dissection and different materials were injected (i.e., fat,
muscle, gauze, plastic balls, and mainly paraffin) (Redaelli, 1933;
De Castro, 1933; Soper, 1935; Singer, 1936; Omodei Zorini et al.,
1940; Omodei Zorini et al., 1948) (Figure 3A–D). This intervention
could also be prescribed for bilateral lesions, and the long-term
treatment success rate was 50–75% (De Castro, 1933; Soper, 1935;
Singer, 1936).

Based on this surgical technique, extrapleural pneumothorax
was later introduced in the late 1930s. The parietal pleura was
extensively detached from the chest wall with the aim of creating
an immediate lung collapse, supported by gas resupply. Patients
with mild disease who refused thoracoplasty, as well as children
and adolescents, were considered suitable for this therapeutic
approach (Omodei Zorini et al., 1948).

Phrenicectomy/phrenico-exeresis, neurectomy, scaleniotomy, and
Monaldi’s tuberculous cavity aspiration

Interruption of the phrenic nerve, associated with paralysis of
half of the diaphragm, was recommended in the case of a TB cavity
of the lower lobe, following an incomplete or unsuccessful
pneumothorax due to adhesions. It was reported that the
implementation of this technique was associated with an
immediate clinical recovery, with a success rate of 70%. Evulsion
(phrenico-exeresis) or crushing of the nerve, for permanent or
temporary (6 months) paralysis, respectively, could be performed
under local anesthesia (De Castro, 1933; Redaelli, 1933; Soper,
1935; Singer, 1936).

Unilateral multiple intercostal neurectomy, frequently per-
formed before a thoracoplasty, was characterized by the resection
of intercostal nerves (from the second to the ninth/eleventh) and a
reduction in chest wall mobility (Redaelli, 1933). However, in the
late 1920s, intercostal nerve alcoholization (i.e., the injection of a
g zone open. Radiographs taken during the intervention. The thoracoscope was
 a pleuro-pulmonary adhesion at the point suitable for resection can be observed.
se may be observed. Another adhesion is still present that did not have an impact on
3, original description). (C) (D) Jacobaeus operation. The resection of a tent-shaped



Figure 3. (A) Left pseudo-lobar isolated apical cavity. (B) The same case after paraffin plombage; the cavity edge has collapsed in on itself (arrows) (from Omodei Zorini et al.,
1940, original description). (C) Paraffin plombage of a cavity in the apex of the upper lobe (schematic representation) (from De Castro,1933). (D) Detachment of the apex of the
lung with the finger, and paraffin cylinders introduced into the extrapleural cavity (from Omodei Zorini et al., 1948).
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few milliliters of 80–90� alcohol solution) was frequently
prescribed to achieve only a 2/6-month paralysis (Redaelli, 1933).

In the early 1930s, phrenico-exeresis was performed together
with scaleniotomy in the case of an apical lung cavity. A section of
the anterior (and sometimes of the medium and posterior) scalene
muscle released the first and the second ribs to allow retraction of
the lung apex (De Castro, 1933; Redaelli, 1933; Soper, 1935).

In 1938, the Italian physician Monaldi described a method of
cavitary drainage by aspiration, for use in the case of failure of
other collapse therapies (Omodei Zorini et al., 1948). A catheter
was introduced into the lung cavity with a percutaneous approach,
with the opposite end of the tube connected to a continuous
suction apparatus. This method could be performed with or
without a thoracoplasty (Omodei Zorini et al., 1948).

Thoracoplasty

Thoracoplasty, which is the most invasive collapse therapy, was
first described by the Swiss surgeon De Cérenville in 1885 (De
Castro, 1933; Redaelli, 1933; Soper, 1935; Omodei Zorini et al.,
1948; Odell, 2012). The most frequently performed thoracoplasty
of Sauerbruch, always associated with phrenico-exeresis, consisted
Figure 4. (A) Diffuse fibronodular infiltration of the right lung with dense sclerosis of the
same case at 8 months after the intervention (Sauerbruch thoracoplasty). Right pulmon
down of the chest wall. Right lung apex elision. The distal stump of the first rib tied to the 

Costantini and Redaelli, 1933, original description). (D) Thoracoplasty. Skin incision line o
the complete Sauerbruch–Wilms technique (from De Castro, 1933, original description
of extrapleural resection of the posterior segments of the eleven
upper ribs without periosteum, followed by a lung volume
reduction and collapse (Sauerbruch, 1928) (Figure 4A–D). It was
recommended for patients with fibrous disease and with numer-
ous pleural adhesions or in extensive chronic empyema and for
young patients without cardiovascular diseases and other severe
comorbidities (Redaelli, 1933; Soper, 1935; Omodei Zorini et al.,
1948; Odell, 2012). It was reported that the intervention was
associated with a low mortality rate and a long-term success rate of
55–65% (Redaelli, 1933; Singer, 1936; Omodei Zorini et al., 1948;
Herzog, 1998).

In the case of localized sub-apical cavities, particularly those
causing hemoptysis, a partial thoracoplasty based on the resection
of a few ribs subperiosteally was successfully performed to spare
the healthy pulmonary lungs (De Castro, 1933; Redaelli, 1933;
Singer, 1936; Omodei Zorini et al., 1948; Odell, 2012).

Thoracic deformities associated with postoperative pain
syndrome were the most frequent complications (Singer, 1936;
Omodei Zorini et al., 1948; Odell, 2012).

All of the collapse therapies mentioned above (i.e., artificial
pneumothorax, plombage, phrenico-exeresis, and partial thoraco-
plasty) were frequently prescribed for life-threatening and/or
 upper lobe. Right pleural symphysis. Vicarious hypertrophy of the left lung. (B) The
ary cirrhosis with marked vertebral column scoliosis. Pronounced rotation and fall
vertebral stump of the third rib. Procedure performed in one operative session (from
f the Sauerbruch–Wilms technique; (C) Thoracoplasty. Rib resection extension with
).
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recurrent hemoptysis (Carpi, 1929; Veronesi, 1932; Carpi, 1933; De
Castro, 1933; Gottardi, 1934). Notably, hemoptysis, which was
deemed pathognomonic, is still a challenging symptom in Western
countries. However, a recent study showed that TB is an infrequent
cause of respiratory tract bleeding in Europe (Mondoni et al., 2016;
Mondoni et al., 2018a).

It is difficult to assess the real success rate of all of these
treatments. Indeed, no controlled studies assessed the efficacy and
safety of these techniques.

Epilogue

After the Second World War, the availability of antibiotics
changed the prognosis of TB dramatically (Iseman, 2002; Saltini,
2006). The concomitant discovery of the first two anti-
mycobacterial drugs streptomycin and para-aminosalicylic acid
(PAS) in 1944 and the demonstration of combination therapy to
prevent drug resistance heralded a new therapeutic approach
(Fox and Sutherland, 1956; Iseman, 2002; Saltini, 2006; Daniel,
2006).

At the end of the 1950s, a 12-month randomized controlled trial
conducted in Madras, South India, demonstrated that household
chemotherapy was equally clinically successful if compared with
sanatorium hospitalization (Fox and Sutherland, 1956; Tuberculo-
sis Chemotherapy Centre Madras, 1959; Dawson et al., 1966).
Subsequently, sanatorium admissions and their related non-
pharmacological therapies were progressively abandoned (Daw-
son et al., 1966; Iseman, 2002; Daniel, 2006).

New perspectives on old treatments

The emergence and spread of HIV epidemics and of MDR and
extensively drug-resistant (XDR) TB has dramatically affected the
epidemiology of TB (Getahun et al., 2010; Dheda et al., 2014).
Furthermore, intensified migration flows from Africa and Eastern
Europe have increased the number of TB cases in low TB incidence
countries (Lönnroth et al., 2017; Sotgiu et al., 2017a, b).

Knowledge of old pharmacological and non-pharmacological
treatments might be of inspiration for physicians involved in
research and treatment of the disease, particularly in cases in
which the current pharmacological options are ineffective. For
instance, several studies have recently explored the role of vitamin
D in the treatment of TB disease (Ralph et al., 2013; Jarrett and
Scragg, 2017; Brighenti et al., 2018). Vitamin D deficiency can be
found in a high proportion of patients with active TB, but
randomized controlled trials have not proven any consistent
clinical benefits, despite its immunomodulatory activity (Ralph
et al., 2013; Brighenti et al., 2018). Trials of vitamin D
supplementation to prevent the development of active TB need
large sample sizes and long follow-up (Ralph et al., 2013; Kearns
and Tangpricha, 2014; Brighenti et al., 2018).

Interestingly, a recent study showed that vitamin D deficiency
was strongly associated with extrapulmonary TB (Pareek et al.,
2015). On the basis of these findings, vitamin D supplementation
could be kept under consideration for specific population groups,
such as MDR/XDR-TB or extrapulmonary TB patients; these groups
are expected to increase in Europe (Ralph et al., 2013; Sotgiu et al.,
2017a, b; Mondoni et al., 2018a, b; Brighenti et al., 2018).
Remarkably, individuals with extrapulmonary disease were those
for whom heliotherapy and phototherapy were effective (Scolari,
1936; Palmieri, 1936; Vacchelli, 1936; Jarrett, 2017; McCullough
and Lehrer, 2018).

Immediate clinical recovery in patients admitted to sanatoria
was shown in cases of mild disease, following immune system
strengthening (e.g., vitamin D activation, adequate nutrition, etc.)
(Herzog, 1998; Daniel, 2006).
Some authors have recently debated the utility of new
sanatorium-like facilities for patients with incurable XDR-TB,
offering palliative care, adequate nutrition, separation of conta-
gious patients from the community, and education on basic
hygiene principles (Herzog, 1998; Daniel, 2006; Martini et al.,
2018b), particularly in resource-limited, high burden countries
(Dheda and Migliori, 2012).

Bed rest therapy could be a suitable option for MDR/XDR-TB
patients. Although the emergence of M. tuberculosis strains
resistant to chemical compounds has been shown since 1954,
the development of mycobacterial resistance to physical inter-
ventions is unlikely (Dock, 1954).

Surgical therapy could have a role, as recently suggested by the
WHO (2014). Severe empyema, localized forms of cavitary TB with
continuous M. tuberculosis excretion, complications and sequelae
of the TB process, and difficult-to-treat MDR/XDR-TB patients,
could be some of the clinical indications for resective surgery in
association with new and repurposed anti-TB drugs (WHO, 2014;
Dara et al., 2015; Fox et al., 2016; Subotic et al., 2016; Borisov et al.,
2019). Collapse interventions may be indicated for patients unfit
for surgical resection due to tracheobronchial disease (i.e.,
infection directly involving the tracheobronchial mucosa), severe
comorbidities, or poor lung function (Motus et al., 2006; Bertin
et al., 2007; Dara et al., 2015; Krasnov et al., 2017; Krasnov et al.,
2019; Giller et al., 2019) (Table 1).

Forlanini’s artificial pneumothorax was recently described in
patients with MDR-TB showing apical cavities, in whom pharma-
cological treatment was ineffective. In particular, Motus et al.
described a >80% culture conversion in 109 cases (both new and
retreated cases). No adverse events were recorded and VATS was
prescribed for a few patients with pleural adhesions (Motus et al.
2006) (Table 1).

Extrapleural pneumolysis and thoracoplasty have also been
assessed in a few observational studies (Bertin et al., 2007; Dara
et al., 2015; Krasnov et al., 2017; Krasnov et al., 2019; Giller et al.,
2019) (Table 1).

Bertin et al. (2007) described a new form of plombage based on
the extrapleural placement of a percutaneous tissue expander (i.e.,
a silicon elastomer envelope inflated with saline solution) in a
young MDR-TB patient with multiple large cavities. The lung
collapse was associated with clinical recovery (i.e., improvement of
symptoms, normal physical aspect of the chest wall, and no sign of
local or pulmonary infection at the 30-month follow-up), and an
extensive surgical resection (i.e., pneumonectomy) was avoided.

Partial thoracoplasty is performed in countries with a high
MDR/XDR-TB burden (e.g., Latvia, Russian Federation) for patients
with stable disease but a destructive TB process (Krasnov et al.,
2017; Krasnov et al., 2019). The modern thoracoplasty approach is
based on a minimally invasive technique, with few and mild
adverse events (e.g., low intraoperative blood loss), and has been
associated with culture conversion in the vast majority of cases
(Krasnov et al., 2017; Krasnov et al., 2019). A case of successful
bilateral video-assisted thoracoplasty was recently described in a
young patient with bilateral fibro-cavitary XDR-TB. The patient
showed clinical and functional progressive improvement and
remained sputum smear-negative 4 years after surgery (Giller
et al., 2019) (Table 1).

Excellent results have been reported recently with the use of
innovative bronchoscopic collapse therapies to induce reversible
selective lobar collapse in patients with a cavity caused by drug-
resistant M. tuberculosis strains (Levin et al., 2016; Corbetta et al.,
2016; Lalla et al., 2017; Krasnov et al., 2019) (Table 1). Recent
randomized controlled trials have demonstrated favorable out-
comes, i.e. bacteriological conversion in >75% of the cases of cavity
closure and long-term clinical improvement in >65% of HIV-
negative patients with drug-resistant TB and >80% in HIV-positive



Table 1
Summary of recent studies reporting outcomes on the use of old and new pulmonary collapse techniques in patients with pulmonary tuberculosis.

Author
Year

Country Collapse technique Study
type

Population Indication Results Adverse events

Motus
2006

Russian
Federation

Artificial pneumothorax PCS 109 cavitary TB patients (78.9% MDR-TB) Cavity closure 100% cavity closure (15.5% after VATS for
adhesions)
90.8% culture conversion (at 10 months)

None

Bertin
2007

France Extrapleural pneumolysis
(plombage)

CR 1 patient with lung sequelae after previous MDR-TB
(MT culture negative at the time of this case); MDR
Pseudomonas aeruginosa and Aspergillus spp. current
infection

Unilateral large
multiple cavity
collapse

Clinical improvement with no signs of infections
at 30 days

None

Corbetta
2016

Italy Endobronchial valve
placement

CS 1 XDR-TB, 3 MDR-TB, 1 NTM, 1 TB/DRESSa cavitary
patients

Cavity collapse 100% cavity closure; 80% culture conversion (1
patient NR)

1 small PNT

Levin
2016

Russian
Federation

Endobronchial valve
placement

RCT 102 cavitary MDR-TB patients Cavity closure Cavity closure (at 1 year): 67.3% valve group vs
20.7% control group (RR 2.72); patients cured (at 3
years): 80.5% valve group vs 25% control group
(RR 3.44)

4 acute bronchitis; 4 mild COPD
exacerbation

Krasnov
2017

Russian
Federation

Minimally invasive
thoracoplasty +
endobronchial valve
placement in 85.3% of
patients

PCS 191 cavitary TB (88.9% MDR/XDR-TB) patients Single/multiple
cavity closure

Culture conversion (at 1 year): 80.4%;
Cavity closure (at 1 year): 83.2%; Patients cured
(at 2 years): 88.5%

1 severe intra-operative blood loss;
10 PNT; 1 bleeding, 3 wound
infections, 6 respiratory failure; 8
pneumonia

Conventional thoracoplasty
+ endobronchial valve
placement in 85.7% of
patients

PCS 223 cavitary TB (86.1% MDR/XDR-TB) patients Single/multiple
cavity closure

Culture conversion (at 1 year): 69.3%; Cavity
closure (at 1 year): 70%; Patients cured
(at 2 years): 79.7%

69 severe intra-operative blood loss;
28 PNT; 10 bleeding; 5 wound
infections; 22 respiratory failure; 12
pneumonia

Lalla
2017

South
Africa

Endobronchial valve
placement

CR Mechanically ventilated HIV patient with TB Life-threatening
hemoptysis

Hemoptysis-free at 6 months None

Krasnov
2019

Russian
Federation

Endobronchial valve
placement

RCT 125 cavitary TB–HIV patients (60.8% MDR-TB) Cavity closure Cavity closure (at 1 year): 55.9% valve group vs
28.1% control group (p = 0.0004);
Culture conversion (at 1 year): 75% valve group vs
42% control group (p = 0.0002)

1 early valve migration

Giller
2019

Russian
Federation

Bilateral video-assisted
thoracoplasty

CR Fibro-cavitary XDR-TB patient Multiple cavity
closure

Clinical improvement and smear negativity (at 2
months)
Cavity closure (at 5 months)
Culture conversion up to 4 years

None

COPD, chronic obstructive pulmonary disease; CR, case report; CS, case series; DRESS, drug reactionwith eosinophilia and systemic symptoms; HIV, human immunodeficiency virus; MDR-TB, multidrug-resistant tuberculosis; MT,
Mycobacterium tuberculosis; NR, not reported; NTM, non-tuberculousmycobacteria; PCS, prospective cohort study; PNT, pneumothorax; RCT, randomized controlled trial; RR, risk ratio; TB, tuberculosis; VATS, video assisted thoracic
surgery; XDR-TB, extensively drug-resistant tuberculosis.

a The patient was diagnosed with DRESS syndrome after 1 month of administration of the standardized regimen recommended by the World Health Organization for drug susceptible TB.
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patients with destructive cavitary pulmonary TB (Levin et al., 2016;
Krasnov et al., 2019).

New collapse therapies may be key for life-threatening
hemoptysis, as old collapse techniques have been shown to be
useful in the case of severe respiratory bleeding (Veronesi, 1932;
Ferrari, 1933; Redaelli, 1933; Lalla et al., 2017). Flexible bronchos-
copy and imaging techniques (i.e., computed tomography,
angiography) may now accurately detect the site of the disease
and localize the source of the bleeding (Mondoni et al., 2015; Lalla
et al., 2017; Sferrazza Papa et al., 2017; Mondoni et al., 2017;
Mondoni et al., 2019).

Bronchoscopic endobronchial valve placement was recently
described in a young HIV-positive patient who was intubated and
mechanically ventilated for severe TB causing life-threatening
hemoptysis (refractory to two bronchial arterial embolizations)
and who was unfit for surgery (Lalla et al., 2017). Once the source of
the bleeding had been detected endoscopically, an endobronchial
valve was implanted to induce the collapse of the affected lobe. The
hemoptysis stopped and the patient was weaned from mechanical
ventilation. Bleeding did not relapse for the duration of the entire
hospital stay. The final outcome of this patient is unknown; it was
not described in the case report. Moreover, the patient remained
hemoptysis-free during the following 6 months and the valve was
then successfully removed (Lalla et al., 2017).

Based on the current slow progress being made towards
immediately available pharmacological therapies, these approaches
should be investigated in both observational and experimental
studies. New scientific evidence is needed to address the clinical and
public health issue of TB. As evoked by the Latin saying ‘historia est
magistra vitae’, the experiments conducted in the past with few
available therapeutic options could help in the investigation of new
types of medical and surgical intervention, whose potential
implementation could be more rapid if compared with the long
process of a drug authorization. Notably, antibiotics should be
administered in the case that in vitro tests show drug susceptibility.

The balance between modern technologies and old scientific
ideas could be summarized in the imperative ‘back to the future’ to
address the clinical and public health issue of difficult-to-treat TB
in low and high-income countries.
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