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Post-primary pulmonary tuberculosis is a chronic
disease commonly caused by either endogenous reac-
tivation of a latent infection or exogenous re-infection
by Mycobacterium tuberculosis. It has other synonyms
derived mostly from the route of transmission of the
infection or from the age of the patient at the onset
of the disease, including endogenous reactivation pri-
mary tuberculosis, exogenous re-infection pulmonary
tuberculosis, or adult-onset pulmonary tuberculosis.
The term being used here is ‘post-primary pulmonary
tuberculosis’ to include both re-infection and reacti-
vation forms. The clinical features of the disease are
not specific, and the imaging features are suggestive
but can simulate other diseases. The definitive diag-
nosis depends on the identification of M. tuberculosis
bacilli, using conventional microbiological methods
of sputum smear and culture or radiometric culture
methods such as BACTEC or DNA probe PCR-based
assays which can identify drug-resistant strains as well.
Sputum smear and culture remain the most important
investigative methods. Smear-negative sputum may
delay the diagnosis for 4-8 weeks or longer if the cul-
ture is also negative. A presumptive diagnosis based on
the clinical and radiographic features should be made
with initiation of treatment after the exclusion of other
possible causes of the radiographic findings.

Infection with HIV is a great risk for the develop-
ment of either endogenous reactivation or exogenous
re-infection pulmonary disease (Millar and Horne
1979; Barnes et al. 1991; Heyderman et al. 1998). The
development of drug-resistant pulmonary tubercu-
losis is a real global concern that indicates a failure
of the tuberculosis control program. The current
treatment is both toxic and expensive, and new drug
development is sparse at present.

20.1
Pathogenesis and Pathology

The development of post-primary pulmonary tuber-
culosis as a result of endogenous reactivation or exog-
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enous re-infection in low-risk and high-risk areas has
been debated for many years among authors (Glynn
et al. 2001). Balasubramanian and colleagues reviewed
the world literature on these issues and added their
own views (Balasubramanian et al. 1994). Schools
of thought adopted by those researchers based on
microbiological studies of tissue specimens from
the lung and lymph nodes of the primary complex.
Some authors quoted by reviewers suggested that the
primary complex is sterile within 5 years, while other
authors suggest that virulent bacilli lie dormant in a
metastatic site seeded hematogenously within the vul-
nerable region. Cultures of apical lung lesions yielded
viable bacilli in 25%-76% as reported by some of the
quoted authors, and transmission via the bloodstream
was suggested.

Other researchers examined the sputum and urine
cultures in patients living in Bangalore, India,and com-
pared the bacilli virulence, INH sensitivity, and phage
typing of the isolates and drew conclusions about the
biological evidence of exogenous re-infection in that
study. Epidemiologists have noted that high- or low-
risk incidence rates of infection in different areas of
the world played an important role (in exogenous re-
infection or endogenous reactivation). In areas with a
risk greater than 1% of developing countries, with the
likelihood of repeated episodes of droplet infection
via the airway, the disease is more likely to be due to
exogenous re-infection. In areas of low-risk (less than
0.05%), as in developed countries, endogenous reac-
tivation is more likely to be the cause of the disease.
Some other authors gave evidence of the contributions
of both exogenous re-infection as well as endogenous
reactivation. Balasubramanian et al. hypothesized that
the implantation of the vulnerable region is directly
transmitted via the airway (exogenous re-infection).
They also concluded that more studies using genetic
fingerprinting of Mycobacterium bacilli isolates would
help in the future in disease control in endemic areas
and in the development of new vaccines. Immune sup-
pression resulting from HIV infection leads to higher
rates of co-infection with tuberculosis.

Recent molecular epidemiological studies have
indicated that up to 40% of newly diagnosed tuber-
culous patients and over 70% of recurrences may
be due to exogenous re-infection (Stead and Bates
2000; Bates et al. 2001). Among the immunosup-
pressed patients due to HIV, exogenous re-infec-
tion was the leading mechanism. Endogenous
reactivation contributed to only 16% of patients in
a low-risk area in developed countries and more
than 70% in a high-risk area in developing coun-
tries (Alland et al. 1994; Brande et al. 1998; Small et

al. 1994; van Rie et al. 1999; McDonough et al. 2000;
Rook and Zumla 2001; Caminero et al. 2001; Ban-
dera et al. 2001; Wallis and Johnson 2001).

Caminero and colleagues (2001) reported 912
patients with culture-proved pulmonary tuberculo-
sis between 1991 and 1996 on a Spanish island with
a moderate risk rate of incidence. They were treated
and followed up for at least 12 months after complet-
ing chemotherapy and were culture-negative. Twenty-
three patients (2.5%) became culture positive again.
DNA fingerprinting results were available from 18
patients with recurrence of the disease. DNA finger-
printing was available of pretreatment and recurrent
isolates and was reviewed. In 8 patients (44%), the
genotype of the recurrent isolate showed a different
pattern to the pretreatment isolate. These authors
concluded that in 8 patients, 2 of them HIV-positive,
exogenous re-infection was the cause of the recur-
rent pulmonary tuberculosis. Inmune suppression or
reduction of immune responses may also occur in cer-
tain diseases such as silicosis, diabetes mellitus, or with
corticosteroid and other immunosuppressive drugs
used for malignancies or connective tissue diseases.

Regardless of the mode of infection (exogenous or
endogenous), the apex of the lung (apical-posterior
segments) is the most common site of post-primary
pulmonary tuberculosis. Specific factors permitting
the progression of tuberculosis in most cases are not
yet known (Wallis and Johnson 2001).

The host immune response and the role of the cell-
mediated immunity of activated macrophages and
T-cells and the expression of cytokines (Garcia et al.
2002) in response to M. tuberculosis glycolipids and
lipoproteins have been discussed in the pathogen-
esis of primary pulmonary tuberculosis in Chap. 17.
Post-primary pulmonary tuberculosis commonly
affects the apical and posterior segments of the
upper lobe or the superior segment of a lower lobe.
After its localization, inflammatory granulomatous
nodular formations with cellular infiltrates, fibrosis,
central necrosis, and caseation may take place. Hilar
and paratracheal lymphadenitis (Woodring 1986)
in post-primary tuberculosis is a rare occurrence
and reported in approximately 5% of patients (see
Figs. 23.18, 23.20, 23.21, 23.22, 23.39, 23.40b). Heal-
ing with fibrosis and calcification (Fig.z.25) of lung
parenchymal lesion may occur, leading to traction
of the trachea (Fig.23.21, 23.22, 23.23), and in late
advanced stages when the lung is destroyed and
replaced by extensive fibrosis, displacement of the
mediastinum may occur (Fig. 23.24).

The initial upper lobe infiltration may form a
pneumonic consolidation, and cavitation often
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occurs in 40%-80% of patients (Fig. 23.20, 23.26a, b)
(Rohenberg and Shaw 1996). Tuberculous consolida-
tion with cavity formation may expand and form a
lung abscess discharging large numbers of the bacilli
in the sputum as was noted in one of our patients
(Fig. 23.26d). Tuberculous cavities with areas of
necrosis and caseation may rupture into the pleura,
leading to empyema (Fig. 23.34b) or a bronchopleu-
ral fistula (Fig. 23.36). Rupture of a tuberculous cavity
into the trachea or bronchi is a common complica-
tion and occurs in up to 40% of patients (Rohenberg
and Shaw 1996). Bronchogenic spread of necrotic and
caseous tissue loaded with the bacilli to other parts of
the lung fields on the same side or opposite lung may
occur (Figs. 23.19,23.20, 23.27b,c, 23.28b,c). Infection
starts at the newly seeded sites with nodular infiltrate
bronchopneumonia or similar tissue destruction and
fibrosis to the lung parenchyma (Figs. 23.25, 23.26a,
2.27b, ¢, 23.28b). A severe form of transbronchial
spread of infection takes the form of dissemination
in both lungs (Fig. 23.28c).

Endobronchial involvement of the bronchial wall is
common, leading to scarring and luminal narrowing
and post-stenotic emphysema (Figs. 23.22b, 23.30a, b,
23.25, 23.31b), atelectasis, and cystic or tubular bron-
chiectasis due to traction or endobronchial fibrosis as
a common complication of the tuberculous disease
process. It is often located in the upper lobes but can
occur at any other site (Figs. 23.30a, b, 23.31a, b). Post-
tuberculous bronchiectasis, although often asymp-
tomatic, may cause hemoptysis in these patients.

A tuberculous cavity larger than 25 mm in diameter
may persist long after successful antibiotic treatment.
Colonization with fungi forming a ball of mycetoma
may rarely occur (Fig. 23.26b,23.37a,b), and hemopty-
sis may rarely be a presenting complaint.

Tuberculous granulomatous tissue nodules may
be encapsulated with connective tissue during vari-
able stages of disease healing and activity, leading
to tuberculomas found in 3%-6% of patients. It may
be single or multiple with a central area of necrosis
or calcification (Figs.23.32a-d). Tuberculomas may
occur in both primary and post-primary pulmonary
tuberculosis.

In bovine tuberculosis, the M. bovis bacilli are
bacteriologically distinctive from M. tuberculosis but
otherwise cause identical pathogenesis, lung lesions,
and clinical disease. In humans, M. bovis is a zoonotic
disease that has been virtually eliminated in developed
countries and other developing countries that practice
pasteurization of milk and immunization of dairy
herds (Grange et al. 1994; Dannenberg 2001). The
organism is excreted in the milk from cows, goats, and

sheep with udder tuberculosis. It can also be transmit-
ted to humans from cows as an airborne infection
(Geppert and Leff 1979; Liesegang and Cameron 1980;
Sauret et al. 1992). The incidence of M. bovis in humans
is higher in rural areas with infected herds (Moda et al.
1996). Ingestion of contaminated milk, particularly by
young children living in developing countries, leads to
establishment in the cervical and less frequently in the
axillary lymph nodes (scrofula). The bacilli may also
affect the intestine, kidney, bones, and central nervous
system in endemic areas with a similar pathogenicity
to M. tuberculosis (Moda et al. 1996). HIV patients
co-infected with M. bovis have been reported in San
Diego, USA, near the border with Mexico (Dankner
et al. 1993). Nontuberculous mycobacterial organisms
may also cause a similar pulmonary infection (see
Chap. 11).

20.2
Clinical Features and Complications

Post-primary tuberculosis often presents with a
gradual onset of symptoms that may be tolerated by
the patient. The duration of symptoms before pre-
sentation may vary widely, from 3 days to 23 months
(Dahmash et al. 1995; Maartens and Beyers 2002).
The presenting features may initially be related to the
respiratory system or present as constitutional symp-
toms or both. Cough is the most frequently reported
presenting feature. Initially, it is dry but later becomes
productive. The sputum may be mucoid, muco-puru-
lent, blood-stained, or with massive hemoptysis. Chest
pain due to associated pleurisy or pneumothorax may
be a presenting symptom. Dyspnea due to tuberculous
pneumonia or bilateral fibrocavitary disease may be
the presenting symptom. Fever with sweating and
chills are common, particularly at night. Other consti-
tutional symptoms including weakness, anorexia, and
weight loss, which are nonspecific, may also be present
(Dunlap et al. 2000; Johnson and Eliner 2000).

Symptoms related to extrapulmonary tuberculo-
sis such as tuberculous monoarthritis, Pott’s disease,
genitourinary symptoms, or other organ involve-
ment might accompany the respiratory symptoms at
the time of presentation. We retrospectively reviewed
the records of 176 adult patients with post-primary
pulmonary tuberculosis who had a positive sputum
culture for M. tuberculosis. They attended our hospi-
tal between 1998 and 2000. The frequency of history/
symptoms, physical findings, and imaging features of
these patients are presented in Table 20.1.
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Table 20.1. Clinical features of 176 patients with culture-posi-
tive post-primary pulmonary tuberculosis

Clinical features No. of patients  Percentage
Symptoms:
Cough 166 94.3
Expectoration 128 72.7
Hemoptysis 40 23.0
Fever 135 76.7
Sweating 80 45.4
Weight loss 98 55.7
Dyspnea 76 43.2
Chest pain 58 32.9
Signs:
Crackles 105 59.6
Localized wheezes 23 13.0
Bronchial sound 55 31.2
Diminished sound 66 37.5
Clubbing 20 11.4
Extrapulmonary 16 9.0
Bronchoscopy 28 16.0

The frequency of these symptoms may vary, being
more intense among those co-infected with HIV
(Corbett et al. 2000).

The frequency of symptoms was also reported
from a large tuberculosis center in Riyadh for 1566
hospitalized patients with pulmonary tuberculosis
during 1983-1987. Fever and constitutional symp-
toms were reported in 77.7%, cough with or without
expectoration in 94.3%, and hemoptysis in 40.7% (Al-
Hajjaj et al. 1991). In another series from the south of
Saudi Arabia, Al Wabel et al. (1995) reported on 190
patients with post-primary pulmonary tuberculosis
who were hospitalized over a 2.5-year period. Cough
was noted in 84%, expectoration in 65%, hemoptysis
in 23%, fever and constitutional symptoms in over
40% of patients. Pulmonary tuberculosis in elderly
patients with underlying and concomitant other
chronic illnesses in 80 patients were reported from
Riyadh (Dahmash et al. 1995). These patients had
diabetes mellitus or malignancies, and some were
on steroids, and these illnesses occurred in 86% of
them, but none had HIV. Cough was noted in 85%,
expectoration in 60%, fever in 66%, hemoptysis in
17.5%, anorexia, weight loss, and other constitutional
symptoms in over 50%. Choyke and colleagues (1983)
reported on 103 patients with adult-onset pulmonary
tuberculosis: 85% were symptomatic, with fever in
40%, cough in 37%, weight loss in 23.6%, and hemop-
tysis in 8%.

Physical examination of the chest may be normal
despite the presence of pulmonary infiltrations
depicted by chest radiography. Displacement of
the trachea due to lung fibrosis and collapse may

be found (Fig.23.21). Chest wall retraction due to
fibrosis or prominence due to associated pleural
effusion may be found. Features of consolidations
with crepitation and bronchial breathing may be
detected. Localized wheezes may be present, indicat-
ing endobronchial disease. Other systemic features
including pallor, rarely clubbing of the fingers and
toes in chronic cases, weight loss, dyspnea, and other
extrapulmonary involvement may be found on physi-
cal examination.

Patients with post-primary pulmonary tubercu-
losis may present with clinical features similar to
those of community-acquired pneumonia. Al-Zeer
and colleagues (1998) reported a series of 64 patients
admitted to hospital during the pilgrimage season
to Mecca in 1994 with an initial diagnosis of com-
munity-acquired pneumonia. All patients came from
developing countries. Microbiologically proven M.
tuberculosis was found in 13 patients (20.3%) and
was the most common cause of pneumonia among
this group.

20.2.1
Hemoptysis in Pulmonary Tuberculosis

Hemoptysis is often an alarming presenting symp-
tom in patients with tuberculosis. It may vary in
severity from a slight tinge of blood mixed with the
sputum, to mild, moderate, or severe, massive, life-
threatening hemoptysis.

In our series of 176 patients with microbiologically
proved pulmonary tuberculosis, 28 patients (16%)
had slight to mild hemoptysis that was managed with
chemotherapy and conservative treatment. Active
pulmonary tuberculosis with or without cavitation or
post-tuberculous bronchiectasis is the most common
cause among these patients. Rarely, the development
of bronchial carcinoma in these patients as well or
mycetoma or other unrelated illnesses could be the
cause of hemoptysis in tuberculous patients (Steb-
bings and Lim 1999; Hirshberg et al. 1997).

20.2.2
Massive Hemoptysis in Tuberculosis

Life-threatening massive hemoptysis due to active
tuberculosis or post-tuberculous bronchiectasis has
been reported as ‘common in comparison to other
causes listed in many publications’, as reported by
Hsiao et al. (2001) from the USA. Life-threatening,
massive hemoptysis is defined by most authors as
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expectoration of at least 200 ml of blood in 24h,
significant drop of hemoglobin requiring blood
transfusion, or failure to respond to conservative
treatment such as oxygen supplement, morphine,
and antibiotics (Wong et al. 2002; Abal et al. 2001;
Lee et al. 2000; Hsiao et al. 2001; Conlan et al. 1983).
In South Africa, Conlan et al. (1983) reviewed 123
patients with massive hemoptysis due to different
causes. Tuberculosis was by far the most common
cause, either due to culture-proved active disease
or bronchiectasis as a sequela to tuberculosis. These
authors reported that active pulmonary tuberculosis
as a cause of massive hemoptysis was found in 47
patients (38%), 24 men and 23 women aged between
19 and 60 years. Thirty-seven patients had bronchi-
ectasis,and 17 (45.9%) had bilateral upper lobe bron-
chiectasis secondary to former tuberculosis. The total
number of patients with massive hemoptysis with or
who had tuberculosis was 64 (52%). The remaining
causes were chronic narcotizing pneumonitis in 11,
lung abscess in 6, lung cancer in 6, primary fungal
pneumonia in 4, bronchovascular fistula in 5, and
miscellaneous causes in 7 patients.

In France, Mal and colleagues (1999) reported the
intermediate and long-term outcome of bronchial
artery embolization (BAE) performed on 46 patients
with massive hemoptysis. Tuberculosis (active or
sequela) was found in 23 patients (50%) as a cause of
the massive hemoptysis. Idiopathic in 10, bronchiec-
tasis in 4, lung cancer in 2, and 1 patient each due to
other various causes.

The outcome of BAE was favorable with an imme-
diately successful result in stopping the bleeding, but
complications were also frequent. Revascularization
may occur with recurrence of hemoptysis, technical
failure in BAE, spinal cord injury related to invis-
ible anastomotic connections between the bron-
chial circulation and the anterior spinal artery. The
authors recommended that BAE should be avoided
in patients with minor hemoptysis.

In the USA, Hsiao et al. (2001) from Stanford
reported the assessment of modalities of investiga-
tions used for the localization of the site of bleeding
in patients with massive hemoptysis. They reviewed
the records of 28 patients seen between 1988 and
2000 who presented with massive hemoptysis. They
found 16 patients with tuberculosis (57%), 14 with
tuberculous bronchiectasis, and 2 with active disease,
bronchogenic carcinoma in 2, and other causes had
1 patient each. These authors noted, ‘Contrary to the
statistics reported in many recent series, tuberculous
bronchiectasis is the most common underlying etiol-
ogy for massive hemoptysis in our patients’.

The authors also indicated that the overall mortal-
ity of patients with massive hemoptysis was 7%-80%
and operative mortality was 30%-40% as they found
from reviewing the literature on the subject. These
authors reported, “The angiographic signs in hemop-
tysisinclude hyperplasia of the bronchial artery trunk
and branches, bronchopulmonary anastomoses, and
bronchial arterial aneurysms’, which were seen on
angiography of these patients. They concluded that
fibroptic bronchoscopy before BAE is unnecessary in
patients with hemoptysis of known origin.

In Kuwait, Abal et al. (2001) prospectively studied
52 hospitalized patients with hemoptysis of variable
degrees of severity over a period of 1 year. Twenty had
blood-stained sputum, and 32 had frank hemoptysis
including 16 with massive blood expectoration. They
found that pulmonary tuberculosis (active or old) was
the most common cause, found in 17 patients (32.7%).
Other causes included carcinoma in 5, bronchitis in 3,
1 patient each due to other causes, and unknown cause
in 13 patients. These authors managed 80.8% of their
patients conservatively, and only 19% required BAE or
surgery. Recurrent hemoptysis occurred in 12% at the
1-year follow-up in this series.

In aretrospective study of BAE for massive hemop-
tysis, Wong et al. (2002) from South Africa reported
on 165 patients, and bilateral post-tuberculous
bronchiectasis was the most common cause (75%).
The short-term outcome of BAE was satisfactory in
controlling hemoptysis in all patients. Thoracic aor-
tography was done during the initial assessment, and
they noted pathologic enlargement of the bronchial
arteries and the presence of nonbronchial systemic
collaterals with arteriovenous shunting including
intercostal arteries. One patient had transient para-
paresis, and the authors noted that the presence of
spinal arteries was not considered a contraindication
to embolization.

20.2.3
Rasmussen Aneurysm

This is a rare phenomenon that can cause massive,
life-threatening hemoptysis. It involves invasion of a
peripheral pulmonary artery located within a tuber-
culous cavity often in the upper lobe. Invasion of the
arterial wall by tuberculous granulation tissue leads
to granulomatous vasculitis with replacement of the
adventitia and media with fibrin during the process
of healing. This will lead to weakening of the arterial
wall with mycotic pseudoaneurysmal formation in
one or more locations (see Chapter 43). Rupture of
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the aneurysm will lead to massive, life-threatening
hemoptysis as reported in 5% of postmortem cases
(Winer-Muram and Rubin 1990; Kim et al. 2001).

20.2.4
Endobronchial Tuberculosis

Endobronchial tuberculosis is a common complication
of post-primary pulmonary tuberculosis. It may occur
in up to 40% of patients, and the most common source
of bronchial wall infection is a contiguous tuberculous
cavity (Rohenberg and Shaw 1996). Rarely, the bron-
chial wall may be affected by a hilar or paratracheal
tuberculous caseating lymphadenitis. Hematogenous
or lymphatic spread of infection to the bronchial wall
may occur (Buckner and Walker 1990). The role of the
bronchial tree in the spread of tuberculosis to other
parenchymal segments or lobes on the same or oppo-
site side by transbronchial spread of caseous material
leading to bronchopneumonia is well recognized (Im et
al. 1993). Hoarseness of voice due to laryngeal involve-
ment and localized wheezes due to bronchial disease
in the chest are common clinical features. The imag-
ing features of plain radiography and CT may show
multiple nodular opacities, bronchial wall thickening,
post-stenotic dilatation, lobar hyperinflation, pulmo-
nary collapse, and atelectasis (Figs.23.27 and 23.28).
Endobronchial tuberculosis, its definition, epide-
miology, pathogenesis and pathology, classification,
clinical features, diagnosis, the role of bronchoscopy
in the diagnosis and management, and the treatment
are considered in a separate chapter (see Chap. 21).

20.2.5
Bronchiectasis as a Complication
of Post-primary Pulmonary TB

Bronchiectasis is a common sequela of pulmonary
tuberculosis (primary and post-primary). It may occur
primarily as a result of endobronchial tuberculosis
with irreversible bronchial wall dilatation (Lee et al.
1991). Secondary tuberculous bronchiectasis occurs as
a result of lung parenchymal destruction with fibrosis
(traction bronchiectasis). Based on high-resolution
CT, bronchiectasis was found in 27% of patients with
pulmonary tuberculosis, and the upper lobes were the
most common site (Cartier et al. 1999).

In our series of 176 patients with pulmonary
tuberculosis, 17 (9.6%, see Table 20.2) had imaging
features of tuberculous bronchiectasis (Figs.23.9,
23.27¢, 23.28¢, 23.29, 23.30, and 23.31). Typically, the

Table 20.2. Imaging features of 176 patients with culture-posi-
tive post-primary pulmonary tuberculosis

Imaging features No. of patients Percentage

Unilateral-parenchymal 119 67.6
Bilateral-parenchymal 57 32.3
Infiltrates and consolidation 144 81.8
Cavities 61 34.6
Bronchiectasis 17 9.6
Destroyed lungs 2 1.1
Calcifications 22 12.5
(LN, parenchymal and pleural)
Pneumothorax 8 4.5
Lymphadenopathy 19 10.8
(hilar and paratracheal)
Lung infiltrates with pleural 46 26.1
effusion
Mycetoma 2 1.1
Tuberculomas 3 1.7
Bronchopleural fistula 1 0.5

apical and posterior segments of the upper lobes are
the most common sites of tuberculous bronchiectasis
(Fig. 23.27¢). Chest radiography may show ring shad-
ows with occasional fluid levels (Figs. 23.9 and 23.29).
Features on CT and HRCT will show the details of the
bronchial wall changes (Figs. 23.28¢,23.30,and 23.31)
(McAdams et al. 1995). Tuberculous bronchiectasis
may also occur in the lower lobes of the lung. It is
usually asymptomatic, but secondary bacterial infec-
tion or hemoptysis may be a presenting feature.

20.2.6
Pneumothorax as Complication
of Post-primary Pulmonary TB

Pneumothorax may occur during active post-pri-
mary pulmonary tuberculosis. Rupture of a tuber-
culous cavity contiguous to the pleura may result in
pneumothorax. The incidence has been reported as
low, ranging from 0.6% to 1% in hospitalized tuber-
culous patients (Wilder et al. 1962; Thm et al. 1972).In
our own series of 176 patients (see Table 20.2), pneu-
mothorax occurred in 8 (4.5%).1In 1 patient, pneumo-
thorax failed to respond to antituberculous treatment
and chest tube insertion, and a bronchopleural fistula
was suspected. A fistulogram confirmed the presence
of a bronchopleural fistula and active tuberculosis in
the apical segment of the left upper lobe (Fig. 23.36).
Pneumothorax may also occur in treated and healed
pulmonary tuberculosis (Lambert 1956).
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20.2.7
ARDS and Tuberculosis

Acute respiratory distress may occur in patients with
bilateral chronic cavitary or bronchogenic pulmo-
nary tuberculosis with a high hospital mortality rate
of up to 47%. Dyer and Potgieter (1984) described
three adult patients from South Africa with adult
respiratory distress syndrome (ARDS) due to pul-
monary tuberculosis (nonmiliary).

A 3l-year-old woman with cough, fever, and
dyspnea lasting 2 months had bilateral pulmonary
tuberculosis, and because of the severe dyspnea and
the abnormal arterial blood gases, she was mechani-
cally ventilated. The diagnosis of tuberculosis was
made by sputum-positive direct smear. Antituber-
culous treatment was started, but the patient died.
Postmortem examination showed left upper and
right lower lobe cavitary tuberculosis. The second
patient was a 22-year-old woman with a similar pre-
sentation who died in the ICU with postmortem evi-
dence of bilateral tuberculous bronchopneumonia
with a left bronchopleural fistula. The third patient
had a similar presentation but did not require
ventilation and responded well to antituberculous
treatment.

Levy and colleagues (1987) from South Africa
reported a retrospective study of 15 patients admit-
ted to the ICU between January 1982 and June 1985
with a confirmed diagnosis of pulmonary tuberculo-
sis. These patients required ICU admission for respi-
ratory failure. They comprised 1.5% of 933 patients
with pulmonary tuberculosis hospitalized in Hillbow
Hospital. Eleven patients required ventilation, and 5
died. Miliary tuberculosis was found in 6 patients,
tuberculous bronchopneumonia in 5 patients, lobar
pneumonia in 3 patients, bilateral lung parenchymal
destructive disease in 2.

Penner and colleagues (1995) from Canada
reviewed the records of 13 patients with confirmed
pulmonary tuberculosis (7 women and 6 men) from
1984 to 1993, and all had respiratory failure requir-
ing mechanical ventilation. Seven patients had mili-
ary or disseminated tuberculosis and 6, tuberculous
pneumonia. Nine patients died, and only 4 survived.
M. tuberculosis was isolated in all patients from
respiratory or nonrespiratory sites. These authors
also quoted the work of Agarwal and colleagues
(1977) regarding 16 patients with respiratory fail-
ure due to tuberculous pneumonia who required
mechanical ventilation.

20.2.8
Tuberculous Bronchopleural Fistula

Tuberculous bronchopleural fistula is rarely reported
nowadays with the recent advances in chemotherapy.
Most recent reports are on patients with late complica-
tions of collapse therapy for pulmonary tuberculosis
that was done in the past (Johnson et al. 1973; Iseman
and Madsen 1991; Uchida et al. 1999; Weissberg and
Weissberg 2001). It may develop after lung resection
for pulmonary tuberculosis. The lung parenchymal
tuberculous cavity may rupture into the pleural space
with pneumothorax, and the diagnosis can be made
by fistulography (Fig.23.36 radiology of pulmonary
TB chapter). A tract may form between the bronchus
contiguous to the tuberculous cavity and the pleura,
producing a bronchopleural fistula. It is estimated that
a bronchopleural fistula can occur in patients with
active extensive pulmonary parenchymal tuberculosis
in less than 1% (Miller 1981; Woodring 1986; Winer-
Muram and Rubin 1990). Patients are usually symp-
tomatic, and sputum production may increase. Plain
chest radiography may show air in the pleural space,
a changing air-fluid level, and contralateral spread of
tuberculous infiltration. CT may depict the sites of the
bronchopleural fistula (Kim et al. 2001).

The management of these patients is usually
difficult. Patients with a susceptible organism may
respond to antituberculous treatment and intercos-
tal tube drainage. Patients with multidrug-resistant
tuberculosis are treated with chemotherapy and
lobectomy or pneumonectomy and pleural decorti-
cation unless found to have respiratory insufficiency
(Iseman and Madsen 1991). Endobronchial occlusion
by coils has been found to be an effective method
(Uchida et al. 1999).

20.2.9
Aspergilloma (Mycetoma)

A chronic tuberculous cavity may be colonized by
the spores of Aspergillus fumigatus to form a fungal
ball (Aderaye and Jajaw 1996). It may occur in 11% of
patients with a chronic tuberculous cavity, and approx-
imately 25%-55% of patients with aspergilloma have
a history of the disease (Kim et al. 2001). Patients with
aspergilloma are often asymptomatic but may present
with hemoptysis (Kaestel et al. 1999). Plain radiography
of the chest may depict a mobile, rounded mass with
air-crescent ring (Fig.23.26b and 23.37a,b). Surgical
resection is essential if associated with hemoptysis
and systemic antifungal treatment is ineffective.
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20.2.10
Tuberculomas

Solitary or multiple, round or oval, tuberculous
pulmonary mass lesions may be noted on the chest
radiographs in approximately 5% of patients (Kim et
al. 2001; Winer-Muram and Rubin 1990). They may
be the only radiographic manifestation of primary or
post-primary pulmonary tuberculosis. Their diam-
eter may range between 0.5 and 4.0 cm or larger with
a smooth or sharply defined margin. Central case-
ation or calcifications may be found in 20%-30% of
tuberculomas. Satellite lesions may be seen in up to
80% of these lesions.

20.2.11
Tuberculous Pulmonary Gangrene

An extremely rare but fatal complication of tuber-
culous cavitary lesion is the involvement of adjacent
vessels and the development of arterial and venous
vasculitis with thrombosis, leading to pulmonary gan-
grene (Reich 1993). Khan and colleagues (1980) from
New York reported on 4 patients with pulmonary
gangrene due to pulmonary tuberculosis, and only
1 survived. The first patient was a 55-year-old man
who presented with fever, cough, and hemoptysis
lasting 3 months. Chest radiography showed bilateral
upper lobe infiltrate with cavitation and intracavitary
mass. The sputum smear was positive for the bacilli.
Chemotherapy was started, but the patient developed
pneumothorax and died. Autopsy showed tuberculous
pneumonia with extensive tuberculous arteritis and
occlusion of the lumen by thrombosis.

The second patient died before establishing the
diagnosis, and subsequent sputum culture taken on
admission grew M. tuberculosis. Autopsy showed
pulmonary vasculitis in arteries and veins contigu-
ous with the tuberculous cavity. The third patient was
known to be tuberculous before and had undergone
lobectomy, and now presented with fever and a large
pulmonary cavity with an intracavitary mass in the
right upper lobe. The sputum smear was positive, and
culture grew M. tuberculosis. She responded well to
chemotherapy. The fourth patient had a similar chest
radiographic cavity with intracavitary mass and died.
The bacilli were found at autopsy as well as lung paren-
chymal cavities, tuberculous granulomatous vasculitis
with thrombosis of the pulmonary arteries and veins.

We reviewed the world literature and found 18
previously reported patients with pulmonary gan-
grene mostly due to Klebsiella pneumonia and other

organisms but not due to M. tuberculosis. Lopez-Con-
treras et al. (1994) reported a 61-year-old alcoholic
man with a 4-month history of cough, fever, and
weight loss. Sputum smear and culture were positive
for M. tuberculosis. Chest radiography showed a large
cavity with air-fluid level and a free-floating mass.
The patient died, and autopsy was denied.

20.2.12
Tuberculosis, Lung Cancer and Other Neoplasia

The relationship between pulmonary tuberculous
and lung cancer has been frequently debated. Such a
relationship was raised by Greenberg and colleagues
(1964), indicating the co-existence of carcinoma and
tuberculosis of the lung. The co-existence between
bronchogenic carcinoma and tuberculosis creates
a difficult diagnostic problem for radiologists as
the radiographic changes may be misinterpreted as
progression of tuberculosis (Kim et al. 2001; Winer-
Muram and Rubin 1990).

Brown and Almenoff (1992) reviewed the litera-
ture of various retrospective studies on this co-exis-
tence. They reviewed other malignancies including
leukemia, lymphoma, myelofibrosis, head and neck
malignancies, as well as the use of immunosuppres-
sive chemotherapy, and their relationship with the
development of tuberculosis. They noted that tuber-
culosis was 6-9 times more common among patients
with Hodgkin’s disease, lung cancer, and non-Hodg-
kin’s lymphoma than those with other malignancies.
These authors noted, ‘Tuberculosis was more likely
to be diagnosed at the time of tumor diagnosis in
patients with lung, head and neck malignancies,
and disease in these patients was predominantly
confined to the lungs’. Profound suppression of the
cell-mediated immune response caused by malignant
diseases or as a result of severe immunosuppressive
chemotherapy is the most likely cause of the high
risk of developing tuberculosis among these patients
(Brown and Almenoff 1992).

20.3
Diagnosis of Post-primary Pulmonary TB

20.3.1
Imaging Features of Post-primary Pulmonary TB

Various imaging modalities are used for the
depiction of features of post-primary pulmonary



Post-primary Pulmonary Tuberculosis

321

tuberculosis. The imaging features of post-primary
pulmonary tuberculosis can be broadly classified as
lung parenchymal disease with cavitation, endobron-
chial tuberculosis, pleural extension of the disease,
and other complications such as tuberculoma and
mycetoma.

Conventional plain chest radiography is the
mainstay imaging modality in depicting pulmonary
features of the disease. However, a normal chest
radiograph does not exclude pulmonary tuberculosis
and has been reported in approximately 10%-20%
of immunocompetent and immunocompromised
patients, respectively (Fitzgerald et al. 1991; Miller and
Miller 1993; Greenberg et al. 1994; Lee and Im 1995).

Computed tomography (CT) is useful in depicting
cavitation and in patients with pleural effusion that
may be masking lung parenchymal involvement on
the same side (Kuhlman et al. 1990). CT is more sensi-
tive than chest radiography (Hulnick et al. 1983; Lee
et al. 1996) in depicting mediastinal and paratracheal
lymphadenopathy, endobronchial tuberculosis, and
dissemination to the lung parenchyma and other
rare complications (Hatipoglu et al. 1996).

Bronchography, now replaced by CT, is still used as
the investigation of choice for the detection of bron-
chiectasis in poor-recourse countries of endemic
areas (Fig.23.29). Arteriography for diagnostic or
therapeutic methods of bronchial artery emboliza-
tion (BAE) is used for these rare but life-threatening
massive hemoptysis cases.

Imaging features of post-primary pulmonary
tuberculosis, although suggestive, are not character-
istic as they can simulate other diseases (Lee and Im
1995). Upper lobe infiltration or consolidation should
always be suspected as tuberculous. Cavitation may
occur in approximately 40%, and the diagnosis of
tuberculosis is usually not difficult if it is present
in the upper lobe and associated with bronchogenic
spread to other parts of the lung (Miller and Miller
1993). In some instances, upper lobe consolidation
should always be considered to be tuberculosis until
proven otherwise. The presence of lung parenchymal
scarring, fibronodular or calcific changes should not
be assumed as inactive, and follow-up is essential.
We retrospectively reviewed the radiological records
of 176 adult patients with post-primary pulmonary
tuberculosis who had positive sputum culture for
M. tuberculosis. They attended our hospital between
1998 and 2000, and their imaging features and fre-
quencies are presented in Table 20.2.

The imaging features of post-primary pulmonary
tuberculosis have been reported by us in a separate
chapter (Chap. 23).

20.3.2
Microbiology of the Sputum
and Bronchial Aspirate

Sputum microscopy for the detection of acid-fast
bacilli by the Ziehl-Nielsen stain remains the corner-
stone of rapid diagnosis of pulmonary tuberculosis
(Maartens 2002). In HIV patient’s sputum, micros-
copy is positive less often. At least 3 single specimens
of sputum should be initially collected from patients
with productive cough. In those who have difficulty
in providing sputum, an aerosol inhalation of sterile
hypertonic saline can be used to stimulate sputum
production. Morning gastric aspiration, bronchoal-
veolar lavage, or transbronchoscopic brush or biop-
sies may be required.

At least 5,000 to 10,000 bacilli per milliliter of
sputum must be present to enable the detection of
the organism by stained smear (Hobby et al. 1973).
Sputum culture will require 10 to 100 bacilli to yield
a positive result (Yeager et al. 1967).

The American Thoracic Society (2000) reported
on the diagnostic standards and classifications of
tuberculosis in adult and children, and indicated that
50%-80% of patients with pulmonary tuberculosis
will have positive sputum smears. Traditional culture
media required 4-8 weeks to yield the bacilli, while
radiometric culture methods (BACTEC) combined
with a DNA probe allow identification of M. tubercu-
losis in 1-3 weeks.

Currently, PCR-based assays for the diagnosis
of tuberculosis and identification of drug-resistant
strains are configured to yield results in a few hours
to days (see Chapter PCR and Diagnosis of Tubercu-
losis by Dr. Diana L. Williams).

20.3.3
Bronchoscopic Diagnosis

The use of bronchoscopy to obtain diagnostic speci-
mens for patients with a chest radiograph suggesting
tuberculosis but with negative sputum specimen has
been reported (Willcox et al. 1982). Willcox and col-
leagues reported on 275 patients seen from 1976 to
1980, with imaging features of suspected tuberculosis
and negative sputum smear. Specimens collected by
bronchoscopy included bronchial brushings in 83,
transbronchial lung biopsies in 18,and post-bronchos-
copy sputum. Positive brushing yield was 67.5%, and
transbronchial biopsies were positive in 50%. They
also reported the co-existence of tuberculosis and
bronchial carcinoma in 4 of their patients (4%).
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In our series of 176 patients, bronchoscopy was
done on 27 patients with a chest radiograph suggest-
ing pulmonary tuberculosis but with negative direct
smear. Tuberculosis was confirmed by positive cul-
ture of bronchoscopic specimens, and no bronchial
carcinoma was found.

Tuberculous infection after bronchoscopy may
be transmitted from patient to patient. Molecular
epidemiological studies by molecular typing of
DNA supported the transmission of M. tuberculosis
isolates to other patients via bronchoscopic contami-
nation (Michele et al. 1997; Argeton et al. 1997). It is
recommended that the instrument be cleaned prior
to its immersion in 2% aqueous solutions of glutar-
aldehyde for 45-min exposure times (Food and Drug
Administration 1992).

20.3.4
Tuberculin Skin Test

The tuberculin skin test is still widely used to
identify infection with M. tuberculosis. Antigenic
extracts of culture ‘PPD’ produces a delayed-type
hypersensitivity reaction. Intradermal injection
of 0.1 mg/0.1 ml of the standard 5-tuberculin unit
(TU) dose (Mantoux method) is done into the volar
or dorsal surface of the forearm (American Tho-
racic Society 2000). The test should be read between
48 and 72 h after injection. Three cut-off points
have been recommended for defining a positive
PPD test. A cut-off point of >5 mm of induration
using the ballpoint pen method of Sokal is consid-
ered positive in a person with recent contact or in
the presence of abnormal chest radiographs consis-
tent with tuberculosis. A cut-off point of 210 mm
is suggested for individuals who have normal or
mildly impaired immunity and a high likelihood of
being infected with the disease but without other
risk factors. A cut-off point of 215 mm for individu-
als with no risk factors for tuberculosis is consid-
ered positive (American Thoracic Society 2000).
Tuberculin tests have several limitations including
difficult administration, anergy, poor specificity,
and the need for repeated testing to detect boosting
(Maartens 2002). A comparative study between skin
tests with PPD and measurement of the response
by in-vitro culture assays measuring IFN-y produc-
tion in response to tuberculin antigen stimulation
is described in detail in a separate chapter. Dr. Rohit
Katial has demonstrated the superiority of these
assays and compared it with the PPD skin test (see
Chap. 15).

20.3.5
Other Diagnostic Investigations

Ultrasound or CT-guided, transthoracic, percuta-
neous, fine-needle aspiration (FNA) cytology may
be useful in diagnosing pulmonary tuberculosis in
patients initially suspected of having malignancies.
Das et al. (1995) reported the use of FNA to diag-
nose tuberculosis in 29 patients in their series of 190
patients with malignancies and other causes.

Serological tests for antimycobacterial antibodies
in the serum using an ELISA immunoassay may be
positive in up to 88% (Barnes et al. 1993). DNA fin-
gerprinting PCR-based assays provide a noninvasive
method of diagnosing M. tuberculosis as well as iden-
tifying drug-resistant strains, with results ready in a
few hours or days (see Chap. 13).

Pulmonary function tests may be required in
tuberculous patients, particularly when lung sur-
gery is required. Radionuclide studies in pulmonary
tuberculosis are useful imaging tools in assessment
of the disease (see Chap. 24 and 26).

20.4
Treatment of Post-primary Pulmonary TB

The history of the management of tuberculosis has
been called ‘the story of medical failure’ (Holme
1998). ‘The patients have been blamed for non-com-
pliance with the therapeutic regimen, but sociologic
studies have shown that, in most cases, the providers
of health care are at fault’ (Grange and Zumla 2000).
The infectivity of tuberculous patients for close con-
tacts after starting chemotherapy has been studied
by several authors. Riley et al. (1962) reported that
the effluent air from the rooms of patients receiving
chemotherapy became noninfectious for guinea-pigs
within 2 weeks. Other authors found the rapid reduc-
tion in the number of viable bacilli by 1-2 logarith-
mic counts within 2 weeks (Yeager et al. 1967; Hobby
et al. 1973; Jindani et al. 1980). An editorial (1980)
reviewed the issue of isolation of infectious patients
with pulmonary tuberculosis, indicating that admis-
sion to a sanatorium was justified for supervised
treatment, considering its toxicity and to safeguard
their close contacts. It also referred to the work of
Jenkinson et al. (1979) who found viable bacilli in
the sputum of 15 patients who had received 6 weeks
of treatment, and active disease was produced when
injected into guinea-pigs. Studies on the duration of
antituberculous treatment for patients with a positive
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sputum smear to achieve three consecutive negative
results has been carefully studied prospectively by
Telzak and colleagues (1997) from the South Bronx
in New York. The study started from April 1993 to
March 1995 of all patients with culture-confirmed
tuberculosis. Data included the results of smears,
cultures, and drug susceptibility, HIV status, CD4
cell count (for HIV-positive patients). The main
objective of the study was to identify the time dura-
tion between initiating antituberculous treatment to
the first of three consecutive negative sputum smears
and the first of three consecutive negative sputum
cultures. During the period of the study, 199 patients
with culture-positive tuberculosis were diagnosed,
75% had lung parenchymal disease alone, 2% had
lung and pleural abscess, 14% had pulmonary and
extrapulmonary TB, 3% had only pleural disease,
and 7% had extrapulmonary disease alone. They had
complete information on 100 of the sputum smear-
positive patients (85%). They found that the mean
number of days before the first of three consecutive
negative sputum smears was 33, and the median was
23 days. The mean number of days until the first of
three consecutive negative sputum cultures was 32,
and the median was 26 days. These authors noted
that the following factors were associated with an
increased number of days to achieve their objective:
the high number of AFB on initial smear, the pres-
ence of cavitary disease, and no previous history of
tuberculosis. They noted that HIV had no effect on
the duration of treatment before achieving the study
objectives. HIV-positive patients are less likely to
have cavitary disease, and therefore more likely to
produce few AFB. In conclusion, patients with smear-
positive sputum require hospitalization and must be
isolated for a mean duration of 32 days after initiat-
ing appropriate treatment or longer if the initial AFB
count was high in the presence of cavitary disease and
if the patient had no prior history of tuberculosis.
The aim of the appropriate chemotherapy is to
use drugs to which the bacilli are susceptible, with
bactericidal activity to cure the patient, reduce infec-
tivity to contacts, and prevent the emergence of drug
resistance (Centers for Disease Control 1994). Clini-
cians are often required to take the decision of either
to initiate the treatment of smear-negative patients
with a presumptive diagnosis of pulmonary tubercu-
losis based on the presence of clinical and imaging
features, or to wait for the sputum culture results that
may require 4-8 weeks to obtain and may not yield
the bacilli. In a prospective study of 139 patients with
a presumptive diagnosis of pulmonary tuberculosis,
Gordin et al. (1989) reported their findings. The

study was carried out in San Francisco between mid-
1981 to the end of 1982. The presumptive diagnosis
in this series was based on the presence of clinical
and radiological features suggestive of pulmonary
tuberculosis with negative sputum smear. Treatment
with isoniazid, rifampicin, and ethambutol was given
to all patients. Positive culture was reported later in
16 patients. Among the culture-negative patients, 43
showed radiographic improvement after 3 months
of initiating the treatment, clinical improvement in
7, and bronchoscopic confirmation of the diagnosis
in 1 patient.

There were 72 individuals with radiological stabil-
ity who were considered as having inactive previous
tuberculosis. The authors concluded that the treat-
ment was appropriate in 66 of 139 (48%) of patients.
The British Medical Research Council (BMRC) rec-
ommended the initiation of antituberculous treat-
ment for such patients after other causes for abnor-
mal chest radiography findings have been excluded
(Dutt and Stead 1994; Fox et al. 1999).

The modern short course of antituberculous
chemotherapy, Directly Observed Therapy (DOT), is
the best strategy for the treatment of post-primary
pulmonary tuberculosis to achieve the three goals,
that is, cure the patient, reduce infectivity to contacts,
and prevent the emergence of drug resistance if
appropriately adhered to. DOT is usually given as an
outpatient treatment and supervised by nurses. Such
visits to the outpatient facility may be difficult as it
involves traveling and may be costly for patients in
developing countries. Training of a family member
or a community lay person to supervise the adminis-
tration of DOT may be more practical in developing
countries (Wilkinson 1994). WHO indicated that for
the DOT strategy to be effective, it requires govern-
ment commitment, the availability of microscopic
and other diagnostic facilities, a continuous supply of
high-quality medication, direct observation of treat-
ment administration, and recording the response to
treatment (Netto et al. 1999).

DOT consists of an initial 2-month phase of inten-
sive treatment using four drugs (rifampicin, isonia-
zid, pyrazinamide, and either ethambutol or strep-
tomycin) followed by a 4-month continuation phase
of rifampicin and isoniazid. These drugs are usually
given as daily treatment but can be given thrice
weekly, either throughout or during the continuation
phase, to facilitate the supervision of treatment. The
isoniazid daily dose is 5 mg/kg orally or intramus-
cularly (maximum 300 mg), rifampicin daily dose is
10 mg/kg orally (maximum 600 mg), pyrazinamide
daily dose is 15-30 mg/kg orally (maximum 2 g),
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streptomycin daily dose is 15 mg/kg intramuscularly
(maximum 1 g) for persons below the age of 60 years
and 10 mg/kg intramuscularly (maximum 750 mg)
for persons above 60 years, ethambutol daily dose
is 15-25 mg/kg orally (maximum 2-5 g). The cure
rate of drug-susceptible disease when the patient
completes the course of treatment is up to 98%.
HIV co-infected patients have a similar outcome
of tuberculosis treatment success rate (Grange and
Zumla 2000). Although DOT has been successful in
some countries, endemic areas with HIV and MDR
tuberculosis have not achieved the WHO targets for
disease control (Netto et al. 1999).
Multidrug-resistant tuberculosis is a much more
serious problem to treat. Drugs used for treatment are
more toxic, more expensive, and require a prolonged
period of up to 24 months, and surgery may be con-
sidered to decrease the load of the organisms during
chemotherapy (Iseman 1993; Iseman et al. 1990).

20.4.1
Response to Treatment

Appropriate chemotherapy is usually associated
with clinical and radiological improvements. Clini-
cal improvement with resolution of fever occurred
in 92% of patients 4 weeks after starting treatment
(Teklu and Al-Wabel 1994; Vanham et al. 1997).
Radiological improvement is noticed after 3 months
(Gordin et al. 1989). Paradoxical worsening of the
clinical and imaging responses to treatment may
occur particularly in the first few weeks or months.
HIV co-infected patients are more prone to paradoxi-
cal worsening after starting antituberculous treat-
ment, and this is reported to occur in 36% (Wendel
et al. 2001). In tuberculous patients without HIV,
paradoxical worsening may occur in 16% (Al-Majed
1996). Paradoxical worsening after antituberculous
treatment is defined as worsening of fever, cough,
shortness of breath or even development of ARDS,
enlargement of lymph nodes or other extrapulmo-
nary site of the disease during appropriate treatment
(Smith 1987; Al-Majed 1996; Rodriguez-Bano et al.
1997; Hung and Chang 1999; Wendel et al. 2001).
Radiological worsening of the pre-existing pul-
monary infiltrates, development of new lesions on
the same or apposite lung, enlargement of hilar or
paratracheal lymph nodes were noted in our series
(Figs.23.16a—c and 23.17a-c). The pathogenesis of
paradoxical worsening is not yet clear. It is believed that
it may be due to enhanced immune responses (immu-
nological rebound) with increased proliferation of

mononuclear cells and IFN-y production in response
to M. tuberculosis antigens (Wendel et al. 2001). Corti-
costeroid therapy has been used to modify the inten-
sity of symptoms (Rodriguez-Bano et al. 1997). There
have been no controlled trials on the management of
these paradoxical worsening responses.
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