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18.1
Introduction

Miliary/disseminated tuberculosis signifies the wide
spread occurrence of caseating visceral tuberculosis
that occurs by hematogenous dissemination of the
bacilli from an active caseous focus or foci located in the
lung or extrapulmonary sites. Hematogenous dissemi
nation of the bacilli may occur during the course ofpri-
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mary tuberculosis, immediately after the post-primary
period, or at a time far remote from the post-primary
period as late generalized tuberculosis (LGT) (Slavin
et al. 1980). A wide spectrum of pathological features
occurs as a result of hematogenous dissemination of
the bacilli. This spectrum of pathology is determined
by the size of the bacillary inoculum load, the viru
lence of the bacilli, and the status of the host immune
response. It ranges from a rare but acute fulminating
form due to the release of massive myriads of caseous
and necrotic tubercles into the blood with a nonreac
tive and an anergic response, very low count of CD4+
T-cells with scanty or absent granuloma formation;
that form of the disease is only diagnosed at autopsy.
If, on the other hand, tuberculous bacteremia is slight
with the formation offew tubercles, this discrete type of
generalized dissemination is usually without immedi
ate clinical significance, although these tubercles serve
as 'seed beds' for the later development of organ tuber
culosis or LGT (Slavin et al. 1980). Between these two
pathological and clinical extremes lies a spectrum of
pathology that varies in severity. The more common
classic miliary tuberculosis resembles the fulminating
form (Prout et al. 1980).Miliary tuberculosis is defined
as a hematogenous dissemination of the bacilli result
ing in widespread, active, visceral, caseous tubercle
formations measuring 1-3 mm in diameter (the size of
millet seeds) with radiologic or pathologic evidence of
pulmonary micronodules (Sahn and Neff 1974; Slavin
et al. 1980; Penner et al. 1995). Disseminated tubercu
losis is defined as a hematogenous transmission of the
bacilli with active caseous tubercle formation in two
or more extrapulmonary sites and with no pulmonary
miliary nodular shadowing on chest radiography
(Penner et al. 1995; Sahn and Neff 1974). Proudfoot
et al. (1969) described the fulminating dissemination
form of tuberculosis in patients with other co-existing
underlying disease that may lead to a clinical presen
tation with atypical features due to an impaired cell
mediated immune response and the absence ofmiliary
lung shadowing as 'cryptic disseminated tuberculosis',
which is usually diagnosed at autopsy. Disseminated
tuberculosis is a diagnostic challenge even in endemic
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areas when the attending clinician has a high index
of suspicion. Chest radiography is usually the initial
diagnostic investigation for miliary tuberculosis. The
sensitivity of chest radiography was found to range
from 59% to 69% in a study based on population and
group control subject (Kwong et al. 1996). ARDS may
occur as a complication of miliary tuberculosis, and
chest radiographymaybe difficult to interpret since the
miliary nodules are superimposed on a more diffuse
ground (Armstrong et al. 1995). Fatal consequences if
undiagnosed and untreated at an early stage may affect
21%-64% of patients with disseminated tuberculosis
(Monie et al. 1983; Al-Jahdali et al. 2000; Prout et al.
1980; Bobrowitz 1982). Miliary/disseminated tubercu
losis has increased in incidence in the USA, particularly
among HIV co-infected patients (Rieder et al. 1991; Hill
1991; FitzGerald et al. 1991; Korzeniewska-Kosela et al.
1992).
Iatrogenic miliary/disseminated tuberculosis due

to Mycobacterium bovis, induced by intravesical BCG
immunotherapy for the treatment of urinary bladder
cancer, has been increasingly reported (Foster 1997;
McParland et al. 1992; Palayew et al. 1993).

18.2
Epidemiology of Miliary/Disseminated
Tuberculosis

The incidence of miliary/disseminated tuberculo
sis is difficult to determine in either developing or
developed countries (Vijayan 2000). Many patients
were undiagnosed in life, and it is only at autopsy
that the disease may be found (JuuI1977; Bobrowitz
1982; Slavin et al. 1980; Prout et al. 1980).
In the USA, Slavin et al. (1980) from Johns

Hopkins reviewed the records of 120 autopsies per
formed between May 1937 and December 1959. They
excluded 20 cases due to missed records. The remain
ing 100 autopsies had microbiologically proven TB,
histopathological features, and evidence of hematog
enous spread involving the spleen, liver, lung, bone
marrow, kidney, adrenal glands, and other organs.
The total number of autopsies performed during
these 22 years was 14,224, and LGT was found in 120
(0.8%). Sixty of the 100 patients lived in the pre-anti
biotic era (mid-1948) and 40 in the antibiotic period.
Male predominance was noted in 61 (61%), of whom
44% were black. There were 39 women, 28% ofwhom
were black. The total number ofblack patients was 72
and white patients, 28. The authors estimated that 1
case of LGT was found in every 142 autopsies.

M. M. Madkour

In Canada, Long et al. (1997) reviewed the records
of 2013 patients with active tuberculosis between
January 1, 1979, and December 31,1993, to determine
the clinical-pathologic-radiologic correlation in dis
seminated tuberculosis with and without a miliary
pattern on radiography. All patients came from Man
itoba, with a low seroprevalence of HIV in that area.
They adopted a rigorously defined; radiographic or
histopathologic evidence of hematogenous dissemi
nation and found 56 patients (3%) (42 miliary and
14 nonmiliary).Women were 2.4 times more likely to
be affected than men in this series. The mean age for
both sexes was 50±26 years. Fourteen patients died,
of whom 5 (12%) had miliary and 9 (64%) had non
miliary disseminated tuberculosis.
In Glasgow, Scotland, Monie et al. (1983) reviewed

the records of 1000 patients with tuberculosis
reported during a 3-year period (1976-1978) and
found 28 (2.8%) patients with miliary tuberculosis.
Seventeen (61%) had miliary shadowing, 7 (25%)
had other radiological changes consistent with
active or previous pulmonary tuberculosis, and 4
(14%) had no radiological changes suggesting pul
monary tuberculosis. About 50% of patients were
over 60 years of age, and 23% were non-European in
origin. These authors reported fatalities in 9 (32%) of
the 28 patients with miliary tuberculosis.
Ormerod and Horsfield (1995) from Blackburn,

UK, reviewed notified cases of tuberculosis in the
Blackburn, Hyndburn and Ribble Valley District
Health Authority (DHA), an area of high prevalence
for tuberculosis. They found 39 cases ofmiliary tuber
culosis over 16 years (1978-1993 inclusive). Fourteen
patients had miliary TB, and 25 had cryptic miliary
TB. The authors noted ethnic differences with regard
to the number of cases and the age at onset. The
mean age among Caucasian patients was 51.3 years,
while among Indian subcontinent (ISC) patients, it
was 37 years. The incidence of miliary tuberculosis
in Blackburn was approximately 0.25/100,000 in the
Caucasian ethnic group and 7.99/100,000 in the ISC
ethnic group. These authors reported the death rate
due to miliary tuberculosis as 10%.
In Denmark, Juul (1977) reported on clinically

undiagnosed, active tuberculosis in 895 autopsies.
They found active tuberculosis undiagnosed in life
in 86 (0.1%) patients. Miliary tuberculosis found in 38
(44.2%). The mean age of these patients was 70.7 years,
with a female predominance.
In NewYork,Bobrowitz (1982) reported 21 patients

in whom tuberculosis was not diagnosed in life. At
autopsy, 10 had suffered miliary tuberculosis and
11, pulmonary tuberculosis. Fifteen were male and
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6 female, and 13 were white, 6 black, and 2 Hispanic.
Over 70% of the patients were more than 60 years
of age. The main diagnosis of the 10 patients with
miliary tuberculosis on admission was pneumonia,
malignancy, or sepsis. The authors explained the fail
ure to discover tuberculosis in these patients as due
to combinations of other diseases and conditions. The
incidence of miliary tuberculosis in developing coun
tries is more difficult to determine (Prout et al. 1980).
Lack of notification of miliary tuberculosis is due to
failure to make the diagnosis while alive in countries
like South Africa, which has a high incidence of tuber
culosis (Prout et al. 1980). These authors reviewed the
computerized records of medical diagnoses over a 6
year period and found 64 cases of miliary or dissemi
nated tuberculosis. Thirty-seven cases fulfilled the
inclusion criteria: miliary lung shadowing, detection
of the bacilli by stain or culture, caseating granulomas
from liver or bone marrow biopsies, and involvement
of two or more organs. These authors also reviewed
the autopsies of 2,200 patients who died between
1973 and 1978 and found a further 34 cases (of them
9 fell into both groups and were excluded). A total
number of 62 cases (live and autopsies) was reviewed.
Eight (12.9%) were white, 20 (32.3%) colored, and 34
(54.8%) black. Thirty-six (58.1%) were male and 26
(41.9%) female. Over 72% of men and 42% ofwomen
were over 40 years of age. Alcoholism, malnutrition,
diabetes, cytotoxicity or radiotherapy for malignan
cies were concomitantlypresent in 25 patients (40.3%).
Forty patients (64%) died, and 31 deaths were directly
attributed to disseminated tuberculosis.
In Saudi Arabia, AI-Jahdali et al. (2000) reported

780 cases of tuberculosis seen over a period of7 years.
Miliary tuberculosis was found in 47 (6%) patients,
and 68% were over 60 years of age. A male pre
dominance was noted (n=30), and the mean age was
61 years for both sexes. Risk factors such as diabetes,
prior tuberculosis, chronic liver disease, renal failure,
immunosuppressive drugs, and malignancies were
present in over 50% of these patients. Ten patients
died (21%), all were due to miliary tuberculosis.
In our own hospital in Riyadh, computerized

records of medical diagnoses for patients admitted
during the period from 1983-2000 inclusive (using
ICD-9 code description) revealed a total number of
2,484 tuberculosis patients, with miliary tuberculosis
reported in 79 patients (3.18%).
Since the HIV epidemic in 1980s, the incidence of

miliary/disseminated tuberculosis in HIV co-infected
patients in the USA has increased. The incidence
of miliary/disseminated tuberculosis has therefore
increased from 1.3% of all reported cases of tuber-
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culosis to 8%-10% among HIV co-infected patients
(Rieder et al. 1991; Hill 1991; Schaefer et alI991).

18.3
Pathology and Pathogenesis
of Miliary/Disseminated Tuberculosis

Acute miliary/cryptic disseminated tuberculosis is
part of a broad spectrum of hematogenous spread
ofMycobacterium tuberculosis with various and vari
able degrees of clinical manifestation and severity.
It is most commonly encountered in children and
young adults in developing countries. It may occur
during primary disease or within 6-8 months of
primary disease (progressive primary). In endemic
areas, hematogenous spread may occur in neonates,
infants, and children or in immunocompromised
patients, leading to primary miliary or disseminated
tuberculosis. In developed countries, adults particu
larly those co-infected with HIV may develop primary
miliary/disseminated tuberculosis via hematogenous
transmission of the infection.
Miliary/disseminated tuberculosis may occur

in post-primary disease, either due to endogenous
reactivation or exogenous re-infection (Auerbach
1944,1959). Hematogenous spread of the bacilli from
a focus or foci located in the lung or extrapulmonary
sites is the source of infection. Transmission of the
organisms via the lymphatics to the blood circula
tion or direct invasion of the blood vessels by lique
fied caseous material may occur due to a rupture or
erosion of a contiguous focus or foci (Geppert and
Leff 1979; Yu et al. 1986; Murray et al. 1978; Prout et
al. 1980). Slavin et al. (1980) used the term late gen
eralized tuberculosis (LGT) to describe generalized
hematogenous spread occurring at a time far remote
from the post-primary period. If tuberculous bactere
mia is slight, a discrete type of generalization is usu
ally without immediate clinical significance, although
these 'seed beds'may serve later in the development of
organ tuberculosis and LGT. However, if the general
ization of the tuberculous bacteremia is massive, nec
rotizing tubercles are formed in various organs, and
this is known as acute miliary tuberculosis. In post
primary disease, it is often believed that a single focus
at the pulmonary or extrapulmonary site is consid
ered the source ofhematogenous spread of the bacilli.
Clinical and pathological studies reported by several
authors indicated that more than one focus located at
different unrelated anatomical sites in various body
organs may be reactivated simultaneously, discharg-
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ing an enormous quantity ofmycobacterial inoculum
into the bloodstream. Slavin et al. (1980) stated that
'Late Generalized Tuberculosis (LGT) derived from
a single extrapulmonary focus was very infrequent
(7%); whereas in more than half of the cases, the
origin of dissemination appears to have been derived
from large foci present in a variety of organs'. This
may occur intermittently, episodically, or continu
ously in 54% of cases (Pagel et al. 1964; Saye 1936;
Slavin et al. 1980; Jacques and Sloan 1970). Evidence
of intermittent or episodic hematogenous spread of
infection was noted at autopsy. Soft exudative tuber
culous lesions were mixed with other lesions showing
partial or complete healing with fibrosis, calcifica
tions, and ossifications (Slavin et al. 1980; Saye 1936;
Jacques and Sloan 1970). It has been debated by some
authors whether the lung is the main source of focal
active caseous spread via the hematogenous route to
other body organs; they believe that an extrapulmo
nary focus or foci are the most common source of
hematogenous spread of infection. Slavin et al. (1980)
reported that 'in the antibiotic era, chronic pulmonary
tuberculosis and late generalized tuberculosis (LGT)
coexisted far less commonly than they did prior to the
advent of chemotherapy'. They reviewed the clinical
and autopsy findings of 100 patients with LGT in two
eras (pre-antibiotic and antibiotic periods) and con
cluded, 'thus, both clinical and autopsy findings in the
antibiotic period support Biehl's statement - that only
a minority of cases of miliary tuberculosis arise from
patients with pulmonary tuberculosis'.
Hematogenous release of large quantities of

necrotic caseous material of uniform size spread via
the blood will cause embolization of the capillaries
of most organs, particularly those with the richest
vascular supply such as the liver, spleen, bone marrow,
brain, and lungs. It is generally fatal if undetected and
not treated early. At the other end of the spectrum
of the hematogenous bacteremia, few bacilli may
be discretely seeded into these body organs without
immediate clinical manifestation. At a later stage,
these hematogenous 'seed beds' may be reactivated
in an organ or in all organs, with the development of
miliary tuberculosis. They may also remain nonpro
gressive and well localized and cause few or no clini
cal symptoms. The course of the disease may take the
form of 'chronic miliary tuberculosis', which is slowly
progressive and not fatal (Pagel et al. 1964; Saye 1936).
Fatal cases due to late generalized miliary tubercu
losis do occur, but some clinicians consider these as
representative of the terminal event of long-standing
pulmonary or extrapulmonary disease (Yu et al.1986;
Slavin et al. 1980). Factors determining the pattern of
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the disease presentation will depend on the size of the
bacilli inoculum, its virulence, and the host immune
response. In its severe acute fulminating form, septi
cemia may occur with extensive tissue damage and
necrosis with very little evidence of a cell-mediated
immune response. The diagnosis of this form is mostly
missed in life because of the absence of the typical
miliary lung shadowing seen on chest radiography,
and the diagnosis is only made at autopsy (Chapman
andWhorton 1946; Biehl 1958; Treip and Meyers 1959;
Proudfoot et al.1969; Munt 1972; Prout et al.1980).
Proudfoot et al. (1969) described this form of

the disease as 'cryptic disseminated tuberculosis',
Patients with cryptic disseminated tuberculosis may
have a co-existing underlying disease that may pres
ent with atypical features and also cause impairment
of the cell-mediated immunity such as alcoholism,
cirrhosis, malnutrition, diabetes mellitus, connec
tive tissue diseases, HIV, or may be taking immu
nosuppressive chemotherapy, and the diagnosis is
then missed in life, with an absence of miliary lung
shadowing, and is usually made at autopsy (Millar
and Horn 1979; Bobrowitz 1982; Yu et al. 1986;
Crump 1998). Patients in the late stage of AIDS with
disseminated tuberculosis have a very low count of
CD4+ T-cells and an anergic response with scanty or
absent granuloma formation as reported by Zumla
and Grange (see Chap. 29). In immunocompetent
patients, the cell-mediated immune response (CM!)
and tissue-damaging delayed hypersensitivity (DTH)
responses will be activated. The bacilli cell wall anti
gens will activate the macrophages, CD4+ T cell,
increased production of cytokines, TNF-a, IFN-y,
IL-12 to combat the infection. The bacilli may survive,
and during these responses concomitant immune
depression and immune activation occur at the same
time (Dannenbergh 2001; Vanham et al. 1997; Ellner
1997). The infection may overcome the immune
system responses, and the disease progresses. At sites
of the capillary bed seeded with bacilli, granuloma
formation with central caseation and necrosis may
occur simultaneously in all affected body organs.
Adult respiratory distress syndrome (ARDS) is

known as a complication of miliary/disseminated
tuberculosis; it requires mechanical ventilation and
has a high mortality rate ranging from 40% to 60%
(Mohan et al. 1996; Dyer and Potgieter 1984; Murray
et al. 1978; Dyer et al. 1985; Dee et al. 1980). The exact
pathogenetic mechanisms by which miliary tuberculo
sis causes ARDS is not clearly understood. Penner et aI.
(1995) suggested that the immunological aspects and
pathogenesis of ARDS caused by miliary tuberculosis
are similar to those caused by Gram-negative sepsis. In
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miliary tuberculosis, a massive release ofmycobacteria
lipoarabino-mannan cell wall antigens causes wide
spread perifocal inflammatory responses, injury to the
alveolocapillary membrane, interstitial granulomatous
infiltration, obliterative endarteritis, increased capillary
endothelial cell susceptibility to the toxic effect of the
released TNF-a and ICAM-l (Penner et al.1995; Sutton
et al. 1974; Petty and Ashburgh 1971; Massaro and Katz
1964; Ashburgh et al.1967; McClement et al.1951).
The alveoli will be filled with inflammatory exu

dative edema due to increased local vascularity, with
vasculitis leading to pulmonary edema which is the
hallmark of ARDS (So and Yu 1981; Penner et al.
1995; Dee et al. 1980). The alveolar exudate mate
rial includes mostly polymorphonuclear leukocytes,
erythrocytes, fibrin, as well as caseating granulomas.
This will lead to mismatching of ventilation and per
fusion and an impaired diffusion capacity (Mohan et
al.1996; William and Yoo 1973).
Acute miliary/disseminated tuberculosis may

also be caused by Mycobacterium bovis. Miliary M.
bovis induced by intravesical BCG immunotherapy
used for the treatment of bladder cancer has been
reported (Deresiewicz et al. 1990; Rawls et al. 1990;
Kesten et al. 1990; Gupta et al. 1988; McParland et al.
1992; Iantorno et al. 1998; Palayew et al. 1993; Foster
1997; Jasmer et al. 1996; Rabe et al. 1999; Soloway
1988). The mechanism by which BCG induces mili
ary tuberculosis has been debated among authors
(Lotte et al. 1984; de Hertogh et al. 1989; Orihvela et
al. 1987). Some authors suggested that it is a hyper
sensitivity reaction in response to BCG, particularly
when they failed to grow the organisms. Other
authors explained the widespread lung shadowing
as due to hematogenous dissemination of the bacilli
which were isolated from various pathological fluid
and tissue biopsy specimens. Other nontuberculous
Mycobacterium species may cause miliary and dis
seminated diseases similar to those caused by M.
tuberculosis. These nontuberculous mycobacteria are
particularly found in patients with HIV. Mycobacte
rium avium-intracellulare,M. kansasii, and M. fortui
tum are the ones most frequently reported (Bone and
Stableforth 1981; Longdale et al. 1992).

18.4
Clinical Features of Miliary/Disseminated
Tuberculosis

The clinical symptoms at the time of presentation of
miliary/disseminated TB may only be constitutional
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including fever, sweating, loss of appetite, weight
loss, and weakness. Respiratory symptoms may
include dry or productive cough, hemoptysis, short
ness of breath, and pleuritic chest pain. Neurological
symptoms such as headaches, confusion, disorienta
tion, cranial nerve palsies, or even coma may be the
presenting features. A history of tuberculosis may be
present in 10%-20% of patients (Slavin et al. 1980).
Fever is the most common symptom and may be
the only presenting feature (pyrexia of unknown
origin). Other symptoms of tuberculosis related to
other body systems or organs such as musculosk
eletal, genitourinary tract, or the abdomen are less
frequently encountered at the time of presentation.
Concomitant chronic illnesses such as diabetes mel
litus, alcoholism, connective tissue diseases, chronic
renal failure, silicosis, HIV, or immunosuppressive
chemotherapymaybe found in patients with miliary/
disseminated tuberculosis. The physical signs may be
few, including tachypnea, wasting, lymphadenopathy,
hepatic and splenic enlargement, cutaneous lesions,
or features of meningitis (Ray et al. 2002; Sharma
et al. 1981; Pasculle et al. 1980; Bateman et al. 1980;
K6ylii et al.1997; Shibolet et al.1979; Prout et al.1980;
Evans et al. 1998; Long et al. 1997). The frequency of
symptoms and signs of miliary/disseminated tuber
culosis as reported by some authors are shown in
Tables 18.1 and 18.2.

18.5
Meningitis and Tuberculomas
in Miliary/Disseminated Tuberculosis

Miliary/disseminated tuberculosis may involve the
central nervous system with evidence of meningitis
or tuberculomas in up to 30% of patients (Slavin et
al.1980; Biehl 1958; Maartens et al.1990). Headaches,
hemiplegia, seizures, and coma may indicate involve
ment by meningitis and/or tuberculoma, as noted in
our case no. 3 (Fig. 18.3f,g).However, the patients may
have no symptoms that are related to the central ner
vous system, and cerebral tuberculoma may only be
depicted by MRI. The cerebrospinal fluid (CSF) may
be either clear or turbid with lymphocytic pheocy
tosis, raised protein concentration,with a low level of
glucose (Gelb et al. 1973). Cerebrospinal fluid smear
is rarely positive for acid-fast bacilli, and culture may
yield the bacilli in up to 20% of patients (Hill 1991).
The prognosis may be poor if undiagnosed and not
treated early,with the development ofhydrocephalus,
coma, and death.
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18.5.1
Case Illustration 1

A 39-year-old male clerk working in our hospital pre
sented to me on 8 September 1999 with a I-month his
tory of right knee pain which was mild and associated
with swelling. Symptoms were progressive. He was in
goodhealth before presentation and denied a historyof
trauma. He was always overweight and did not notice
any recent weight loss, and had no fever or sweating.
Musculoskeletal system investigation was otherwise
normal. He was using analgesics as self-medication,
which were controlling his knee pain. There was no
low-back pain or other systemic symptoms that could
be related to connective tissue diseases. He was treated
in the ophthalmology clinic for dryness of the eyes but
that lasted only for a few months before resolving. He
denied a history of drinking rawmilk or consumption
of raw liver or meat or contact with animals. Other
systemic enquiries were normal. On physical exami
nation he looked well, apyrexial, not in pain and not
pale. The right knee was swollen with effusion but not
tender or warm and had a full range of movement.
There was no thigh or leg muscle wasting. Other joint
examinations were normal. Other systematic physical
examination showed no lymphadenopathy, and other
systems were normal. Synovial fluid aspiration was
obtained, and other investigations included hemo
gram, ESR, biochemical profiles including serum
urate, blood culture, and Brucella agglutinins, plain
radiography of the knees and chest. He was referred to
our orthopedic surgeon for arthroscopy,but he refused
this investigation. The hemoglobin was 13.2 gldl with
normal white cell count, but the ESR was raised
50 mm/h. Biochemical parameters were normal apart
from slightly raised serum urate at 467 f.lmolll (normal
range 210-430 f.lmolll). Chest and knee radiography
results were normal (Fig. 18.1a,b). Synovial fluid white
cell count was normal, and culture was negative. Plain
radiography and MRI of the right knee showed two
small defects in the joint's surface on the medial
condyle of the femur, one measured 7 mm and the
second 3-4 mm in diameter. This was interpreted as
osteonecrosis but could also be due to an inflamma
tory process (Fig. 18.1c-f, j). Arthroscopy was refused
again by the patient. He was taking Diclofenac retard
100 mg once daily orally and was controlling his mild
knee pain, and the swelling resolved. Four months later
he presented to the emergency roomwith a 1O-dayhis
tory of fever, rigor, night sweating, and 4-day history
ofcough with whitish sputum, left pleuritic chest pain,
and shortness of breath. He also had a history of diar
rhea for 3 days before presentation. He was anorexic
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with occasional vomiting, and although he was on a
weight-reducing diet, he did not notice faster weight
reduction. On physical examination in the emergency
room, he looked unwell, tachypnea, feverish 40°C,
pale, and had lost 5 kg of weight since last weighed
4 months earlier. There was no lymphadenopathy, no
positive abnormal sounds heard over the lung, and
no pleural rub. Abdominal examination revealed an
enlarged, tender liver extending 4 cm below the costal
margin and enlarged spleen extending 3 cm below
the costal margin, but there was no ascites or other
palpable masses. The right knee was swollen with mild
knee effusion. Chest radiograph looked normal, but
the hemoglobin decreased to ILl gldl with normal
blood film, and there was evidence of malaria, while
the white cell count was normal. Blood culture was
done, and the blood biochemical parameters were
normal. When I reviewed the patient the following
day, a softer chest radiograph was done which showed
faint reticular lung shadowing at both lung bases
(Fig. 18.lg). Miliary tuberculosis was the presumptive
admission diagnosis, and he was started on four-drug
chemotherapy. Other investigations were carried out
during admission. The sedimentation rate (ESR) was
90 mm/h, negative blood and sputum cultures. Bru
cella serology was repeated, autoimmune screenings
were all negative. Liver enzymes were abnormal; ALT
79 U/l (normal range 2-40 U/I); alkaline phosphatase
1151 U/I (normal range 98-279 U/I), albumin 33 gil
(normal range 38-51 gil), urate 467 f.lmolll (normal
range 210-430 Ilmolll), and total bilirubin was
normal 12 f.lmolll (normal range 2-22 f.lillolll). The
tuberculin test was negative; it had been done twice,
once at the initial visit 4 months earlier and during
the current admission. MRI of the chest showed dif
fuse confluent miliary lung shadowing widely spread
over both lung fields with small areas of nonhomo
geneous consolidation in the lateral segment of the
right middle lobe (Fig. 18.1h,i). Ultrasound of the
right knee showed significant synovial thickening but
no effusion. Ultrasound of the abdomen showed an
enlarged spleen with a span of 16 cm but without focal
lesions in it; the liver was enlarged, but no focal lesions
were depicted; and there was no definite para-aortic
lymphadenopathy. The other abdominal organs were
normal. The nonsteroidal anti-inflammatory medica
tion was discontinued, and the patient remained on
antituberculous medication. Bronchoscopy was done
which showed an inflamed bronchial mucosa but no
endobronchial lesions, and bronchoalveolar lavage
(BAL) was performed. BAL was sent for cytology,
AFB smear, and culture - post-bronchoscopy sputum
specimens were sent for microbiological examination.
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Fig. 18.1 a Frontal radiograph of the right knee at the initial presentation with monoarthritis. This was interpreted as showing
no bony abnormalities. b Chest radiograph at the initial presentation with right knee monoarthritis, showing no abnormal
imaging features. c, d MRI of the right knee: sagittal Tl-weighted images demonstrate presence of effusion (arrow) and two
osteochondral lesions (arrowheads) at the medial femoral condyle appearing as central areas of increased signal intensity sur
rounded by signal void rim. Appearances are typical of osteochondritis dissecans, but an infective pathology is also possible.
e, f MRI of the right knee: sagittal T2-weighted images at the same level demonstrates joint effusion better (arrow) and the
osteochondral defect as high signal intensity indicating activity (arrowheads). g Chest radiograph during acute presentation
demonstrates numerous fine discrete nodules bilaterally (arrowheads) consistent with miliary tuberculosis. h Axial CT scan
with lung windowing demonstrates generalized increase in parenchymal density with ill-defined fine nodular pattern in a
random distribution (arrowheads). i Axial CT scan at a caudal level demonstrates air-space consolidation in the left lower lobe
(arrowheads). j Frontal radiograph of the right knee during the acute miliary tuberculosis presentation demonstrates evidence
of periarticular osteoporosis (arrowheads) and subchondral erosions (arrows). Note preservation of joint space (*). k Isotope
bone scan (99mTc) demonstrates marked tracer uptake in the right knee (arrowheads). I Isotope bone scan demonstrates tracer
uptake in 010 vertebral body (arrowheads). m Axial CT of the lung with mediastinal windowing demonstrates destruction of
the lower dorsal vertebral body with associated paravertebral abscess (arrows). n Sagittal gadolinium-enhanced Tl-weighted
MR image of the spine demonstrates destruction of the vertebral body (arrows), paraspinal abscess (large arrowheads) with sub
ligamentous spread (small arrowheads) causing compression of the spinal cord (*).0 Axial gadolinium-enhanced Tl-weighted
MR image with fat saturation demonstrates paraspinal abscess with wall enhancement (arrows)
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The patient agreed to arthroscopy, which showed a
hemorrhagic hypertrophic synoviurn with grade II
degenerative changes at the medial femoral condyle.
Debridement, synovial tissue biopsies, and wash-out
were sent for histopathological and microbiological
examination. Bone marrow biopsy was performed.
The patient responded to the antituberculous treat
ment, and the fever and dyspnea began to improve
within 1week of hospitalization. However, he com
plained of back pain, and there was tenderness over
T9-1O. He later admitted that he had had occasional
back pain before, but it was so mild that it was relieved
with the nonsteroidal anti-inflammatory treatment he
used for his knee. Isotope bone scan and MRI of the
spine and other joints were performed. MRI showed
destruction of T9 with collapse of the vertebral body,
gibbus deformity, and para-spinal abscess with exten
sion into the epidural space (Fig. 18.1m-o). Isotope
bone scan showed increased uptake at T9-1O and in
the right knee (Fig. 18.1k,1). Histopathological results
of the bone marrow showed multiple areas ofgranulo
matous lesions with central caseation, but bacilli were
not seen, and the culturewas later reported as negative.
The histopathological findings of the synovial tissue
and debridement specimen showed multiple granulo
matous synovitis with central caseation. BAL culture
and post-bronchoscopy sputum grew M. tuberculosis
that was sensitive to isoniazid, rifampicin, pyrazin
amide, and ethambutol. The temperature settled after
9 days of antituberculous medication. The difficulties
in the diagnosis of this patient were due to several
factors: the mild nature of the right knee symptoms
with absence of constitutional symptoms, the refusal
of exploratory arthroscopy as an important diagnos
tic means of investigation, the use of nonsteroidal
anti-inflammatory medication that masked back pain
despite the enquiry into spinal symptoms, the initially
normal-appearing chest radiograph was done in the
emergency room when he presented with acute chest
and constitutional symptoms, the multiplicity of skel
etal foci that were the most likely source of hematog
enous dissemination rather than a single focus. The
patient responded well and continued antituberculous
medication for 12 months. He has been followed up
for over 2 years with no evidence of recurrence or any
neurological or other complications.

18.5.2
Case Illustration 2

A 16-year-old Kuwaiti girl presented on 29 July 2000
with a 6-month history of forehead swelling, fever,
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cough, expectoration, loss of appetite, and weight
loss. The swelling in the forehead was painless, and
she denied any history of head trauma. She had low
back pain and amenorrhea for the same duration. She
was in perfect health before the present illness. Other
systemic reviews were noncontributory, but she gave
a history of contact with a housemaid who had pul
monary tuberculosis 6 years before the onset of the
current illness. She had no family history of tubercu
losis. She was a high school student and single. She
was initially diagnosed to have tuberculosis a few
days before her presentation to our hospital.
She initially presented to our satellite military hos

pital in Al-Kharj (80 km south of Riyadh) and was
diagnosed as having tuberculosis and was referred to
our hospital a few days after initiating her on antitu
berculous antibiotics. On physical examination, the
patient was unwell, pale, underweight (38 kg) with
forehead cystic swelling measuring 3.0x2.0 cm in
diameter. It was not tender or hot or red, and there
was no discharge from it. She had fever with a tem
perature of 39SC and tachycardia of llO/min. She
had no peripheral lymphadenopathy. Cardiovascular,
respiratory, abdominal, and central nervous system
examinations showed no abnormalities. Joint exami
nations were normal; she had localized tenderness
on percussion over multiple areas of the spine, but
there were no deformities or kyphosis. The hemo
gram showedWBC 5.3X109, hemoglobin 8.1 g/dl, and
ESR 90 mm/h. Clinical chemistry parameters were
normal. Chest radiograph showed normal cardiac
size and clear lung fields. There were two ill-defined,
soft-tissue mediastinal masses on the right lateral
border and upper left border of the cardiac shadow
with no calcification. Frontal and lateral dorsolumbar
spine radiographs showed loss of height of L2 and
reduced bone density ofL! and L3 (Fig. 18.2a). Sagit
tal CT showed destruction of L2 (Fig. 18.2b). MRI of
the lumbar spine showed destruction of the body of
L2 with compression of the dural space by a para
spinal abscess (Fig. 18.2c-e). Postcontrast CT of the
abdomen showed anterior subligamentous abscess
with a large right psoas muscle abscess (Fig. 18.2f,g).
MRI of the abdomen at the same level showed a
large right psoas abscess displacing the right kidney
(Fig. 18.2h). Drainage of the right psoas abscess was
performed in the prone position (Fig. 18.2i).
The dorsal spine MRI showed another lesion

affecting the mid-dorsal region (Fig. 18.2j,k). Chest
CT with contrast of lung and mediastinal windows
depicted a small lung parenchymal granuloma
and caseating lymph nodes in the retrosternal
carina, subcarinal region, and prevascular groups
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Fig. IS.2a-s. A 16-year-old girl presented with painless, soft-tissue swelling of the forehead, fever, cough, and low-back pain.
a Frontal and lateral radiographs of the dorsolumbar spine demonstrate loss of height of L2 vertebral body (arrow) due to
destructive lesion demonstrated better on the lateral view (arrowheads). There is also reduced bone density of the vertebral
body of L1 and L3 and narrowing of disc spaces (D). b Sagittal reformatted CT image demonstrates destruction of the body
of L2 with sclerosis of the remaining part (arrowhead). c MRI of the lumbar spine: sagittal post-enhanced Tl-weighted image
demonstrates destruction of the body of L2 with large tuberculous cavity (arrow). Note posterior comparison on the dural
space (open arrow). d Right para-sagittal image demonstrates anterior subligamentous tuberculous abscess (arrows) which had
a tract to form right paraspinal abscess (A) in a. e Sagittal T2-weighted image with fat suppression demonstrates the paraspinal
abscess as high signal intensity mass (A), the subligamentous abscess (long arrows), diffused increased signal intensity of the
body of L2 and to lesser extent the body of L1 (open arrowheads). Note abscess cavity in L2 (arrow). f Post-enhanced CT of
the abdomen at the level of L2 demonstrates destruction of the vertebral body (black arrow), anterior subligamentous abscess
(arrowhead), and a large right psoas muscle abscess. g Post-enhanced axial CT at a caudal level demonstrates further destruction
of L2 vertebral body (black arrow), tracking of the anterior subligamentous abscess (open black arrow), into a large right psoas
muscle abscess (A). h MRI of the abdomen at same level as f: post-enhanced Tl-weighted image demonstrates destruction of



MiliarylDisseminated Tuberculosis 285

e

g

the body of L2 (black arrow) and a large psoas muscle abscess (A), note the enhancing thick wall of the abscess (small arrows).
The abscess is displacing the right kidney (thick black arrow). i Axial CT of the abdomen demonstrates percutaneous insertion
of drainage catheter at the site of psoas abscess (arrow) (the examination is performed in the prone position). j Sagittal MRI
of the dorsal spine: T2-weighted image with fat suppression demonstrates large anterolateral abscess appearing as diffuse high
signal intensity anterior and to the right of mid-dorsal region (arrows). No associated bone or disc lesion is seen. k, I MRI of the
same patient. Post-enhanced II-weighted sagittal (k) and axial (I) images demonstrate the abscess (A) as low signal intensity
surrounded by thick enhancing wall (arrows). m, n CT of the chest: post-enhanced CT at the level of aortic arch. m Lung window
demonstrates narrow lung parenchyma separate from small granuloma (arrow). n Mediastinal window demonstrates caseat
ing lymph node with characteristic ring enhancement in the retrosternal and prevascular group (arrows). 0, p Post-enhanced
axial CT at the level above the carina (0) and subcarinal (p) demonstrates appearance characteristic of subcarinal region. Note
ring enhancement of the wall (arrow). q, r Frontal and lateral skull radiographs demonstrate focal area of bone destruction in
the frontal bone. Note loss of the outer table of the skull bone on the lateral radiograph (white arrows) and focal ill-defined
radiolucency due to bone destruction (black arrows). s Axial CT of the brain demonstrates bone destruction of the frontal bone
(curved arrow) and associated soft-tissue mass due to abscess formation (white arrow)
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(Fig. 18.2m-p). Plain radiograph of the skull depicted
a focal area of bone destruction in the frontal bone
(Fig. 18.2q,r). Axial CT of the brain showed a soft
tissue abscess associated with frontal bone destruc
tion (Fig. 18.2s). Ultrasound of the abdomen showed
no evidence of hepatic or splenic involvement, and
CT showed no intra-abdominal free fluid or other
abdominal organ involvement.
Culture of psoas abscess drainage yielded M. tuber

culosis after 14 days incubation and was sensitive to
all antituberculous agents. The forehead abscess was
drained by our neurosurgeon, and tissue biopsies
were obtained. Histopathological examination of
the forehead abscess showed caseating granulomas,
and culture yielded M. tuberculosis. The patient was
treated with isoniazid 300 mg, rifampicin 450 mg,
pyrazinamide IG, ethambutol 800 mg, and pyridoxine
25 mg as single oral daily dosing for 2months and
continued on isoniazid and rifampicin for a further
10 months. She responded well to treatment while
in hospital, and her temperature settled with weight
gain. She remained in hospital for 2 months and was
discharged in September 2000. She stayed in Riyadh
with members of her family and was followed up in
the outpatient clinic regularly. She made a full recovery
with no sequelae. This patient had disseminated tuber
culosis with spinal disease at multiple levels, mediasti
nallymph node abscesses, psoas abscess, and forehead
abscess. Although there was no lung parenchymal
active disease depicted on plain chest radiography,
CT showed small parenchymal lung granuloma. This
patient did not have HIV or other diseases andwas not
on anymedication that could have contributed to such
severe disseminated tuberculosis.
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18.5.3
Case Illustration 3

A 27-year-old man transferred to our infectious
disease unit isolation room with advanced AIDS,
multidrug-resistant pulmonary tuberculosis, left
hemiplegia due to tuberculous abscess of the brain,
and recurrent seizures. This patient was diagnosed
in another hospital in Riyadh with pulmonary tuber
culosis and HIV co-infection in 1997. His pulmonary
tuberculosis relapsed in 1999 due to poor compliance
with medication. He was moved from one hospital
to another and finally came to our hospital on 29
April 2001 until his death on 3 November 2001 due
to disseminated multidrug-resistant tuberculosis.
On arrival at our hospital, he was cachectic, pale,
dyspneic, had oral thrush, and looked very ill. The
hemogram showed low WBC 2.8109, and CD4
count ranged between 14 and 30/111, hemoglobin was
8.2 g/dl, and ESR was 84 mm/h. The HIV viral load
was 75,000 COP/ml in 1999. Sputum culture yielded
M. tuberculosis resistant to rifampicin and isoniazid.
He was already on AZT, lamuvidine, rifampicin, clar
ithromycin, co-trimoxazole, fluconazole, phenytoin,
and pyridoxine. Chest radiograph showed paratra
cheal and hilar lymphadenopathy and fibronodular
infiltrative left upper lobe lesions with thin-walled
cavities (Fig. 18.3a).Axial CT of the chest showed evi
dence of endobronchial tuberculosis with caseating
hilar lymphadenopathy (Fig. 18.3b-d). In June 2001,
the patient developed abdominal pain, vomiting,
abdominal distension, and constipation for 2 days.
The abdomen was tender all over with absent bowel
sounds. Abdominal radiograph and axial CT showed

Fig. 18.3a. Plain chest radiograph demonstrates paratracheal and
hilar adenopathy (arrows) and fibronodular infiltrative changes in
the left upper lobe (curved arrow) with thin-walled cavities (arrow
heads). b Axial CT of the chest with lung windowing demonstrates
nodular and branching opacities of endobronchial tuberculosis
(arrowheads) in both upper lobes, dilated bronchi (arrows). c Axial
CT at caudal level, lung windowing demonstrates multiple thin
cavities (arrows). d Axial post-enhanced CT of the chest at the level
of carina demonstrates enlarged lymph nodes with typical ring
enhancement and caseating center (arrows). e Axial post-enhanced
CT of the abdomen demonstrates significantly dilated small-bowel
loops (B) and caseating mesenteric lymph node (curved arrow).
There was no ascites (dry type). At surgery, 20 cc of pus were aspi
rated from the mesenteric abscess. fMRI of the brain: post-enhanced
TI-weighted image demonstrates tuberculoma and tuberculous
abscess in the left parietal lobe. Note the enhancement of the
tuberculoma (arrowhead) and the irregular enhancing wall of the
tuberculous abscess (arrow). g MRI post-enhanced fast spin-echo
inversion recovery image (FSEIR) at the same level demonstrates
surrounding edema (arrowheads) a l>
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dilated small-bowel loops and caseating mesenteric
lymphadenopathy. Exploratory laparotomy after
taking all precautionary measures in the theatre was
performed. A massively distended small bowel was
noted with mild changes in color. There was a large
inflammatory mass in the root of the mesentery of
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the small bowel. Thick pus was freely present in the
abdominal cavity, and 20 cc was aspirated and sent
to the Microbiology Department. Bowel adhesions
were noted and released. It was decided to close
with interrupted sutures, and the patient tolerated
the procedure. In October 2001, he went into a coma,
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and brain MRI showed enlargement of the tubercu
loma of the brain with development of left parietal
lobe brain abscess (Fig. 18.3f,g). The patient died
1month later.

18.5.4
Case Illustration 4

A 21-year-old married female patient presented
to the surgical department with a right iliopsoas
mass. She had a history of abdominal pain last
ing 6 months associated with fever, profuse night
sweating, loss of appetite, and weight loss. She was
well before that time and had no previous illnesses.
She noted a swelling in the right inguinal region
which was associated with a gradual but progres
sive pain that increased with flexion of the right
hip and was relieved by extension of the leg. The
pain became worse 2 months before presentation,
and the swelling became larger, and she noted a loss
of 13 kg in weight. She had an associated history of
dysuria and dribbling of urine during the 2 months
before presentation. She had no hematuria but had
loin pain on both sides. Other systematic reviews
were noncontributory. She was using pain-killers
to relieve her pain during that time which had
been provided by a private clinic. She was also
given several courses of antibiotics for a period
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of 2-3 months before presentation to our hospital.
There was no past history of any illnesses. She had
married at the age of 18 years and had one healthy
boy. She had a history of vaginal discharge which
was yellowish after IUCD insertion 1 year before
presentation, and it was subsequently removed.
On physical examination, she was underweight,
and blood pressure was 92/66 mmHg. There was
a cystic swelling at the right inguinal area. Chest
examination showed dextrocardia and situs inver
sus. There were positive clinical findings in the
lungs including crepitations and bronchial breath
ing in the left upper zone. The heart was otherwise
normal. Abdominal examination revealed soft lax
abdomen with no masses or organomegaly. The
right iliac fossa was tender with vague fullness but
no definite masses felt. She was pale and feverish,
with a temperature of 38.5°C. The patient felt pain
during examinations of her hip joint and resisted
manipulation. Other systemic examinations were
normal. The hemogram showed normal white
cell count, hemoglobin 8.8 gldl, and ESR 90 mml
h. Biochemical parameters were normal. Chest
radiograph showed dextrocardia and pneumonic
consolidation in the left mid-zone (Fig. 18.4a).
Axial CT of the chest showed airspace consolida
tion with air bronchogram (Fig. 18.4b).

Axial CT of the chest postcontrast showed an
abscess in the left erector spinae muscle (Fig. 18.4c,d).

Fig. 18.4a-h. A 21-year-old woman with situs inversus and dextrocardia presented with rigor, fever, night sweating, loss of
weight, and right hip pain. She was found to have a right iliopsoas mass. a Chest radiograph demonstrates pneumonic consolida
tion in the left mid-zone (arrow) (figure should read situs inversus). b Axial CT of the chest with lung windowing demonstrates
air space consolidation with air bronchogram (arrowheads). There is minimal para-pneumonic effusion (open arrow). c, d Axial
post-enhanced CT of the patient at the thoraco-abdominal region demonstrates abscess cavity in the left erector spinae muscle
(arrows). Note the situs inversus with the liver on the left (arrowhead) and dextrocardia. e, fAxial CT of the pelvis: nonenhanced
(e) and post-contrast-enhanced (0 axial images at the same level demonstrate multiple pelvic abscesses (A). Note enhancement
of the walls of the abscesses (arrows; B). g, h Axial CT at the level of the hip joints: nonenhanced (g) and post-contrast-enhanced
(h) axial images demonstrate right inguinal abscess
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Axial CT of the pelvis pre- and post-enhancement
showed large multiple pelvic abscesses with wall
enhancement (Fig. 18.4e,f). Axial CT at the level of
the hip joints showed right inguinal abscess with ring
enhancement after contrast (Fig. 18.4g,h). Percutane
ous drainage of the right inguinal abscess and other
pelvic abscesses was performed under CT guidance.
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Other sputum cultures and cultures of the abscess
contents yielded M. tuberculosis that was sensitive
to all antituberculous drugs. Histopathology of the
inguinal abscess wall showed granulomas. The patient
had negative testing for HIV and no evidence of any
underlying diseases. She responded well to antituber
culous treatment without any sequelae.
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18.5.5
Case Illustration 5

A26-year-old man was referred from Al-Kharj (80 kIn
south of Riyadh) with a 6-month history of fever,
sweating, dry cough, left-sided chest pain, dyspnea on
mild exertion, weakness, loss of appetite, weight loss,
and back pain. He had a strong family history of tuber
culosis. He was initially treated with antibiotics and
analgesics, but his symptoms gradually progressed. He
was healthy previously and was not on anymedication
prior to the presenting illness. Other systemic reviews
were normal. On physical examination, he looked
unwell, pale, underweight, and his temperature was
38.5°C. There was no palpable peripherallymphade
nopathy. Chest examination revealed features of left
sided pleural effusion. Cardiovascular system exami
nation was normal. The abdomen was soft, but there
was a splenomegaly with tenderness on palpation.
There was no other organ enlargement and no ascites.
The spine showed no deformities, but tenderness was
elicited at different areas on percussion, mostly at the
mid-thoracic and lumbar spine. Therewas no evidence
of neurological deficit, and the fundi were normal.
The hemogram showed a normal white cell

count, hemoglobin 8.3 g/dl, and ESR 94 mm/h. All
biochemical parameters were normal. Chest radio
graph showed left-sided, encysted pleural effusion,
and a paraspinal shadow was noted, consistent with
a paraspinal abscess (Fig. 18.5a). Plain radiograph
of the thoracolumbar spine depicted a paraspinal
abscess with narrowing of the disc space at TlO-ll
{Fig. 18.5d). Ultrasound of the abdomen showed
a poorly defined, hypoechoic lesion in the spleen
consistent with a splenic abscess (Fig. 18.5j). Axial
CT of the chest showed a large, encysted, left pleural
effusion with pleural thickening {Fig. 18.5b). MRI
of the dorsolumbar spine showed several lesions
affecting the vertebral bodies at multiple levels in
the thoracic and lumbar vertebrae with paraspinal
abscess formation {Fig. 18.5c,f,h,i). Pleural aspira
tion and biopsy were performed for histopathologi
cal and microbiological investigations. Pleural biopsy
showed multiple areas of granulomas consistent with
tuberculosis. The patient was seen by the spinal sur
geon, and surgery was planned after initiating anti
tuberculous treatment. Paraspinal abscess drainage
and bone fusion for stabilization of the spine were
performed {Fig. 18.5e). Culture of the granulation
tissue and abscess content were positive for M. tuber
culosis which was sensitive to all antituberculous
drugs. Histopathology of spinal granulation tissue
showed caseating granulomas. Serological testing
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for HIV was negative. The patient responded well
to treatment. His antituberculous treatment was
extended to 16 months because of the multiplicity of
spinal lesions. He made a full recovery and had no
spinal deformities or late neurological deficits.

18.6
Adult Respiratory Distress Syndrome
and Disseminated Intravascular
Coagulation in Miliary Tuberculosis

ARDS is an uncommon but serious complication of
miliary tuberculosis with a high hospital mortality
rate of up to 69%, similar to that of other etiologies
such as Gram-negative sepsis (Penner et al. 1995).
It has no pathognomonic clinical or imaging fea
tures that could differentiate a tuberculous from a
nontuberculous etiology. Goldfine et al. (1969) were
the first to describe respiratory failure in patients
with miliary tuberculosis, and Agarwal et al. (1977)
were the first to use mechanical ventilation for such
patients. The criteria for diagnosing ARDS is based
on the American-European Consensus Conference
(Bernard et al. 1994) which includes:
1. The ratio of partial pressure of arterial oxygen
(Pa02) to the fraction of inspired oxygen (Fi02)
is ::;200.

2. Chest radiographic features of bilateral lung infil
trates.

3. A pulmonary artery occlusion pressure ::;18 mmHg.
4. Or absence of clinical or imaging evidence of
raised left atrial pressure.

The onset of ARDS due to miliary tuberculosis
is often preceded by fever and chest symptoms for
a few weeks, but may occur acutely over a few days
with intense dyspnea (Mohan et al.1996; Murray et al.
1978; So and Yu 1981; Dyer et al. 1985). A high index
of suspicion by the treating clinician and willingness
to consider tuberculosis as a possible cause ofARDS
of unknown origin are essential and may reduce
the mortality. Tachypnea and bilateral inspiratory
crackles over both lungs may be found. Other physi
cal examination results may detect splenomegaly,
hepatomegaly, and signs ofmeningitis. Some authors
have suggested that ARDS due to miliary tubercu
losis may have a longer duration of symptoms than
1week, while Gram-negative septicemia and viral
pneumonia produce symptoms much faster. Hypo
tension is uncommon (7%) in ARDS due to miliary
tuberculosis, while it is more frequent in ARDS due
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to sepsis (Dyer et al. 1985). Disseminated intravascu
lar coagulation (DIC), acute renal failure, hepatitis,
and intercurrent infections are common features
(up to 87.5%) in ARDS due to miliary tuberculosis
and Gram-negative septicemia (Murray et al. 1978;
Piqueras et al. 1987; Dyer et al. 1985; Mohan et al.
1996). Death may occur with 1-7 days of the onset
of ARDS (Murray et al. 1978), and early diagnosis
and initiation of antituberculous chemotherapy may
reduce the mortality (Mohan et al.1996).
The etiological diagnosis of ARDS due to miliary

tuberculosis may be achieved in up to 35% of patients
by sputum smear and in 20% by urine sediment smear
showing the bacilli. The chest radiograph may be
strongly suggestive of miliary tuberculosis in 15%
of patients (Dyer et al. 1985). Other investigations
in smear-negative patients should include bron
choscopy with brushing, transbronchial lung biopsy,
bone marrow trephine, and liver biopsies as well as
lumbar puncture if features of meningitis are present.
The hemogram often shows normal white cell count,
anemia, or pancytopenia. Patients with ARDS due to
miliary tuberculosis may develop disseminated intra
vascular coagulation (Die). The pathogenesis and
factors contributing to DIC occurrence are not clear.
Tuberculous vasculitis may possibly be a contributing
factor to the initiation oflocal consumption of clotting
factors leading to Die. Subclinical coagulopathy may
possibly occur as indicated by the presence of micro
thrombi in the biopsy specimen from these patients.
The development of DIC may be noted with clinically
overt bleeding or the results of laboratory tests con
sistent with its occurrence (Murray et al. 1980; Dyers
et al. 1985; Maartens et al. 1990). The development
of DIC in such cases is often fatal (Rosenberg and
Rumans 1978). In endemic areas or when clinical and
imaging features are suggestive ofmiliary tuberculosis
as a possible cause ofARDS, empirical antituberculous
treatment should be commenced while the diagnosis
is actively pursued.

18.7
Pneumothorax in Miliary/Disseminated
Tuberculosis

Pneumothorax as a complication ofmiliary tuberculo
sis is extremely rare (Mert et al. 2001; Graf-Deuel and
Knoblauch 1994; Chandra et al. 1988). Pneumothorax
in cavitary pulmonary tuberculosis may occur due to
rupture of the subpleural cavity into the pleural space.
The possible mechanism of pneumothorax in miliary
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TB is not clear, but disseminated emphysematous
tuberculosis, rupture of a pleural bleb, or rupture of
a subpleural caseous miliary nodule may be the cause
(Mert et al. 2001). There are only a few single case
reports on such complications in the literature. Mert
el al. (2001) found eight cases in the English literature
between 1974 and 1999 and reported one case of their
own. These authors reported their own series of 38
patients with miliary tuberculosis, only 1 of whom
had pneumothorax while on antituberculous treat
ment. The size of the pneumothorax as noted by other
authors ranged from small up to 80%. Pneumothorax
in these rare cases was mostly unilateral. Graf-Deuel
and Knoblauch (1994) described 12 patientswith bilat
eral pneumothorax due to various causes and reviewed
the literature and found 56 published cases including
3 patients due to miliary tuberculosis. Chandra et al.
(1988) described an 18-year-old woman with miliary
tuberculosis. She was given antituberculous chemo
therapy, but on the 20th day of admission, she devel
oped bilateral simultaneous pneumothorax that was
aspirated by needle and tube drainage and improved.
Two weeks later, recurrent right-sided pneumothorax
was followed by left-sided pneumothorax and a bron
chopleural fistula that required surgery and responded
well to treatment. Severe chest pain and breathlessness
may occur at the onset of pneumothorax, even while
the patient is on chemotherapy. It may respond to
needle aspiration, tube drainage, or may require tho
racotomy if a bronchopleural fistula develops.

18.8
Diagnosis of Miliary/Disseminated
Tuberculosis .

The chest radiograph is the most important initial
diagnostic tool for patients with miliary tuberculosis
(Berger and Samortin 1970). However, most authors
reported a wide range in the incidence of depicting
miliary lung nodularity: from 30% to 93% of patients.
The diagnostic accuracy of the chest radiograph was
determined with a high specificity and good interob
server agreement by Kwong and colleagues (1996)
from Vancouver, Canada. These authors reviewed all
cases with miliary TB diagnosed over a lO-year period
(1982-1992), with inclusion of a group of control sub
jects and interpretation by three independent blinded
observers. They identified miliary nodular lung shad
owing with a sensitivity ranging from 59% to 69%,
higher in those with HIV (71%-85%), and lower when
the diagnosis was made only at autopsy (30%-60%).
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Fig.18.5a-j. A 26-year-old male patient presented with chest pain, fever, rigor, abdominal and back pain. a Chest X-ray demon
strates large, left-sided, encysted, pleural effusion (arrowhead). Note paraspinal shadow consistent with abscess formation (open
arrows). b Axial post-contrast-enhanced CT demonstrates collapsed left upper lobe (black arrowhead) and a large pleural effu
sion (open arrow). Note thickening of the parietal pleura (small arrows). c MRI of the spine: post-enhanced II-weighted image
demonstrating lesion in the vertebral body of Dll (large white arrow); note dural enhancement (small arrowheads). Note also
enhancement of the thickened visceral and parietal pleura (small white arrows) around the pleural effusion (large arrowhead).
d Frontal X-ray of the dorsolumbar spine demonstrates paraspinal abscess (curved arrow). Narrowing of the disc at DlO-ll
level (open arrows). e Postsurgical frontal radiograph of dorsolumbar spine demonstrates resolution of the paraspinal abscess
(drained surgically). Bone fusion for stabilization has been performed (long arrows). f Sagittal post-enhanced II-weighted
image demonstrates multiple spinal involvement by tuberculous foci (arrows). Note large intraspinal abscess involving two
adjacent vertebral bodies and crossing the intervening disc space (open arrow). Abscess is also tracking anteriorly along the
anterior spinal ligament (long arrows). Note enhancement of the dura (arrowheads). g MRI of the spine after surgery: sagittal
proton-density and T2-weighted image demonstrate marked improvement with resolution of the osteomyelitis and paraspinal
abscess. Bone graft (arrow) has been performed for stabilization. h Sagittal post-enhanced II-weighted image demonstrates
enhancement of the last two lumbar vertebral bodies (arrows) and a small intravertebral abscess (arrowhead). i Sagittal proton
and T2-weighted images at the same level demonstrates the abscess cavity at L5 (arrows). j Same patient, ultrasound examination
of the spleen demonstrates poorly defined, hypoechoic lesion in the spleen consistent with splenic abscess (arrows)
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The interobserver agreement of the three independent
radiologists was 90%. The chest radiography features
of miliary tuberculosis characteristically consist of
widespread, bilateral, nodular lung opacities in the
upper and lower zones often measuring 1-3 mm in
diameter in 90% of patients and greater than 3mm
in 10% (Kwong et al. 1996). Areas of consolidation
may be noted in up to 30% of patients (Fig. 18.1i) and
are depicted better by CT of the chest. Parenchymal
lung cavities may be seen in 3%-11.9% of patients
with miliary tuberculosis (Kwong et al. 1996; Long et
al. 1997; Hong et al. 1998). An associated mediastinal
and/or hilar lymphadenopathy may be noted in about
15% of patients (Kwong et al. 1996). Other additional
radiographic findings may include pleural effusion
and calcified granulomas (Fig. 23.14a, b).

ing were found in 44% each. The authors also reported
other HRCT findings including pre-existing TB lesions
in 44%, lymphadenopathy in 32%, pleural effusion in
16%, and bronchogenic spread in 16%.
Diverse diseases may cause a similar miliary lung

shadowing including hematogenous dissemination of
infectious diseases, sarcoidosis, metastatic malignancy,
histoplasmosis, pneumoconiosis, and interstitial fibro
sis (Curull et al.1985;Willcox et al.1986). Centrilobular
(core) and paraseptal (peripheral) nodules may be
identified with HRCT. Similar additional findings in
chest radiography such as pleural effusion, lung cavi
ties, and lymphadenopathymay also be noted (Hong et
al. 1998). The imaging features of miliary tuberculosis
are not pathognomonic of the disease (McGuinness et
al.1992; Chugh and Agarwal 1997; Miyake et al. 1997).

18.9
High Resolution (T

18.10
Laboratory Diagnosis of Miliary
Tuberculosis

Table 18.3. Rapid diagnosis by Ziehl-Neelsen stain: number of
patients and percentage of positive AFB

Table 18.4. Rapid diagnosis by tissue biopsies: number of
patients and percentage of positive granulomata

A rapid and specific laboratory diagnosis is the most
pressing need in confirming the diagnosis of miliary
tuberculosis. The many weeks that are required for
culture yield in patients with miliary tuberculosis
cannot be used as a means of confirming the diag
nosis before starting chemotherapy. A rapid confir
matory laboratory investigation may not always be
easy to achieve. A chest radiograph showing miliary
nodular lung shadowing in the presence of clinical

Al-Jahdali Maartens Prout
et al. (2000) et aI. (1990) et al. (1980)

12 (92%)
15 (71%)
2 (100%)

64 (33%)
22 (14%)
24 (8%)
51 (27%)

11 (100%)
22 (82%)
48 (63%)
9 (100%)

Prout Maartens
et aI. (1980) et aI. (1990)

39 (31%)
17 (18%)
31 (3%)
3 (100%)

16 (88%)
11 (73%)
10 (70%)
2 (100%)

Body fluid

Biopsy site

Sputum
Urine
CSF
Bronchial lavage

Liver
Bone marrow
TransbronchiaI
Lymph nodes

HRCT of the chest findings in patients with miliary
tuberculosis has been reported in only a few articles
with a relatively small number of patients (Oh et al.
1994;Optican et al. 1992;McGuinness et al.1992). These
reports suggested that HRCT is more specific and
observed the following imaging findings in patients
with miliary tuberculosis, miliary nodules, ground
glass opacities (GGOs), reticulation, and interlobular
septal thickening. Oh et al. (1994) described the GGOs
as multiple microscopic granulomas with acid-fast
bacilli after obtaining transbronchiallung biopsies of
these areas. The GGOs appear as random patchy opaci
ties and are the second most common (miliary nodules
being the first) HRCT feature of miliary tuberculosis.
A large retrospective study on HRCT findings of

miliary tuberculosis was reported by Hong et al. (1998)
from Seoul, Korea. They reviewed 25 patients with
microbiologically andlor histopathologically proven
miliary tuberculosis who had undergone HRCT. Mili
ary nodules that are uniformly distributed throughout
both lung fields, mostly ranging from 1-3 mm in
diameter and sharply defined, were the most common
findings in 24 of the 25 patients (96%). Larger nodules
up to 5mm in diameter due to coalescence or enlarge
ment ofgranulomas were noted in 5%-10% ofall nod
ules. GGOs occurred in 23 (92%) of these patients and
are considered the second most common CT finding.
These authors observed that in two of their patients
with severe dyspnea and impending ARDS due to
miliary TB, extensive GGOs were depicted by HRCT.
Interlobar reticulation and interlobar septal thicken-
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features that suggest miliary tuberculosis may be
the only available clues for the attending clinician.
Maartens et al. (1990) reported on 109 patients with
miliary tuberculosis, and in 7 patients, the diagnosis
was based on clinical grounds and classical miliary
nodules on chest radiography; they were treated with
chemotherapy with a good response.
Rapid confirmation of the diagnosis of miliary

tuberculosis maybe achieved in up to 83% ofpatients
by means of ZieW-Neelsen stain and by the finding
of granulomata in tissue biopsies or by fine-needle
aspiration (AI BWa12001; Maartens et al. 1990; Prout
et al. 1980; Al-Jahdali et al. 2000). The most common
body fluids used for Ziehl-Neelsen stain include
sputum, gastric fluid aspirate, urine, CSF, bronchial
lavage and brushings, and pleural fluid (Sharma et
al. 1988) (Table 18.3). Common sites of tissue biop
sies to detect granulomata in patients with miliary
TB include transbronchial lung tissue, bone marrow
trephine, liver, pleura and lymph nodes (Stallworth et
al. 1980; Steiner et al.1976) (Table 18.4).
Sputum culture in patients with miliary tubercu

losis may be positive in 30%-60% (Prout et al. 1980;
Monie et al. 1983; Maartens et al. 1990; Al-Jahdali et
al. 2000).

18.10.1
Polymerase Chain Reaction

PCR assays are a rapid, specific, and noninvasive
method of confirming the diagnosis of tuberculosis.
PCR using the IS6110 method can be used in iden
tifying the DNA fingerprinting of M. tuberculosis in
the sputum, urine, bronchial lavage, gastric aspirate,
blood, and tissue biopsies. It has a specificity of 100%
and sensitivity of 95% with a turnaround time of 24
36 h (Clarridge et al. 1993; Shalwar et al. 1993; Nolte
et al. 1993). This rapid and specific diagnostic tool is
very useful in confirming the diagnosis of miliary
tuberculosis when it is available. Penner et al. (1995)
used PCR to determine the strain ofMycobacterium.
Tuberculosis was found in 6 of their 13 patients (46%)
with miliary tuberculosis, pulmonary and dissemi
nated disease with respiratory failure that required
mechanical ventilation. In disseminated tuberculosis,
extrapulmonary systems and organs affected can be
diagnosed with other investigations appropriate to
the site of involvement. These may include various
imaging modalities with guided tissue biopsies, sur- .
gical drainage of abscesses as demonstrated in the
five case illustrations from our own patients. Other
investigations should include serological testing for
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HIV and PPD skin test. The hemogram may show
pancytopenia or 10wWBC (Cassim et al.1993). Tuber
culin skin test may be positive in 25%-75% ofpatients
with miliary/disseminated tuberculosis, as reported in
various series, but is low among those co-infected with
HIV (Hill 1991; Maartens et al. 1990; Gelb et al. 1973;
Grieco and Chmel1974; Munt 1972).

18.11
Treatment of Miliary/Disseminated
Tuberculosis

The treatment ofmiliary/disseminated tuberculosis is
similar to that used for pulmonary and extrapulmo
nary disease. In miliary tuberculosis, the four-drug
regimen includes isoniazid, rifampicin, pyrazinamide,
and ethambutol which is used for 2months and is
followed by isoniazid and rifampicin for a further
4-6 months. Drug susceptibility and resistance should
be determined. In patients co-infected with HIY, the
duration of treatment should be extended to at least
9 months. In disseminated tuberculosis, the duration
of treatment may be extended to at least 12 months,
particularly when the bone is involved. Surgical inter
vention may be required to stabilize the spine, release
abdominal adhesions if intestinal obstruction arises,
drain abdominal, paraspinal, inguinal abscesses, or
treat other pulmonary or extrapulmonary complica
tion (see case illustrations).
The use of corticosteroids as a modulator of the

inflammatory process in miliary tuberculosis with
ARDS, meningitis, or pericarditis has been reported
by many authors and debated by others (Dyer and
Potgieter 1984; So and Yu 1981). Penner et al. (1995)
used steroids in 8 of their 13 patients (61.5%) with
miliary and pulmonary tuberculosis with ARDS
and respiratory failure; they required mechanical
ventilation. The median time interval between hos
pitalization and commencement of treatment was
2 days (range 1-36 days) (Maartens et al.1990). Fever
resolved in approximately 7 days (range 1-55 days).
Death occurred in 25% of patients within 1-2 weeks
of receiving treatment. The most important single
factor in the mortality of patients with miliary
tuberculosis is a delay in the diagnosis (Maartens et
al. 1990). Other factors that contribute to mortality
include old age, lymphopenia, hypoalbuminemia,
elevated liver transaminases, and delay in early com
mencement of treatment. Other underlying chronic
illnesses may contribute to mortality. The develop
ment of complications such as ARDS, DIC, Addison's
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disease, acute renal or multiorgan failure also con
tributes to the raised rate of mortality. The mortal
ity rate among patients with miliary tuberculosis is
approximately 70%, and 77% among those requiring
mechanical ventilation due to ARDS, DIe leading to
respiratory failure. Mortality rates reported in large
series ranged between 20% and 80% of patients
(Maartens et al. 1990; Prout et al. 1980; AI-Jahdali et
a1.2000; Monie et al.1983; Stenius-Aarniala and Tuki
ainen 1979; Dahmash et al. 1995; Evans et al. 1998;
Mohan et al.1996; Ormerod and Horsfield 1995).

References

Agarwal MK, Muthuswamy PP et al (1977) Respiratory failure
in pulmonary tuberculosis. Chest 72:605-609

Al Bhlal LA (2001) Fine-needle aspiration cytology of post
vaccinial disseminated bacillus Calmette-Guerin infection.
Diagn CytopathoI24:333-335

Al-Jahdali H,Al-Zahrani Ket al (2000) Clinical aspects of mili
ary tuberculosis in Saudi adults. Int J Tuberc 4:252-255

Armstrong P,Wilson AG, Dee P et al (1995) Imaging of disease
of the chest, 2nd edn. Mosby Year Book, Chicago, p 183

Ashburg DG, Bigelow DB et al (1967) Acute respiratory distress
in adults. Lancet 2:319

Auerbach 0 (1944) Acute generalized miliary tuberculosis. Am
J Pathol 20:121-136

Auerbach 0 (1959) The natural history of the tuberculous
pulmonary lesion. Med Clin North Am 43:239-251

Bateman DE, Makepeace W et al (1980) Miliary tuberculosis
in association with chronic cutaneous tuberculosis. Br J
Dermatol103:557-560

Berger HW, Samortin TG (1970) Miliary tuberculosis: diag
nostic methods with emphasis on the chest roentgeno
gram. Chest 58:586-589

Bernard GR, Artigas A et al (1994) The American-European
Consensus conference on ARDS: definitions, mechanisms,
relevant outcomes, and clinical trial coordination. Am J
Respir Crit Care Med 149:818-824

BieW JP (1958) Miliary tuberculosis: a review of 68 adult
patients admitted to a municipal general hospital. Am Rev
Tuberc Pul Dis 77:605-622

Bobrowitz ID (1982) Active tuberculosis undiagnosed until
autopsy. Am J Med 72:650-658

Bone M, Stableforth D (1981) Miliary infection to Mycobacte
rium aYium-intracellulare. Tubercle 62:211-213

Cassim KM, Gathiram Vet al (1993) Pancytopenia associated
with disseminated tuberculosis, reactive histiocytic hae
mophagocytic syndrome and tuberculous hypersplenism.
Tubercle Lung Dis 74:208-210

Chandra KS, Prasad AS et al (1988) Recurrent pneumothora
ces in miliary tuberculosis. Trop Geogr Med 40:347-349

Chapman CB, Whorton CM (1946) Acute generalized mili
ary tuberculosis in adults. A clinicopathological study
based on 63 cases diagnosed at autopsy. N Engl J Med
235:239-248

Chugh 1M, Agarwal AK (1997) Bilateral miliary pattern in
sarcoidosis. Indian J Chest Dis Allied Sci 39:245-249

M. M. Madkour

Clarridge J et al (1993) Large-scale use of polymerase chain
reaction for detection of Mycobacterium tuberculosis in a
routine mycobacteriology laboratory. J Clin Microbiol 31:
2049-2056

Crump JA (1998) Miliary tuberculosis with paradoxical expan
sion of intracranial tuberculomas complicating human
immunodeficiency virus infection in a patient receiving
highly active antiretroviral therapy. Clin Infect Dis 26:
1008-1009

Curull V, Morell F et al (1985) Dyspnea, fever and miliary pat
tern. Chest 88:285-286

Dahmash NS, Fayed DF et al (1995) Diagnostic challenge of
tuberculosis of the elderly in hospital: experience at a uni
versity hospital in Saudi Arabia. J Infect 31:93-97

Dannenberg AM Jr (2001) Pathogenesis of pulmonary Myco
bacterium boYis infection: basic principles established by
the rabbit model. Tuberculosis 81:87-96

Dee P, Teja K et al (1980) Miliary tuberculosis resulting in
adult respiratory distress syndrome: a surviving case. Am
J Roentgenol134:569-572

De Hertogh Fierer E et al (1989) Hypersensitivity reaction to
bacillus Calmette Guerin treated with plasmapheresis. Am
J Med 86:343-344

Deresiewicz RL, Stone RM, Aster JC et al (1990) Fatal dis
seminated mycobacterial infection following intravesical
bacillus Calmette Guerin. J UroI144:1331-1334

Dyer RA, Potgieter PD (1984) The adult respiratory distress
syndrome and bronchogenic pulmonary tuberculosis.
Thorax 39:383-387

Dyer RA, Chappell WA et al (1985) Adult respiratory distress
syndrome associated with miliary tuberculosis. Crit Care
Med 13:12-15

Ellner JJ (1997) Regulation of the human immune response
during tuberculosis. J Lab Clin Med 130:469-475

Evans RH, Evans M et al (1998) Massive hepatosplenomegaly,
jaundice and pancytopenia in miliary tuberculosis. J Infect
36:236-239

FitzGerald JM, Grzyrowski S et al (1991) The impact of
immunodeficiency virus infection on tuberculosis and its
control. Chest 100:191-200

Foster DR (1997) Miliary tuberculosis following intravesical
BCG treatment. Br J Radiol 70:429-431

Gelb AF, Leffler C et al (1973) Miliary tuberculosis. Am Rev
Respir Dis 108:1327-1333

Geppert EF, LeffA (1979) The pathogenesis of pulmonary and
miliary tuberculosis. Arch Intern Med 139:1381-1383

Goldfine ID,Schachter H et al (1969) Consumption coagulopa
thy in miliary tuberculosis. Ann Intern Med 71:775-777

Graf-Deuel E, Knoblauch A (1994) Simultaneous bilateral
spontaneous pneumothorax. Chest 105:1142-1146

Grieco MH, Chmel H (1974) Acute disseminated tuberculosis
as a diagnostic problem. A clinical study based on 28 cases.
Am Rev Respir Dis 109:554-560

Gupta RC, Lavengood R et al (1988) Miliary tuberculosis due
to intravesical bacillus Calmette-Guerin therapy. Chest 94:
1296-1298

Hill AR (1991) Disseminated tuberculosis in the acquired
immunodeficiency syndrome era. Am Rev Respir Dis 144:
1164-1170

Hong SH, 1m JG et al (1998) High resolution CT findings
of miliary tuberculosis. J Comput Assist Tomogr 22:
220-224

Iantorno R, Nicolai M et al (1998) Miliary tuberculosis of the



Miliary/Disseminated Tuberculosis

lung in a patient treated with bacillus Calmette-Guerin for
superficial bladder cancer. J Urol 159:1639-1640

Jacques J, Sloan JM (1970) The changing pattern of miliary
tuberculosis. Thorax 25:237-240

Jasmer RM,McCowin MJ et al (1996) Miliary lung disease after
intravesical bacillus Calmette-Guerin immunotherapy.
Radiology 201:43-44

Juul A (1977) Clinically undiagnosed active tuberculosis. Acta
Med Scand 202:225-229

Kesten S, Title L et al (1990) Pulmonary disease following
intravesical BCG treatment. Thorax 45:709-710

Korzeniewska-Kosela M, FitzGerald JM et al (1992) Spec
trum of tuberculosis in HIV infected patients in British
Columbia: a report of 40 cases. Can Med Assoc J 146:
1927-1934

Koylii R, Tozkoparan E et al (1997) Unusual miliary tubercu
losis presenting with generalized lymphadenopathy and
abdominal involvement. Int J Tuberc Lung Dis 1:474-476

Kwong JS, Carignan S et al (1996) Diagnostic accuracy of chest
radiography. Chest 110:339-342

Langdale LA, Meissner M et al (1992) Tuberculosis and the
surgeon. Am J Surg 163:505-509

Long R, O'Connor R et al (1997) Disseminated tuberculosis
with and without a miliary pattern on chest radiograph:
a clinical-pathologic-radiologic correlation. Int J Tuberc
Lung Dis 1:52-58

Lotte A,Wasz-Hockert 0 et al (1984) BCG complications. Esti
mates of the risks among vaccinated subjects and statistical
analysis of their main characteristics. Adv Tuberc Res 21:
107-193

Maartens G,Willcox PA et al (1990) Miliary tuberculosis: rapid
diagnosis, haematologic abnormalities, and outcome in 109
treated adults. Am J Med 89:291-296

Massaro D, Katz S (1964) Rapid clearing in hematogenous
pulmonary tuberculosis. Arch Intern Med 113:573

McClement JH, Renzetti AD, Carroll D et al (1951) Cardiopul
monary function in hematogenous pulmonary tubercu
losis in patients receiving streptomycin therapy. Am Rev
Tuberc 64:583

McGuinness G, Naidich DP et al (1992) High resolution CT
findings in miliary lung disease. J Comput Assist Tomogr
16:384-390

McParland C, Cotton DJ et al (1992) Miliary Mycobacterium
bovis induced by intravesical bacilli Calmette-Guerin
immunotherapy. Am Rev Respir Dis 146:1330-1333

Mert A, Bilir M et al (2001) Spontaneous pneumothorax: a
rare complication of miliary tuberculosis. Ann Thorac
Cardiovasc Surg 7:45-48

Millar JW, Horne NW (1979) Tuberculosis in immunosup
pressed patients. Lancet 1:1176-1178

Miyake S, Yoshizawa Yet al (1997) Non-Hodgkin's lymphoma
with pulmonary infiltrates mimicking miliary tuberculosis.
Intern Med 36:420-423

Mohan A, Sharma SK et al (1996) Acute respiratory distress
syndrome (ARDS) in miliary tuberculosis: a twelve year
experience. Indian J Chest Dis Allied Sci 38:157-162

Monie RDH, Hunter AM et al (1983) Retrospective survey of
the management of miliary tuberculosis in South andWest
Wales, 1976-8. Thorax 38:369-372

Munt PW (1972) Miliary tuberculosis in the chemotherapy
era: with a clinical review in 69 American patients. Medi
cine 51:139-155

Murray HW, Tuazon CU et al (1978) The adult respiratory

299

distress syndrome associated with miliary tuberculosis.
Chest 73:37-43

Myers JA (1970) Miliary tuberculosis in the elderly. Br Med
J 1:565

Nolte FS et al (1993) Direct detection ofMycobacterium tuber
culosis in sputum by polymerase chain reaction and DNA
hybridization. J Clin MicrobioI31:1777-1782

Oh YU, Kim YH et al (1994) High-resolution CT appearance of
miliary tuberculosis. J Comput Assist Tomogr 18:862-866

Optican RJ, Ost A et al (1992) High-resolution computed
tomography in the diagnosis of miliary tuberculosis.
Chest 102:941-943

Orihuela E, Herr HW, Pinsky CM et al (1987) Toxicity of
intravesical BCG and its management in patients with
superficial bladder tumors. Cancer 60:326-333

Ormerod LP, Horsfield N (1995) Miliary tuberculosis in a high
prevalence area of the UK: Blackburn 1978-1993. Resp Med
89:555-557

Pagel W, Simmonds FAH et al (1964) Pulmonary tuberculosis,
4th edn. Oxford University Press, London .

Palayew M, Briedis D et al (1993) Disseminated infection after
intravesical BCG immunotherapy. Chest 104:307-309

Pasculle AW, Kapadia SB et al (1980) Tuberculous bacillemia,
hyperpyrexia, and rapid death. Arch Intern Med 140:426-427

Penner C, Roberts D et al (1995) Tuberculosis as a primary
cause of respiratory failure requiring mechanical ventila
tion. Am J Respir Crit Care Med 151:867-872

Petty TL, Ashburg DG (1971) The adult respiratory distress
syndrome: clinical features, factors influencing prognosis
and principles of management. Chest 60:233-239

Piqueras AR, Marruecos L et al (1987) Miliary tuberculosis
and adult respiratory distress syndrome. Intensive Care
Med 13:175-182

Pitchenik AE, Fertel D, Bloch AB (1988) Mycobacterial disease:
epidemiology, diagnosis, treatment,and prevention. Clin
Chest Med 9:425-441

Proudfoot AT, Asktan A, Douglas AC et al (1969) Miliary tuber
culosis in adults. Br Med J 2:273-276

Prout S, Benatar SR et al (1980) Disseminated tuberculosis. S
Afr Med J 58:835-842

Rabe J, Neff KW et al (1999) Miliary tuberculosis after intra
vesical bacilli Calmette-Guerin immunotherapy for carci
noma of the bladder. Am J Roentgenoll72:748-750

Rawls WH, Lamm DL et al (1990) Fatal sepsis following
intravesical bacillus Calmette Guerin administration for
bladder cancer. J UroI144:1328-1330

Ray M, Kataria S et al (2002) Unusual presentation of dissemi
nated tuberculosis. Indian Pediatr 39:88-91

Rieder HL, Kelly GD, Bloch AB et al (1991) Tuberculosis diag
nosed at death in the United States. Chest 100:678-681

Rosenberg MJ, Rumans LW (1978) Survival of a patient with
pancytopenia and disseminated coagulation associated
with miliary tuberculosis. Chest 73:536-539

Sahn SA, Neff TA (1974) Miliary tuberculosis. Am J Med 56:
495-505

Saye L (1936) Tuberculosis miliar cronica. Rev Med Barcelona
25:387-423

Shafer RW, Kim DS et al (1991) Extrapulmonary tuberculosis
in patients with human immunodeficiency virus infection.
Medicine 70:384-397

Shalwar R et al (1993) Detection of Mycobacterium tubercu
losis in clinical samples by amplification of DNA. J Clin
MicrobioI29:712-717



300

Sharma SK, Shamim SQ et al (1981) Disseminated tuberculo
sis presenting as massive hepatosplenomegaly and hepatic
failure. Am J Gastroenterol 76:153-156

Sharma SK,Pande IN et al (1988) Bronchoalveolar lavage (Bal)
in miliary tuberculosis. Tubercle 69:175-178

Sharma SK, Pande IN et al (1992) Pulmonary function and
immunologic abnormalities in miliary tuberculosis. Am
Rev Respir Dis 145:1167-1171

Shibolet A, Dan Met al (1979) Recurrent miliary tuberculosis sec
ondary to infected ventriculoatrial shunt. Chest 76:328-330

Slavin RE,Walsh TJ et al (1980) Late generalized tuberculosis: a
clinical pathologic analysis and comparison of 100 cases in
the preantibiotic and antibiotic eras. Medicine 59:352-366

So SY, Yu D (1981) The adult respiratory distress syndrome
associated with miliary tuberculosis. Tubercle 62:49-53

Soloway MS (1988) Intravesical therapy for bladder cancer.
Urol Clin North Am 15:661-669

Stallworth JR, Brasfield DM et al (1980) Congenital miliary
tuberculosis proved by open lung biopsy specimen and
successfully treated. Am J Dis Child 134:320-321

Steiner P,Rao M et al (1976) Miliary tuberculosis in two infants

M. M. Madkour

after nursery exposure: epidemiologic, clinical, and labora
tory findings. Am Rev Respir Dis 113:267-271

Stenius-Aarniala BS, Tukiainen P (1979) Miliary tuberculosis.
Acta Med Scand 206:417-422

Sutton FD, Hudson LD et al (1974) Recognition and management
of the adult respiratory distress syndrome. Chest 66:34S-36S

Treip C, Meyers D (1959) Fatal tuberculosis in a general hos
pital. A diagnostic problem. Lancet 1:164-1'67

Vanham G, Toossi Z, Hirsch CS et al (1997) Examining a para
dox in the pathogenesis of human pulmonary tuberculosis:
immune activation and suppression/anergy. Tubercle Lung
Dis 78:145-158

Vijayan VK (2000) Disseminated tuberculosis. J Indian Med
Assoc 98:107-109

Willcox PA, Potgieter PD et al (1986) Rapid diagnosis of
sputum negative miliary tuberculosis using the flexible
fibreoptic bronchoscope. Thorax 41:681-684

Williams MH, Yoo OH (1973) Pulmonary function in miliary
tuberculosis. Am Rev Respir Dis 107:858

Yu YL, Chow WH et al (1986) Cryptic miliary tuberculosis. Q
J Med 59:421-428




