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Background: After the introduction of chemotherapy, miliary tuberculosis (TB) has been more
prevalent in adults than in children. However, adult patients have a wide age range and may have different
characteristics across the age span. Thus, clinical manifestations and treatment outcome may differ according
to age groups in adult patients with miliary TB. However, there is limited information regarding this issue.
Methods: Adult patients with miliary TB were retrospectively reviewed and were categorized into young
(18-40 years), middle-aged (41-64 years), and old adults (=65 years). The clinical manifestations and
treatment outcome were compared among the three adult groups.

Results: Of 150 patients, 27, 35, and 88 patients composed the young, middle-aged, and old adult
groups, respectively. Overall clinical manifestations were comparable among the three groups. Treatment
completion was significantly lower and overall TB deaths were significantly higher in the old group than in
the young group. However, deaths in the young and middle-aged groups were all TB-related deaths, whereas
deaths in the old group were more attributable to TB-unrelated deaths rather than TB-related deaths. In
multivariate analysis, underlying chronic condition, lower hemoglobin levels, and acute respiratory failure
were independent predictors for TB-related deaths in the adult group <65 years, and lower albumin levels
and acute respiratory failure were those in the adult group >65 years.

Conclusions: The present study suggests that treatment completion, the cause of death, and risk factors
for TB-related deaths may be different according to age groups in adult patients with miliary TB.
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Introduction disease has been more prevalent in middle-aged and older
individuals than in children and young adults (3-5). With

Miliary tuberculosis (TB) results from massive advances in medicine, anti-TB drugs since the 1970s are

lymphohematogenous dissemination of Mycobacterium more effective and early diagnosis of miliary TB is more
tuberculosis (MTB) during both primary and post-primary feasible by chest computed tomography (CT) (6-8). In
TB (1,2). After the introduction of chemotherapy, this contrast, elderly population with underlying diseases, who
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is more susceptible to TB or death, is gradually increasing.

The majority of previous studies have provided the
overall clinical characteristics of adult patients with miliary
TB (3-5,9-19). However, the adult patients have a wide age
range and may have different characteristics across the age
range. It may account for the variable mortality rate (3-50%)
in this disease (9-19). Thus, the clinical manifestations,
treatment outcome, and cause of death in adult patients
with miliary TB may differ according to the age range.
However, there is limited information regarding this issue.

The present study compared the clinical manifestations,
treatment outcome, and cause of death according to age
groups in adult patients with miliary TB.

Methods
Patients and study design

The study was retrospectively conducted at Kyungpook
National University Hospital, a tertiary referral hospital in
South Korea, which is an area where active TB is a major
health problem, with an intermediate prevalence of 101 cases
per 100,000 persons, an incidence of 86 cases per 100,000
persons, and a mortality rate of 3.8 cases per 100,000
persons reported in 2014 (20). The Bacillus Calmette-
Guréin vaccination has been mandatory since 1953 in
South Korea (21). All miliary TB cases (aged >18 years)
attending the hospital from August, 2001 to September,
2016 were selected using ICD-10 code A190-A199. Those
with available chest radiographs and CT scans performed
on admission were enrolled and their medical records
were reviewed. Patients with human immunodeficiency
virus (HIV) infection were excluded. The eligible patients
were categorized into the three groups according to the
classification adopted in a previous study (22): (I) young
adult group (18-40 years); (II) middle-aged adult group
(41-64 years); (III) old adult group (=65 years). Details
regarding patient demographics, clinical manifestations
(including presenting symptoms and laboratory,
microbiological, and radiological findings), clinical course,
treatment outcome, and the cause of death were obtained
from the medical records. A standard regimen consisting
of isoniazid, rifampicin, ethambutol, and pyrazinamide
was administered during the intensive phase, as
recommended by the National Tuberculosis Program (23),
unless drug modification was necessary due to adverse drug
reactions or drug resistance. The study was approved by
the Institutional Review Board (IRB) of the Kyungpook
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National University Hospital (IRB No. 2017-05-018).
Informed consent was waived by the IRB.

Diagnostic criteria and definition

The diagnosis of miliary TB in patients showing miliary
patterns on radiological examinations, was made when one
of the following was met: (I) mycobacterial evidence of
infection with M'TB, such as positive acid-fast bacilli (AFB)
smear, TB-polymerase chain reaction (TB-PCR), or culture
from sputum, bronchial aspirate, urine, body fluid, or tissue;
(II) the presence of chronic granulomatous inflammation
in tissue, and clinical and radiographic improvement with
anti-TB drug medication. Underlying chronic condition
included malignancy, transplantation, end-stage renal
disease, advanced liver cirrhosis, immunosuppressive
therapy, diabetes mellitus, previous gastrectomy, or chronic
heart, lung, or neurological disease.

A “typical” miliary pattern on chest X-ray was defined as
a collection of tiny discrete pulmonary opacities that were
generally uniform in size and widespread in distribution,
each of which measured <3 mm in diameter (1). An
“atypical” miliary pattern was defined as the obscuring
of background miliary nodules by diffuse ground glass
opacity (GGO) or the other findings (1). On chest CT,
recognizable miliary nodules were defined when randomly
distributed micro-nodules were well discernible (24). Chest
radiographs and CT were reviewed by a board-certified
radiologist and a pulmonologist. If a discrepancy was noted
between investigators, the images were further reviewed by
another pulmonologist who was blinded to the results.

Treatment outcome category was defined according
to the revised 2013 World Health Organization (WHO)
definition (25). In the specific causes of death, TB-related
septic shock was defined as hypotension persisting despite
adequate fluid resuscitation during the intensive phase of
anti-TB treatment, which was induced by TB without other
etiology of infection, and TB-unrelated bacterial septic shock
as that due to other new bacterial infection in the absence of
'T'B progression throughout the anti-TB treatment.

Statistical analysis

Statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 22.0 (IBM Corp., Armonk,
NY, USA). Continuous variables were expressed as the
median (interquartile range [IQR]) and differences between
groups were analyzed using the Mann-Whitney test.
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Categorical variables were expressed as absolute values
and percentages, and were analyzed using the Chi square
or Fisher’s exact tests. All-cause and TB-related mortality
rates were compared between the age groups by Kaplan-
Meier survival curve. To identify independent predictor
for TB-related deaths, Cox’s proportional hazards analysis
was employed. Variables with P<0.05 in univariate analysis
were entered into the multivariate regression analysis with
the backward elimination method. A P<0.05 was considered
significant.

Results
Demographics

Among the 260,001 patients hospitalized with active TB
during the time of the study, a total of 160 adult patients
diagnosed with miliary TB were identified. Of these, 132
patients had positive M'TB culture from various specimens
[sputum (n=92), bronchial aspirate (n=52), urine (n=15),
and pleural fluid or tissue (n=9)], 15 patients harbored
histologically chronic granulomatous inflammation with
additional positive TB-PCR (n=6) or AFB smear (n=2) in
tissue, and 3 patients had a positive sputum AFB smear
(n=1), positive bronchial aspirate AFB smear and TB-PCR
(n=1), and positive CSF TB-PCR (n=1). Eight patients
were excluded because they did not meet microbiological
or histological criteria, and two were excluded due to HIV
co-infection. Thus, 150 adult patients were included in the
final analysis. In terms of socioeconomic status, there were
18 (12%) patients with the lowest income who acquired
medical aid from the national government. There were
no cases of drug addiction, but one patient with liver
cirrhosis was addicted to alcohol. The numbers of cases in
every 5S-year period since 2001 were 34, 41, and 75 cases,
respectively.

Overall, 71 (47%) patients were male and the median
age was 68 years (range 18-91 years). According to the
classification by age range, 27, 35, and 88 patients composed
the young, middle-aged, and old adult groups, respectively
(Table 1). The frequency of underlying chronic condition
was significantly greater in the old adult group than in the
young and middle-aged groups (49% vs. 26% and 29%,
respectively; P<0.05).

Clinical manifestations

Fever was the most frequent sign in all adult age groups.
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However, presenting sign or symptoms such as fever,
dyspnea, and weight loss were not significantly different
among the three groups. The median duration of illness
prior to hospitalization was 30 days in each group.

Anemia was common (60-70%) and C-reactive protein
(CRP) levels were moderately elevated (6.4-7.7 mg/dL)
in all three groups. Serum albumin levels in the old adult
group were the lowest and significantly different compared
to those of the young adult group (2.8 vs. 3.4 g/dL, P<0.05).
However, the frequency of anemia and hyponatremia,
and laboratory parameters, including white blood cells,
hemoglobin levels, and CRP levels, were not significantly
different among the three groups. Sputum AFB smear and
culture results were comparable among all groups.

Typical miliary patterns on chest X-ray were more
frequent in the young adult group than in the old adult
group (67% vs. 47%, P<0.05). However, identification of
miliary nodules on chest CT was not significantly different
among the groups. GGO on chest CT was significantly
greater in the old group than in the young group (78% vs.
56%, P<0.05), whereas mediastinal lymphadenopathy was
more frequent in the young group than in the old group
(41% vs. 19%, P<0.05). Preexisting active and cavitary lung
lesions were not significantly different among the three
groups.

Clinical course and treatment outcome

The time to anti-TB therapy with a median time of 1 day
was the same in each of the three groups (Table 2). In-
hospital mortality and hospital length of stay were not
significantly different among the groups. However, the
completion of successful anti-TB therapy was significantly
higher in the young adult group than in the old group
(89% wvs. 56%, P<0.05). This finding was attributable to the
greater frequency of overall deaths during anti-TB therapy
in the old adult group (n=27) than in the young group (n=2)
(31% vs. 7%, P<0.05). Additionally, the cause of death was
significantly different among the groups (P=0.008). All of
the deaths in the young (n=2) and middle-aged (n=6) adult
groups were directly related to miliary TB, whereas deaths
in the old group were more attributable to TB-unrelated
deaths (n=16) rather than TB-related deaths (n=11). Thus,
TB-related deaths were not significantly different among
the groups (P=0.512), although all-cause deaths were
significantly different among the groups (P=0.028) (Figure I).

Figure 2 shows the specific cause of TB-related and TB-
unrelated deaths in the old adult group. With respect to
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Table 1 Demographic, clinical, laboratory, and radiological findings according to age groups in adult patients with miliary tuberculosis

Variable Young (n=27) Middle (n=35) Old (n=88) P
Age, years 30 [24-33] 56 [48-61] 75 [71-80] <0.001
Male 13 [48] 19 [54] 39 [44] 0.604
Underlying chronic condition* 7 [26]° 10 [29]b 43 [49] 0.030
Symptom duration, days 30 [20-60] 30 [15-60] 30 [10-53] 0.245
Fever 24 [89] 29 [83] 65 [74] 0.196
Dyspnea 7 [26] 17 [49] 35 [40] 0.193
Weight loss 15 [56] 24 [69] 53 [60] 0.562
White blood cells, cells/pL 6,770 [4,270-8,790] 6,310 [4,950-7,210] 6,840 [4,930-8,568] 0.541
Hemoglobin, g/dL 11.4[10.3-12.6] 11.6 [10.1-13.2] 11.5[10.1-12.9] 0.922
Anemia, male [female] <13 [12] g/dL 19 [70] 21 [60] 59 [67] 0.659
Hyponatremia (<130 mEqg/L) 6 [22] 11 [31] 18 [20] 0.426
C-reactive protein, mg/dL 6.4 [1.1-9.2] 6.8 [2.8-14.4] 7.7 [3.8-12.1] 0.291
Albumin, g/dL 3.4[2.8-3.7T 3.0 [2.6-3.6] 2.8[2.5-3.2] 0.002
Sputum AFB (+) 5/22 [23] 12/30 [40] 30/66 [46] 0.169
Sputum MTB culture (+) 18/22 [82] 24/30 [80] 50/64 [78] 0.929
Chest X-ray

Typical 18 [67]° 14 [40] 41 [47] 0.023

Atypical 6 [22] 15 [43] 43 [49]

Negative 3 [11] 6[17] 4 [5]
Chest CT

Recognizable miliary nodules 25 193] 30 [86] 80 [91] 0.650

Ground glass opacity 15 [56]a 22 [63] 69 [78] 0.038

Cavity 5[19] 10 [29] 17 [19] 0.488

Mediastinal lymphadenopathy 11 [41]a 11 [31] 17 [19] 0.060

Preexisting active TB lesion 14 [52] 18 [51] 35 [40] 0.356

Data are presented as the number [%] or median [IQR]. *, Includes patients with malignancy, transplantation, end-stage renal disease,
advanced liver cirrhosis, immunosuppressive therapy, diabetes mellitus, gastrectomy, or chronic heart, lung, or neurological disease. ‘
P<0.05, comparison between the young and old adult groups. b, P<0.05, comparison between the middle-aged and old adult groups.
AFB, acid fast bacilli; MTB, Mycobacterium tuberculosis; CT, computed tomography; TB, tuberculosis.

TB-related deaths, the most frequent cause was respiratory
failure (n=6), followed by TB-related septic shock
(n=3), TB encephalitis (n=1), and anti-TB drug-induced
pseudomembranous colitis and erythema multiforme (n=1).
All but two deaths (one TB encephalitis and one anti-TB
drug-induced pseudomembranous colitis and erythema
multiforme) occurred during the intensive phase. In TB-
unrelated deaths, cardiovascular disease (n=7) was the most
frequent cause, followed by malignancy (n=4), bacterial
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septic shock (n=2), subdural hemorrhage (n=1), and
unknown (n=2). Three patients (two cardiovascular diseases
and one malignancy) died in the intensive phase, whereas
the remaining 13 patients died in the continuation phase.
One patient with unknown cause of death had underlying
diabetes mellitus and the other had chronic heart and
neurological disease. The deaths in these two patients
occurred without the aggravation of respiratory symptoms
and chest radiograph after 4 months of anti-TB treatment.
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Table 2 Clinical course, treatment outcome, and cause of death according to age groups in adult patients with miliary tuberculosis

Variable Young (n=27) Middle (n=35) Old (n=88) P
Time to anti-TB treatment, days 1[0-3] 1[0-3] 1[0-3] 0.602
In-hospital mortality 27 5[14] 9[10] 0.711
Hospital length of stay, days 13 [6-26] 15 [9-26] 16 [11-23] 0.586
Treatment outcome
Treatment completed 24 [89]a 25 [71] 49 [56] 0.004
Treatment incomplete 3[11] 10 [29] 39 [44]
Lost to follow-up 11[4] 411] 10 [11] 0.563
Transfer 0 0 2[2] 1.0
Died 207 6[17] 27 [31] 0.027
Cause of death
TB-related 2[100] 6 [1 00]b 11 [41] 0.008
TB-unrelated - - 16 [59]

Data are presented as the number [%] or median [IQR]. °, P<0.05, comparison between the young and old adult groups; b, P<0.05,
comparison between the middle-aged and old adult groups. TB, tuberculosis.
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Figure 1 Kaplan-Meier survival curve according to different age groups in adult patients with miliary tuberculosis. Young adults:
18-40 years; Middle-aged adults: 41-64 years; Old adults: >65 years. TB, tuberculosis.

All TB-related deaths in the young and middle-aged
adult groups were due to acute respiratory failure (n=5),
TB-related septic shock (n=2), and anti-TB drug-induced
hepatic failure (n=1).

Risk factors for TB-related deatbs

Risk factors for TB-related deaths were determined in
the combined group of young and middle-aged adult
(<65 years) and the old adult group (=65 years) (Table 3).
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In univariate Cox regression analysis, underlying chronic
condition, lower hemoglobin levels, increased CRP levels,
lower albumin levels, and acute respiratory failure were risk
factors for TB-related mortality in the combined young
and middle-aged group. In the old adult group, increasing
age, increased CRP levels, lower albumin levels, and acute
respiratory failure were predictors for TB-related deaths.
The multivariate Cox regression analysis revealed that
underlying chronic condition, lower hemoglobin levels, and
acute respiratory failure were independent predictors for
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2] TB-unrelated (n=16)

e Cardiovascular disease (n=7)
e Malignancy (n=4)

¢ Bacterial septic shock (n=2)
e Subdural hemorrhage (n=1)
¢ Unknown (n=2)

Figure 2 Specific cause of tuberculosis (TB)-related and TB-unrelated deaths in old adult patients with miliary tuberculosis who died during

anti-tuberculosis treatment.

Table 3 Risk factors for TB-related deaths in young-middle and old adult patients with miliary tuberculosis

Univariate Multivariate
. TB-related Controls
Variable deaths (n) N) Hazard ratio P Hazard ratio P
(95% Cl) (95% Cl)

Young-middle adult (<65 years)

(n=8; N=54)
Underlying chronic condition*® 6 [75.0] 11 [20.4] 8.58 [1.73-42.54] 0.008 14.40 [1.69-122.41] 0.015
Hemoglobin, g/dL 10.5[8.8-11.4] 11.8[10.6-13.2] 0.69 [0.49-0.99] 0.045 0.39[0.21-0.74] 0.004
C-reactive protein, mg/dL 20.1 [10.3-22.4] 6.3 [2.2-9.4] 1.15[1.05-1.26] 0.002 - -
Albumin, g/dL 2.4[1.9-3.3] 3.3 [2.8-3.6] 0.16 [0.05-0.47] 0.001 - -
Acute respiratory failure 4 [50.0] 3[5.6] 14.03 [3.36-58.64] <0.001  435.67 [15.32-12,376.43] <0.001

Old adult (=65 years) (n=11;

N=61)
Age, years 81 [70-85] 74 [70-78] 1.16 [1.05-1.29] 0.005 - -
C-reactive protein, mg/dL 14.3 [3.8-18.5] 6.8 (3.9-10.8) 1.12 [1.01-1.24] 0.030 - -
Albumin, g/dL 2.4 [2.2-2.6] 2.9 (2.7-3.4) 0.15[0.04-0.48] 0.001 0.17 [0.04-0.81] 0.026
Acute respiratory failure 5 [45.5] 1[1.6] 19.26 [5.41-68.58]  <0.001 18.29 [4.65-71.90] <0.001

Data are presented as the number [%] or median [IQR]. *, Includes patients with malignancy, transplantation, end-stage renal disease,
advanced liver cirrhosis, immunosuppressive therapy, diabetes mellitus, gastrectomy, or chronic heart, lung, or neurological disease. TB,

tuberculosis; Cl, confidence interval.

mortality in the combined young and middle-aged adult
group (<65 years), and lower albumin levels and acute
respiratory failure were those in the old adult group
(=65 years).

Discussion

The present study classified adult patients with miliary
TB into three groups according to age range. The main
findings were as follows: (I) overall clinical manifestations
were not significantly different among the three groups;
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(II) treatment completion rate was significantly lower and
overall deaths were significantly higher in the old adult
group than in the young adult group; (III) however, the
cause of deaths in the young and middle-aged group were
all TB-related, whereas more than half of the deaths in
the old group was not directly related to TB. Thus, TB-
related deaths were not significantly different among the
groups; (IV) in multivariate analysis, underlying chronic
condition, lower hemoglobin levels, and acute respiratory
failure were independent predictors for TB-related death
in the combined group of young and middle-aged adults
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(<65 years), and lower albumin levels and acute respiratory
failure were those in the old adult group (=65 years).

Although the incidence of TB has been slowly decreasing
with the implementation of TB control programs in
Korea (20), the current study showed that miliary TB was
more prevalent in the recent 5-year period than in past
S-year periods. These findings suggest that the incidence
of miliary TB may relatively increase with increasing
life expectancy, co-morbidity, and widespread use of
immunosuppressive drugs. The sex distribution was similar
overall and was not significantly different between the three
adult groups. However, women seem to be somewhat more
frequent in the old adult group (T#ble 1), as shown in other
adult series (17,18) after 2000.

Clinical and laboratory findings were frequently
abnormal, as in previous reports (9-19), but were not unique
to the specific age group. However, the presence of fever,
which is the most important clinical sign in miliary TB
(1,19), was less frequent according to increasing age groups
(89%, 83%, and 74% in the young, middle-aged, and old
adult groups, respectively), although statistical significance
between the groups was not achieved. In addition, the
sensitivity of sputum culture for MTB was quite similar
(approximately 80%), but the sputum for examination was
less available in the old adult group.

Radiological findings provide valuable diagnostic clue
in miliary TB. The diagnostic sensitivity of chest X-ray
showed significant difference between the young and old
adult groups (67% vs. 47%, respectively), although the
overall diagnostic sensitivity of chest X-ray was in line with
that demonstrated in previous studies (1-3). In contrast,
chest CT revealed miliary nodules in approximately 90% of
all adult groups. This finding suggests that the diagnosis of
miliary TB has been greatly improved by the application of
chest CT than in the past. The greater frequency of GGO
on chest CT in the old adult group may lead to a lower
frequency of typical finding on chest X-ray in the old adult
group (24). A few patients without recognizable miliary
patterns on chest CT showed miliary nodules on short-term
follow-up chest radiographs or CT scans taken after the
GGO finding had resolved.

Overall TB deaths, which are defined as deaths from any
cause occurring during anti-TB treatment according to the
WHO definition (25), were 23% (35/150). This mortality
rate falls within the mortality range in previous reports
(9-19). However, the mortality rate was significantly
different between the young and old adult group in our
study. This finding is supported by two previous studies,
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which showed considerable difference between the two
groups at a cut-off of 40 years (4,14). It has been frequently
reported that the mortality has remained high, despite the
introduction of rifampicin in the 1970s (9,10) and available
chest CT in the 1990s (17-19). These persistent high overall
mortality rates may be partly explained by the increasing
proportion of elderly patients with higher mortality.

Of the 35 overall TB deaths, 19 (54%) deaths were
directly related to TB. TB-related death was attributable
to more severe form of miliary TB, which implies
delayed diagnosis and treatment. Anti-TB treatment after
presentation to the hospital in our study was not delayed
in all age groups (median 1 day). This finding suggests that
there is a delay in seeking medical attention at a hospital
or a delay in diagnosis before transfer to tertiary referral
hospital, which should be improved to further reduce TB-
related deaths.

In contrast to TB-related deaths, TB-unrelated deaths
have received little attention in most previous reports.
In our study, these deaths occurred only in the old age
group, and contributed to the high overall mortality and
significant difference in mortality between the young and
old adult groups, as well as in the cause of death according
to age groups. Most of the deaths occurred in relatively
stable status during the continuation phase of treatment
(median 116 days). The old age group commonly had
other coexisting diseases that may have had a significant
impact on prognosis. Furthermore, 14 (88%) of the 16
patients with TB-unrelated death in our study had other
underlying condition. Advanced age and underlying
comorbid illnesses are well-known risk factors for overall
TB deaths (26); these are unavoidable factors. However,
clinical symptoms of miliary TB may be shared with
other diseases. Particularly, comorbidities with symptoms
overlapping with those of miliary TB, such as dyspnea in
cardiovascular disease, may be overlooked. In addition,
anti-TB drugs, especially rifampicin, may adversely affect
treatment of other disorders. Thus, our results suggest that
the management of elderly patients with miliary TB should
include identification and treatment of their comorbidities.

It may be clinically more practical to identify risk factors
for TB-related deaths according to age groups than in
overall adults with a wide age range. The main findings
of risk factors for TB-related deaths in the adult patients
<65 and >65 years, respectively, represented the advanced
stage of miliary TB. These risk factors were also separately
identified in previous studies (3,5,10,13,18,19). It is notable
that increasing age, which was most frequently observed as
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an independent predictor for poor outcome (4,5,10,11,19),
did not independently correlate with TB-related deaths,
when adult patients were categorized as younger or older
based on the age of 65 years. However, a few TB-related
deaths in our study may be insufficient to determine the
independent risk factors for mortality in each group.
Further study with a large population is warranted to
identify risk factors according to age groups.

The main limitation of our study is the retrospective
design, as with most of the other studies. Some patients
with miliary TB were clinically diagnosed. These patients
were excluded due to the strict inclusion criteria in the
present study. So, there may be selection bias and the overall
mortality rate according to age groups may have been
underestimated. Second, in our study population, a variety of
diseases responsible for miliary patterns on chest radiology
were not completely assessed due to the study’s retrospective
design. However, simultaneous occurrence of miliary TB
and other diseases is not likely to be common. Third, the
sample size included in each group was relatively small,
particularly for the analysis of some factors, as mentioned
above. Lastly, there were a few patients lost to follow-
up. Thus, we cannot exclude the effect of these patients.
However, it is unlikely that the treatment outcome of the
old adult patients lost to follow-up was better than that of
the young or middle-aged adult patients lost to follow-up.

In conclusion, the present study showed different
treatment outcomes associated with the cause of death
according to age groups in adult patients with miliary TB.
In addition, our data suggest that the independent risk
factors for TB-related deaths may be different between the
age groups.
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