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Objective: Renal transplantation recipients are at increased
risk of Mycobacterium tuberculosis infection because of
immunosuppression. The aim of this study was to assess
high-resolution CT (HRCT) findings in renal transplantation
recipients diagnosed with pulmonary tuberculosis (TB).
Methods: We reviewed HRCT findings from patients
diagnosed with pulmonary TB, established by M. tuber-
culosis detection in bronchoalveolar lavage, sputum or
biopsy sample. Two observers independently reviewed
HRCT images and reached consensus decisions on the
presence and distribution of: (i) miliary nodules, (ii)
cavitation and centrilobular tree-in-bud nodules, (iii)
ground-glass attenuation and consolidation, (iv) medias-
tinal lymph node enlargement and (v) pleural effusion.
Results: The sample comprised 40 patients [26 males,
14 females; median age, 45 years (range, 12-69 years)]. The
main HRCT pattern was miliary nodules (40%), followed
by cavitation and centrilobular tree-in-bud nodules (22.5%),
ground-glass attenuation and consolidation (15%),

INTRODUCTION

Kidney transplantation is the treatment of choice for the
majority of patients with end-stage renal disease.' However,
post-transplantation tuberculosis (TB) is a life-threatening in-
fection affecting long-term outcomes in kidney transplantation
recipients. The incidence of TB is 2074 times greater in kidney
recipients than in the general population.” Immunosuppression
in transplantation recipients accounts for progressive impair-
ment in cellular immune function, allowing infection by
Mycobacterium tuberculosis, an intracellular pathogen.”

With the emergence of new and potent immunosuppres-
sive regimens, the incidence of TB among transplantation
recipients may increase. Most transplantation patients with

mediastinal lymph node enlargement (12.5%) and pleural
effusion (10%). The distribution of findings in patients
with miliary nodules was random. In patients with
cavitation and centrilobular tree-in-bud nodules, 66.6%
of abnormalities were found in the upper lobes. Pleural
effusion was unilateral in 75% of cases. The overall
mortality rate was 27.5%. This rate was 50% in patients
with miliary nodules, and 72.6% of all deaths occurred in
this group. Thus, mortality was increased significantly in
patients with miliary nodules (p < 0.05).

Conclusion: The main HRCT finding in renal transplantation
recipients with pulmonary TB was miliary nodules, followed by
cavitation and centrilobular tree-in-bud nodules. Miliary nod-
ules were associated with a worse prognosis in these patients.
Advances in knowledge: We report the first series on
HRCT findings of microbiologically confirmed pulmonary
TB exclusively in renal transplantation recipients. The
main HRCT finding was miliary nodules, and mortality was
increased significantly in these patients.

TB manifest clinical pulmonary infection. Fever, night
sweats and constitutional symptoms occur frequently, but
the immunocompromised state can alter the clinical pre-
sentation and delay diagnosis.

Radiologic findings described in transplantation recipi-
ents include miliary nodules, pleural effusion, paren-
chymal cavitation, nodules, pulmonary infiltrate, and
hilar or mediastinal adenopathy.*” However, no study
has described the high-resolution CT (HRCT) findings
of TB developing exclusively after renal transplantation.
The aim of this study was to assess HRCT patterns at
presentation in renal transplantation recipients diagnosed
with pulmonary TB.
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METHODS AND MATERIALS

Our Institutional Review Board approved this study and waived
the requirement for informed patient consent. Data from all renal
transplantation recipients with pulmonary TB treated in two
Brazilian hospitals between 1995 and 2015 were reviewed retro-
spectively. All data used in this study were anonymized. Inclusion
criteria were: positive M. tuberculosis culture from sputum,
bronchoalveolar lavage or lung biopsy sample, and availability of
HRCT images obtained at the diagnosis. All patients diagnosed
with TB were followed for a minimum of 2 years, and only deaths
related to infection or its treatment were considered in this
analysis. Patients diagnosed with coexistent pulmonary infections
due to other pathogens were excluded from our sample based on
a review of clinical and laboratory data.

HRCT scans were carried out with a 64-multidetector CT scanner
(LightSpeed® VCT; GE Healthcare, Waukesha, WI). The parame-
ters used were: 250 mA; 120kVp; pitch, 1.375; time, 0.8s; and
inspiratory volumetric acquisition with 1-mm collimation at 1-mm
increments. We performed a high-spatial frequency reconstruction
algorithm, and images were obtained with parenchymal (width:
1200-1600 HU; level: —500 to —700 HU) and mediastinal (width:
350-450 HU; level: 20-40 HU) window settings.

The Fleischner Society’s Glossary of Terms® was used to assess the
HRCT images. Findings were classified as: (i) miliary nodules, (ii)
cavitation and centrilobular tree-in-bud nodules, (iii) ground-glass
attenuation and consolidation, (iv) mediastinal lymph node
enlargement and (v) pleural effusion. A nodule was defined as
a rounded or irregular opacity that was well or poorly defined and
=3cm in diameter. Nodules were classified as small (diameter
=10mm) or large (diameter >10mm). The measure of 1.2-cm
short-axis diameter of mediastinal lymph nodes was used as
a threshold to define pathological lymph node enlargement. A cavity
was defined as a gas-filled space, seen as a lucency or low-attenuation
area, within a pulmonary consolidation, mass or nodule. The tree-in-
bud pattern describes the appearance of multiple centrilobular
nodules with a linear branching pattern. Ground-glass opacities refer
to a hazy area of increased attenuation in the lung with preserved
vascular markings. Consolidation is defined as increased attenuation
of the parenchyma causing obscuration of pulmonary vessels. The
distribution of CT findings was classified by site using the categories
of upper, middle and lower lobes, and further categorized as focal
(unilobar) or diffuse (more than one lobe).

Two chest radiologists with more than 12 years’ of experience in-
dependently assessed HRCT scans. The HRCT images were then
reviewed together with a third chest radiologist to reach final
consensus decisions. All radiologists were blinded to the patients’
clinical data, except M. tuberculosis infection. Mortality within
2 years was also evaluated and correlated with imaging findings.
Data were entered into Excel® (2010; Microsoft® Corp., Redmond,
WA) and then exported to SPSS® v. 15.0 (IBM Corp., New York,
NY; formerly SPSS Inc., Chicago, IL) for statistical analysis.
Quantitative variables were described using means, standard devi-
ations, medians and variance. Qualitative variables were described
using absolute and relative frequencies. The x* test and Student’s
t-test were used to compare proportions, mean and median values.
A p-value <0.05 was considered statistically significant.
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RESULTS

Data from 4128 patients who underwent kidney transplantation
between 1995 and 2015 were reviewed, and 47 patients diagnosed
with pulmonary TB were initially included in the analysis. How-
ever, the final sample consisted of 40 patients because 5 patients
were excluded because of pneumonia caused by other aetiological
agents, including bacteria (n = 2 patients), cytomegalovirus (n = 2)
and fungus (n = 1); and 2 patients were excluded because they did
not perform CT because of unavailability of a CT scanner. Of these,
26 patients were male and 14 were female (median age, 45 years;
range, 12-69 years). The mean interval between transplantation
and infection diagnosis was 8.6 months (standard deviation,
5.1 months); this interval was 3.3 months (standard deviation,
2.3 months) among patients presenting the miliary pattern.

Imaging findings are summarized in Table 1. The main HRCT
pattern was miliary nodules (40% of patients; Figure 1), followed by
cavitation and centrilobular tree-in-bud nodules (22.5%; Figure 2),
ground-glass attenuation and consolidation (15%; Figure 3), me-
diastinal lymph node enlargement (12.5%; Figure 4) and pleural
effusion (10%). The distribution of findings in patients with miliary
nodules was random. In patients with cavitation and centrilobular
tree-in-bud nodules, 66.6% of abnormalities were found in the
upper lobes. Pleural effusion was unilateral in 75% of cases.

The overall mortality rate was 27.5% (n = 11). The mortality rate
was 50% (n = 8) among patients with miliary nodules, and 72.6%
of all deaths occurred in this group. Thus, mortality was increased
significantly in patients with miliary nodules (p <0.05). In our
sample of 40 patients, there were 4 (10%) other deaths unrelated to
TB because of graft dysfunction (n = 2 patients), stroke (n = 1) and
renal cell carcinoma in the native kidney (n=1).

DISCUSSION

Renal transplantation recipients are at increased risk of con-
tracting TB because of immunosuppression, particularly in coun-
tries where the disease is endemic. The reported prevalence of TB

Table 1. Features of renal transplantation recipients with
pulmonary tuberculosis (n = 40)

Feature Data”

Clinical characteristics

Sex (male) 26 (65%)

Median age, years (range) 45 (12-69)

Mean interval (months) between

transplantation and infection diagnosis (SD) 86 (5.1)
HRCT findings

Miliary nodules 16 (40%)

Cavitation/tree-in-bud nodules 9 (22.5%)

Ground-glass/consolidation 6 (15%)

Mediastinal lymph node enlargement 5 (12.5%)

Pleural effusion 4 (10%)

HRCT, high-resolution CT; SD, standard deviation.
?Data are presented as the number (%) of patients unless otherwise
indicated.
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Figure 1. A 48-year-old renal transplantation recipient with asthenia and cough. (a) Axial CT image shows bilateral miliary nodules.
(b) CT image with coronal reconstruction demonstrates the same findings.

in renal transplantation recipients ranges from 0.5% to 15%.>’
Differences in these values may be attributed largely to epidemio-
logical factors in developed and developing regions. TB also pres-
ents particular challenges because of delayed diagnosis and side
effects of therapy. The clinical features of TB can be unusual, and
they may be masked by blunted response to infection. Common
clinical abnormalities include pyrexia, pulmonary infiltrates, exu-
dative pleural effusion and exudative ascites.””®

The resurgence of TB since the 1980s due to the acquired im-
munodeficiency syndrome epidemic and increasing numbers of
other immunocompromised individuals, including organ trans-
plantation recipients, makes this disease a topic of universal
concern.” Pulmonary TB can demonstrate a variety of CT

(b)

findings, including consolidation, cavities, features of endo-
bronchial spread, pleural effusion, miliary nodules and aden-
opathy. Tubercular adenopathy typically shows low-density
centres with prominent rim enhancement.””"”> TB was classically
divided into primary and post-primary (reactivated) disease.
Primary TB typically manifests on CT as air-space consolidation,
adenopathy, pleural effusion, miliary nodules and/or atelectasis.
Post-primary disease results from the reactivation of a previously
dormant infection in most cases. Classical CT findings in post-
primary TB are patchy, ill-defined consolidations in the upper
lobes, associated with cavitation. Cavities are often multiple and
demonstrate thick and irregular walls. Endobronchial spread is
a common complication that represents granulomatous infec-
tion in the airways, which manifests on HRCT as branching

Figure 2. A 52-year-old renal transplantation recipient with asthenia, cough and fever. Axial CT images show a thick-walled cavity in
the left upper lobe (a, arrow) and bilateral centrilobular tree-in-bud nodules (b, arrows).

\ ]
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Figure 3. A 47-year-old renal transplantation recipient with dyspnoea and cough. Axial CT images shows consolidation (a, arrows)
and ground-glass opacities (b, arrow) in the right inferior and middle lobes.

centrilobular nodules with the “tree-in-bud” appearance. Other
findings indicating reactivated TB include bronchovascular
structure distortion, fibrotic strands and bronchiectasis.”'*"?
However, the advent of molecular epidemiology in the 1990s has
led to the discovery that the radiographic appearance of TB
depends on immune status and is independent of the time since
infection. Upper-lobe cavitary disease is usually seen in infected
immunocompetent hosts, whereas immunocompromised pa-
tients usually present with lower-lung disease, adenopathy and
effusions, among other findings."> This revised classification
correlates well with the findings of the present study. Renal
transplantation recipients are immunosuppressed and thus might
be expected to present with features of primary disease, regardless
of whether they have had previous TB exposure. The miliary

pr—
.ﬁa
e.

pattern can be an indication of the severe immunocompromised
state and is thus associated with a poorer prognosis.

Miliary nodules have been reported in 2.4-28.5% of TB cases
after kidney transplantation.>*'® Other radiographic findings
in these patients include infiltrates (27.6-37.5%), cavities
(6.2-20.7%), nodules (12.5%), lymph node enlargement
(12.5%) and pleural effusion (31.2-41.4%).>®'*2° However,
most previous studies describing imaging findings in these
patients have used conventional radiography. The sensitivity and
specificity of chest radiography are limited in patients with
diffuse lung disease, and chest radiography findings are normal
in up to approximately 10% of immunocompromised patients
with acute lung disease.”’ HRCT is more sensitive than chest

Figure 4. A 39-year-old renal transplantation recipient with asthenia and cough. Axial CT images obtained in the mediastinal
window show lymphadenopathy in the right inferior paratracheal (a, arrow) and subcarinal chains (b, arrow).

(b)
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radiography for the evaluation of acute and chronic lung dis-
ease.'” Our analysis, which to our knowledge is the first study of
HRCT findings exclusively in renal transplantation recipients
with TB, revealed a greater prevalence of the miliary pattern.

Gulati et al'® reported on HRCT findings in renal trans-
plantation recipients with pulmonary infection. However, only
11 pulmonary TB cases were included in their sample, and TB
diagnoses were based on the detection of thin-walled cavities
and bronchiectasis (n = 4 patients), lobular consolidation in the
upper lobes (n=3), tree-in-bud nodules (n=2) and right
paratracheal adenopathy (n=1). HRCT findings in the
remaining patients were non-specific and included bilateral
patchy areas of ground-glass attenuation, nodular opacities and
lobar consolidation in the lower lobes. Sputum, blood culture
and bronchoalveolar lavage were negative in 4 of these
11 patients, who were placed on an antitubercular regimen
based on chest radiography and HRCT findings; all 4 patients
responded favourably. The authors concluded that HRCT pro-
vided additional information in comparison with conventional
radiography in 64.7% of renal transplantation recipients with
pulmonary infection, particularly in TB cases with findings such
as cavitation, bronchiectasis and endobronchial splread.12

Jiang et al** evaluated CT findings of pulmonary infection after
kidney transplantation. TB infection was confirmed in only 7 of
89 (7.9%) cases for which HRCT images were available, and the
miliary pattern was found in only 1 of these cases. The tree-in-
bud sign, seen in 57% of TB cases, was a significant marker
differentiating bacterial infection from TB in this series.*”

Both of these studies were limited because they included few
patients with TB. Thus, our evaluation only of cases of TB in-
fection after renal transplantation complements the results of
previous reports. The incidence of disseminated disease is higher
in renal transplantation recipients than in the general pop-
ulation. Sustained depressed immunity offers a logical expla-
nation for this phenomenon.”” The increased frequency of the
miliary pattern observed in this study underscores the impor-
tance of immune status in attempts to control this infectious
disease.

Immunosuppressive therapy is the most important factor pre-
disposing a patient to TB development after transplantation, and
this therapy has changed substantially in the past two
decades.'®' For many years, basic immunosuppression con-
sisted of the combined use of three types of drugs: a gluco-
corticosteroid (prednisone), a purine antagonist (azathioprine

or mycophenolate mofetil) and a calcineurin inhibitor (cyclo-
sporine or tacrolimus). Because of numerous cases of potential
glucocorticoid toxicity and calcineurin inhibitor toxicity, many
new regimens that incorporate rapid glucocorticoid elimination
or calcineurin inhibitor dose reduction or elimination have been
developed. Sirolimus has been used as a substitute for calci-
neurin inhibitors. The choice of agents is often protocol driven
but is usually adapted to each recipient’s risk profile.”**® The
immunosuppressive actions of these drugs are mediated through
several pathways and particularly affect T-cells and phagocytes.
Thus, transplantation recipients show progressive impairment of
cellular immune function. T-cell-mediated immunity is crucial
for TB control, and immunosuppressant agents may increase the
risk of TB reactivation and dissemination. Neutropenia is not
a major immunological defect in recipients of solid organ
transplantations, as in other immunocompromised patients due
to hematological malignancies, and those who have undergone
haematopoietic stem-cell transplantation.'>'***

The mortality rate observed in this study falls within the pre-
viously reported range of 12.5-32% among kidney trans-
plantation recipients with post-transplantation TB.”'® Mortality
is higher when TB develops in the first year after kidney
transplantation among poorly nourished patients and hypoxic
patients treated with steroids.” In our sample, most deaths oc-
curred in the group of patients with miliary nodules, which
showed a significant increase in mortality.

The limitations of this study include its retrospective design. In
addition, we could not precisely exclude coexistent self-limited
infections because of other organisms at the time of diagnosis, as
in other immunocompromised individuals. However, we iden-
tified and excluded five patients diagnosed with concomitant
infections potentially affecting the lungs. Despite these limi-
tations, we report on HRCT findings in the largest published
series of microbiologically confirmed pulmonary TB in renal
transplantation recipients.

CONCLUSION

In conclusion, predominant HRCT findings in renal trans-
plantation recipients with TB infection were miliary nodules,
followed by cavitation and centrilobular tree-in-bud nodules.
Mortality was increased significantly in patients with miliary
nodules. HRCT is an important examination tool for the
early diagnosis of post-transplantation pulmonary TB, and
it should be included in investigative protocols for renal
transplantation recipients suspected of having pulmonary
infection.
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