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Summary

Background This study evaluated the prevalence of
spreading pathways in nontuberculous mycobacteria
(NTM) pulmonary infections according to nodular
distribution patterns seen on chest computed tomog-
raphy (CT).

Methods This study included 63 patients diagnosed
with NTM lung infections who underwent CT at our
institution. A retrospective analysis of CT images fo-
cused on the presence and distribution of nodules,
presence of intrathoracic lymphadenopathy and the
predominant side of infection in the lungs. The find-
ings were classified into five groups; centrilobular
(bronchogenic spread), perilymphatic (lymphangitic
spread), random (hematogenous spread), combined
pattern and no nodules present. The groups were
then compared according to other CT findings.
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Results Among 51 (81%) patients identified with a
nodular pattern on chest CT, 25 (39.8%) presented
with centrilobular, 7 (11.1%) with perilymphatic, 6
(9.5%) with random and 13 (20.6%) with combined
nodular patterns but located in different areas of the
lungs. The right side of the lungs was predominant
in 38 cases (60.3%). Intrathoracic lymphadenopa-
thy was evident in 20 patients (31.7%). Significant
differences in distributions of nodular patterns were
seen in patients infected with Mycoplasma avium
complex (MAC) associated with centrilobular pat-
tern (p=0.0019) and M. fortuitum associated with
random pattern (p=0.0004). Some of the findings
were related to perilymphatic nodules between other
isolated species of NTM (p= 0.0379).

Conclusion The results of this study showed a high
proportion of perilymphatic nodules and right-sided
predominance in the upper lobe, which, combined
with intrathoracic lymphadenopathy is highly sugges-
tive of the lymphangitic spread of lung NTM infec-
tions.

Keywords Multidetector computed tomography -
Multiple pulmonary nodules - Nontuberculous
mycobacteria - Lymph - Mycobacterium tuberculosis

Abbreviations

CT Computed tomography

HRCT High-resolution computed tomography
M Mycobacteria

MAC  Mycobacterium avium complex

NTM  Nontuberculous mycobacteria

TB Tuberculosis

Introduction

The well-known nodular patterns that can be detected
on high-resolution computed tomography (HRCT) of
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the lungs can be classified as centrilobular, perilym-
phatic and random. The different nodular patterns are
shown to correlate with spreading patterns as bron-
chogenic, lymphangitic and hematogenous spread
[1-3].

Centrilobular distribution of the nodular pattern
is most often caused by bronchiolar diseases that
show centrilobular nodules separated from the pleu-
ral surfaces and interlobular septa by a distance of
5-10mm with no nodules present in the subpleural
spaces or other compartments where lymph vessels
are located. Centrilobular nodular opacities can be
associated with the presence of intralobular branch-
ing lines, creating the tree-in-bud pattern [4]. The
presence of tree-in-bud is indicative of small airway
disease and is found in the majority of cases asso-
ciated with airway infections. While centrilobular
nodular opacities are seen in lymphatic and perilym-
phatic diseases, nodular opacities are commonly seen
in other lung compartments containing lymphatic
vessels (interlobular septa, subpleural space and axial
peribronchovascular connective tissue) as well; how-
ever when nodules are separated from the pleural
surfaces and the interlobular septa by a distance of
5-10mm and no nodules in the subpleural spaces
or other compartments where lymph vessels are vi-
sualized, a centrilobular distribution of the nodular
pattern caused by either bronchiolar/peribronchiolar
disease or vascular/perivascular disease can be con-
cluded [5].

A nodular pattern with perilymphatic distribution
typically shows peribronchovascular nodules, sub-
pleural nodules, nodules in the interlobular septa and
centrilobular nodules according to the anatomy of
the lungs and secondary pulmonary lobule [6]. Since
no lymphatics are present distal to the respiratory
bronchioles, no nodules are seen between the core of
the secondary pulmonary lobule and the interlobular
septa.

Random distribution refers to the random location
of the nodules in relation to the structures of the sec-
ondary pulmonary lobule. Nodules may be located
near the center of a lobule, near the interlobular septa
and in the lung parenchyma in between. They can
also be seen in relation to the pleural surfaces and
the pulmonary arterial branches (the so-called feed-
ing vessels) but have no consistent or predominant
relationship with any of these structures or the struc-
tures of the secondary pulmonary lobule. Random
distribution of nodules results from a vascular spread
of disease, in which the pathological agent may pass
the centrilobular area and disperse along the small
vessels and capillaries of the lobule [7].

Nontuberculous mycobacteria (NTM) infections
usually present with consolidation with or without
cavitation, centrilobular nodules/bronchiolitis and
bronchiectasis without significant lymphadenopathy
[8-13].

To our knowledge limited data have been published
on nodular patterns detectable on chest CT regarding
spread pathways in NTM lung infections.

There are, however, relevant studies on tuberculosis
(TB) spread patterns within the lungs. Recent studies,
namely Ko et al. [14], showed a relevant proportion of
lymphangitic spread in the lungs among TB patients,
atypical CT manifestations of TB infection with char-
acteristic pathomorphological appearances for lym-
phangitic spread consistent with perilymphatic nodu-
lar pattern and a predominance of right and upper
part of the lungs and intrathoracic lymphadenopathy
[14-17]. The other two patterns of TB lung infection
spread, bronchogenic (bronchiolitis) and hematoge-
nous (miliary TB), are well known [18-22].

Many studies on NTM lung infection spread fo-
cused on a local/continuous spread in view of consol-
idation with or without cavitation [4], bronchogenic
spread—centrilobular peribronchial nodules (tree-in-
bud pattern) [23, 24] and hematogenous spread—
random nodular pattern [24]. Other studies com-
pared the radiomorphological presentation of TB and
NTM lung infections, showing similar patterns, in-
cluding both consolidation and nodular appearances,
but to a lesser extent [25-27]. It has not been shown
that there is any significant difference in CT features
of lung infections between different NTM species in
previous studies.

Considering the abovementioned similarities of TB
and NTM lung infections and the lack of an in-depth
approach to spread patterns of NTM infections on
imaging, particularly lymphangitic spread, it was im-
portant to investigate this further. Since established
nodular patterns can be correlated to spread path-
ways of infection, this could be the best way to learn
more about NTM biology from their CT presentation.

Therefore, the aim of this study was to assess the
frequency and distribution of lung nodules detectable
on chest CT in patients with NTM isolates to confirm
different infection spread pathways in the lungs based
on imaging characteristics alone.

Material and methods

The study was based on institutional data on NTM in-
fections over 2 years (2016 and 2017). The diagnosis of
NTM infection was established locally and the culture
confirmed by the National Mycobacteria Reference
Laboratory of the Croatian National Institute of Pub-
lic Health (CNIPH) in Zagreb. Samples for culturing
were obtained via bronchoalveolar lavage (BAL), aspi-
ration from bronchi with a catheter and/or in sputum
with PCR/DNA based methods. A total of 131 persons
with positive NTM cultures were identified, of which
56 did not have available CT scans and therefore were
excluded from the study. Patients with disseminated
malignant disease (n=7), lymphoproliferative disor-
ders (n=3), and established sarcoid (n=2) were also
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excluded from the study. There were no patients with
HIV infections or other immunosuppressive disorders.

Finally, the study included 63 patients, all of which
had CT done around the time of diagnosis in our
institution (within 1 month). As there was no CT
protocol in place for NTM infections, different pro-
tocols for CT scanning were used: usual chest CT
with or without i.v. administration of contrast agent,
CT pulmonary angiogram and HRCT. There were
also multiple CT scanners involved (Siemens Health-
care, Erlangen, Germany and General Electric devices
Boston, MA, USA). Therefore, scanning parameters
varied. The slice thickness was 1 mm or 1.25mm. The
images were analyzed on standard picture archiving
and communication system (PACS workstation).

All CT examinations included in the study were
double read by 2 consultant radiologists with special
interest and experience in thoracic radiology (11 and
25 years). The two radiologists independently looked
at CT images of the lungs in patients diagnosed with
NTM infection. All disagreements were resolved in the
discussion, resulting in the agreement of both read-
ers. The agreement level between the two radiolo-
gists for the presence or absence of each CT finding
was tested using kappa statistics. The interobserver
agreement between the two radiologists for identify-
ing nodules and predominance of the affected side of
the lungs was almost perfect (0.8 <k <0.92). There was
a substantial agreement in identifying the perilym-
phatic, centrilobular and random distribution of nod-
ules and for identifying intrathoracic lymphadenopa-
thy (0.68<x<0.79).

The findings were classified according to CT ap-
pearances of nodules, intrathoracic lymphadenopathy
and the predominant part of the affected lung, focus-
ing particularly on nodules. Considering different
nodular patterns, findings were further divided into
five groups (centrilobular, random, perilymphatic,
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were then mutually compared according to other CT
findings.

The distribution was tested against equal frequency
assumptions. Comparison between groups was per-
formed using the independent t-test for continuous
variables and the y2-test or Fisher’s exact test for cat-
egorical variables. Fisher’s 2x 5 exact test was used to
compare different nodular patterns when more than
2x2 groups were compared [28]. For dichotomous
outcomes, the binomial test was used. In all tests,
p<0.05 was considered statistically significant.

Results

The radiologic findings in 63 patients diagnosed with
a pulmonary infection caused by NTM were analyzed
(40 men and 23 women; mean age 63 years; age range
11-85 years).

Nodules

For this study, only nodular patterns of lung infection
were assessed in detail. Of the 63 patients included in
the study, nodules were detected in 51 (81%). The cen-
trilobular nodular pattern was detected on 25 (39.8%),
perilymphatic on 7 (11.1%), and random on 6 occa-
sions (9.5%).

There were 13 (20.6%) patients with combined
nodular patterns. In three patients all nodular pat-
terns were detected at the same time point but
confined to smaller areas in different lung regions.
Furthermore, 10 patients were found to have 2 syn-
chronous nodular patterns in different combinations:
centrilobular with perilymphatic (n=5) and centrilob-
ular with random (n=5). Interestingly, no patient was
identified with a combination of perilymphatic and
random nodular distribution patterns.
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NTM species

As per distribution of each nodular pattern con-
cerning NTM species, there was a significant differ-
ence between Mycobacterium avium complex (MAC:
M. avium and M. intracellulare), M. fortuitum and
other NTM (M. abscessus, M. chimerae, M. malmoense,
M. celatum, M. kansasii, M. segmatis) (Fig. 1).

In the MAC group (n=20) 14 cases of centrilobu-
lar and a single case of random nodule pattern were
detected. Interestingly, there were no cases of peri-
lymphatic or combined nodule pattern in this group.

The distribution of nodular patterns was signifi-
cantly different between MAC and non-MAC groups
(Fisher’s 2 x 5 exact test, p=0.0006). The centrilobular
pattern was the most responsible for the deviation
(because the expected number of cases was 7.9, and
the observed number of cases was 14). This was
further confirmed by comparing the distribution of
the centrilobular pattern versus other patterns in
MAC and non-MAC groups by Fisher’s exact 2 x 2 test
(p=0.0019).

Similarly, in the NTM group without MAC (n=43),
11 cases of centrilobular, 7 perilymphatic and 5 ran-
dom nodule distribution patterns were found. All of
the 7 perilymphatic and 15 combined nodule pat-
terns were detected in non-MAC group while the ex-
pected values were 4.8 and 8.9 indicating these pat-
terns also influence the overall significance of the dis-
tribution. Indeed, when comparing the distribution of
combined pattern versus other patterns in MAC and
non-MAC groups the distribution was statistically sig-
nificant (Fisher’s exact test 2x 2, p=0.0057).

The distribution of different patterns in patients
with M. fortuitum was also significantly different from
those of patients without M. fortuitum (Fisher’s 2x5
exact test, p=0.0009). The pattern of random nodules
was detected in 5 cases of infections caused by M. for-
tuitum, while the expected value was 1.1 indicating
that this finding was the most responsible for the ob-
served deviation. This was confirmed by Fisher’s exact
2 x 2 comparison of the distribution of random pattern
versus other patterns in M. fortuitum vs. other groups
(p=0.0004).

The distributions of different patterns in patients
infected with the more common M. xenopi (n=15)
were not statistically different from patients without
those NTM; however, the distribution of patterns in
patients infected with all other NTM species com-
bined as a group (M. abscessus, M. chimerae, M. mal-
moense, M. celatum, M. kansasii, M. segmatis) was bor-
derline significantly different (Fisher’s 2x 5 exact test,
p=0.0455). The perilymphatic pattern was mainly re-
sponsible for this deviation as the expected value was
0.9 and 3 cases were observed. Comparing the peri-
lymphatic vs. other patterns in patients infected with
other NTM group also indicated some statistical sig-
nificance (Fisher’s 2 x 2 exact test, p=0.0379).

Intrathoracic lymphadenopathy

Intrathoracic lymphadenopathy was found in 20 pa-
tients (31.7%), mediastinal and hilar (>10 mm in short
axis, axial plane).

There were no statistically significant differences
in nodular patterns between patients with or with-
out intrathoracic lymphadenopathy (Fishers 2x5 ex-
act test, p=0.1307); however, the highest proportion
of intrathoracic lymphadenopathy was found in the
group with a perilymphatic nodular pattern, in 5 of
7 cases (71.2%). Comparing patients with a perilym-
phatic pattern vs. other patterns between patients
with or without intrathoracic lymphadenopathy indi-
cated that the difference might be significant (Fisher’s
exact 2x 2, p=0.0285).

Predominant part of the lung

The majority (n=38, 60.3%) of patients had right lung
predominance of lesions. Left lung predominance was
shown in 13 cases (20.6%). The upper lobes were af-
fected in 33 patients (52.4%) and lower lobes including
the middle lobe in 18 (28.6%).

Overall, the distribution of lung infection patterns
was significantly different in patients where the right
side was predominantly affected compared to patients
where the left side was affected (Fishers 2x5 exact
test, p<0.0001). The greatest deviation was due to
centrilobular pattern, which was observed in 21 while
being expected in 15.1 cases and due to a perilym-
phatic pattern observed in 7 and expected in 4.2 cases.
This was confirmed by comparing centrilobular vs.
other patterns in patients with or without right side
predominance (Fisher's 2x2 exact test, p=0.0033;
Fig. 2).

The perilymphatic pattern was also significantly
more often seen in patients with right side predomi-
nance compared to other patterns (Fisher’s 2x 2 exact
test, p=0.0358). Similar results were seen when fo-
cusing on the upper right lobe (Fisher’s 2x5 exact
test, p<0.0001), while for the lower right lobe the
results were not significant (Fisher’s 2x5 exact test,
p=0.4171).

The distribution of patterns in patients with left
lobe predominance was also significantly different
when compared with other patients (Fisher’s 2x 5 ex-
act test, p=0.0007). The major source of deviation was
the random pattern with an expected value of 1.2 but
observed in 5 patients with left side predominance.
When a random pattern was compared with other
patterns in patients with or without left side predom-
inance the distribution was also significantly different
(Fisher’s exact test 2x2, p=0.0009). There were no
significant differences when the upper left lobe was
further investigated, also differences in patterns of
patients with lower left lobe predominance vs. other
patients approached but did not reach significance
(Fisher’s exact test 2x 5, p=0.0565).
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Fig. 2 Distribution  of
nodular pattern in the lungs.
a Centrilobular nodular
pattern (n=25), b peri-
lymphatic nodular pattern
(n=7), ¢ random nodular
pattern (n=6), d combined
nodular pattern (n=13). R=
right, L= left

Fig. 3 The same patient.
Axial a and coronal b chest
CT cross-sections show
subcarinal lymphadenopa-
thy (black line and red ar-
rows), axial ¢ and coro-
nal d chest CT lung win-
dow, 5mm maximum inten-
sity projection (MIP) cross-
sections show perilym-
phatic nodule distribution
pattern with right and upper
side predominance in the
lungs (red arrows)
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Interestingly, in half of the patients with lower
left lobe predominance a random nodular distribu-
tion pattern was seen (expected value 0.8, observed
value 3). Upon further investigation, the distributions
of random vs. nonrandom patterns in patients with or
without lower left lobe involvement were significantly
different (Fisher’s exact 2 x 2 test, p=0.0232).

In total

Pulmonary infections caused by MAC were most com-
monly presented, except for consolidations and cavi-
ties, with a centrilobular nodule pattern with predom-
inance in the right part of the lung and rarely with
intrathoracic lymphadenopathy.

Interestingly, M. fortuitum infection was most com-
monly manifested by the random distribution of nod-
ules with a tendency of localization in the left lower
lobe of the lungs and rarely with intrathoracic lym-
phadenopathy.

Non-MAC and other NTM infections were most
commonly presented by perilymphatic and combined
nodule patterns with predominance in the right upper
lobe and intrathoracic lymphadenopathy (Fig. 3).

Discussion

Among presumed NTM infection spread pathways in
the lungs—bronchogenic, hematogenous and lym-
phangitic—the first two did not show significant di-
vergence from already published data; however, this
study showed results in keeping with lymphangitic
dissemination of NTM lung infection. This does not
appear to have been described previously, although
there are several studies on Mycobacterium tubercu-
losis (TB) that support the lymphangitic spread of
TB lung infections. The lymphangitis in TB was de-
scribed as early as 1873 by Klein [15], further assessed
by Basaraba et al. [16], only to be correlated in detail
for chest CT by Ko at al. [29] in 2015. Behr and Waters
recently explained TB pathogenesis using a lymphatic
model based on considerable observational data from
humans and natural or experimental animal models
[17]. According to the lymphatic model, Mycobac-
terium tuberculosis invades the hilar nodes via lym-
phatics. In longstanding lung TB infections, spread
to lymph nodes can occur via pulmonary lymphatics.
Further on, the infection can spread in a retrograde
manner to sections of the lungs with lower vascular
perfusion and difference in ventilation, with a right
side and upper predominance, based on asymmetric
lymphatic drainage [14]. The results of this study are
in line with previous limited data on the lymphangitic
spread of TB. Since mycobacterial infections, both TB
and NTM, share most of the known biological and
radiological features, we assumed that among other
infection spread pathways, there should be lymphan-
gitic spread as well.

The results of this study showed a significant cor-
relation of perilymphatic nodules with right-sided
predominance, in particular the upper lobe, and
intrathoracic lymphadenopathy. The abnormalities
mentioned above suggest the lymphangitic spread of
NTM infections, which had been described for TB
infections in previous studies [15-17, 29, 30].

With the exclusion of MAC infections (which do not
show CT signs of lymphangitic spread), other NTM in-
fections show statistical significance in the occurrence
of perilymphatic nodules, the predominance of the
right and upper part of the lung as well as a higher
prevalence of intrathoracic lymphadenopathy. This
supports a lymphangitic spread of NTM lung infec-
tion. In addition, the MAC infections, which again, do
not show CT characteristics of lymphangitic spread,
showed statistical significance in the predominance
of the right side of the lung but not in the predomi-
nance of the upper lobe and rarely with intrathoracic
lymphadenopathy.

Not all NTM species in the current study showed
the same spread pattern. For example, there was not
a single MAC infection with a lymphangitic spread,
while M. xenopi showed the most frequent lymphan-
gitic spread pattern. This finding could be of value
in assessing patients with chronic obstructive pul-
monary disease (COPD), as chronic obstruction has
been found more often in patients with M. xenopi
infections [31]. Among random nodular distribution/
hematogenous spread, the most frequently isolated
NTM was M. fortuitum. These findings cannot be
explained by the available data but the reason can lie
in the different biological behavior of NTM species
due to genotype specificities.

It should also be noted that CT was performed
within 1 month of diagnosis (in some cases even
before, because the findings of a CT scan suggested
a possible infection with NTM), but it is unknown
how long the disease had lasted before being diag-
nosed in cultures. The different types of NTM cause
a different intensity of clinical symptoms, leading to
a different period of time until diagnosis and a CT
scan. In particular, MAC infections have more severe
clinical symptoms and are diagnosed in the earlier
stages of the disease. On the contrary, other NTMs
are diagnosed in the later stages of the disease be-
cause they cause milder clinical symptoms. This may
also indicate a different chronological and pathomor-
phological presentation on CT scan that can indicate
a lymphatic spread of the disease in the later phase
of the disease. This is supported by a large number
of cases with combined nodular patterns at different
locations in the lungs as a possible transition phase.

The limitations of this study must be acknowl-
edged. Unfortunately, the absolute number of dif-
ferent nodular patterns, including the highlighted
perilymphatic nodules was often very small and this
might affect statistical calculations. Certainly, the
findings should be confirmed on a larger number of
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patients. Furthermore, we had no data about the
pathohistological confirmation of chest CT findings.

In conclusion, lung nodules with perilymphatic
distribution might be regarded as another CT feature
of pulmonary infections caused by NTM. As already
known, NTM lung infections can show local, bron-
chogenic and hematogenous spread as well. The
awareness of NTM biology and lung infection spread
pathways can help the radiologist to assess the spread
and activity of disease with more accuracy and con-
fidence. The importance of imaging is highlighted
in the fact that morphological confirmation plays an
important role in supporting clinical suspicion for
NTM infection in reaching the final diagnoses.
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