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The lungs are often the source of sepsis in immunocompromised patients. If these 
infections are not treated promptly and effectively in neutropenic patients, mortal-
ity can occur. Therefore, early and correct diagnosis is of paramount importance. 

While certain patterns may point toward a specific organism, the infectious agent cannot 
always be revealed (1, 2).

Although computed tomography (CT) has the disadvantage of ionizing radiation ex-
posure, it is accepted as the most sensitive test in radiologic evaluation of the lungs. 
However, because pulmonary infections are often encountered in immunocompromised 
patients, it may be necessary to repeat the test for diagnosis and during treatment sur-
veillance (3, 4).

Magnetic resonance imaging (MRI), in which there is no radiation exposure, is rarely 
used for the evaluation of pulmonary parenchyma because of the low proton content of 
the lungs and possible respiratory and cardiac pulsation artifacts (5). However, MRI has 
some advantages over CT, such as the provision of high soft-tissue contrast, the ability to 
better characterize tissue, and the lack of ionizing radiation.

In this study, we investigated the utility of MRI in the diagnosis and surveillance of pul-
monary infections in comparison with CT.
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C H E S T  I M AG I N G
O R I G I N A L  A R T I C L E

PURPOSE 
Pneumonia is an important cause of mortality and morbidity in immunocompromised patients. 
Computed tomography (CT) is the most sensitive imaging modality for the diagnosis and sur-
veillance of these patients. Since CT exposes the patient to ionizing radiation, we investigated 
the utility of magnetic resonance imaging (MRI) in the diagnosis and surveillance of immuno-
compromised patients with pneumonia.

METHODS
The study included 40 immunocompromised patients with pneumonia documented on CT. The 
patients were examined by MRI within 48 hours of CT examination. All images were obtained 
with three different sequences: balanced fast field echo, T1-weighted turbo spin-echo (TSE), and 
T2-weighted TSE. Lung abnormalities were evaluated using CT and MRI.

RESULTS
Infection was determined in 36 patients (90%), while the causative organism remained unknown 
in four patients (10%). In all the patients, the CT findings were consistent with infection, although 
three patients showed no abnormal findings on MRI. CT was superior to MRI in the detection of 
the tree-in-bud nodules, centrilobular nodules, and halo sign (P < 0.001, for all). A significant 
difference was observed between the MRI sequences and CT in terms of the number of detected 
nodules (P < 0.001). The nodule detection rate of MRI significantly increased in proportion to the 
size of the nodule (P < 0.001). All MRI sequences had almost perfect agreement with CT for the 
detection of consolidation (к=0.950, P < 0.001), patchy increased density (к=1, P < 0.001), pleural 
effusion (к=0.870, P < 0.001), pericardial effusion (к=1, P < 0.001), reverse halo sign, (к=1 P < 
0.001), 10–20 mm, nodules (к=0.896, P < 0.001 for CT and B-FFE; к=0.948, P < 0.001 for CT and 
T1- or T2-weighted imaging) 10–20 mm, >20 mm nodules (к=0.844, P < 0.001).

CONCLUSION
Although CT is superior to MRI in the diagnosis of pneumonia in immunocompromised patients, 
MRI is an important imaging modality that can be used, particularly in the follow-up of these pa-
tients, thus decreasing to avoid ionizing radiation exposure. 
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Methods
Patients and clinical assessment

Institutional review board approval was 
obtained for this prospective study, and 
written informed consent was obtained 
from each participant prior to the study.

The study included immunocompro-
mised patients, as determined by positive 
findings on thoracic CT obtained in the ra-
diology department for suspected pulmo-
nary infection, who were followed up in the 
hematology, oncology, infectious diseases, 
nephrology, and bone marrow transplan-
tation clinics. Patients receiving immuno-
suppressive treatment and/or neutropenic 
patients (peripheral blood polymorphonu-
clear leukocyte and band neutrophil value 
<500/mm3) were accepted as immunocom-
promised. Immunocompetent patients and 
children younger than 18 years of age were 
excluded from the study. MRI was performed 
within 48 hours of CT examination. Patients 
were excluded if they could not undergo 
MRI due to the severity of illness or claus-
trophobia (n=15) or if the MRI was nondi-
agnostic, e.g., because of artifacts (n=3). The 
final study cohort consisted of 40 patients: 
31 males (77.5%) and nine females (22.5%), 
with a mean age of 46.3±13.7 years (range, 
18–77 years). The study group comprised 
patients with hematologic malignancy, he-
matopoietic diseases, solid organ tumor, and 
autoimmune disease receiving immunosup-
pressive treatment: 19 patients (47.5%) with 
acute myeloid leukemia (AML), eight pa-
tients (20%) with acute lymphocytic leuke-
mia, four patients (10%) with non-Hodgkin 
lymphoma, two patients (5%) with chronic 
lymphocytic leukemia, two patients (%5) 
with multiple myeloma, one patient (2.5%) 
with paroxysmal nocturnal hemoglobinuria 
(PNH); one patient (2.5%) with myelodys-
plastic syndrome (MDS), one patient (2.5%) 
with idiopathic thrombocytopenic purpura 

(ITP), one patient (2.5%) with systemic lupus 
erythematosus, one patient (2.5%) with na-
sopharyngeal carcinoma. Two patients (one 
with multiple myeloma, the other with ITP) 
underwent autologous hematopoietic stem 
cell transplantation (HSCT) and six patients 
(with AML, PNH, and MDS) underwent al-
logeneic HSCT. The clinical and laboratory 
findings were obtained for all patients. The 
microbiologic and serologic laboratory re-
sults and clinical observations were taken as 
the basis for the identification of the infec-
tion agent. Diagnosis of bacterial infection 
was made by obtaining a culture from the 
sputum or bronchoalveolar lavage (BAL) or 
pleural fluid. Cytomegalovirus (CMV) was di-
agnosed using a positive IgM serology or by 
the detection of CMV DNA with polymerase 
chain reaction in blood. Sample (sputum, 
BAL, pleural fluid) culture, galactomannan, 
and 1,3-beta-D-glucan tests were used for 
the diagnosis of fungal infection. The demo-
graphic and clinical features of the patients 
are shown in Table 1.

Thoracic CT technique
The CT examination was acquired at a 

multidetector CT scanner (Light Speed 16, 
GE Medical systems). Unenhanced images 
were obtained from the level of the hypo-
pharynx to the base of the lungs using the 
following parameters; 120 kVp, 140 mAs, 
pitch 1, collimation of 1–2 mm, average 
scan time of 9 s. Images were formed at slice 
thicknesses of 10 and 1.25 mm. Evaluation 
was performed using a mediastinal (level 
45, range 440) and lung parenchymal win-
dow (level -500, range 2000).

Thoracic MRI technique
MRI was performed within 48 hours of 

the CT examination using a 1.5 Tesla scan-
ner (Philips Gyroscan Intera, Philips Med-
ical Systems). For each patient, MRI was 
performed in the axial and coronal planes 
using T2-weighted balanced fast field echo 
(B-FFE), T1-weighted turbo spin-echo (TSE), 
and T2-weighted TSE sequences. For the T1- 
and T2-weighted TSE sequences, a sensory 
body coil was used (slice thickness, 6 mm; 
gap, 1 mm). The repetition time value was 
in the range of 1700–2200 for T1-weighted, 
3900–4900 for T2-weighted, and 3.1–3.6 for 
B-FFE sequences. The echo time value was 
11 for T1-weighted, 90 for T2-weighted, and 
2 for B-FFE sequences. A matrix of 256×256, 
field of view of 400–455 mm, and flip angle 
of 60–90 were used. The examination times 
were 13–19 s, 3.0–3.9 min, and 1.3–1.9 

min on coronal B-FFE, T1-, and T2-weight-
ed sequences and 11–17 s, 2.4–3.8 min, 
and 1.5–2.2 min on axial B- FFE, T1-, and 
T2-weighted sequences, giving a total of 
31 processes with a mean of 8.6–12.4 min. 
The B-FFE sequences were taken with the 
patient holding his or her breath, while re-
spiratory triggering technique was used in 
the other sequences. No contrast material 
was used.

Image interpretation
The CT and MRI data were evaluated  on 

a picture archiving and communication 
system (PACS). Two radiologists (2 and 
5 years’ experience in thoracic imaging) 
performed the image evaluation on con-
sensus. Both radiologists were blinded 
to all the clinical information. CT and MRI 
data were reviewed separately on differ-
ent days. The images were interpreted 
with respect to the nodules, consolida-
tion, ground glass appearance, patchy in-
creased density, cavity, bronchodilation, 
peribronchial thickening, pericardial fluid 
and thickening, centrilobular nodules, 
tree-in-bud nodules, interlobular septal 
thickening, halo sign, air-crescent sign, 
and reverse halo sign. The nodule diam-
eters were classified into four groups: <5 
mm, 5–10 mm, 10–20 mm, and >20 mm, 
on the thorax CT and/or MRI images. Bac-
terial infection was suggested by the pres-
ence of consolidation and a ground glass 
appearance with pleural fluid on CT. Nod-
ules with a halo sign, air-crescent sign, and 
cavity on CT were assumed to be fungal 
infection. Centrilobular nodules, peribron-
chial thickening, interlobular septal thick-
ening, tree-in-bud nodules, and a ground 
glass appearance were assumed to be viral 
infection based on the CT findings.

Statistical analysis
Statistical analyses were performed with 

a commercially available software pack-
age (Statistical Package for Social Sciences, 
Version 15.0, SPSS Inc.). In the comparison 
of the qualitative data, the Fisher-Free-
man-Halton test was used, and a value of 
P < 0.05 was accepted as statistically sig-
nificant. To determine the degree of agree-
ment between the CT and MRI sequences, 
Cohen’s Kappa coefficients were calculat-
ed. A Kappa coefficient value of <0.00 was 
accepted as poor agreement, 0.00–0.20 as 
slight, 0.21–0.40 as fair, 0.41–0.60 as moder-
ate, 0.61–0.80 as substantial, and 0.81–1.00 
as almost perfect agreement (6).

Main points

•	 In this study, we found no significant 
difference between MRI and CT in the 
demonstration of most parenchymal and 
pleural findings in immunocompromised 
patients with pneumonia.

•	 Use of MRI instead of CT can prevent 
repetitive radiation exposure, particularly in 
surveillance of immunocompromised young 
patients with pneumonia.

•	 MRI can be an alternative to CT in diagnosis 
of pulmonary infection in selected patients.

http://europepmc.org/abstract/MED/10523796/?whatizit_url_go_term=http://www.ebi.ac.uk/ego/GTerm?id=GO:0005623


Results
Of the 40 patients, fungal infection was 

determined in 19 (47.5%), bacterial infec-
tion in 10 (25%), and cytomegalovirus in-
fection in seven (17.5%) patients; in four 
patients (10%), the pathogenic agent could 
not be determined. While the findings of 
infection were seen in CT images of all the 
cases, MRI was normal in three cases (the 
rate of positive findings on MRI was 92.5%). 
Of the three patients in which positive find-
ings were not observed on MRI, one nodule 
of <5 mm was detected on CT in one pa-
tient; four nodules of <5 mm and one nod-
ule of 5–10 mm were detected in another 
patient; and seven nodules of <5 mm, one 
nodule of 5–10 mm, centrilobular nodules, 
a cavity of 7 mm diameter, and tree-in-bud 
nodules were detected on CT in the third 
patient (Figs. 1 and 2).

CT was determined to be superior to 
MRI in showing the tree-in-bud nodules (P 
< 0.001), centrilobular nodules (P < 0.001), 
and halo sign (P = 0.001) (Table 2, Fig. 3). 
No statistically significant difference was 
determined between CT and MRI in the 
demonstration of consolidation, a ground 
glass appearance, patchy increased den-
sity, cavity, bronchodilation, peribronchial 
thickening, interlobular septal thickening, 
pericardial effusion, pleural thickening, 
air-crescent sign, and reverse halo sign 
(Table 2). In three patients, minimal pleural 
effusion was observed on MRI but not on 
CT, although this difference was not statis-
tically significant (P = 0.902) (Fig. 4). Of the 
337 total nodules determined in 40 patients 
on CT, 170 (51%) could be determined on 
T2-weighted TSE, 158 (47%) on T1-weight-
ed TSE, and 104 (31%) on B-FFE. On the MRI 
sequences, most nodules were determined 
on the T2W-TSE sequences. A statistically 
significant difference was found between 
MRI and CT with respect to the number of 
nodules determined (P < 0.001). As the nod-
ule size increased, so did the rate of nodule 
determination on MRI (P < 0.001). 

All MRI sequences had slight agreement 
with CT for the detection of tree-in-bud 
nodules (к=0.178, P = 0.048) and centrilob-
ular nodules (к=0.113, P = 0.122). All MRI 
sequences had fair agreement with CT for 
nodules smaller than 5 mm in diameter. The 
B-FFE sequence had fair agreement with 
CT for the detection of halo and air-cres-
cent signs. The agreement between the 
CT and MRI sequences for the detection of 
lung abnormalities are shown in Table 3. No 
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Table 1. Demographic and clinical features of patients

Patient No	 Age (years)	 Sex	 Primary disease	 Infectious agent

1	 58	 M	 AML	 Aspergillus

2	 38	 M	 NHL	 Aspergillus

3	 40	 M	 AML	 -

4	 66	 F	 AML	 Staphylococcus aureus

5	 48	 M	 ITP, autologous HSCT	 Staphylococcus aureus

6	 54	 M	 AML	 Aspergillus

7	 58	 M	 NHL	 Aspergillus

8	 48	 M	 SLE	 Aspergillus

9	 66	 M	 CLL	 Aspergillus

10	 47	 M	 MM, autologous HSCT 	 Aspergillus

11	 48	 M	 AML, allogeneic HSCT	 Candida albicans

12	 35	 F	 AML, allogeneic HSCT	 CMV

13	 36	 M	 PNH, allogeneic HSCT	 Aspergillus

14	 64	 M	 AML	 Aspergillus

15	 50	 M	 Nasopharyngeal carcinoma	 Staphylococcus aureus

16	 27	 M	 ALL	 Aspergillus

17	 58	 F	 ALL	 Aspergillus

18	 62	 M	 ALL	 Stenotrophomonas maltophilia

19	 18	 M	 ALL	 -

20	 32	 M	 ALL	 Aspergillus

21	 31	 M	 ALL	 -

22	 32	 M	 AML	 Acinetobacter baumani

23	 34	 M	 AML	 Aspergillus

24	 44	 F	 AML, allogeneic HSCT	 CMV

25	 53	 F	 AML	 CMV

26	 30	 M	 AML, allogeneic HSCT	 Aspergillus

27	 35	 M	 AML	 Aspergillus

28	 52	 M	 ALL	 Klebsiella oksitoca

29	 32	 F	 AML	 Aspergillus

30	 54	 M	 ALL	 Acinetobacter baumannii

31	 44	 M	 MDS, allogeneic HSCT	 CMV

32	 77	 F	 NHL	 CMV

33	 54	 M	 AML	 CMV

34	 18	 M	 AML, allogeneic HSCT	 CMV

35	 69	 M	 NHL	 Aspergillus

36	 52	 M	 MM, autologous HSCT	 Escherichia coli

37	 42	 F	 AML	 Klebsiella pneumoniae

38	 43	 M	 AML, allogeneic HSCT	 -

39	 54	 M	 CLL	 Nocardia asteroides

40	 50	 F	 AML	 Aspergillus

M, male; F, female; AML, acute myeloid leukemia; NHL, non-Hodgkin lymphoma; ITP, idiopathic thrombocytopenic 
purpura; HSCT, hematopoietic stem cell transplantation; SLE, systemic lupus erythematosus; CLL, chronic lymphocytic 
leukemia; MM, multiple myeloma; PNH, paroxysmal nocturnal hemoglobinuria; ALL, acute lymphocytic leukemia; MDS, 
myelodysplastic syndrome; CMV, cytomegalovirus.
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kappa coefficient statistics were computed 
because the interlobular septal thickening 
was a constant in all MRI sequences.

Discussion
This study demonstrated that there was 

no significant difference between CT and 
MRI in the assessment of most parenchymal 
and pleural findings. Compared with other 
MRI sequences, better results were provid-
ed by T2-weighted TSE sequences in the 
evaluation of parenchymal nodules.

The first, most basic, and freely available 
radiologic examination method for the 
lungs is thoracic radiography. The devel-
opment of CT and then spiral and multi-
detector CT, which give much more useful 
information than pulmonary radiography, 

has enabled the rapid examination of a 
high-quality image of the thorax within the 
duration of a single breath-hold (5). CT is 
often used in the imaging of the lungs and 
provides valuable data for clinical diagno-
sis, but the penalty of ionizing radiation 
and its potential mutagenic effect are of 
concern (7). In particular, in young patients 
who require frequent follow-up and who 
may need to undergo multiple CT scans, 
which can result in a high cumulative dose 
of radiation (3, 4). It has been reported that 
a CT examination of approximately 10 mSv 
is associated with a 1/2000 possibility of fa-
tal cancer development during the lifetime 
of a patient (8). Therefore, when selecting 
an examination method, if there are other 
methods that can provide the same infor-

mation without using ionizing radiation, 
those should be selected. Thoracic CT doses 
were approximately 5 mSv in our study.

In the past, MRI was not accepted as an 
effective method of pulmonary evaluation 
because of low proton density, susceptibil-
ity artifacts due to the air-tissue interfaces, 
low signal intensity, respiratory and cardiac 
pulsation artifacts, and weak resolution (9). 
In addition, the longer duration of MRI ap-
plication severely restricted its use. Current 
navigation techniques, which compensate 
for moving artifacts, and the development 
of sequences aimed at minimizing the neg-
ative effects of respiratory movements by 
providing the acquisition of rapid images 
have significantly increased image quali-
ty in pulmonary evaluation and relatively 
shortened the test duration. Thus, MRI eval-
uation of the pulmonary parenchyma has 
reached a level comparable to that of CT 
(10). Among patients who have hematolog-
ic malignancies and have undergone che-
motherapy, fungal and bacterial infection 
of the lung is a frequent serious pulmonary 
complication in those who are immuno-
compromised. In particular, fungal infec-
tion of the lung often has a rapid and fatal 
course. An early and accurate diagnosis of 
infection is important to improve patient 
survival. MRI can be used for the diagnosis 
of pulmonary infection that has high mor-
tality and needs fast treatment and would 
be particularly useful in case of delayed 
sample culture or impossible conditions of 
tissue sampling for culture such as hypox-
emia or thrombocytopenia. 

The CT findings of pulmonary infections 
in immunocompromised patients have 
been described in the literature (11). In 
many studies of pulmonary infections in 
immunocompromised patients performed 
with various MRI sequences, the find-
ings on CT and MRI have been compared. 
The most frequently used sequences are 
T2-weighted half Fourier single-shot turbo 
spin-echo (HASTE) (12–14), the T2-weight-
ed ultrashort spin-echo (SE) sequence (15), 
and the T2- and T1-weighted turbo spin-
echo (TSE) sequences (16). However, few 
studies have compared different MRI se-
quences (16). Previous studies have shown 
a significant reduction in signal loss and 
artifact movement in the T2-weighted TSE 
sequence compared with the T1-weighted 
SE sequence (17, 18).

In the present study, the rapid-gradient 
echo sequence B-FFE was used to com-
pensate for the short T2* duration of the 

Figure 2. The numbers of nodules detected on MRI sequences and CT according to nodule size. BFFE, 
balanced fast field echo; T1W, T1-weighted; T2W, T2-weighted; CT, computed tomography.

Figure 1. a–d. A 31-year-old man with ALL. Infectious agent could not be found. CT image (a) shows 7 mm 
diameter cavity (arrow). Cavity cannot be seen on B-FFE (b), T1-weighted (c), or T2-weighted (d) images.

c

a

d

b



lungs, and T1- and T2-weighted TSE se-
quences were used as they provide high 
image contrast and are used in routine MRI 
examinations. On B-FFE sequences, the 
goal is to reduce respiratory artifacts to a 
minimum via the holding of the breath in 
cooperative patients. Because the test du-

ration is longer for T1- and T2-weighted TSE 
sequences, the respiratory triggering tech-
nique was used. In the current study, we 
attempted to show the consolidation and 
ground glass appearance seen on CT by 
identifying consolidation and lobar and, in 
some patients, segmental anatomic local-

ization on MRI. In a study by Leutner et al. 
(15) of 16 immunocompromised patients 
with CT slices taken at 8 mm, the number 
and morphology of pulmonary lesions as-
sociated with pneumonia shown on CT 
and MRI (1.5 T, T2-weighted ultrashort SE) 
were similar in 75% of patients. In the de-
termination of consolidation and a ground 
glass appearance, both tests gave similar 
results. In a study by Eibel et al. (13) of 30 
neutropenic patients with CT slices taken at 
1 mm thickness, a diagnosis of pneumonia 
could be reached by MRI (1.5 T, T2-weighted 
HASTE) in 95% of patients. MRI identified all 
nodules >10 mm and 72% of nodules re-
gardless of size. The halo sign was shown at 
a rate of 91% by MRI, and a ground glass ap-
pearance and parenchymal consolidations 
were determined at the same rate in both 
examinations.

Rieger et al. (14) examined 50 neutrope-
nic patients with CT slices taken at 1 mm 
slice thickness, and a pneumonia diagnosis 
was made in 91% of patients with MRI (1.5 T, 
T2-weighted HASTE). In the determination 
of nodules and the halo sign, in addition to 
consolidation and a ground glass appear-
ance, both tests were seen to give the same 
results. However, no information was given 
about the size of the pulmonary nodules. 
In a study by Attenberger et al. (18), pul-
monary abnormalities were detected with 
a sensitivity of 82.3%, specificity of 78.6%, 
and an overall accuracy of 88% in neutro-
penic patients with AML using 3.0 T MRI. In 
another study performed with 3.0 T MRI, 
pulmonary lesions were detected with a 
high accuracy compared with MDCT in pa-
tients with invasive fungal infection (20). In 
the current study, CT slices were taken at a 
thickness of 1.25 mm, and evaluations were 
performed using three separate MRI se-
quences. For all the MRI sequences, pulmo-
nary abnormality was determined at a rate 
of 92.5%, and this rate was consistent with 
many studies in the literature. A ground 
glass appearance and parenchymal consol-
idations were determined at the same rate 
in both examinations, which was also con-
sistent with the literature. In the evaluation 
of pulmonary nodules, the results taken 
with T2-weighted TSE were better, and 86% 
of nodules >10 mm were shown with the 
T2-weighted TSE sequence. Regardless of 
size, 51% of nodules could be determined 
on T2-weighted TSE, 47% on T1-weighted 
TSE, and 31% on B-FFE.

In the current study, the halo sign could be 
seen at a rate of 88.5% on T2-weighted TSE, 
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Figure 3. a–d. A 31-year-old man with AML and invasive pulmonary aspergillosis. CT image (a) shows 
centrilobular nodules (arrow). There is no finding on B-FFE (b), T1-weighted (c), or T2-weighted (d) images.

c

a

d

b

Table 2. Rate of lesion detection for CT and MRI

	 B-FFE	 T1W	 T2W	 CT	 P

Consolidation	 18/40 (45)	 18/40 (45)	 18/40 (45)	 19/40 (47.5)	 1.000

Ground glass appearance	 7/40 (17.5)	 9/40 (22.5)	 9/40 (22.5)	 14/40 (35)	 0.324

Patchy increased density	 3/40 (7.5)	 3/40 (7.5)	 3/40 (7.5)	 3/40 (7.5)	 1.000

Cavity	 4/40 (10)	 4/40 (10)	 4/40 (10)	 6/40 (15)	 0.921

Bronchodilation	 2/40 (5)	 3/40 (7.5)	 3/40 (7.5)	 4/40 (10)	 0.975

Peribronchial thickening	 3/40 (7.5)	 4/40 (10)	 3/40 (7.5)	 5/40 (12.5)	 0.933

Interlobular septal thickening	 0/40 (0)	 0/40 (0)	 0/40 (0)	 1/40 (2.5)	 1.000

Pericardial effusion	 3/40 (7.5)	 3/40 (7.5)	 3/40 (7.5)	 3/40 (7.5)	 1.000

Pleural thickening	 2/40 (5)	 2/40 (5)	 2/40 (5)	 3/40 (7.5)	 1.000

Air-crescent sign	 1/40 (2.5)	 3/40 (7.5)	 3/40 (7.5)	 4/40 (10)	 0.690

Reverse halo sign	 1/40 (2.5)	 1/40 (2.5)	 1/40 (2.5)	 1/40 (2.5)	 1.000

Pleural effusion	 17/40 (42.5)	 17/40 (42.5)	 17/40 (42.5)	 14/40 (35)	 0.902

Tree-in-bud nodules	 2/40 (5)	 2/40 (5)	 2/40 (5)	 14/40 (35)	 <0.001

Centrilobular nodules	 1/40 (2.5)	 1/40 (2.5)	 1/40 (2.5)	 12/40 (30)	 <0.001

Halo sign	 7/40 (17.5)	 20/40 (50)	 23/40 (57.5)	 26/40 (65)	 0.001

Data are presented as n/N (%).

CT, computed tomography; MRI, magnetic resonance imaging; B-FFE, balanced fast field echo; T1W, T1-weighted imag-
ing; T2W, T2-weighted imaging.
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at 76.9% on T1-weighted TSE, and at 26.9% 
on B-FFE. No study could be found in the 
literature that compared the two tests with 

respect to centrilobular nodules and tree-
in-bud nodules. In the current study, 14% of 
tree-in-bud nodules and 8% of centrilobular 

nodules were seen on MRI. The difference 
between CT and MRI in the demonstration 
of these findings was statistically significant. 
In a study by Kersjes et al. (17), the determi-
nation of metastatic nodules in 23 patients 
was compared between CT and MRI (1.5 T, 
T2-weighted TSE, slice thickness 5 mm). Of 
all the nodules, 84% could be determined 
with the T2-weighted TSE sequence. Nod-
ules <5 mm were determined at a rate of 
36% by MRI, 5–10 mm at 83%, 10–15 mm 
at 92%, and >15 mm at 100%. Of the nod-
ules determined on CT in the current study, 
51% could be seen on T2-weighted TSE, 47% 
on T1-weighted TSE, and 31% on B-FFE. On 
T2-weighted TSE, nodules <5 mm were de-
termined at 14%, 5–10 mm at 85%, 10–20 
mm at 85%, and >20 mm at 100%.

Because MRI is a fluid-suppressing ex-
amination, there is increased value in the 
demonstration of changes, such as consol-
idation and pleural fluid, which are basic 
pathologic processes in pulmonary infec-
tions (21). In the current study, pleural fluid 
was observed in 14 patients on CT and in 
17 patients on MRI sequences. In three pa-
tients in which fluid was not observed on 
CT, minimal fluid was seen on MRI, but this 
difference was not statistically significant.

This study had certain limitations. Al-
though the number of cases in the study 
group was good in comparison with the 
literature, it was not sufficient for the cal-
culation of true positive and negative pre-
dictive values. The primary factor limiting 
the number of cases was patient inability 
to tolerate MRI on the basis of the severity 
of their illness. Another limitation is that 
the MRI sequence was performed without 
intravenous administration of contrast me-
dium. Therefore, differentiation of active 
inflammation from fibrosis and detection 
of smaller lung nodules were not explored.

In conclusion, the results of this study 
showed no significant difference between 
MRI and CT in the demonstration of most 
parenchymal and pleural findings. CT was 
superior to MRI in the visualization of the 
tree-in-bud nodules, centrilobular nodules, 
and the halo sign. In the evaluation of pa-
renchymal nodules, the best results were 
obtained with T2-weighted TSE, and the 
worst results were obtained with B-FFE. 
Therefore, in the evaluation of nodules, 
the T2-weighted TSE sequence should be 
selected. The majority of nodules >10 mm 
can be seen on MRI, but MRI is not suffi-
cient to show nodules <5 mm. Slice thick-

Figure 4. a–d. A 38-year-old man with Burkitt lymphoma and invasive pulmonary aspergillosis. CT image (a) 
shows cavitating nodule (arrow) in the left upper lobe and left pleural effusion. B-FFE (b), T1-weighted (c), 
and T2-weighted (d) images show a nodule (arrow) and the pleural effusion. The cavity in the nodule is not 
seen on MRI.

c

a

d

b

Table 3. Agreement between CT and MRI sequences for the detection of lung abnormalities

	 CT and B-FFE	 CT and T1W	 CT and T2W

Consolidation	 к=0.950, P < 0.001	 к=0.950, P < 0.001	 к=0.950, P < 0.001

Patchy increased density	 к=1, P < 0.001	 к=1, P < 0.001	 к=1, P < 0.001

Ground glass opacity	 к=0.565, P < 0.001	 к=0.701, P < 0.001	 к=0.701, P < 0.001

Cavity	 к=0.773, P < 0.001	 к=0.773, P < 0.001	 к=0.773, P < 0.001

Tree-in-bud nodules	 к=0.178, P = 0.048	 к=0.178, P = 0.048	 к=0.178, P = 0.048

Centrilobular nodules	 к=0.113, P = 0.122	 к=0.113, P = 0.122	 к=0.113, P = 0.122

Bronchodilation	 к=0.643, P < 0.001	 к=0.844, P < 0.001	 к=0.844, P < 0.001

Peribronchial thickening	 к=0.724, P < 0.001	 к=0.875, P < 0.001	 к=0.724, P < 0.001

Pleural effusion	 к=0.870, P < 0.001	 к=0.870, P < 0.001	 к=0.870, P < 0.001

Pleural thickening	 к=0.787, P < 0.001	 к=0.787, P < 0.001	 к=0.787, P < 0.001

Pericardial effusion	 к=1, P < 0.001	 к=1, P < 0.001	 к=1, P < 0.001

Halo sign	 к=0.318, P = 0.006	 к=0.808, P < 0.001	 к=0.875, P < 0.001

Air-crescent sign	 к=0.375, P = 0.002	 к=0.643, P < 0.001	 к=0.643, P < 0.001

Reverse halo sign	 к=1, P < 0.001	 к=1, P < 0.001	 к=1, P < 0.001

Total nodule	 к=0.522, P < 0.001	 к=0.662, P < 0.001	 к=0.662, P < 0.001

Nodule <5 mm	 к=0.226, P = 0.024	 к=0.261, P = 0.014	 к=0.297, P = 0.008

Nodule 5–10 mm	 к=0.744, P < 0.001	 к=0.787, P < 0.001	 к=0.787, P < 0.001

Nodule 10–20 mm	 к=0.896, P < 0.001	 к=0.948, P < 0.001	 к=0.948, P < 0.001

Nodule >20 mm	 к=0.844, P < 0.001	 к=0.844, P < 0.001	 к=0.844, P < 0.001

CT, computed tomography; MRI, magnetic resonance imaging; B-FFE, balanced fast field echo; T1W, T1-weighted imag-
ing; T2W, T2-weighted imaging.



ness, which is thinner for CT than for MRI, 
is an important factor affecting the ability 
to determine lesions. In young patients in 
which continuous imaging is performed for 
the evaluation of the response to treatment 
or the progression of disease, MRI may 
be an alternative modality to CT. MRI can 
make a diagnosis of pneumonia requiring 
antimicrobial or expensive systemic anti-
fungal treatment. Therefore, it can reduce 
costs and provide an accurate treatment 
decision. The use of MRI instead of CT can 
prevent repetitive radiation exposure, es-
pecially in the surveillance of immunocom-
promised young patients with pneumonia. 
More extensive studies are required with 
patients with different pulmonary patholo-
gies to improve the image quality and stan-
dardize the acquisition protocol.
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