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The purpose of this study was to evaluate integrated 18F-FDG
PET/CT in patients with idiopathic pulmonary fibrosis (IPF) and
diffuse parenchymal lung disease (DPLD). Methods: Thirty-six
consecutive patients (31 men and 5 women; mean age 6 SD,
68.7 6 9.4 y) with IPF (n 5 18) or other forms of DPLD (n 5 18)
were recruited for PET/CT and high-resolution CT (HRCT), ac-
quired on the same instrument. The maximal pulmonary 18F-
FDG metabolism was measured as a standardized uptake value
(SUVmax). At this site, the predominant lung parenchyma HRCT
pattern was defined for each patient: ground-glass or reticula-
tion/honeycombing. Patients underwent a global health assess-
ment and pulmonary function tests. Results: Raised pulmonary
18F-FDG metabolism in 36 of 36 patients was observed. The pa-
renchymal pattern on HRCT at the site of maximal 18F-FDG me-
tabolism was predominantly ground-glass (7/36), reticulation/
honeycombing (26/36), and mixed (3/36). The mean SUVmax in
patients with ground-glass and mixed patterns was 2.0 6

0.4, and in reticulation/honeycombing it was 3.0 6 1.0 (Mann–
Whitney U test, P 5 0.007). The mean SUVmax in patients with
IPF was 2.9 6 1.1, and in other DPLD it was 2.7 6 0.9 (Mann–
Whitney U test, P 5 0.862). The mean mediastinal lymph node
SUVmax (2.7 6 1.3) correlated with pulmonary SUVmax (r 5

0.63, P , 0.001). Pulmonary 18F-FDG uptake correlated with
the global health score (r 5 0.50, P 5 0.004), forced vital capacity
(r 5 0.41, P 5 0.014), and transfer factor (r 5 0.37, P 5 0.042).
Conclusion: Increased pulmonary 18F-FDG metabolism in all
patients with IPF and other forms of DPLD was observed. Pulmo-
nary 18F-FDG uptake predicts measurements of health and lung
physiology in these patients. 18F-FDG metabolism was higher
when the site of maximal uptake corresponded to areas of retic-
ulation/honeycomb on HRCT than to those with ground-glass
patterns.
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Diffuse parenchymal lung disease (DPLD) has a major
clinical impact on those affected. Prognosis is variable; pa-
tients with idiopathic pulmonary fibrosis (IPF) have pro-
gressive dyspnea and a median survival of just 36 mo. DPLD
covers a wide spectrum of disease, and currently diagnosis
is based on a combination of clinical, physiologic, radio-
logic, and, if necessary, histopathologic criteria. Despite
advances in medical therapy and technology, the prognosis
in IPF remains stubbornly poor, and the need for progress
and new approaches is acute. The lack of progress reflects
the poorly understood etiology and pathogenesis of DPLD
and IPF (1–6).

High-resolution CT (HRCT) is the current imaging
reference standard in the investigation of patients with
DPLD, revealing structural detail of the entire lung paren-
chyma that corresponds to pathologic specimens. The
pattern and distribution of parenchymal abnormalities on
HRCT provide insight into the underlying histology. In-
deed, characteristic HRCT features have been so successful
at predicting the histology in IPF (positive predictive value,
96% (7)) that current guidelines do not recommend lung
biopsy, except in a few atypical cases (1). However, HRCT
is a purely structural imaging technique on which only
indirect inferences regarding metabolism can be made. PET
offers the ability to noninvasively investigate cellular me-
tabolism in vivo. PET studies on animals and in vitro have
yielded some insights into the biology of DPLD (8–10).
Recent technologic advances have led to the integration of
PET with CT, allowing molecular imaging to be combined
with the fine structural detail of CT. PET/CT has pro-
foundly affected the management of cancer (11); however,
to date PET/CT has not been applied to IPF and DPLD.

Here, we describe the first, to our knowledge, prospective
study of combined 18F-FDG PET/CT evaluation in IPF and
other forms of DPLD. In addition, we sequentially per-
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formed HRCT on the same PET/CT instrument to gain in
vivo insight on lung parenchyma changes at sites of
abnormal pulmonary metabolism.

MATERIALS AND METHODS

Patients
Institutional Review Board permission and informed patient

consent were obtained for this prospective study. Over 15 mo, 36
consecutive patients (31 men, 5 women; mean age 6 SD, 68.7 6

9.4 y) with diagnosed DPLD were recruited. All patients were
diagnosed after clinical assessment, pulmonary function tests
(PFTs), expert HRCT evaluation, and a minimum of 3 mo of
follow-up after the PET/CT study. Diagnostic criteria and patient
management strictly adhered to the recommendations of the
American Thoracic Society/European Respiratory Society Inter-
national Multidisciplinary Consensus Classification of the Idio-
pathic Interstitial Pneumonias (1). Patients with IPF were defined
as those with a usual interstitial pneumonia (UIP) HRCT pattern
and had no associated cause for their interstitial pulmonary
disease, such as collagen vascular disease, chemo- or radiotherapy,
dust exposures, and others. If patients did not meet these criteria,
they were grouped together as other forms of DPLDs. In keeping
with the guidelines (1), biopsies were performed only when there
were atypical findings resulting in a doubt in diagnosis.

Of the 36 study patients, 18 had IPF (16 men, 2 women; mean
age, 70.9 6 7.7 y); a clinical profile is summarized in Table 1. In
1 of these IPF patients, a lung biopsy was required to confirm the
diagnosis of UIP. The remaining 18 patients had other forms of
DPLD (15 men, 3 women; mean age, 66.6 6 10.7 y); the clinical
profile is summarized in Table 2. Biopsy was performed in 3 of
these 18 patients, showing nonspecific pneumonitis in 2 and
cryptogenic organizing pneumonia in 1 patient.

To make a semiquantitative assessment of patient health, the
general health score (a scale of 1–5; lower scores equate to better
health) used in the St. Georges Quality of Life Questionnaire (12)
was applied at the time of the PET/CT study.

Imaging
All patients fasted for 6 h. Images were acquired 1 h after an

injection of 18F-FDG (200 MBq) on a dedicated combined PET/
64-detector CT scanner (GE Healthcare Technology). In total, 3
sequential images of the thorax were obtained while the patient
remained supine on the table throughout the procedure. First, a
(attenuation-correction) CT was performed using 64 · 3.75 mm
detectors, a pitch of 1.5, and a 5-mm collimation (140 kVp and
80 mA in 0.8 s). The patient’s position was maintained while a
whole-body 18F-FDG PET emission scan was acquired, covering
an area identical to that covered by the CT. All images were
acquired in 2-dimensional mode (8 min/bed position). Transaxial
emission images of 3.27-mm thickness (pixel size, 3.9 mm) were
reconstructed using ordered-subsets expectation maximization
with 2 iterations and 28 subsets. The axial field of view was
148.75 mm, resulting in 47 slices per bed position. Next, a deep
inspiratory HRCT was performed while maintaining the patient’s
position, using 64 · 1.25 mm detectors, a pitch of 0.53, and a
1.25-mm collimation (120 kVp and 100 mAs).

Image Analysis
PET/CT images were reviewed by 2 combined radiologist/

nuclear medicine physicians in consensus. One of these readers
had a specialist interest in cardiothoracic PET/CT (.5 y). PET/CT
images were loaded onto a Xeleris workstation (GE Healthcare
Technology). Both attenuation- and non–attenuation-corrected
images were reviewed visually (Fig. 1) using similar methodology
previously described (13) to ensure that areas of higher-density
lung were not inducing attenuation-correction artifacts. The area

TABLE 1. Clinical Profile of Study Patients with IPF

Patient no. Smoker TLC* FEV1 TLCO HRCT Treated Comorbidity SUVmax

1 X 71 68 65 UIP N None 3.2

2 X 75 68 38 UIP N COPD 1.5
3 X 57 74 42 UIP N None 3.2

4 N 58 94 59 UIP N Cardiac 2

5 X 69 92 56 UIP N None 1.8

6 X 72 40 51 UIP N None 2.2
7 X 59 74 49 UIP N None 2

8 Y 60 84 49 UIP N None 2.2

9 N 43 50 29 UIP N None 2
10 X 70 80 59 UIP N None 2.9

11 X — 78 — UIP N None 5.4

12 X 50 71 35 UIP N None 4.4

13 N — 48 — UIP N None 4.9
14 X — 97 62 UIP N COPD 1.9

15 N 89 89 42 UIP N None 2.4

16 X 70 76 51 UIP N None 2.8

17 N 73 75 75 UIP N Cardiac 1.9
18 X 63 26 34 UIP N None 3.6

*PFTs are percentage predicted.

X 5 ex-smoker; N 5 no; Y 5 yes; TLC 5 total lung capacity.

These patients had typical clinical and physiologic data of IPF, including exclusion of other causes of DLPD such as connective tissue

disease, medication, radiotherapy, and dust exposures, and typical UIP appearances on HRCT were observed (1). Findings in 1 patient
were not completely typical, and therefore, for clinical reasons, patient underwent biopsy, which showed UIP.
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of most intense pulmonary 18F-FDG uptake was identified and
measured (maximum standardized uptake value [SUVmax]), and
the HRCT parenchymal pattern in the region was assessed. In
addition, the SUVmax in areas of minimal uptake with normal lung
parenchyma (confirmed on HRCT) was used to determine the
background lung uptake, and in turn the target-to-background
ratio (TBR) was calculated. The predominant distribution of
pulmonary 18F-FDG uptake was classified as diffuse, peripheral,
or central in the transverse plane and as upper or lower zone or
diffuse in the craniocaudal plane. Maximal uptake of 18F-FDG in
mediastinal or hilar lymph nodes was also recorded. To assess
interobserver variability of the pulmonary SUV measurements,
images from the first 10 PET/CT studies were reanalyzed by a
third PET reader.

The HRCT images were reconstructed using soft-tissue and
high-spatial-frequency reconstruction algorithms. The images
were then loaded into a proprietary workstation (A/W CT Work-
station; GE Healthcare) and reviewed by a thoracic radiologist
with a specialist interest in HRCT (.10 y of experience), without
detailed knowledge of the PET images. The radiologist had access
to the full HRCT dataset but was given PET/CT images of only

the sites of interest identified by the PET reporters. The lung
parenchyma in the region of the maximal pulmonary 18F-FDG
uptake was examined for the presence of ground-glass opacity,
reticulation, honeycombing, and architectural distortion or traction
bronchiectasis, and thus the predominant pattern was determined:
ground-glass predominant (14,15), reticulation/honeycombing
predominant (15,16), or mixed (17,18). The pattern and distribu-
tion of abnormalities on the full HRCT dataset were classified into
typical UIP appearances or other (15–18), and the distribution was
classified as diffuse, peripheral, or central in the transverse plane
and as upper or lower zone or diffuse in the craniocaudal plane. In
addition, the HRCT images were used to confirm the presence of
normal parenchyma at the site chosen for measuring background.

Image Registration
PET/CT and HRCT images were aligned on an Advantage

Workstation (GE Healthcare). Because the acquisition protocol
differed for the PET/CT (shallow breathing) versus the HRCT
(deep inhalation breath-hold), direct correspondence was not
always guaranteed. However, areas of 18F-FDG uptake and
parenchymal lung damage were easily identified visually, and

TABLE 2. Clinical Profile of Study Patients with Other Forms of DPLD

Patient no. Smoker TLC* FEV1 TLCO UIP Treated Comorbidity SUVmax

1 X 67 59 27 N N Rheumatoid 5.4
2 X 102 79 55 N N None 2.2

3 X 73 91 64 N Yy Sjögren 2.5

4 X 76 82 53 N N Asbestosis 2.1
5 X 62 57 47 N N Crohn 2.5

6 X 96 95 78 N N Asbestosis 1.9

7 X 68 100 49 N N None 3.4

8 N 55 43 33 N Yy None 2
9 X 55 75 44 N Yz Asbestosis 3.1

10 X 48 78 72 N Y§ Rheumatoid 3.1

11 X 48 72 61 Y Yk Rheumatoid 3.1

12 N — 14 — N N None 2.7
13 X — 76 — N N Rheumatoid 3.3

14 Y — 106 45 Y Y¶ Rheumatoid 3.3

15 X 72 83 N N None 3.4

16 X 69 81 54 N N Cardiac 2.9
17 Y — 38 — N N None 1.9

18 Y 86 71 96 N N Cardiac 2.4

*PFTs are percentage predicted.
y5 mg of prednisolone.
z15 mg of prednisolone.
§Azathioprine.
kMethotrexate.
¶Anti-TNF.

X 5 ex-smoker; N 5 no; Y 5 yes; TLC 5 total lung capacity.

FIGURE 1. (A) Axial attenuation-cor-
rected 18F-FDG PET. Non–attenuation-
corrected 18F-FDG PET (B) and CT (C) of
patient with pulmonary fibrosis. Increased
18F-FDG uptake associated with lung
parenchymal abnormality is similar in ap-
pearance on both corrected and non-
corrected image and therefore is not
artifact induced by attenuation correction.
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alignment was achieved by selecting the slices that achieved best
visual correspondence based on identifiable anatomic landmarks
such as parenchymal pattern and thoracic wall (Figs. 1–5). At the
site of most intense pulmonary 18F-FDG uptake as quantified by
the SUVmax, the thoracic radiologist reported the HRCT findings
as ground-glass, reticulation, or mixed (14–18) as described above.

Statistical Analysis
Interobserver agreement was assessed by Bland–Altman statis-

tics. Normality was assessed using Kolmogorov–Smirnov testing.
Mann–Whitney U tests were performed to compare SUVmax

values between different groups of DPLD patients and to compare
pulmonary SUVmax between patients with different HRCT paren-
chymal patterns. Pearson correlation was used to compare pul-
monary 18F-FDG uptake with pulmonary function tests. Spearman
rank correlation was performed to investigate possible correlation
between pulmonary SUVmax with mediastinal nodal uptake and
global health score. Statistical significance was set at 5%. All
statistical tests were performed using software from GraphPad.

RESULTS

Patient Global Health Score

Thirty-two of 36 patients completed the global health
assessment. The correlation (r) between pulmonary SUVmax

and global health score was 0.50 (P 5 0.004).

Patient Pulmonary Function

The correlation (r) between SUVmax and percentage
predicted forced expiratory volume in 1 s (FEV1) was

0.17 (P 5 0.325). The correlation (r) between pulmonary
SUVmax and percentage predicted forced vital capacity was
0.41 (P 5 0.014). The correlation (r) between pulmonary
SUVmax and percentage predicted diffusion capacity (per-
centage predicted TLCO) was 0.37 (P 5 0.042).

Patterns and Distributions of Pulmonary 18F-FDG
Metabolism and Parenchymal Abnormalities

All (36/36) patients exhibited focal raised pulmonary
18F-FDG metabolism, and the predominant distribution of
raised pulmonary 18F-FDG corresponded to the regional
predominance of lung parenchymal abnormality (Figs. 2–4).
The predominant distribution of both 18F-FDG metabolism
on PET and abnormality on HRCT was basal or peripheral
in 33 of 36 patients, central in 1 of 36 patients, and diffuse
in 2 of 36 patients. The mean SUVmax of normal lung
confirmed on HRCT was 0.7 (the quoted value of Vera et al.
(19) for normal lung SUVmax was 0.6).

18F-FDG Metabolism and Parenchymal Patterns in
Region of Interest of Maximal 18F-FDG Uptake

At the site of most intense pulmonary 18F-FDG uptake,
the mean SUVmax was 2.8 (range, 1.4–5.4), and the mean
TBR was 4.1 (range, 2.2–8.2). At the site of maximal 18F-
FDG metabolism, the corresponding lung parenchyma on
HRCT was ground-glass in 7 of 36 patients, reticulation/
honeycombing in 26 of 36 patients, and mixed in 3 of 36
patients. The mean SUVmax in patients with ground-glass or
mixed predominance was 2.1 6 0.4, and in those with a
reticulation/honeycombing predominance it was 3.0 6 1.0
(Mann–Whitney U test, P 5 0.007). The mean TBR in
patients with a ground-glass or mixed predominance was
3.5 6 0.7, and in those with a reticulation/honeycombing
predominance it was 4.2 6 1.4 (Mann–Whitney U test, P 5

0.403). Interobserver agreement in determining the pulmo-
nary SUVmax was good, with a mean difference of 0 (20.06
to 10.06) (Fig. 5).

Mediastinal Lymph Nodes

The mean SUVmax of the most avid mediastinal or hilar
node was 2.7 6 1.3, and 32 of 36 patients had an SUVmax

greater than 2.0. The patient distribution of the thoracic
18F-FDG maximal lymph node uptake is summarized in
Tables 3 and 4. Significant correlation between pulmonary

FIGURE 2. Coronal fused 18F-FDG PET/CT images of 71-
y-old man with clinical and conventional radiologic features
of IPF. Areas of lung parenchymal abnormality on CT
correspond to areas of raised 18F-FDG on PET: there is
posterolateral distribution, like most cases in this study. CT
component of study has been reconstructed with high-
frequency algorithm and displayed to show maximum lung
parenchymal detail.

FIGURE 3. HRCT and 18F-FDG PET/
CT images from 77-y-old man with
newly diagnosed pulmonary fibrosis
and known connective tissue disease.
Lung biopsy in this patient showed
histology to be nonspecific interstitial
pneumonitis. HRCT image (A) shows
multiple areas of honeycombing, in
keeping with established fibrosis. Fused

18F-FDG PET/CT images (B and C) show that lung parenchymal abnormalities identified on HRCT are associated with increased
18F-FDG uptake on PET (C).
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and mediastinal lymph node SUVmax was observed (r 5

0.63, P , 0.001).

Comparison of 18F-FDG Metabolism Between Patients
with IPF and Those with Other Types of DPLD

The mean SUVmax in patients with IPF was 2.9 6 1.1,
and in those with other DPLD it was 2.7 6 0.9 (Mann–
Whitney U test, P 5 0.862). The mean TBR was 4.4 6 1.4
in patients with typical IPF and 4.3 6 1.5 in other patients
(Mann–Whitney U test, P 5 0.681). The mean normal lung
SUVmax was 0.7 6 0.2 in patients with typical IPF and 0.7
6 0.2 in other patients (Mann–Whitney U test, P 5 0.899).

The mean nodal SUVmax in patients with IPF was 2.5 6

1.4, and in the other DPLD patients the nodal SUVmax was
3.0 6 1.3 (Mann–Whitney U test, P 5 0.268). In patients
with IPF, the correlation (r) between pulmonary SUVmax

and nodal uptake was 0.54 (P 5 0.022), and for other DPLD
patients it was 0.68 (P 5 0.002).

The mean uptake SUVmax of patients with rheumatoid
was significantly higher (3.6 6 1.0) than that of the rest of
the patients, with other forms of non-IPF DPLD (2.6 6 0.5,
Mann–Whitney U test, P 5 0.030).

DISCUSSION

In this prospective study, we presented the first, to our
knowledge, PET/CT description in patients with DPLD. In
addition, we coregistered the images to HRCT images
simultaneously acquired on a PET/64-detector CT instru-
ment. In all the examined patients with DPLD, there were
areas of increased 18F-FDG pulmonary metabolism, greater
than twice background and quoted normal values for lung
(19). The distribution of raised 18F-FDG matched the
distribution of the lung parenchymal abnormality. In ap-
proximately three fourths of the patients, the area of most
intense pulmonary 18F-FDG uptake corresponded to re-
gions of honeycombing on HRCT. Such HRCT findings are
conventionally believed to be associated with irreversible
established fibrotic disease (12,14–17,20); hence, to find
PET evidence of increased glucose transporter-1–mediated
glucose metabolism at these sites is interesting, especially
as these areas showed higher metabolism than did those
that were ground-glass predominant. In addition, all but 4
patients showed increased 18F-FDG in mediastinal nodes,
which implies that there may be an extrapulmonary com-
ponent of disease. There were statistically significant rela-
tionships between pulmonary 18F-FDG uptake and both
lung function and global health score.

In this study, raised pulmonary 18F-FDG metabolism was
associated with ground-glass opacity on HRCT, and ground-
glass shadowing without architectural distortion on HRCT is
associated with inflammation (21). It has been shown that
acute inflammatory cells demonstrate increased 18F-FDG
metabolism in multiple organs including the lung (7,22–
25); thus, raised 18F-FDG metabolism associated with ground-
glass HRCT changes is not unexpected. However, our findings
also indicate that raised pulmonary 18F-FDG metabolism is
associated with reticular/honeycombing changes on HRCT,

FIGURE 4. HRCT (A) and 18F-FDG PET (B) images from
74-y-old man with newly diagnosed IPF. HRCT image (A)
shows typical pattern of usual interstitial pneumonitis. Areas
of most intense 18F-FDG uptake correspond to areas of
parenchymal honeycombing on CT.

FIGURE 5. Interobserver agreement as assessed by
Bland–Altman statistics.

TABLE 3. Maximal Mediastinal Lymph Node 18F-FDG
Uptake Versus Number of Patients with IPF

SUVmax No. of patients

0.0–0.9 3

1.0–1.9 0
2.0–2.9 9

3.0–3.9 4

4.0–4.9 2

5.0 and above 0

TABLE 4. Maximal Mediastinal Lymph Node 18F-FDG
Uptake Versus Number of Patients with Other Forms
of DPLD

SUVmax No. of patients

0.0–0.9 1

1.0–1.9 0
2.0–2.9 8

3.0–3.9 6

4.0–4.9 2

5.0 and above 1
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which are conventionally considered to represent established
pulmonary fibrosis (26). This association raises the question
of whether the morphologic findings of reticulation and
honeycombing on HRCT represent burnt-out inert disease
or are actually the front line in a metabolically active
fibrotic process. It is possible that the raised 18F-FDG
uptake in patients with changes of honeycombing is a
reflection of increased fibroblast metabolism. Fibroblasts
are centrally involved in all the proposed models of the
pathogenesis of pulmonary fibrosis (2–8) and are recog-
nized to express glucose transporter-1 (27–29). Although
the explanation for the raised 18F-FDG at sites of honey-
combing remains unclear, the findings may suggest that
even patients with extensive fibrotic change on HRCT may
still be amenable to pharmacologic manipulation. In fact,
currently multiple therapeutic agents are being developed to
modify fibroblast metabolic response in DPLD (30,31), and
in this context it would be useful to search for possible
biomarkers of disease activity.

In the absence of histologic verification, it is difficult to
speculate on the cellular basis for the raised pulmonary 18F-
FDG uptake in this study. Potential insight, however, can be
gleaned from previous work using 67Ga-citrate in patients with
DPLD. 67Ga-citrate uptake is a known marker of pulmonary
inflammation and is mediated via transferrin receptors in acute
inflammatory cells. 67Ga-citrate has been shown to detect
pulmonary disease in both early and late DPLD (32,33).
Indeed, increased 67Ga-citrate uptake was found in asymp-
tomatic family members in patients with familial forms of
pulmonary fibrosis (34) and has also been shown to predict
pulmonary function (35). Despite demonstrating much poten-
tial, 67Ga-citrate has more recently been shown to be of limited
value in predicting the response to treatment (36). This
limitation may be explained in part by the difficulties in
quantification of conventional g-camera imaging. Thus, the
development of PET techniques may be helpful.

Because 18F-FDG is also considered a marker for in-
flammation, some groups have used PET to investigate
DPLD in animals. Such studies have provided useful
biologic data. For example, there is increasing evidence
that PET could have potential for therapeutic monitoring
(10). Other PET data have indicated possible cellular
mechanisms in DPLD; evidence from 1 study (using 18F-
proline rather than18F-FDG) suggests that polymorphs are
responsible for the increased pulmonary tracer uptake in
silicosis-induced pulmonary fibrosis in rabbits (9). Another
investigation has shown that the 18F-FDG uptake appears to
occur before these cells reach the alveolar space (8). The
increase in 18F-FDG mediastinal lymph node metabolism
revealed in our human study is of note. Some have argued
that cytokines released by activated macrophage evoke
lymphocyte expansion (37); thus, it was interesting that
we found that pulmonary 18F-FDG uptake reflected the
degree of nodal uptake.

Encouraging animal data have been obtained using 18F-
FDG PET in DPLD, but translation to humans has been

found wanting. In humans, PET has been shown to dem-
onstrate pulmonary inflammation in infective pneumonia
(38) and cystic fibrosis (39). Recently, there have been 2
small studies using 18F-FDG PET (without CT) in IPF
(40,41). In 1 study, there was raised pulmonary 18F-FDG in
6 of 7 patients. In 1 patient, changes on PET correlated with
a change in clinical status, supporting the use of PET as a
monitor of disease activity (40). In the other study (41),
18F-FDG uptake was compared in IPF patients and patients
with other forms of interstitial lung disease, and, in keeping
with our findings, no difference was found. This result is
consistent with hypotheses that propose that although the
initial stimulus for the fibrotic process may vary (e.g., IPF
or autoimmunity), there is a final common pathway (2,5,6).
We have shown the added value of using PET/CT over PET
alone (40,41), allowing direct comparison of 18F-FDG
uptake with the structural appearance of the lung paren-
chyma and enabling the confident identification of in-
creased metabolism within mediastinal nodes, a finding
not described before.

Although we found no significant difference in 18F-FDG
pulmonary metabolism between different causes of DPLD,
there was a wide range of pulmonary 18F-FDG metabolism
between patients within the otherwise homogeneous sub-
group of IPF patients (Table 1). Therefore, it is pertinent to
ask whether this variability in uptake values reflects the
degree of pulmonary metabolic disturbance. It would be
relevant to perform prospective clinical follow-up on pa-
tients who underwent PET in a way that has recently been
performed using HRCT (42,43). The fact that 18F-FDG
uptake did correlate with the global health score and
pulmonary physiologic measurements suggests that PET/
CT can discriminate between different degrees of disease
severity.

Study limitations include a diverse study population, a
function of the heterogeneous nature of DPLD that has
made it difficult to investigate. Nonetheless, the IPF 18-
patient subgroup in this study was homogeneous: All
patients in the subgroup had typical clinical, pulmonary
physiology and HRCT appearances of IPF, and all were
untreated (Table 1). Perfect registration between PET and
CT datasets is not always achievable. However, given the
large areas of abnormality and the relative ease of visual
realignment in cases of less than perfect coregistration, the
approach to analysis was sufficiently robust. Although we
imaged 1 h after 18F-FDG administration and obtained a
good signal, the ideal uptake period in DPLD is yet to be
determined. It would have been interesting to have inves-
tigated the histologic implications of the 18F-FDG PET/CT
findings; however, in keeping with current practice guide-
lines (1–3), biopsies were available only in patients in
whom the diagnosis was in doubt. The effect of lung
density on measuring pulmonary uptake needs to be ap-
preciated. Clearly in areas of increased lung density, as
found in the parenchyma, there would be an expected
increase of SUV due to the increase in lung tissue mass.
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From the measured CT values, we were able to estimate the
increase of SUV that would result from the increase in
density. These estimated values were significantly lower
than the measured SUV in the parenchyma (data not
shown). Concerning other pulmonary tissue density–related
errors, such as those caused by attenuation, correction using
measured attenuation should be able to address these.
To confirm this, we visually examined both attenuation-
corrected and non–attenuation-corrected images, and these
images were found to be similar (Fig. 1). In keeping with
the development of new techniques, the best form of image
analysis is yet to be determined; therefore, for complete-
ness, pulmonary TBR and absolute SUVmax measurements
were made.

CONCLUSION

This article describes the first, to our knowledge, study of
the use of 18F-FDG PET/CT for the investigation of DPLD.
In all patients, there was raised pulmonary 18F-FDG
metabolism with a distribution similar to the lung paren-
chymal abnormality on the coregistered CT image. The
findings indicate that increased glucose metabolism is
associated with both the ground-glass and the reticulation/
honeycombing HRCT lung changes in DPLD. The metab-
olism was greater in reticular HRCT parenchymal changes
than in the ground-glass changes. There was no demon-
strable difference in 18F-FDG metabolism between patients
with IPF and other forms of DPLD. The pulmonary uptake
of 18F-FDG on PET significantly correlated with global
health score and pulmonary physiologic measurements.
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