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ABSTRACT
Objective. The aim of this study was 
to evaluate the value of fully integrated 
[18F]-FDG PET/MRI in the assess-
ment of retroperitoneal fibrosis with re-
gard to disease activity, extent and vas-
cular involvement compared to clinical 
and laboratory parameters.
Methods. Seventeen [18F]-FDG PET/
MRI examinations were performed in 
fourteen patients. Qualitative (visual 
4-point scale) and quantitative PET 
parameters (maximum standardised up-
take value, SUVmax; target-background 
ratio, TBR) as well as RF thickness and 
volume were correlated to clinical and 
inflammatory parameters and compared 
between therapy-naïve patients and pa-
tients under immunosuppression. Evi-
dence for associated large-vessel vascu-
litis was examined. Magnetic resonance 
angiography (MRA) was performed to 
detect aneurysms or stenoses. 
Results. Clinical parameters, C-reactive 
protein (CRP) and erythrocyte sedi-
mentation rate (ESR) only incompletely 
displayed inflammatory activity and did 
not correlate with PET/MRI parameters. 
In 29% (4/17) resp. 50% (8/16) of PET/
MRI examinations active disease was 
detected although CRP resp. ESR were 
in the normal range. SUVmax, TBR and 
volume of the retroperitoneal mass dif-
fered significantly between therapy-na-
ïve patients and patients under therapy 
(SUVmax p=0.004, TBR p=0.015, vol-
ume p=0.015), whereas thickness of the 
retroperitoneal mass did not (p=0.406). 
Large-vessel vasculitis was detected in 
21% (3/14) and aortic aneurysms in 14% 
(2/14) of patients. Vasculitis occurred 
apart from the site of RF in two patients.
Conclusion. Whole body hybrid [18F]-
FDG-PET/MRI is superior to clinical 
and inflammatory parameters in dis-

ease activity assessment of RF. There 
may be substantial disease activity de-
spite inflammatory parameters in the 
normal range. Associated large-vessel 
vasculitis and aneurysms may occur 
apart from the site of RF.

Introduction
Retroperitoneal fibrosis (RF) is char-
acterised by the accumulation of fi-
broinflammatory tissue in the retro-
peritoneum, potentially leading to 
serious complications such as ureteral 
obstruction, hydronephrosis, renal fail-
ure and obstruction of large vessels (1). 
Approximately two thirds of cases are 
idiopathic, whereas about one third is 
associated to drugs, malignomas or to 
various autoimmune diseases (2). Re-
cently, RF has been identified as an 
IgG4-associated disease in a subset of 
patients (3). RF may present outside 
the retroperitoneum, for example in the 
mediastinum, or, in the case of IgG4 
associated disease, in internal organs, 
lymph nodes or in the orbitae (4-6). 
There also is evidence of associated 
large-vessel vasculitis (LVV), poten-
tially causing life-threatening conse-
quences such as vessel stenosis and 
aneurysms (7-9).
Recently, [18F]-fluorodeoxyglucose 
([18F]-FDG) positron emission tomog-
raphy (PET) has emerged as a new ap-
proach in the assessment of RF (10). 
Although most of the reported experi-
ence is retrospective and restricted to 
small patient numbers, there is growing 
evidence that [18F]-FDG PET might 
be useful not only in the diagnosis of 
RF, but also in estimating the metabol-
ic activity during the course of therapy 
(11, 12). [18F]-FDG PET is commonly 
performed in combination with CT as 
a hybrid PET/CT examination. How-
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ever, PET/CT may be associated with 
substantial radiation exposure, in par-
ticular due to CT. Therefore, although 
CT has been evaluated in retroperito-
neal fibrosis (13), CT is conducted as a 
low-dose examination in most instanc-
es, which in turn is not appropriate for 
diagnostic purposes. In contrast, MRI 
is superior to CT in matters of soft tis-
sue contrast and offers the advantage of 
a radiation free examination (14-18). 
Fully integrated [18F]-FDG PET/MRI 
allows the conduction of [18F]-FDG/
PET and MRI in a one-stop-shop pro-
cedure at the same time without chang-
ing the patient’s position. This allows 
the precise assignment of PET signals 
to MRI data, precisely depicting the 
activity and extent of aortic and peri-
aortic inflammation, as recently shown 
for large-vessel vasculitis (19).
The aim of this study was to evaluate 
the value of fully integrated [18F]-
FDG PET/MRI in the assessment of RF 
with regard to disease activity, extent 
and vascular involvement compared to 
clinical and laboratory parameters. Vis-
ual and quantitative [18F]-FDG PET 
and MRI parameters including the vol-
ume of the retroperitoneal mass were 
correlated to clinical and inflamma-
tory parameters and compared between 
therapy naive patients and patients un-
der immunosuppression and between 
initial and follow-up examinations.

Methods
Patient evaluation
Between March 2013 and April 2015, 
seventeen [18F]-FDG PET/MRI exam-
inations were performed on fourteen 
consecutive patients with RF at diag-
nosis or during follow-up. The study 
was approved by the local ethics com-
mittee and all patients signed informed 
consent. Clinical workup included 
detailed history with special regard to 
symptoms attributable to RF and to 
systemic inflammatory disease. All pa-
tients received further workup to care-
fully exclude infectious disease and 
other autoimmune or malignant disor-
ders. Workup included comprehensive 
history and physical examination, lab-
oratory examination including differ-
ential white blood cell count (WBC), 
serum-electrophoresis, urinary sedi-

ment and IgG4. Antinuclear antibodies 
(ANA) and antineutrophilic antibodies 
(ANCA) were measured irregularly. 
Every patient received abdominal ul-
trasound including ultrasound of the 
pericardium, the adnex or the prostate 
respectively.

Clinical and laboratory disease 
activity
Different arbitrary scenarios of clini-
cal and laboratory activity were defined 
and compared to PET/MRI results. 
Scenario 1: clinical disease activity was 
assumed, if flank pain or non-mechani-
cal pain in the lower back was present. 
If flank/lower back pain was absent, 
the presence of at least 2 symptoms 
such as unintended weight loss, signifi-
cant night sweat or raised temperatures 
without infection was defined as clini-
cally active. 
Scenario 2: laboratory activity defined 
as an elevated C-reactive protein (CRP) 
(normal ≤0.5 mg/dl) and/or erythrocyte 
sedimentation rate (ESR) (normal ≤20 
mm). Scenario 3: clinical or laboratory 
activity as defined above.

PET/MRI acquisition
PET/MRI was performed on a Biograph 
mMR (Siemens Medical Solutions, Er-
langen, Germany) which allows whole-
body simultaneous acquisition of PET 
and MRI data. The technical specifi-
cations of the PET/MRI scanner used 
were summarised recently in a perfor-
mance evaluation paper (20).

Image evaluation
• Visual activity assessment in PET
Evaluation of PET data was done in a 
coregistered way with MRI to allow for 
precise anatomical assignment in PET/
MRI. Scoring was done by consensus 
by two board certified nuclear medicine 
physicians on a dedicated workstation 
and software (syngo MMWP and syn-
go TrueD, Siemens Medical Solutions) 
using four visual scores, indicating the 
intensity of [18F]-FDG uptake in RF 
in relation to liver uptake: 0, no uptake 
present; 1, low-grade uptake (uptake 
present but lower than liver uptake); 
2, intermediate-grade uptake (similar 
to liver uptake); 3, high-grade uptake 
(higher than liver uptake). Grade 2-3 

uptake was assumed to be pathological 
due to active fibroinflammatory tissue. 
In contrast, grade 1 and grade 0 uptake 
were assumed as indeterminate and 
negative, respectively.

• Quantitative activity assessment 
in PET
Maximum standardised uptake values 
(SUVmax) for [18F]-FDG were meas-
ured on coregistered PET/MRI slices 
using isocontour volume of interests 
inluding all voxels above 99% of the 
maximum. Measurements were normal-
ised for blood pool activity, as previous-
ly decribed (19). Target to background 
ratios (TBR) for each patient were cal-
culated by dividing SUVmax by the 
blood pool SUV. If MRI did not show 
a definable retroperitoneal mass, SUV 
max and TBR were determined as 0.

• Visual activity assessment 
and volume calculation in MRI
MRI was analysed by a board certified 
radiologist on a workstation using an 
FDA approved OSIRIX DICOM view-
er. The extent and volume (in cm3) of 
RF were assessed on axial T1w VIBE 
sequences by placement and summa-
tion of ROIs in consecutive axial slices 
through the fibrous mass delineating 
the shape of it. Besides, the presence 
or absence of oedema within RF was 
determined on coronal T2w STIR due 
to its association with active inflam-
mation. Contrast enhancement (CE) 
intensities were evaluated on axial 
T1w VIBE between RF and the psoas 
muscle to determine the degree of in-
flammation within RF: If the CE in-
tensity was higher in RF compared to 
the psoas muscle, active disease was 
assumed. Non-active disease was de-
termined by the lack of RF as well as 
by a hypointense or isointense presen-
tation of RF without significant CE in 
relation to the psoas muscle. Disease 
activity was defined as indeterminate, 
if none of the above mentioned criteria 
were attributable.

• Combination of PET and MRI for 
determination of disease activity status
According to the visual analysis of 
PET and MRI data, combined PET/
MRI was considered suggestive for ac-
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tive disease, if PET and/or MRI was 
positive. Non-active disease was as-
sumed, if PET and MRI did not show 
signs of active disease or indeterminate 
results. If both PET and MRI showed 
inconclusive findings, disease status 
was defined as indeterminate.

• Assessment of disease extent 
and LVV
Analysis of disease extent of RF was 
performed in a descriptive way, includ-
ing atypical localisations of RF as well 
as associated large-vessel vasculitis 
(LVV). Regarding the latter a grade 
II-III FDG vessel wall uptake (FDG 
uptake at least similar or higher in rela-
tion to the liver uptake), a significant 
wall thickening (>3mm) and concomi-
tant mural contrast enhancement of the 
aorta or its branches or typical long 
segment vessel stenosis/occlusion were 
considered suggestive for LVV.

Statistical analysis
Spearman’s rank correlation coefficient 
(r) and Jonckheere-Terpstra trend test 
were calculated to examine the corre-
lations between PET/MRI parameters 
(SUVmax, TBR, RF volume, visual 
score) and inflammatory markers (CRP 
and ESR). Mann Whitney U and Fish-
er’s exact test were applied to test for 
correlations between the different dis-
ease activity scenarios and PET/MRI 
parameters as well as disease activity 
status determined by PET/MRI. In addi-
tion, Mann Whitney U was performed to 
compare PET/MRI parameters and in-
flammatory biomarkers between exami-
nations rated as active and non-active 
and between therapy-naïve patients and 
patients under therapy. A p-value below 
0.05 was considered significant. Statis-
tical analysis was done with GraphPad 
Prism 6 (GraphPad Software, San Die-
go, CA, USA) and MedCalc (MedCalc 
Software, Ostend, Belgium).

Results
Patients
Seventeen examinations were per-
formed in fourteen patients, with one 
follow-up examination in three patients. 
The mean age of all patients at the time 
of examination was 60.0±9.8 years and 
the mean age of all patients at the time 

of diagnosis was 56.0±11.1 years. In 
seven patients the diagnosis of retrop-
eritoneal fibrosis was established at the 
time when PET/MRI was performed, 
six of them being therapy-naive. Seven 
patients already had a previously es-
tablished diagnosis of RF with a mean 
disease duration of 10.1±7.8 years. Six 
out of these had paused immunosup-
pression at least 6 months before PET/
MRI was performed. Overall, five and 
twelve examinations were performed in 
patients with and without current im-
munosuppressive therapy respectively. 
Biopsy results were available from 
four patients (patient 1, 2, 8, 11) with 
diagnosis of IgG4-related disease from 
biopsy of the lacrimal gland in one pa-
tient (patient 2), who also had elevated 
serum IgG4 levels (171 mg/dl, normal 
range 10–140 mg/dl). Serum IgG4 were 
in the normal range in all other patients. 
For therapy-naive patients serum IgG4 
was available from the timepoint of di-
agnosis. For patients with a current or 
previous therapy IgG4 was available 
after diagnosis has been established. 
History revealed a potential associa-
tion to asbestos exposure twenty years 
before diagnosis (patient 1), seminoma 
and orchiectomy 14 years before diag-

nosis (patient 10) and pancreatitis due 
to chronic alcohol abuse with pseu-
docyst, concrement and pancreatico-
jejunostomy (patient 13). In the last 
patient histology from resected tissue 
was without evidence for IgG4-related 
disease. In the patient with asbestos 
exporure no pleuropulmonary asbesto-
sis was detected (21). History, physi-
cal examination and further workup 
showed no evidence for connective 
tissue disease, vasculitis, infection or 
malignoma. Immunological parameters 
were unremarkable. Epidemiological 
data, clinical symptoms and data about 
therapy for every patient are shown in 
Table I. Potential aetiology respectively 
disease associations, immunological 
parameters and serum IgG4 levels are 
provided electronically in Table I in the 
supplementary material.

PET/MRI disease activity status vs. 
clinical and laboratory disease activity
In PET/MRI thirteen (76%) examina-
tions were rated as active, whereas four 
(24%) were rated as non-active. In four-
teen examinations the results of PET 
and MRI were concordant, with eleven 
rated as active and three as non-active. 
In two examinations PET showed in-

Table I. Epidemiological, clinical and therapy data.

Epidemiology  Symptoms  Therapy

No Sex Age Systemic Back pain current previous at last
   symptoms 

1  m 57 night sweats 1 no GC, CYC, AZA 96 months
2* m 75 0 0 no no no
3* m 56 weight loss 1 no no no
4 f 59 0 0 no GC Years ago
5a* f 54 0 1 no no no
5b f 54 0 1 GC (2.73g) no no
6* m 57 0 1 GC (4.67g) no no
7 f 82 0 0 no GC (10.23g), MMF 60 months
8 m 61 0 0 no GC, MMF 40 months
9* f 70 weight loss 1 no no no
10a m 54 0 0 no GC (5.12g) 6 months
10b m 56 0 0 GC (6.99g),  MMF GC (5.12g) no
11 m 76 night sweats 0 no GC (5.12g), MMF 15 months
12 f 64 0 0 GC (7.92g), MMF no no
13* m 46 night sweats 1 no no no
14a* f 52 0 1 no no no
14b f 53 0 0 GC (4.2g), MTX no no

*patients with first diagnosis of retroperitoneal fibrosis at the time of examination. Diagnosis confir-
med by biopsy in patients 1, 8 and 11. Diagnosis of IgG4-related disease confirmed by biopsy of left 
lacrimal gland in patient 2.
a, baseline scan and b, follow-up scan in patients undergoing a baseline and a follow-up examination; 
m: male; f: female; GC: glucocorticoisteroids; the cumulative dose of glucocorticosteroids is shown 
in brackets, if available; AZA: azathioprine;  CYC: cyclophosphamide; MMF: mycophenolatemofetil.
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determinate findings, which were rated 
as active and non-active by MRI, re-
spectively. In one examination, PET 
suggested active disease, whereas no 
disease activity was suggested by MRI. 
With regard to the different clinical and 
laboratory disease activity scenarios, 
scenario 1 (disease activity as defined 
by clinical symptoms) and scenario 2 
(disease activity as defined by laborato-
ry parameters) suggested active disease 
in eight (47%) and eleven (65%) cases, 
respectively, with concordant judge-
ments in ten cases (59%). Scenario 3 
(disease activity as defined by clini-
cal and/or laboratory parameters) sug-
gested active disease in thirteen (76%) 
examinations and non-active disease in 
4 (24%) cases. PET/MRI changed the 
activity status based on clinical assess-
ment (scenario 1), laboratory param-
eters (scenario 2) or both (scenario 3) in 
seven (41%), six (35%) and four (24%) 
examinations.
Disease activity status based on ESR 
and CRP alone was changed by PET/
MRI in eight of sixteen (50%) and five 

of seventeen (29%) cases, respectively. 
In four examinations with CRP in the 
normal range and in three examina-
tions moderately elevated CRP (0.5 to 
1.0 mg/dl) PET/MRI revealed active 
disease. Six out of these seven exami-
nations showed a high-grade uptake 
(grade 3, higher than liver uptake) as 
assessed by visual score. PET/MRI 
also revealed active disease in eight 
examinations where ESR was in the 
normal range. An example of active 
disease according to MRI and PET de-
spite inflammatory markers in the nor-
mal range is given in Figure 1. Table 
II shows test results for ESR and CRP 
and assessment of disease activity ac-
cording to MRI, PET and PET/MRI.

Correlation between clinical and 
laboratory parameters and PET/MRI
There was no significant association 
between disease activity status assessed 
by clinical and/or laboratory parame-
ters (scenario 1 to 3) and disease activi-
ty status determined by PET/MRI. ESR 
and CRP showed a weak to moderate 

correlation to SUV max, TBR, MRI 
volume and visual score. Correlations 
between PET/MRI parameters and dis-
ease activity scenarios and inflammato-
ry parameters respectively are provided 
electronically in Table II in the supple-
mentary material.

SUV max and TBR according to 
disease activity and therapy status
SUV max and TBR differed signifi-
cantly between examinations with ac-
tive and non-active disease and between 
therapy-naïve patients and patients un-
der current immunosuppressive therapy, 
whereas ESR and CRP did not. There 
was a marked difference of visual and 
quantitative PET parameters between 
initial and follow-up examinations 
without an overlap of values (patients 
5, 10 and 14). SUV max, TBR and vol-
ume of the retroperitoneal mass along 
with laboratory test results according to 
disease activity and therapy status are 
shown in Table III. Image examples for 
examinations before and after therapy 
are given in Figure 1 and Figure 2.

Fig. 1. Patient 14: At initial diagnosis, axial positron emission tomogram shows an intense central 18F-FDG accumulation (red arrow; A), which exactly 
projects onto a periaortic contrast enhanced soft tissue (C) seen on axial T1w VIBE (red arrow; E) suggesting active retroperitoneal fibrosis. The patient 
complained about back pain, whereas laboratory biomarkers CRP and ESR were normal. After immunosuppressive treatment, positron emission tomogram 
and magnetic resonance imaging as well as the combination of both modalities demonstrate regressive functional and morphological inflammatory changes, 
correlating with disappearing back pain indicating therapy response (B, D and F).
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Disease activity in MRI, thickness 
and volume of the retroperitoneal mass
MRI revealed active disease in twelve 
(71%) and non-active disease in five 
(29%) examinations (in examination 2 
contrast agent was refused) (Table II). 
Volume differed significantly between 
examinations with active and non-ac-
tive disease and between therapy-naive 
patients and patients with current im-
munosuppression at the time of ex-
amination, whereas the thickness of the 

retroperitoneal mass did not (Table II 
and III).

Disease extent
PET/MRI showed typical RF manifes-
tations with periaortic and periiliac in-
volvement in 10 patients. Only in two 
patients (patient 1 and 7) the periaortic 
retroperitoneum was exclusively in-
volved, whereas in one patient (patient 
12) RF was located at the left periiliac 
region. In one patient with longstanding 

disease longer than ten years (patient 
4), PET/MRI did not detect periaortic, 
periiliac or atypically located RF, ex-
cluding active RF, which was suspected 
by increased inflammatory biomarkers. 
All PET/MRI results regarding disease 
extent are shown in Table II.

Vasculitis and aneurysms
In addition to the extent of RF, PET/
MRI showed findings suggestive for 
LVV in three patients: in patient 7 

Table II. Laboratory, PET, MRI and PET/MRI parameters.

Patient PET MRI Extent Disease Activity

No. ESR CrP score SUV  TBR Thickness Volume STIR CE PET MRI MRI PET PET/ MRI
 (mm)  (mg/dl)     (mm)  (cm3) 

1 125 9.9 3  13.4 10.14 43 204.75 + + r r + + +
2*#    9 0.1 3    4.3   2.27 10   17.56 - --- r/il r/il - + +
3*  16 0.6 3    8.4   5.78 17   38.52 + + r/il r/il + + +
4  18 1.2 0     0.0   0.00 0    0.00 - - - - - - -
5a*    1 3.1 3    9.8   6.15 15  31.25 + + r/il r/il + + +
5b**    5 1.2 2    3.2   2.64 5   7.93 + + r/il r/il + + +
6**  27 0.1 1    2.0   1.79 14 13.97 - - - r/il - (-) -
7  67 1.4 3    3.8   2.73 14   6.69 + + r r + + +
8    9 0.3 3    3.3   2.72 9   9.14 + + r/il r/il + + +
9*  53 5.0 3  11.7 11.94 10 19.13 + + r/il r/il + + +
10a  12 0.9 3  10.6   9.96 14   --- + + r/il r/il + + +
10b**    2 0.2 0   1.0   0.57 4   5.64 - - - r/il - - -
11  16 0.3 0   0.9   1.12 5   4.69 - - - r/il - - -
12**  32 0.6 3   4.2   3.37 28 14.95 + + il il + + +
13*  18 1.0 3   6.3   6.72 11 23.87 + + r/il r/il + + +
14a*    6 0.3 3 11.1   7.96 9   9.88 + + r/il r/il + + +
14b** --- 0.2 1 1.51   1.06 7   4.16 + + - r/il + (-) +

a: baseline scan; b: follow-up scan; *therapy-naïve, **immunosuppressive therapy at the time of examination; #patient refused contrast agent; ---, missing 
data.
ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; score: visual score in PET; SUV: maximum standardised uptake value; TBR: target to 
background ratio; volume: volume of the retroperitoneal mass; STIR: short τ inversion recovery sequence; CE: contrast enhancement; disease extent: -, no 
retroperitoneal mass detected; il: iliacal; r: retroperitoneal; disease activity as judged by MRI, PET or PET/MRI: +: active; -: non-active; (-): indeterminate; 
in examination 10a calculation of MRI volume was not possible due to motion artefacts.

Table III. Comparison of inflammatory markers, PET and MRI parameters between groups.

 Laboratory PET MRI

 ESR (mm) CrP (mg/dl) SUV max TBR Thickness (mm) Volume (cm3)

all examinations 16 (1/125) 1.6 (0.1/9.9)   4.2 (0/13.4) 2.7 (0.0/11.9) 10 (0/43) 11.9 (0.0/204.8)
      
active (n=13) 14 (1/125) 0.9 (0.1/9.9)   6.3 (1.5/13.4) 5.8 (1.1/11.9) 11 (5/43) 16.3 (4.2/204.8)
non-active (n=4) 17 (2/27) 0.3 (0.1/1.2)   1.0 (0.0/2.0) 0.9 (0.0/1.8)   4 (0/14)   5.2 (0.0/14.0)
    p     0.937     0.168     0.001*     0.003*     0.060     0.039*
      
therapy naive (n=6) 13 (1/53) 0.8 (0.1/5.0)   9.1 (4.3/11.7) 6.4 (2.3/11.9) 11 (9/17) 21.5 (9.9/38.5)
current therapy (n=5) 16 (2/32) 0.2 (1.0/4.3)   2.0 (1.0/4.2) 1.8 (0.6/3.4)   7 (4/28)   7.9 (4.2/15.0)
    p      1.000     0.305     0.004*     0.015*     0.406     0.015*
      
repeater 1st ex. (n=3)   6 (1/12) 0.9 (0.3/3.1) 10.6 (9.8/11.1) 8.0 (6.2/10) 14 (9/15) 20.6 (9.9/31.3)
repeater 2nd ex. (n=3)   4 (2/5) 0.2 (0.2/1.2)   1.5 (1.0/3.2) 1.1 (0.6/2.6)   5 (4/7)   5.6 (4.2/7.9)

Values are shown as median (minimum/maximum). *significant.
Mann-Withney-U test of inflammatory markers, PET and MRI parameters of examinations rated active versus non-active by PET/MRI and in therapy naive 
patients versus patients under current therapy. A p-value <0.05 was considered statistically significant. ESR: erythrocyte sedimentation rate; CRP: C-reactive 
protein; SUV max: maximum standardised uptake value; TBR: target to background ratio; thickness: thickness of the retroperitoneal mass; volume: volume 
of the retroperitoneal mass.
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both PET and MRI indicated patho-
logic [18F]-FDG vessel wall uptake of 
the aortic arch together with substan-
tial wall thickening. In patient 9 PET 
showed an intense vessel wall uptake in 
the thoracic aorta demonstrating active 
inflammation without morphologic ves-
sel wall changes in MRI (Fig. 3). In pa-
tient 10 functional und morphological 
inflammatory changes of the superior 
mesenteric artery were demonstrated 
by PET and MRI. Besides, CE-MRA 
revealed aneurysms of the thoracic and 
abdominal aorta, the latter without vas-
culitic activity, in patients 9 and 3, re-
spectively. All four patients had active 
retroperitoneal fibrosis with retroperi-
toneal and iliacal, but without thoracic 
involvement. Both patients with aortic 
aneurysms had one cardiovascular risk 
factor, which were former smoking and 
hyperlipoproteinaemia, respectively.

Discussion
This is the first study investigating fully 
integrated [18F]-FDG PET/MRI in ret-
roperitoneal fibrosis. PET/MRI provid-
ed a comprehensive assessment of RF 
with regard to disease activity, disease 
extent, vasculitis and large-vessel mor-
phology. There was substantial influ-
ence on activity assessment compared 
to clinical and laboratory parameters 
and a clear discrimination between 

therapy-naïve patients and patients un-
der immunosuppression by SUV max 
and TBR. In contrast to thickness, the 
volume of the retroperitoneal mass dif-
fered significantly between therapy-na-
ive patients and patients under immu-
nosuppression and decreased markedly 
in therapy-naive patients after imple-
mentation of immunosuppressive ther-
apy. The combination of PET and MRI 
yielded additional information with 
regard to disease activity compared to 
each modality alone.
As a major observation, there was no 
significant correlation between clini-
cal or laboratory parameters and PET/
MRI parameters. PET/MRI changed 
disease activity status based on clinical 
or laboratory parameters in 41 percent 
and 35 percent, respectively. With re-
gard to inflammatory parameters, ESR, 
but also CRP showed a wide variability 
among patients with active disease in 
PET/MRI. In particular, in about the 
half of examinations inflammatory 
parameters were in the normal range 
or only slightly elevated despite clear 
inflammatory activity in PET/MRI. Of 
note, this was also the case in most ex-
aminations of therapy-naive patients 
precluding the influence of a previous 
therapy. Furthermore, inflammatory 
parameters did not differ significantly 
between therapy-naive patients and 

patients under therapy. Published data 
on the correlation between acute phase 
reactants and PET parameters in ret-
roperitoneal fibrosis are contradictory. 
Whereas a significant correlation be-
tween CRP and visual PET score has 
been reported in one prospective study 
in well selected patients under therapy 
with tamoxifen (12), a wide range of 
CRP and a weak correlation between 
CRP and PET parameters has been 
reported in several other retrospective 
and prospective observations (11, 22, 
23). This might be explained by heter-
ogenous cohorts with regard to disease 
stage, therapy and aetiology. Particu-
larly in the setting of previous therapy, 
inflammatory parameters seem to be 
less reliable, Furthermore, in a recent 
study, PET has been shown to detect 
relapses before a new increase of in-
flammatory parameters, indicating that 
also in the setting of previous therapy, 
inflammatory parameters seem to be 
less reliable than PET (23). Taken to-
gether, the data of this study suggest 
that inflammatory parameters alone 
are not sufficient to assess the disease 
activity of retroperitoneal fibrosis in a 
substantial proportion of patients and 
that [18F]-FDG PET/MRI yields ad-
ditional information regarding disease 
activity.
In contrast to inflammatory parameters, 

Fig. 2. Patient 5: Baseline axial positron emission tomogram and T1w VIBE after contrast media application show a highly 18F-FDG avid contrast enhanced 
paraaortal soft tissue (red arrows; C and E), indicating active retroperitoneal fibrosis. The corresponding coronal and axial positron emission tomograms dem-
onstrate 18F-FDG retention in the left kidney (green arrow; A) and left ureter (green arrow; C), respectively, due to ureteral obstruction by the retroperitoneal 
mass. In follow-up, after starting immunosuppressive therapy, tissue volume and 18F-FDG uptake decreased significantly suggesting therapy response (D and 
F). Besides, PET/MRI shows decreasing 18F-FDG uptake within the left kidney and ureter, indicating declining ureteral obstruction (B and D).
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the SUV max and the TBR differed 
significantly between examinations 
with active and non-active disease and 
between therapy-naive patients and pa-
tients under immunosuppression at the 
time of examination. This is in accord-
ance with previous studies, which eval-
uated the SUV max and the TBR in ret-
roperitoneal fibrosis (11, 22, 24, 25). In 
this study, a SUV max of 4.2 and below 
correctly identified all patients under 
immunosuppression and a SUV max 
of 4.3 and above identified all therapy-
naïve patients. All examinations rated 
as non-active simultaneously by visual 
assessment in PET and by MRI had an 
SUV max of 2.0 or below, which is in 
the range reported from other studies 
(11). However, one examination with 
a SUV max of 1.5 which was rated as 
non-active by visual assessment in PET 
fulfilled the criteria of disease activity 
in MRI. This highlights the possibil-
ity that 18-F FDG PET and contrast-
enhanced imaging methods detect 
different phases of the inflammatory 
process. Since this was a follow-up ex-
amination, it can not be excluded that 
there was contrast enhancement due to 
a disturbed barrier caused by preceding 
inflammation. However, the clinical 
relevance of this residual inflammation 

could only be clarified by biopsy and 
longitudinal follow-up examinations.
In this study, contrast-enhanced MRI 
not only allowed the precise allocation 
of radionuclid-uptake to anatomical 
structures, but also detected inflamma-
tory activity in addition to [18F]-FDG 
PET. In a recent study comparing the 
SUV max of [18F]-FDG PET and CE-
CT in disease activity assessment in 
patients with RF, each modality com-
pared to the other detected disease ac-
tivity in two additional examinations 
in a total of thirty-three examinations 
(11). A similar observation was made 
for contrast-enhanced MRI in a recent 
study evaluating [18F]-FDG PET/MRI 
in large-vessel vasculitis, in which ad-
ditional information on disease activity 
was obtained from contrast-enhanced 
MRI and [18F]-FDG PET in compari-
son to the other modality, respectively 
(19). These results are in line with this 
study, in which contrast-enhanced MRI 
detected disease activity in one addi-
tional examination compared to [18F]-
FDG PET and vice versa.
Several studies reported the thickness 
and the craniocaudal extent of the ret-
roperitoneal mass in RF as a parameter 
for disease extent and activity (12, 22, 
26). However, these parameters may 

only provide an incomplete approxi-
mation to the true dimension of the 
retroperitoneal mass. Therefore, in this 
study, the volume of the retroperitoneal 
mass was calculated. The volume dif-
fered significantly between examina-
tions with active and non-active disease 
and between therapy-naive patients 
and patients with current immunosup-
pression, whereas the thickness of the 
retroperitoneal mass did not. Especially 
in patients with a large disease extent, 
volume measurement offers the op-
portunity to better estimate the total in-
flammatory load of the disease to tailor 
and guide therapy.
SUV max and TBR’s derived from it 
have been evaluated in disease activity 
assessment and therapy monitoring of 
retroperitoneal fibrosis (11, 22, 24, 25). 
However, they only represent a focal as-
pect of the disease and do not take into 
account activity which is not above 99 
percent of the maximum. Alternatively, 
SUV mean and a TBR’s derived from 
it, or metabolic volume measurements 
with predefined SUV thresholds maybe 
could better represent global disease 
status. However, regarding the pattern 
and shape of retroperitoneal fibrosis, 
SUV mean measurements are very dif-
ficult to standardise and prone to differ 
between different examinations and ob-
servers due to their strong dependency 
on the size and content of the region of 
interest (ROI). Considering metabolic 
volume measurements, a SUV thresh-
old would be needed to discriminate 
metabolically active from inactive tis-
sue. However, a reliable SUV threshold 
has not been established yet. Therefore, 
since SUV max and TBR’s derived 
from it already have been evaluated in 
retroperitoneal fibrosis, they were used 
in the present study.
In addition to the detection of inflam-
mation of the retroperitoneal mass there 
was inflammation of the thoracic aorta 
in two patients and of the superior mes-
enteric artery in one patient, which was 
detected concordantly by MRI and PET 
in two examinations and only by PET 
in one examination. Both patients with 
vasculitic activity of the thoracic aorta 
had retroperitoneal and iliacal, but no 
mediastinal involvement in terms of 
periaortitis, indicating that inflamma-

Fig. 3. Patient 9: Coronal positron emission tomogram shows pathologic 18F-FDG uptake within 
retroperitoneal fibrosis (red arrow; A) with oedema on coronal T2w STIR (red arrow; C), best seen in 
the fused PET/MRI images (B) indicating active inflammation. Besides, positron emission tomogram 
shows an increased 18F-FDG radiotracer accumulation in the ascending thoracic aorta suggesting ac-
tive large-vessel vasculitis with an aneurysm (white arrow; A), whereas T2w STIR and magnetic reso-
nance angiography do not indicate typical findings for vasculitis (C and D).
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tion of the large vessels can occur apart 
from retroperitoneal disease. Further-
more, MRA detected a thoracic and 
an abdominal aortic aneurysm in one 
patient each, the latter without signs of 
vasculitis in [18F]-FDG PET/MRI. In-
terestingly, in both patients with aneu-
rysms, the initial diagnosis of RF was 
made at the time of examination and 
both had an only moderate cardiovas-
cular risk profile. These results are in 
accordance with previous reports sug-
gesting that large-vessel vasculitis is a 
common phenomenon in patients with 
periaortitis (9). They further suggest 
that aneurysms may be present already 
at the time of diagnosis, an observa-
tion that has also been made in giant 
cell arteritis (27). As a consequence the 
search for large-vessel vasculitis and 
aortic aneurysms not only in the retrop-
eritoneum is essential.
The major limitation of the this study 
is the small number of patients and 
examinations, which is mainly due to 
the rarity of the disease and the rela-
tive novelty of hybrid [18F]-FDG PET/
MRI. However, the main results were 
consistent and in line with previous 
studies. Furthermore, some patients 
had immunosuppression in the past, 
possibly causing a bias with regard to 
inflammatory parameters. In this pa-
tient group, there were discordancies 
between [18F]-FDG PET/MRI results 
and clinical findings only in two of 
six examinations. However, in four of 
six patients without previous therapy 
inflammatory parameters were in the 
normal range or only sligthly elevated 
despite strong inflammation in [18F]-
FDG PET/MRI, demonstrating that the 
discrepancy between inflammatory pa-
rameters and the presence of inflamma-
tory activity as assessed by [18F]-FDG 
PET/MRI exists independently from 
previous immunosuppression. A fur-
ther limitation is the lack of a reference 
method. However, there is no defined 
standard of reference in retroperitoneal 
fibrosis and the additional performance 
of computed tomography (16) was not 
possible for ethical reasons. Only bi-
opsy can prove that radionuclid uptake 
or contrast enhancement correspond to 
inflammatory activity and it has been 
performed in previous studies evalu-

ating [18F]-FDG PET (12). However, 
biopsy entails a risk for the patient 
particularly after the beginning of im-
munosuppression, when the volume 
of the retroperitoneal mass decreases. 
In this study, a biopsy was conducted 
only in four patients with histological 
diagnosis of IgG4-related disease in 
one patient. Although there were no 
typical findings for retroperitoneal tu-
mours or lymphoma, it has to be kept in 
mind that imaging alone and even MRI 
is not able to preclude malignant dis-
ease in all cases (28). However, neither 
PET/MRI itself, nor further workup or 
follow-up revealed malignant disease 
in any of the patients. Furthermore, au-
toantibodies were performed not in all 
patients. However, none of the patients 
developed symptoms specific for con-
nective tissue disorders or vasculitis. 
With regard to potential IgG4-related 
disease, the normal serum IgG4 values 
in thirteen patients are difficult to in-
terpret, since six patients had previous 
and two patients had ongoing immuno-
suppression potentially leading to false 
normal values. Furthermore, patients 
with histologally proven IgG4-related 
disease may have serum IgG4 in the 
normal range (29, 30). Therefore, from 
this study, no conclusion with regard to 
IgG4-related disease can be drawn.

Conclusion
The main conclusion from the data of 
this study is that inflammatory param-
eters do not reliably detect inflamma-
tory activity in retroperitoneal fibrosis 
even in patients without previous im-
munosuppression. When the clinical 
suspicion of retroperitoneal fibrosis 
arises, the combination of imaging 
methods and nuclear imaging is advis-
able to assess disease extent and activ-
ity. Because vasculitis and aneurysms 
may occur apart from the retroperito-
neal lesion, whole body assessment is 
advisable as well. Although [18F]-FDG 
PET/MRI is not be available as a rou-
tine method, this study demonstrates, 
that whole body hybrid [18F]-FDG-
PET/MRI provides a comprehensive 
workup of RF with regard to inflamma-
tory activity, disease extent, associated 
vasculitis and vascular alterations in di-
agnosis and therapy monitoring of RF.
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