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Objective: Immunoglobulin G4-related disease (IgG4-RD) is a chronic fibroinflammatory

disorder affecting multiple organ systems, often requiring imaging for diagnosis and
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Materials and methods: This retrospective, single-center study included 18 patients
Keywords diagnosed with 1gG4-RD according to ACR/EULAR criteria between May 2020 and
= Immunoglobulin G4-related ' December 2024. Clinical, laboratory, histopathological, and imaging data were collected.

disease. Computed tomography (CT), magnetic resonance imaging (MRI), and positron emission

= Imaging tomography (PET-CT) were analyzed for diagnostic and follow-up trends. Patients were

= computed tomography stratified based on the presence of acute kidney injury (AKI) at diagnosis.

= magnetic resonance

imaging Results: At diagnosis, CT (83.3%) was the most frequently used modality, followed by

= positron emission PET-CT (61.1%) and MRI (27.8%). Combined imaging was performed in 66.6% of cases

tomography initially but declined during follow-up. The choice of the first follow-up imaging differed

between patients with and without AKI (p=0.072). Notably, follow-up imaging intervals

ORCID ID of the author(s): were significantly shorter in AKI patients (30.5 vs. 49 months, p=0.049). Over time, PET-
RD: 0000-0003-4537-894X CT use decreased, while MRI became the preferred modality. Despite these variations, no
CB: 0000-0002-1730-2991 standardized follow-up approach was observed.

Conclusions: Our findings indicate a shift from multimodal to single-modality imaging
during follow-up, with variations based on AKI status. The lack of a standardized imaging
protocol indicates the need for consensus guidelines to enhance disease monitoring and
optimize patient outcomes.
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Introduction

Immunoglobulin - G4-related disease (IgG4-RD) is
a chronic, immune-mediated fibroinflammatory
condition characterized by tumefactive lesions, dense
lymphoplasmacytic infiltration  with  IgG4-positive
plasma cells, and storiform fibrosis (1,2). It can affect
multiple organ systems, including the pancreas, bile
ducts, salivary glands, kidneys, and retroperitoneum,
often mimicking malignancies or other inflammatory
disorders. The diagnosis of IgG4-RD relies on a
combination of clinical, serological, histopathological,
and imaging findings. Among these, imaging plays a
crucial role in detecting organ involvement, guiding
biopsies, and assessing treatment response. Various
imaging modalities, such as CT, magnetic resonance

In certain clinical scenarios, such as periaortitis or
retroperitoneal fibrosis, obtaining a histopathological
confirmation through biopsy may be high-risk or
technically unfeasible. In such cases, imaging plays a
crucial diagnostic role, offering non-invasive means
to support clinical suspicion and guide management
decisions. Additionally, considering that 1gG4-RD
patients may present with acute kidney injury, the
choice of imaging modality must take into account
contrast-induced nephropathy risks, necessitating the
careful selection of appropriate imaging techniques.

CT, MRI, and FDG-PET/CT are among the leading
modalities employed in the diagnosis and follow-up of
IgG4-RD. However, there is no established consensus
regarding the optimal imaging strategy, including
whether a single modality or a combination should be
preferred in specific scenarios, or the ideal interval for
follow-up imaging. Despite the increasing recognition
of imaging’s role in IgG4-RD, a standardized algorithm
for its diagnostic and monitoring use remains
undefined.

This study aims to retrospectively analyze the imaging
modalities utilized for the diagnosis and follow-
up of IgG4-RD patients monitored in our center. By
evaluating the imaging approaches used in real-
world clinical practice, we seek to provide insights
into the role of different modalities in the diagnostic
process and long-term management of IgG4-RD. The
findings may contribute to optimizing imaging-based
strategies for disease assessment and monitoring.

Materials and methods

Study design and participants

This study was designed as a retrospective, single-
center, descriptive, observational conducted using
records of all consecutive diagnosed with 1gG4-RD
accoridng to ACR/EULAR criteria (3) and followed

between May 2020 and December 2024. Information
related to demographics, clinical and laboratory
findings, results of histopathologic evaluation and
imaging methods used at diagnosis and durin follow-
up were collected from patient charts and electronic
records. Patients were divided into two groups based
onthe presence of acute kidney injury (serum creatinine
level higher than 1.2 mg/dL for female and 1.3 mg/
dL for male patients) at the diagnosis. Patients whose
clinical, laboratory, or imaging data were inaccessible
or incomplete were excluded from the study.

Assessment of imaging studies

All imaging modalities, including CT, MRI, and FDG-
PET/CT, were assessed for their use in diagnosis
and follow-up. Their combined usage, preference
order, and frequency of repetition were recorded.
Additionally, the time interval between imaging
studies and the chosen modality were documented
for each patient.

Ethical approval

The study protocol was approved by the Institutional
Research  Ethics Committee  (Project number
12.01.2024/145), and written informed consent was not
required due to the retrospective design of the study.

Statistical analysis

Data were evaluated for homogenicity of distrubitoun
with  Kolmogorov Smirnov test and presented as
median values with ranges for continuous variables and
as percentages for categorical variables. Differences in
continuous variables between groups were analyzed
using Mann Whitney U test, while differences in
categorical data frequencies were analyzed using the
X% test. A p-value of <0.05 was considered statistically
significant. Statistical analyses were performed using
SPSS Statistics for Windows, version 28.0 (SPSS Inc.,
Chicago, IL, USA).

Results

A total of 18 patients diagnosed with IgG4-RD were
included in the study, of whom 17 (94.4%) were male
and 1 (5.6%) was female (Table-1). The median age
at diagnosis was 48.5 years (range: 39-77), and the
median disease duration was 37 months (range:
3-61). AKI at the time of diagnosis was observed in 10
patients (55.6%). The use of imaging modalities were
given in Table 1 at diagnosis, Table 2 according to
presence of AKI at admission, and Table 3 according
to follow-up visits. Regarding imaging modalities, CT
was the most frequently used technique at diagnosis
(83.3%), followed by PET-CT (61.1%) and MRI (27.8%).




Table 1: Patient characteristics and laboratory parameters

Diagnostic evaluation at diagnosis

Biopsy (n, %)

8 (44.4)

C-reactive protein mg/L (median, range)

65.7 (0.9-450.7)

Erythrocyte sedimentation rate mm/h (median, range) | 49.5 (7-192)

Rheumatoid factor positivity (n, %) 0/11
Serum IgG4 positivity. (n, %) 1/12 (8.3)
PET-CT (n, %) 11 (61.1)
CT (n, %) 15 (83.3)
MRI (n, %) 5(27.8)

* PET-CT: positron emission tomography-computed tomography, CT: computed

tomography, MRI: magnetic resonance imaging

Combined imaging modalities
were utilized in 12 patients

Parameters Patients (n=18) | (66.6%) at diagnosis, but their

° use decreased during follow-

Female/Male (n,%) 1/17 (5.6/94.4) up, with a shift towards single-

Age, year (median, range) 52 (43-77) modality imaging, particularly
Age at diagnosis, year (median, range) 48.5 (39-77) CTor MRI

Disease duration, months (median, range) 37 (3-61) When comparing follow-up

. . . . ) imaging between patients with

Acute kidney injury at diagnosis (n, %) 10 (55.6) and without AKI at diagnosis,

Remmision at last visit (n, %) 16 (88.9) the first follow-up imaging

modality demonstrated a trend
toward statistical significance
(p=0.072) and given in Table 2).
In the AKI group, PET-CT was
used in 4 patients (44.4%), CT
in 3 patients (33.3%), PET-CT
combined with MRl in 1 patient
(11.1%), and CT combined
with MRl in 1 patient (11.1%).
In contrast, among patients
without AKI, CT and MRI were
each used in 3 cases (42.9%),
while PET-CT was used in 1
case (14.3%). No significant
differences were detected in
subsequent follow-up imaging
between the two groups.

Table 2: Patient characteristics and laboratory parameters according to presence of acute kidney injury at diagnosis

AKI at diagnosis No AKI at diagnosis p- value
(n=10) (n=8)
Female/Male (n,%) 1/9 (10/90) 0/8 (0/100) 0.556
Age, year (median, range) 56 (46-77) 48 (43-66) 0.138
Age at diagnosis, year (median, range) 55 (44-77) 43 (39-66) 0.058
Disease duration, months (median, range) 30.5 (3-61) 49 (4-60) 0.004
Remmision at last visit (n, %) 7 (87.5) 9(90.0) 0.706
Diagnostic evaluation at diagnosis

Biopsy (n, %) 5(50.0) 3 (37.5) 0.480
C-reactive protein mg/L (median, range) 75.1 (49.2-450.7) 39.8 (0.9-140.0) 0.317
Erythrocyte sedimentation rate mm/h 65.5 (32-192) 35.5 (7-86) 0.280
(median, range)

PET-CT (n, %) 6 (60.0) 5(62.5) 0.648
CT (n, %) 8 (80.0) 7 (87.5) 0.568
MRI (n, %) 3 (30.0) 2 (25.0) 0.618

* PET-CT: positron emission tomography-computed tomography, CT: computed tomography, MRI: magnetic

resonance imaging




Table 3: Use of imaging modalities and combinations at diagnosis and follow-up

Imaging modality At diagnosis | 1st follow- | 2nd follow- | 3rd follow- | 4th follow- | Sth follow-
(n=18) up imaging | up imaging | up imaging | up imaging | up imaging
(n=16) (n=12) (n=10) (n=3) (n=2)
PET-CT 1(5.6) 5(@31.3) 3(25.0) 2 (20.0) 1(33.3) 0
CT 3 (16.6) 6 (37.5) 3(25.0) 2 (20.0) 2 (66.7) 1 (50.0)
MR 2(11.2) 3 (18.8) 541.7) 6 (60.0) 0 1(50.0)
PET-CT+CT 9 (50.0) 0 0 0 0 0
PET-CT+MRI 0 1(6.3) 0 0 0 0
PET-CT+CT+MRI 1(5.6) 0 0 0 0 0
CT+MRI 2(11.2) 1(6.3) 1(8.3) 0 0 0
Time after last N/A 3 (1-19) 6.5 (2-13) 7.5 (3-16) 3 (1-12) 7.5 (4-11)
imaging, month
(median, range)

* PET-CT: positron emission tomography-computed tomography, CT: computed tomography, MRI: magnetic

resonance imaging

However, the interval between follow-up imaging was
significantly shorter in patients with AKI (30.5 vs. 49
months, p=0.049).

At the last follow-up visit, remission was achieved in 16
patients (88.9%). The median interval between imaging
studies progressively increased with each subsequent
follow-up, with a median duration of 3 months (range:
1-19) for the first follow-up, 6.5 months (range: 2-13)
for the second, and 7.5 months (range: 3-16) for the
third. Notably, the use of PET-CT decreased over time,
whereas MRI became the preferred modality in later

follow-ups.

Discussion
The 1gG4-RD is a complex, multisystem
fibroinflammatory  condition  characterized by

tumefactive lesions, storiform fibrosis, and infiltration
of 1gG4-positive plasma cells (4). Despite its growing
recognition, the role of imaging modalities in both
diagnosis and monitoring remains a subject of ongoing
debate (5-9). Our study highlights the utilization trends
of CT, MRI, and PET-CT in real-world clinical practice,
revealing significant variations in follow-up strategies.

Our study demonstrated that CT was the most
frequently employed imaging modality at diagnosis
(83.3%), while PET-CT (61.1%) and MRI (27.8%) were
also used, albeit with declining follow-up rates. These
findings are consistent with previous studies that
have underscored the diagnostic value of PET-CT in

detecting multi-organ involvement in IgG4-RD (10-
15). Zhang et al. demonstrated that PET-CT could
identify additional organ involvement not detected
by conventional imaging, thus improving diagnostic
accuracy (16). Similarly, Zhao et al. confirmed that PET-
CT effectively delineates disease extent and guides
biopsy selection (17).

MRI usage in our cohort increased during follow-
up, suggesting a preference for its non-ionizing
nature and superior soft-tissue contrast. This aligns
with Zheng et al, who emphasized MRI's role in
distinguishing 1gG4-related abdominal and pelvic
involvement from malignancies (18). However, the
lack of a standardized follow-up strategy remains a
significant gap, necessitating consensus guidelines to
optimize imaging protocols.

A unique aspect of IgG4-RD is its potential to affect the
vasculature, particularly the aorta, leading to 1gG4-
aortitisand periaortitis. Our study identified variationsin
imaging modality selection between patients with and
without acute kidney injury (AKI), a finding supported
by Nikiphorou et al. and Jayachamarajapura et al. who
detailed the challenges in diagnosing IgG4-related
aortic involvemen (2,19). PET-CT has been reported
to have superior sensitivity in detecting vascular
inflammation, while MRI is advantageous for assessing
wall thickening and fibrosis (20,21). The increased
use of MRI in later follow-ups in our study suggests




a growing preference for non-invasive methods to
evaluate chronic vascular involvement and status of
mass lesion.

The classification criteria established by the American
College of Rheumatology/European League Against
Rheumatism (ACR/EULAR) provide a structured
approach to diagnosing IgG4-RD (3). These criteria
emphasize a combination of clinical, serological,
histopathological, ~ and  radiological  findings,
underscoring the indispensable role of imaging. The
criteria highlighted that proper integration of imaging
findings significantly enhances diagnostic specificity.
In our study, stratification based on AKI status
revealed distinct imaging preferences, reinforcing the
importance of personalized diagnostic strategies.

The lack of a uniform imaging follow-up strategy
in IgG4-RD is a crucial issue, as evidenced by the
variable imaging intervals observed in our study.
The progressively increasing time intervals between
follow-up imaging suggest that clinicians rely on
clinical remission rather than predefined imaging
protocols. This supports the necessity of standardized
guidelines, particularly for high-risk patients, such as
those with vascular involvement or renal impairment.
Studies emphasized the role of multimodality imaging
in- monitoring inflammatory aortic aneurysms, a
principle that could be extended to IgG4-RD (22-24).

Additionally, the role of imaging in treatment response
evaluation remains underexplored. Our findings
align with Zhang et al, who reported that PET-CT
could effectively monitor steroid-induced metabolic
changes in IgG4-RD (16). Future research should focus
on defining optimal imaging intervals and modality
selection based on disease phenotype and risk
stratification.

Conclusions

In conclusion, our study highlights the evolving
landscape of imaging in 1gG4-RD, with a notable
shift from multimodal imaging at diagnosis to single-
modality approaches during follow-up. The findings
underscore the need for standardized imaging
protocols that consider disease phenotype, organ
involvement, and treatment response. Given the
increasing role of PET-CT in initial diagnosis and MRI
in follow-up, future guidelines should integrate these
modalities to ensure optimal patient management.

Further prospective studies are warranted to establish
evidence-based imaging algorithms that enhance
diagnostic accuracy and long-term disease monitoring.
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