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The role of 18F-FDG PET/CT in the evaluation
of pediatric transplant patients
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Objective: Intensive immunosuppressive regimens eﬀectively reduce acute or chronic rejection in transplant patients, while these regimens can result in long term side-eﬀects such as viral infection, fever, secondary tumor(s) et al. Our aim was to evaluate the role of 18-fluoro-2-deoxyglucose positron emission
tomography/computed tomography (18F-FDG PET/CT) in pediatric transplant patients. Subjects and Methods: Forty one 18F-FDG PET/CT scans in 18 patients before or after transplant were analyzed retrospectively.
One patient had PET/CT scan prior to transplantation. Seventeen patients had PET/CT scan(s) following
transplantation. The PET/CT scan was used to evaluate the therapy response of post transplant lymphoproliferative disorder (PTLD) in 11 patients, establish the cause of fever of unknown origin (FUO) in 5 patients, and restage in 2 patients. Results: PET/CT scan showed development in 3 PTLD patients,
improvement in 4 PTLD patients, development and improvement in 1 PTLD patient, new lesions in 1 PTLD
patient, and no lesions in 2 PTLD patients. The scan demonstrated the cause of FUO in 2 patients but did
not demonstrate the cause of FUO in 2 patients. The PET/CT was false positive in 1 FUO patient and did not
show any new lesions in 2 restaging patients. Conclusion: PET/CT may have an important role in followup of pediatric transplant patients. Further investigations with more patients are necessary to assess the
validity of our findings.

Hell J Nucl Med 2015; 18(2): 136-139

Epub ahead of print: 19 July 2015

Published online: 5 August 2015

Philadelphia, Philadelphia,
PA 19104, USA

Keywords: PET/CT
- Pediatric transplantation
- Post transplant disease
- Lymphoproliferative disorder
- Fever of unknown origin

Correspondence address:
Jigang Yang MD, PhD
Address: 95 Yong An road,
Xi Cheng District,
Beijing, China, 100050.
13681221974@163.com

Introduction

T

ransplantation (including soft tissue organ transplantation and bone marrow
transplantation) is being used increasingly as treatment for children with endstage organ diseases, hematopoietic rescue from therapy used to treat malignancies, and cure for primary immune deficiencies [1]. The numbers of transplantation
procedures performed on children is substantially less than those performed on adults,
with recipients under the age of 18 years accounting for only 7.7% of all solid organ
transplantations performed in the United States [2]. The success of transplantation can
be attributed to several factors including advances in surgical procedures and organ
preservation techniques, improved immunosuppressive and antiviral regimens, and
changes in donor organ allocation [3]. It is essential that pediatric post-transplantation
patients maintain a good quality life, free of significant long term side-eﬀects. Intensive
immunosuppressive regimens eﬀectively reduce acute or chronic rejection, while they
can result in long term side-eﬀects such as viral infection, fever, secondary tumor etc
[4]. Combined 18-fluoro-2-deoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) scan has high resolution and diagnostic accuracy, allows
imaging to be performed quickly and correlates anatomic location with function [5].
The 18F-FDG PET/CT scan has been widely used in the diagnosis of pediatric malignancy
[6] and in some benign processes [7, 8]. In this article, we evaluate the role of 18F-FDG
PET/CT in the follow-up of pediatric transplant patients.
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Patients
Forty one 18F-FDG PET/CT scans in 18 patients (10 females, 8 males, ages between 2 and
18 years) prior to or following transplantation were analyzed retrospectively. Nine patients had only one 18F-FDG PET/CT scan. Nine patients had more than one 18F-FDG
PET/CT scan. One patient had another 18F-FDG PET/CT scan before transplantation. Seventeen patients had 18F-FDG PET/CT scans after transplantation. The transplantation pro-

Hellenic Journal of Nuclear Medicine

• May - August 2015

www.nuclmed.gr

Original Short Communication

cedure included bone marrow, liver, heart, renal and lung
transplantation. Five patients had liver transplantation, four
patients with bone marrow transplantation, four with heart
transplantation, three with renal transplantation, and two
with lung transplantation. The 18F-FDG PET/CT scan was used
to evaluate the therapy response of post transplant lymphoproliferative disorder (PTLD) in 11 patients, detect the cause
of FUO in 5 patients, and restage in 2 patients. All FUO patients had the 18F-FDG PET/CT scan when the first-line diagnostic methods did not find abnormalities, or when the cause
of FUO was unclear. First-line examinations including routine
laboratory tests and conventional imaging methods were
performed in all of these patients. Eight patients with PTLD
had more than one 18F-FDG PET/CT scan. Three patients with
PTLD had only one 18F-FDG PET/CT scan (Table 1).
18

F-FDG PET/CT image acquisition
All patients were required to fast for at least 4h prior to the
study and limitation of physical activity was recommended.
Serum glucose levels were measured before imaging and
were below the threshold value of 7.8mmol/L (or 140mg/dL)
at the time of radiotracer injection (5.18MBq/kg or
0.14mCi/kg of 18F-FDG). Patients were kept in a warm, dark,
quiet room after 18F-FDG injection; 60mins later, whole-body
PET emission images were obtained using a standard imaging protocol with subsequent image reconstruction with and
without attenuation correction. Simultaneous CT scans of
the same regions were performed without oral or intravenous contrast administration. All 18F-FDG PET/CT scans
were performed on a dedicated 18F-FDG PET/CT scanner
(Gemini, Philips Medical Systems, Bothell, WA, USA). Transverse, sagittal, and coronal PET and CT images were reconstructed and examined by experienced nuclear medicine
physicians by visual and semiquantitative evaluation.

lesions in one PTLD patient and no lesions in two PTLD patients based on only one scan.
The cause of FUO was demonstrated by the scan in two patients. The scan of patient 2 showed hypermetabolic soft tissues in the lateral aspect of right greater trochanter and right
inner pelvic wall, which was confirmed as staphylococcus epidermitis. The scan of patient 5 before liver transplantation
showed abnormal, focal increased 18F-FDG uptake in the lateral segment of the left lobe of the liver, which was confirmed
as cholangiitis by biopsy. The 18F-FDG PET/CT scan did not
demonstrate the cause of FUO in 2 patients. Further examinations still did not detect the cause of FUO in these 2 patients. Patient 4 was a 6 years old male with FUO and renal
transplantation history and the scan showed increased 18FFDG activity in the transplanted kidney with a photopenic region in the renal pelvis, which indicated that the renal cortical
activity was not from radioactive urine. Instead, the renal activity was more likely the cause of the FUO. However, further
examination did not confirm the increased 18F-FDG uptake in
the transplanted kidney as the cause of FUO. We classified the
result as a false positive. The scan did not show any new lesions in 2 restaging patients. One patient (patient 17) with
Hodgkin’s lymphoma and bone marrow transplantation had
the 18F-FDG PET/CT scan to restage the disease, which did not
show evidence of active hypermetabolic disease. The other
patient (patient 18) with renal Wilm’s tumor and lung transplantation for lung metastasis also had the scan to restage the
disease, which did not show evidence of hypermetabolic malignancy (Table 1).

Results
Based on the pathological result, PTLD was diagnosed in 11
patients (patient 6 to 16). After the diagnosis of PTLD, 8 of 11
patients received related therapy and had 18F-FDG PET/CT
scan to monitor the therapy response. Based on 18F-FDG
PET/CT results, we classified the therapy response as development, improvement, mixed response including development
and improvement. Three of 11 patients had only one 18F-FDG
PET/CT scan before therapy to staging the disease. The scan
showed development in 3 PTLD patients (patients 6, 8 and 10)
with more than one 18F-FDG PET/CT scan and improvement
in 4 PTLD patients (patient 7, 11,13 and 14) (Figure 1) with
more than one 18F-FDG PET/CT scan. In patient 15, the 18F-FDG
PET/CT showed some mixed metabolic response compared
with the prior study. There was an overall increase in size area
and the degree of 18F-FDG uptake within some lesions, interval
decrease in size but increase in 18F-FDG uptake in other lesions,
and interval decrease in 18F-FDG uptake within some lesions
in this patient. We classified this 18F-FDG PET/CT result as a
mixed response. The 18F-FDG PET/CT results of 8 of 11 patients
influenced the further management of PTLD. There were new
www.nuclmed.gr

Figure 1. A 12 years old girl was diagnosed as post-transplant lymphoproliferative
disorder post heart transplantation. The 18F-FDG PET/CT of pre-therapy showed multiple foci of 18FF-FDG accumulation in the retroperitoneal region. The 18FF-FDG PET/CT
of post-therapy did not show abnormal 18FF-FDG accumulation. Based on these 18FFFDG PET/CT results, we classified the therapy response as improvement.

Discussion
The clinical outcomes of transplantations are directly related
to the transplanted organ (acute or chronic allograft rejection)
and those that are caused by post transplant therapies (fever,
infection, malignancy). Many of the diseases experienced in
patients with long term allograft survival are associated with
the immunosuppressive regimens to which the success of the
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transplant organ is attributed [3]. Pediatric patients still remain one of the highest risk groups for cancer post transplant. The relative risk of cancer among transplanted
pediatric patients is about two to three times higher than in
the general population [9,10]. Penn et al. (1994) reported
that the incidence of malignancy among pediatric transplant recipients was as high as 10 times the incidence for
the same age group [11]. North American Pediatric Renal
Trials and Collaborative Studies (NAPRTCS) reported that the
incidence of malignancy in pediatric renal transplant recipients was 2.4%. The male to female ratio in pediatric transplantation recipients with cancer was lower than in adult
patients, at 1.2: 1 [12]. Among pediatric solid organ transplant recipients, PTLD remains the most common neoplasm,
aﬀecting between 1% and 10% of all patients based on the
transplanted organ. Israel Penn Transplant Tumor Registry
reported that over 50% of pediatric transplant malignancies
were PTLD [13]. Post transplant LD is a serious, life threatening complication of solid organ transplantation and bone
marrow transplantation leading to high mortality. The reported incidence of PTLD is very variable as is its related
mortality (30%-60%) [14]. Post transplanted LD represents
a heterogeneous group of lymphoproliferative diseases,
ranging from Epstein-Barr virus (EBV) associated polyclonal
proliferation to highly aggressive monomorphic proliferations, such as diﬀuse large B-cell lymphoma [15]. There is no
consensus about the optimal treatment of PTLD. It is generally agreed that three major strategies should be applied:
restoration of the recipient’ immunity (to limit the EBV infection), elimination of EBV and removal of neoplastic B cells
[16]. Previous studies have reported the role of 18F-FDG
PET/CT in the evaluation and follow-up of adult PTLD [17].
In our study, 8 of 11 patients had 18F-FDG PET/CT scans to
monitor the therapy response after related therapy. The
therapy response included development in 3 patients, improvement in 4 patients and mixed response in 1 patient.

The scan results of these 8 patients influenced the further
management of PTLD. Three of 11 patients had only one 18FFDG PET/CT scan before therapy to staging the disease.
Fever of unknown origin was defined as recurrent fever of
38,3°C or higher, lasting 2-3 weeks or longer, and not determined after 1 week of hospital evaluation [18]. Durak et al.
(2007) oﬀered new definition for diﬀerent subsets of populations with FUO as following: classic FUO, nosocomial FUO,
neutropenic FUO, and HIV associated FUO. Unfortunately,
transplant patients were not included [19]. The precise incidence of fever in diﬀerent transplant patients is not well
known. In a prospective evaluation of the cause of fever in
liver transplant recipients, Chang et al. (1998) reported that
fever was caused by infection in 78% patients and was noninfectious in 22% [20]. In our study, 5 patients had 18F-FDG
PET/CT scans to locate the etiology of the FUO, and in 2 of
these 5 FUO patients it was located. Seshadri et al. (2012)
evaluated the accuracy of the 18F-FDG PET/CT scan in patients with FUO. They reported that the overall sensitivity,
specificity, positive predictive value and negative predictive
value of 18F-FDG PET/CT were 86%, 78%, 86% and 78%,
which were significantly higher than those of In-111 labelled
leucocyte scintigraphy [21]. However, Sheng et al. (2011) reported that the specificity of 18F-FDG PET/CT for detecting
the cause of FUO was 33% [22]. In our study, the scan result
of 1 patient was falsely positive. False positive 18F-FDG
PET/CT result was responsible for the poor specificity. The
causes of a high false positive 18F-FDG PET/CT may be that:
a) the high rate of false positive is inevitable because the
causes of FUO are obscure in a number of patients [23,24];
b) when the additional methods fail to locate the cause of
FUO, it is probably reasonable to consider the abnormality
as a false positive result; c) it is also diﬃcult to diﬀerentiate
physiologic uptake from pathologic uptake of 18F-FDG,
which causes variation in the number of positive results [22].
In our study, 18F-FDG PET/CT scan in 2 of 5 patients did not

Table 1. Table 1 clinical and PET/CT information of all patients

Patient No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Age/G
7/m
16/f
2/m
6/m
18/f
10/f
15/f
7/m
11/f
18/f
12/f
18/m
5/f
18/m
18/m
10/f
15/m
18/f

Times PET/CT
1
4
1
1
1
8
3
1
1
5
2
1
2
3
3
1
2
1

Result

positive
»
negative
positive
»
»
»
»
negative
positive
»
»
negative
positive
»
negative
»
»

Cause and transplant

FUO after BM tranplant
FUO after BM tranplant
FUO after liver transplant
FUO after renal transplant
FUO pre liver transplant
PTLD after heart transplant
PTLD after heart transplant
PTLD after liver transplant
PTLD after renal transplant
PTLD post BM transplant
PTLD post heart transplant
PTLD post heart transplant
PTLD post liver transplant
PTLD post liver transplant
PTLD post lung transplant
PTLD post renal transplant
staging, post BM transplant
staging, post lung transplant

Evaluation

no lesion
positive
no lesion
false positive
positive
development
improvement
development
no lesion
development
improvement
new lesion
improvement
improvement
mixed
no lesion
no lesion
no lesion

FUO: fever of unknown origin; PTLD: post transplantation lymphoproliferative disorder; f: female; m: male; BM: bone marrow
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show the cause of FUO. Further examination did not locate
the cause of FUO in 2 patients with negative 18F-FDG PET/CT
scan. We classified this result as a true negative. Balink H et
al. (2009) reported high negative predictive value of 18F-FDG
PET/CT for assessment of FUO. This scan allows exclusion of
a focal etiology of FUO with a high degree of certainty. When
systemic diseases were excluded by other diagnostic tests, a
negative 18F-FDG PET/CT scan, in combination with negative
first-level diagnostic methods may avoid the need for further
futile investigations [25, 26]. Up to now the 18F-FDG PET/CT
scan is still not a routine procedure in the management of
transplant patients due to high cost and limited availability.
Based on our study, the 18F-FDG PET/CT scans have an important role in management and follow-up of pediatric transplant patients.
The limitations of this study need to be considered. It is a
retrospective study with a small sample size and a heterogeneous patient population.
In conclusion, the 18F-FDG PET/CT scan may have an important role in management and follow-up of pediatric transplant patients. Further investigations with more patients are
necessary to assess the validity of our findings.
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