
Frequency, Determinants, and Costs of Recommendations for
Additional Imaging in Clinical 18F-FDG PET/CT Reports

Hasan M. Alesawi, Derya Yakar, Andor W.J.M. Glaudemans, and Thomas C. Kwee

Medical Imaging Centre, Department of Radiology, Nuclear Medicine, and Molecular Imaging, University Medical Centre
Groningen, University of Groningen, Groningen, The Netherlands

Our purpose was to determine the frequency, determinants, and
costs of recommendations for additional imaging (RAIs) in clinical 18F-

FDG PET/CT reports. Methods: This retrospective study included a

random sample of 2,643 18F-FDG PET/CT scans that were performed

for various clinical reasons at a tertiary-care academic medical center
without financial incentives for self-referral, within a 1.5-y period.

Results: Ninety-eight (3.7%) of 2,643 18F-FDG PET/CT reports

contained an RAI. None of the investigated variables (patient
age, hospital status [inpatient or outpatient], indication for 18F-

FDG PET/CT scanning [oncologic, infection/inflammation, or mis-

cellaneous], type of 18F-FDG PET/CT scan [low-dose 18F-FDG

PET/CT or low-dose 18F-FDG PET/CT combined with diagnostic
CT of any body region], or years of experience of the [most senior]

signing author) was univariately associated with the presence of an

RAI in the 18F-FDG PET/CT report. The hypothesis that RAIs more

frequently occur when the anatomic area to which the RAI relates is
not covered by a diagnostic CT scan (as part of the 18F-FDG PET/CT

examination) was also rejected (P 5 0.419). The total costs of all RAIs

(regardless of whether they were actually performed by the referring

clinicians) were €23,922.21 ($27,065.47), which corresponds to an av-
erage of €9.08 ($10.27) RAI costs per 18F-FDG PET/CT exam. The total

costs of all RAIs that were actually performed by the referring clinicians

were €16,498.62 ($18,666.46), which corresponds to an average of
€6.26 ($7.08) RAI costs per 18F-FDG PET/CT exam. Conclusion: RAIs
in 18F-FDG PET/CT reports in a European tertiary-care academic med-

ical center without financial incentives for self-referral are infrequent,

cannot be anticipated, and result in relatively low overall costs.
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PET with the radiotracer 18F-FDG is the most widely used
molecular imaging technique in clinical practice, most notably in
oncology (1). Its use has rapidly increased in the past decade,
mainly thanks to the emergence of hybrid scanners combining
PET with CT (1). Because 18F-FDG PET/CT is considered an ad-
vanced and costly imaging method (2), it would ideally provide
sufficient diagnostic confidence to minimize the need for further

imaging examinations. However, in clinical practice it is not un-
common for reporting imaging physicians to recommend additional
imaging examinations to reduce uncertainty about equivocal or even
negative findings on 18F-FDG PET/CT. These recommendations for
additional imaging (RAIs) may have a negative impact on health-
care use and costs (3,4).
In a study by Sistrom et al. (5), 10,421 of 43,917 PET-only

examinations (23.7%) had at least 1 RAI in the dictated report.
However, their results do not apply to hybrid PET/CT, which is at
present the standard of care. Another study, by Shinagare et al. (6),
investigated 250 oncologic 18F-FDG PET/CT reports, which con-
tained 84 RAIs (33.6%). However, they did not include indications
other than oncologic diseases for performing 18F-FDG PET/CT
(6). Furthermore, both Sistrom et al. and Shinagare et al. investi-
gated only a limited number of factors associated with RAIs, and
neither one of them determined the costs of these RAIs. Moreover,
both studies were performed in the United States, where imaging
physicians may tend to give more RAIs because of the higher risk
of malpractice suits than in other countries (7,8). Studies per-
formed outside the United States on this topic are currently lack-
ing. More research on the issue of RAIs in clinical 18F-FDG PET/
CT is needed to assess the extent of this problem and to identify
potential solutions to reduce this type of imaging overutilization.
The purpose of this study was therefore to determine the fre-

quency, determinants, and costs of RAIs in clinical 18F-FDG PET/
CT reports.

MATERIALS AND METHODS

Study Design and Patients

The local institutional review board waived the requirement for
informed consent for this retrospective study (waiver 2017/433).

Between January 2016 and June 2017, a consecutive number of 5,564
(whole-body) 18F-FDG PET/CT scans were performed at the University

Medical Center Groningen. The University Medical Center Groningen
is a tertiary-care academic medical center in The Netherlands where all

physicians are paid straight salaries, regardless of the number of pro-
cedures performed. Therefore, it provides an ideal environment to study

the frequency of RAIs that are not affected by financial incentives for
self-referral (9). In total, 3,000 of these 5,564 18F-FDG PET/CT exam-

inations were selected using the random-sampling function in Excel

(Microsoft). Of these 3,000 18F-FDG PET/CT examinations, 357 were
excluded because they contained no clinical 18F-FDG PET/CT report

since they were either part of a research study or performed for in-
terpretation at another hospital. Thus, 2,643 18F-FDG PET/CT exami-

nations with a clinical report remained and were finally included.

18F-FDG PET/CT Acquisition and Interpretation

All 2,643 18F-FDG PET/CT examinations were acquired using an

EANM/EARL (European Association of Nuclear Medicine/ResEARch
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4 Life)-accredited hybrid PET/CT system (Biograph mCT PET/CT;

Siemens). Patients fasted for at least 6 h before 3 MBq of 18F-FDG
per kilogram of body weight were intravenously injected. Blood glu-

cose levels were checked to be less than 11 mmol/L before 18F-FDG
administration. After staying supine and solitary in a quiet environment

at 20�C–22�C for approximately 60 min, patients underwent low-dose
CT scanning (with a tube voltage of 100 kVp and an effective tube

current–time product of 30 mAs) from cranial vertex to mid thighs or
feet, followed by PET scanning (with 3 min per bed position) in the

caudocranial direction. Full-dose intravenous contrast–enhanced CT
(with tube voltage and tube setting adjusted according to age, weight,

and body region) was also performed in some patients, depending on
the request of the referring clinician. Low-dose 18F-FDG PET/CT ex-

aminations were evaluated as part of standard clinical care by different
nuclear medicine physicians using a dedicated workstation (Syngo.via;

Siemens) and reported using a speech recognition system. If a concom-
itant diagnostic (full-dose, intravenous contrast–enhanced) CT scan was

performed, it was evaluated by a radiologist using a dedicated work-
station (Vue PACS, version 11.4.1.1102; Carestream Health, Inc.). Find-

ings from low-dose 18F-FDG PET/CT and diagnostic CT data sets were

dictated in a single report with an integrated conclusion by combining
the nuclear medicine physician’s and radiologist’s reports. All reports

were dictated in a free-text form, with an ending paragraph that con-
tained a conclusion and possible RAIs.

Data Extraction

A research fellow evaluated all 2,643 18F-FDG PET/CT reports and
corresponding patient data that were stored in the hospital’s electronic

database. The following variables were extracted from each 18F-FDG
PET/CT report: patient age, sex, hospital status at time of 18F-FDG PET/

CT scanning (inpatient or outpatient), indication for 18F-FDG PET/CT
scanning (oncologic [including cancer subtype], infection/inflammation,

or miscellaneous), type of 18F-FDG PET/CT scan (low-dose 18F-FDG
PET/CT or low-dose 18F-FDG PET/CT combined with diagnostic CT of

any body region), years of experience of the author (or most senior
author in the case of multiple readers) who signed the report (calculated

in years from date of completion of residency), and presence or absence
of an RAI in the dictated report. An RAI was defined as advice to

perform a specific additional diagnostic imaging examination. Recom-
mendations for clinical correlation, consultations with other medical

specialties, and other nonimaging diagnostic tests or (therapeutic) inter-
ventions were excluded. Recommendations to reevaluate specific find-

ings at the next scheduled 18F-FDG PET/CT examinations were also
excluded.

Statistical Analysis

Basic 18F-FDG PET/CT and patient data were descriptively ana-

lyzed. The frequency of RAIs in the 2,643 18F-FDG PET/CT reports
was calculated. Univariate logistic regression analyses were performed

to determine the association of patient age, different age groups (,18 y,
.65 y, and .80 y), sex, hospital status, indication for 18F-FDG PET/

CT scanning, type of 18F-FDG PET/CT scan, and years of experience of
the (most senior) signing author with the presence of an RAI in the 18F-

FDG PET/CT report. Furthermore, the hypothesis was tested that RAIs
more frequently occur when the anatomic area to which the RAI relates

is not covered by a diagnostic CT scan (as part of the 18F-FDG PET/CT
examination). This was done using a general Z test, with the reference

percentage set at 50%. Finally, the costs of all RAIs and RAIs that were
actually followed by the referring clinician were calculated as totals and

per single 18F-FDG PET/CT examination (i.e., total costs divided by the

2,643 18F-FDG PET/CT examinations), according to Dutch Healthcare
Authority (Nederlandse Zorgautoriteit, NZa) tariffs. P values of less than

0.05 were considered statistically significant. All statistical analyses were
performed using IBM Statistical Package for the Social Sciences, version

23 (SPSS).

RESULTS

18F-FDG PET/CT Scans and Patients

The 2,643 18F-FDG PET/CT scans were performed in 1,873
unique patients, of whom 1,056 were male and 817 female, with
a mean age (6SD) of 60.4 6 16.2 y (range, 0–95 y). In 493
patients (26.3%), more than 1 18F-FDG PET/CT scan was per-
formed; 411 (15.6%) 18F-FDG PET/CT scans were acquired while
patients were hospitalized, and 2,232 (84.4%) were acquired in the
outpatient setting. 18F-FDG PET/CT scans were performed in
oncologic settings in 2,171 (82.1%), for evaluation of infectious/
inflammatory disease in 263 (10.0%), and for miscellaneous rea-
sons in 209 (7.9%). Oncologic 18F-FDG PET/CT scans were made
for breast cancer (n 5 96), gastrointestinal cancer (n 5 327),
head–neck cancer (n 5 252), lung cancer (n 5 616), lymphoma
(n 5 403), melanoma (n 5 143), myeloma (n 5 46), and other
cancer types or indications (n5 288). In 1,448 (54.8%), additional
diagnostic CT was performed (chest-only in 482 scans; chest and
abdomen in 375 scans; neck, chest, and abdomen in 352 scans;
neck and chest in 79 scans; neck-only in 62 scans; abdomen-only
in 56 scans; heart in 33 scans; heart and abdomen in 2 scans; lower
legs in 2 scans; brain in 1 scan; neck and abdomen in 1 scan; upper
arms in 1 scan; upper legs in 1 scan; and knee in 1 scan). Thirty-
one different nuclear medicine physicians and radiologists evalu-
ated the 2,643 18F-FDG PET/CT scans. Years of experience of the
signing author (or most senior author in case of multiple readers)
was 11.7 6 5.7 y (range, 0–30 y).

RAIs: Frequency and Determinants

An RAI was found in 98 of 2,643 18F-FDG PET/CT reports,
corresponding to an RAI frequency of 3.7% (95% confidence in-
terval, 3.1%–4.5%). Five of these RAI-containing 18F-FDG PET/
CT reports had 2 RAIs. RAI type (imaging modality and body
region) and location of perceived abnormality on 18F-FDG PET/
CT for which an RAI was given are shown in Table 1. In 1 patient,
6 of the same RAIs (ultrasonography of the thyroid gland with
fine-needle aspiration) were given in the reports of 6 consecutive
follow-up 18F-FDG PET/CT scans. There were no other 18F-FDG
PET/CT reports in this study that contained the same RAI in the
same patient. Since this particular case represents clinical practice
and the corresponding double-counted RAIs constituted only 5%
of all RAIs, it was not corrected for in the statistical analysis. At
univariate analysis, none of the investigated variables (patient age
and different age groups, sex, hospital status, indication for 18F-
FDG PET/CT scanning, type of 18F-FDG PET/CT scan, and years
of experience of the [most senior] signing author) was associated
with the presence of an RAI in the 18F-FDG PET/CT report (Table
2). Furthermore, the hypothesis that RAIs more frequently occur
when the anatomic area to which the RAI relates is not covered by
a diagnostic CT scan (as part of the 18F-FDG PET/CT examination)
was also rejected (P 5 0.419). Representative cases are shown in
Figures 1 and 2.

RAIs: Types and Costs

Of the 98 RAIs, 40 (40.8%) involved ultrasonography, 20
(20.4%) CT, 15 (15.3%) MRI, 3 (3.1%) previously unscheduled
18F-FDG PET/CT, 2 (2.0%) leukocyte scintigraphy, 1 (1.0%) 68Ga-
DOTATOC PET/CT, 1 (1.0%) renography, and 1 (1.0%) mammog-
raphy. Four (4.1%) were combined RAIs (1 18F-FDG PET/CT and
diagnostic CT of the neck, 1 mammography and ultrasonography, 1
mammography and MRI, and 1 MRI and ultrasonography), 2 were
RAIs for either CT or MRI (2.0%), and 9 (9.2%) RAIs were not
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TABLE 1
Data for Location of Perceived Abnormality on 18F-FDG PET/CT for Which RAI Was Given

Imaging modality Body region Location on 18F-FDG PET/CT n

Ultrasonography Neck Thyroid gland 30

Neck* 1

Parotid gland 1

Abdomen Liver 3

Urinary bladder 2

Cecum 1

Kidneys 1

Pancreas 1

Chest Breasts 1

Heart 1

Pelvis Femoral lymph nodes 1

CT Abdomen Liver 5

Abdomen* 2

Adrenal glands 1

Ascending colon 1

Cecum 1

Kidneys 1

Kidneys and ovaries 1

Pancreas 1

Urinary bladder 1

Chest Lungs 9

Chest and abdomen Lungs and kidneys 1

Neck Right side of neck* 1

Neck and chest Neck and chest* 1

MRI Abdomen Liver 8

Pancreas 2

Adrenal glands 1

Lumbar spine 1

Neck Cervical spine 1

Cricoid 1

Hypopharynx 1

Mandible 1

Chest Chest wall 1

Head Brain 1

18F-FDG PET/CT Abdomen Liver 1

Chest Lungs, mediastinal and hilar lymph nodes 1

Neck and chest Cervical, mediastinal and hilar lymph nodes 1

Leukocyte scintigraphy Pelvis Hips 1

Upper body Humerus 1

68Ga-DOTATOC PET/CT Chest Heart 1

CT and 18F-FDG PET/CT Neck Oropharynx 1

Mammography Chest Breasts 1

Mammography and MRI Chest and abdomen Breasts and uterine cervix 1

Renography Abdomen Kidneys 1

Ultrasonography and MRI Neck and abdomen Thyroid gland and liver 1

*Location cannot be further specified.
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specified. To calculate RAI costs, the 18F-FDG PET/CT reports that
contained these 9 unspecified RAIs were reevaluated by a radiologist
to determine the most appropriate specific RAI that should have been
given. These RAIs involved CT (n 5 4), MRI (n 5 3), and ultraso-
nography (n 5 2). The total costs of all RAIs (regardless of whether
they were actually performed by the referring clinicians) were esti-
mated to be V23,922.21 ($27,065.47) for 2,634 18F-FDG PET/CT
examinations, which corresponds to an average of V9.08 ($10.27)
RAI costs per 18F-FDG PET/CT examination (Supplemental Table
1; supplemental materials are available at http://jnm.snmjournals.org).
Of 98 RAIs, 66 were performed by the referring clinicians, of which
55 were exactly as written in the 18F-FDG PET/CT report. The results
of these 66 RAI studies are shown in Table 3. In summary, these 66
RAIs (of which 1 RAI was performed for 2 perceived lesions in
different locations on 18F-FDG PET/CT) yielded 32 benign findings,
19 malignant findings, 9 lesions that remained of unclear nature, and 7
cases in which no lesion was detected. The total costs of all RAIs that
were actually performed by the referring clinicians were V16,498.62
($18,666.46), which corresponds to an average of V6.26 ($7.08) RAI
costs per 18F-FDG PET/CT examination (Supplemental Table 2).

DISCUSSION

Health-care costs pose a considerable and increasing burden on
society. For example, in the United States, the health share of the
gross domestic product is projected to increase from 17.6% in

2009 to 19.8% by 2020 (10). The use of advanced imaging meth-
ods such as CT, MRI, and PET is partially responsible for these

health-care costs (2,3). Therefore, inappropriate use of imaging

has become a target for cost containment (11). One important

target in this context is the issue of RAIs in radiology reports

and associated costs. Interestingly, the results of this study show

that RAIs in 18F-FDG PET/CT reports place a rather negligible

burden on the health-care system; both the frequency of RAIs and

the average direct RAI costs per 18F-FDG PET/CT examination

were relatively low. Importantly, to our knowledge, this study is

the first of its kind that was performed in a European tertiary-care

academic medical center without financial incentives for self-referral.

Since RAIs are a potential source of imaging overutilization, the

reported RAI frequency and costs may be used as a quality in-

dicator for benchmarking purposes. No clinical or imaging vari-

ables (including the availability of a concomitant diagnostic CT

scan) were found to be associated with the presence of an RAI in

the 18F-FDG PET/CT report. Therefore, there are no clear issues

that can be targeted to prevent or decrease the number of RAIs

when 18F-FDG PET/CT examinations are performed and inter-

preted in a similar health-care system.
A study by Sistrom et al. (5) analyzed 5,948,342 various diagnostic

imaging examinations, including angiography, CT, mammography,

MRI, ‘‘nuclear medicine,’’ PET, radiography, and ultrasonography,

that were reported between 1995 and 2008. In their study, 627,064

TABLE 2
Univariate Logistic Regression Analysis on Association of Several Variables with RAI in 18F-FDG PET/CT Report

Variable Odds ratio 95% CI P

Patient age

Years (continuous scale) (range, 0–117 y) 1.002 0.989–1.015 0.759

Patients , 18 y (n 5 131) vs. other ages (n 5 2,512) 0.275 0.038–1.993 0.201

Patients $ 18 y and , 65 y (n 5 1,296) vs. other ages (n 5 1,347) 1.029 0.688–1.541 0.888

Patients $ 65 y (n 5 1,216) vs. other ages (n 5 1,427) 1.084 0.721–1.629 0.700

Patients . 80 y (n 5 144) vs. other ages (n 5 2,499) 0.983 0.393–2.458 0.970

Sex: male (n 5 1,470) vs. female (n 5 1,173) 1.376 0.919–2,061 0.121

Hospital status: inpatient (n 5 411) vs. outpatient (n 5 2,232) 0.902 0.507–1.604 0.725

Indication for 18F-FDG PET/CT scanning

Oncologic (n 5 2,171) vs. other (n 5 472) 0.900 0.540–1.501 0.687

Infection or inflammation (n 5 263) vs. other (n 5 2,380) 1.150 0.606–2.183 0.668

Miscellaneous (n 5 209) vs. other (n 5 2,434) 1.037 0.496–2.167 0.924

Cancer type (only for oncologic scans)

Breast (n 5 96) vs. other cancers (n 5 2,075) 0.847 0.262–2.736 0.776

Gastrointestinal (n 5 327) vs. other cancers (n 5 1,844) 1.335 0.751–2.372 0.338

Head-neck (n 5 252) vs. other cancers (n 5 1,919) 0.977 0.482–1.980 0.948

Lung (n 5 616) vs. other cancers (n 5 1,555) 0.687 0.398–1.185 0.163

Lymphoma (n 5 403) vs. other cancers (n 5 1,768) 1.028 0.579–1.822 0.926

Melanoma (n 5 143) vs. other cancers (n 5 2,028) 1.876 0.917–3.838 0.109

Myeloma (n 5 46) vs. other cancers (n 5 2,125) 0.582 0.079–4.279 0.562

Type of 18F-FDG PET/CT scan: low-dose 18F-FDG PET/CT (n 5 1,193) vs.

low-dose 18F-FDG PET/CT with diagnostic CT of any body region (n 5 1,450)

1.259 0.834–1.901 0.273

Experience of (most senior) signing author: years (continuous scale) (range, 0–30 y) 1.007 0.971–1.043 0.717

CI 5 confidence interval.
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(10.5%) of diagnostic imaging examinations contained at least 1
RAI in the dictated report, as detected by their natural language-
processing algorithm. Diagnostic angiography had the fewest
RAIs (3.8%) and was set as the reference category for the odds
ratios obtained from logistic regression. The modalities with the
most RAIs were PET (with an odds ratio of 4.3 compared with that
of angiography) followed by CT (odds ratio of 4.0 compared with
that of angiography). Studies that had ‘‘positive findings’’ (defined
as ‘‘clinically important findings’’ according to the natural lan-
guage-processing algorithm) were more likely (odds ratio of 5.0)
to have an RAI. The remaining factors that were investigated
(patient location, whether a resident dictated the case, patient sex,
modality, body area studied, ordering service, and radiologist’s
specialty division) also had significant effects on the tendency
for an RAI. However, the definition of a ‘‘clinically important
finding’’ can be regarded as subjective and was not investigated
in the present study. Moreover, the other factors that were found to
have a significant effect on the frequency of RAIs in the study of
Sistrom et al., are probably not clinically relevant because of the
very large sample sizes in that study, which is also referred to as
the ‘‘P value fallacy’’ (12). Furthermore, their automated natural
language-processing method is likely less sensitive than manual
abstraction. However, the most important limitations of their study
are that they included a substantial number of PET-only examina-
tions and that they did not define the radiotracer that was used in
their PET examinations. Therefore, it is less meaningful to com-
pare their results to those of the present study with respect to RAIs
in 18F-FDG PET/CT reports.
The only study so far that investigated RAIs in clinical 18F-FDG

PET/CT is the study by Shinagare et al. (6). These investigators

analyzed 250 oncologic 18F-FDG PET/CT reports, of which 74
contained at least 1 RAI, with a total of 84 RAIs (33.6%). Impor-
tant limitations of that study are its relatively low sample size and
the fact that it included only oncologic patients. Moreover, RAI
determinants and costs were not assessed. Nevertheless, the dif-
ference in RAI frequency between that study (33.6%) and the
present study (3.7%) is striking. Differences in malpractice con-
cerns and in the medical culture generally may be an explanation.
In addition, it can be speculated that Europeans in general are
more parsimonious than Americans, as is reflected in a more con-
servative approach to resource use in health care. Concomitant
diagnostic CTwas used in 55% of 18F-FDG PET/CT examinations
in the present study and in no 18F-FDG PET/CT examination in
the study of Shinagare et al. study. However, this does not explain
the difference in RAIs between these 2 studies, given the fact that
the there was no significant difference in RAI frequency between
18F-FDG PET/CT scans that were made with versus without con-
comitant diagnostic CT (P 5 0.273). The number of RAIs in
reports of low-dose 18F-FDG PET/CT scans without concomitant
diagnostic CT in the present study remained low, with a percent-
age of 3.3% (39/1,193).
This study had several limitations. First, it was performed in a

tertiary academic medical center without any financial incentives
for self-referral among interpreting imaging physicians. Fre-
quency of RAIs may well be different in nonacademic hospitals
with different patient populations and in hospitals where self-
referral may be financially beneficial. Second, the analysis of the
effect of the availability of a concomitant diagnostic CT scan on the
frequency of RAIs may have been prone to selection bias, because
patients were not randomly assigned to undergo an additional diag-
nostic CT scan. Furthermore, diagnostic CT scans were not uniform
with regard to anatomic regions. Third, availability or nonavail-
ability of clinical information and previous diagnostic examinations

FIGURE 1. In 71-y-old man who had previously achieved complete

remission after chemoradiation therapy for small cell lung carcinoma,

cardiac ultrasonography (not shown) suggested pericardial effusion, and
18F-FDG PET/CT was ordered to exclude malignant cause. 18F-FDG

PET did not show any signs of intrathoracic disease. However, 2 highly
18F-FDG-avid foci were seen in large bowel (A, arrowhead and arrow),

which could be localized in splenic flexure of colon and in ascending

colon on fused 18F-FDG PET/CT images (B, arrowhead, and C, arrow).
18F-FDG PET/CT report contained advice to perform colonoscopy for

further evaluation of these 2 lesions (strong recommendation). Referring

physician followed this recommendation. Colonoscopy showed pedun-

culated polyp in splenic flexure of colon (D, arrowheads) and flat tumor

in ascending colon (E, arrows). Pedunculated polyp was completely re-

moved endoscopically and proved to be tubular adenoma with low-

grade dysplasia. Flat tumor was biopsied and proved to be well to

moderately differentiated adenocarcinoma, for which right-sided hemi-

colectomy was performed.

FIGURE 2. In 70-y-old woman with locally recurrent endometrial car-

cinoma who was already receiving preoperative radiation therapy. 18F-

FDG PET/CT was performed to screen for metastatic disease. 18F-FDG

PET showed 18F-FDG-avid lesion in left thyroid gland (A, arrow), which

was also demonstrated on fused 18F-FDG PET/CT (B, arrow), but no

signs of metastatic disease elsewhere. 18F-FDG PET/CT report con-

tained advice to perform ultrasonography and fine-needle aspiration

for further evaluation of this thyroid lesion (strong recommendation).

Referring physician followed this recommendation. Ultrasonography

showed 10-mm nodule in left thyroid gland, and fine-needle aspiration

was performed. Cytologic examination revealed benign follicular nodule

(Bethesda category 2).
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may also have affected the frequency of RAIs, but these data were too
heterogeneous to be meaningfully quantified and analyzed. Interest-
ingly, a previous study reported that the frequency of RAIs in

abdominal or pelvic CT or MRI reports could have been avoided
based on information contained in prior imaging examinations in
approximately 4.1% (13). Fourth, the appropriateness of the RAIs that
were given was beyond the scope of this study and not investigated.

CONCLUSION

RAIs in 18F-FDG PET/CT reports in a European tertiary-care
academic medical center without financial incentives for self-re-
ferral are infrequent, cannot be anticipated, and result in relatively
low overall costs.
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KEY POINTS

QUESTION: What are the frequency, determinants, and costs of

RAIs in clinical 18F-FDG PET/CT reports?

PERTINENT FINDINGS: In this retrospective study 98 (3.7%) of

2,643 18F-FDG PET/CT reports contained an RAI and none of the

investigated variables (e.g., patient, imaging or reporting physician

characteristics) was associated with the presence of an RAI. The

average costs of all RAIs (regardless of whether they were per-

formed by the referring clinicians ) were V9.08 RAI ($10.27) per
18F-FDG PET/CT exam, whereas average costs for RAIs that were

actually performed by the referring clinicians were V6.26 ($7.08)

RAI per 18F-FDG PET/CT exam.

IMPLICATIONS FOR PATIENT CARE: RAIs in 18F-FDG PET/CT

reports in a European tertiary-care academic medical center

without financial incentives for self-referral are infrequent, cannot

be anticipated, and result in relatively low overall costs.
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TABLE 3
Results of 66 RAI Studies That Were Actually Performed by

Referring Clinicians

Description Organ/body region n

Benign Thyroid gland 13

Lungs 7

Liver 3

Kidneys 2

Cervical lymph node 1

Cricoid 1

Femoral lymph nodes 1

Heart 1

Lungs, mediastinal

and hilar lymph nodes

1

Neck and chest 1

Parotid gland 1

Malignant Liver 4

Thyroid gland 3

Pancreas 2

Abdomen* 2

Adrenal gland 1

Ascending colon 1

Bladder 1

Brain 1

Hypopharynx 1

Lungs 1†

Mandible 1

Uterine cervix 1

Indeterminate Liver 2

Lungs 2

Thyroid gland 2

Lumbar spine 1

Kidneys 1†

Neck 1

Negative (nothing

was found)

Liver 2

Bladder 1

Cervical, mediastinal

and hilar lymph nodes

1

Hips 1

Oropharynx 1

Pancreas 1

*Location cannot be further specified.
†In 1 patient, perceived lung abnormalities on 18F-FDG PET/CT

proved to be malignant, whereas perceived kidney abnormalities

on 18F-FDG PET/CT remained of indeterminate nature after RAI
study was actually performed (CT scan of both chest and abdo-

men in this case was counted as 1 RAI).
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