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Abstract
Patients were surveyed to assess the impact of dopamine transporter imaging on diagnostic

confidence, change in treatment plan, effect on medication compliance, and subjective

well-being. Surveys were sent to 140 patients who completed dopamine transporter imag-

ing an average of 18 months prior. Sixty-five surveys from patients (46%) were returned.

Questions assessed patients’ perceived impact of the imaging on their care. Increased

diagnostic confidence following imaging was reported by 69% of patients. Changes to treat-

ment plan from imaging were reported by 24% of patients. Overall satisfaction with the

study and its impact was reported by 70% of patients. Dopamine transporter imaging

increased diagnostic confidence among patients and overall patient satisfaction with the

impact of imaging on clinical care was high.

Introduction
Dopamine transporter SPECT imaging using 123I-Ioflupane is useful and safe for differentiat-
ing adult patients with suspected Parkinson’s disease (PD) or parkinsonian syndromes (PS)
from normal patients or patients with other entities including essential tremor (ET), dystonic
tremor, psychogenic parkinsonism or drug-induced parkinsonism [1–7]. Diagnosis by history
and clinical examination may be problematic, especially early in the disease when clinical
symptoms have not fully developed or in cases with atypical features. Subsequent overdiagnosis
of PD has been reported for 15–53% of cases [8–9].

123I-Ioflupane binds to dopamine transporters on the presynaptic terminals of dopaminer-
gic neurons and demonstrates abnormal striatal uptake when loss of nigrostriatal dopaminer-
gic neurons has occurred, as in cases of PD and PS such as progressive supranuclear palsy or
Lewy Body dementia [7, 10]. No loss of nigrostriatal dopaminergic neurons is seen with
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essential tremor or normalcy [6,11]. Confirmation of PD or PS guides timely treatment
whereas a normal result offers emotional relief, precludes empirical anti-parkinsonian medica-
tions, and redirects diagnostic testing in the proper direction [12–14].

Physician surveys on the impact of dopamine transporter imaging on diagnostic confidence
and treatment plan changes have been performed in previous studies [15], and these factors
have been studied in prospective trials [1–5,7]. This novel study is the first patient survey with
long-term follow-up assessing patient satisfaction and perceived clinical impact following
dopamine transporter imaging.

Materials and Methods
This study was HIPAA compliant and deemed institutional IRB compliant by the Human Sub-
jects Protection Program at the University of Arizona. Waiver of consent was approved by this
ethics committee for this hospital quality assurance project. An 11 question patient survey
assessing the perceived impact of dopamine transporter imaging on diagnostic certainty, treat-
ment plan, and subjective well-being was created by the authors (Table 1). While the main pur-
pose of this research was to collect data from patients, a secondary survey of referring
neurologists was also performed but dependable conclusions could not be drawn from the phy-
sician survey data as 40 of the 50 responses (80%) were from a single neurologist. This data was
therefore not included in this study.

Survey population
All patients with referrals from neurologists specializing in movement disorders who com-
pleted dopamine transporter imaging between July 12, 2011 and March 22, 2012 were included
in this study. 140 patients were sent surveys in the mail. Patients were excluded if their refer-
ring physicians were not neurologists specializing in movement disorders. Fourteen patients
were excluded.

Data collection
Patients were instructed to return surveys through the mail in self-addressed and stamped
envelopes. Each patient was surveyed only once and no patient underwent repeat dopamine
transporter imaging during the study period. No financial or other form of compensation was
offered to patients for completion of the survey.

Chart review was performed to assess imaging indication, imaging result and changes to
pharmacologic therapy within one clinic visit following imaging.

Imaging Technique
All imaging studies were performed at a single academic medical center. At least 1 hour prior
to injection, patients were give 4 drops of Lugol’s solution in a glass of water to block radioac-
tive iodine uptake by the thyroid gland. Imaging protocol included a 4–6 mCi (148–222 MBq)
dose of 123I-Ioflupane administered intravenously followed by SPECT imaging 3–6 hours fol-
lowing injection. Each study was interpreted prospectively as part of routine clinical care by
one of two board-certified radiologists with fellowship training in Nuclear Medicine.

Statistical methods
Survey responses were entered into an electronic spreadsheet for analysis. Tabulated responses
from patients and limited responses by physicians were analyzed for statistical significance by

123I-Ioflupane Dopamine Transporter Imaging Patient Survey

PLOS ONE | DOI:10.1371/journal.pone.0134457 July 30, 2015 2 / 7

and speaker for MD Training @ Home. The
remaining authors have no financial disclosures or
conflicts of interest. This does not alter the authors'
adherence to PLOS ONE policies on sharing data
and materials.



Table 1. Patient survey questions and responses.

Questions and Responses Percent
Response

Statistical Significance

1. How long have you had your tremor or movement disorder (years and/or
months)?

*Question excluded for inability to interpret many responses. Not applicable. Not applicable.

2. Did the brain imaging alter your level of confidence in the diagnosis your
physician provided you with?

Much more confident 9/64 (25.7%) Significantly more “much more confident” or “more
confident” (p < 0.0001).More confident 35/64 (54.7%)

Neutral 17/64 (26.6%)

Less confident 2/64 (0.3%)

Much less confident 1/64 (0.2%)

3. Did your physician change your treatment plan as a result of the brain imaging?

Yes 15/63 (23.8%) Significantly more “no” (p < 0.0001).

No 48/63 (76.2%)

4. If yes, how was it changed?

Another test ordered 1/18 (5.6%) Significantly more “change in dose of medication”
or “change in medication” (p < 0.05).Change in medication 7/18 (38.9%)

Change in dose of medication 10/18 (55.6%)

5. Do you feel better because of the change?

Yes 13/38 (34.2%) Significantly more “no change” (p < 0.001).

No 3/38 (7.9%)

No change 22/38 (57.9%)

6. If there was a change in how you feel, over what period of time did the change
occur (please be as exact as possible, for example, number of days or weeks)?

2.7 months on average (range 2 weeks to 7 weeks; 11 responses) Not applicable. Not applicable.

7. Did the results of the exam affect whether you take medications for your tremor/
movement disorder as recommended?

I was not prescribed medications 13/64 (20.3%) Significantly more “did not change” (p < 0.0001).

I am now more likely to take my medications as my doctorordered 15/51 (29.4%)

I am now less likely to take my medication as my doctor ordered 2/51(3.9%)

The results did not change the way I take my medications 34/51 (66.7%)

8. Would you recommend the exam to other patients like yourself?

Definitely 26/63 (41.3%) Significantly more “definitely” or “probable”
(p < 0.0001).Probably 28/63 (44.4%)

Probably Not 7/63 (11.1%)

Definitely Not 2/63 (3.2%)

9. How concerned are you about your exposure to radiation from the exam?

Concerned 9/64 (14.1%) Significantly more “unconcerned” (p < 0.01).

Neutral 26/64 (40.6%)

Unconcerned 29/64 (45.3%)

10. How did you learn of this exam?

Primary care physician 16/63 (25.4%) Significantly more from “other physician”
(p < 0.0001).Other physician 43/63 (68.3%)

Public media 1/63 (1.6%)

Friend/Associate 0/63 (0%)

Other 3/63 (4.8%)

11. What is your overall satisfaction with the experience of the study and its impact
on you?

(Continued)
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chi-squared tests, including assessment for correlation among responses between both groups.
A p-value of less than or equal to 0.05 was considered significant.

Results
Of 140 patient surveys, 64 patients responded corresponding to a 46% response rate. An aver-
age of 51 out of 64 patients responded to each question on the patient survey. The range of
responses to each individual question ranged between 11 and 64 responses. Average patient
age was 68.9 years (range 46–85 years). Males comprised 57% of the population (37/65).
Patients were followed by their referring neurologist for an average of 15 months prior to imag-
ing (range 2 weeks to 6 years; 10 responses). Patients completed dopamine transporter imaging
an average of 18 months prior to completing the survey (range 14–22 months). Scans showed
abnormal dopamine striatal uptake in 66.1% of cases (43/65).

The results from the first question on the patient survey that asked “How long have you had
your tremor or movement disorder (years and/or months)?” could not be interpreted, as the
majority of patients did not indicate years or months despite the specific wording of the
question.

Of the patients responding to the survey, 68.8% (44/64) were statistically significantly either
“much more confident” or “more confident” in their diagnosis following imaging compared to
“neutral”, “less confident”, or “much less confident” (p<0.0001).

Changes in treatment plan were reported by 23.8% of patients (15/63). When asked if they
felt better because of the change, 34.8% of patients answered “yes” (13/38), 7.9% answered “no”
(3/38) and 57.9% answered “no change” (22 of 38). The average time period over which the
improvement occurred was 2.7 months (range 2 weeks to 7 months; 11 responses). No signifi-
cant difference for diagnostic confidence or treatment plan changes was found as a function of
whether imaging was normal or abnormal.

For the 51 patients prescribed medications for tremor/movement disorder, 66.7% reported
imaging results “did not change”medication compliance (34/51), 29.4% reported they are
“more likely” to take prescribed medications as recommended (15/51) and 3.9% reported they
are “less likely” to take prescribed medications as recommended (2/51). Patients were signifi-
cantly more likely to take prescribed medications as recommended if their imaging test was
abnormal (p = 0.036). As a result of imaging, a “change in medication” was reported by 38.9%
of patients (7/18), a “change in dose of medication” was reported by 55.6% of patients (10/18)
and “another test ordered” was reported by 5.6% of patients (1/18).

86% of patients (54/63) would “definitely” or “probably” recommend dopamine transporter
imaging to similar patients. When asked regarding overall satisfaction with the experience of
the study and its impact 70.3% of patients (45/64) chose “very satisfied” or “satisfied”, 21.9% of
patients (14/64) felt “neutral” and 7.8% (5/64) were “unsatisfied” or “very unsatisfied”.

Table 1. (Continued)

Questions and Responses Percent
Response

Statistical Significance

Very satisfied 17/64 (26.6%) Significantly more “very satisfied” or “satisfied”
(p < 0.0001).Satisfied 28/64 (43.8%)

Neutral 14/64 (21.9%)

Unsatisfied 2/64 (3.1%)

Very unsatisfied 3/64 (4.7%)

doi:10.1371/journal.pone.0134457.t001
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Patient survey results are included in their entirety in Table 1 and S1 PatientDataset.
Changes to therapy by indication and result of dopamine transporter imaging are presented in
Table 2.

Discussion
To our knowledge, this is the first patient survey with long-term follow-up obtaining responses
regarding patient satisfaction and perceived impact of dopamine transporter imaging. As
reported by the patients, dopamine transporter imaging significantly increased diagnostic con-
fidence and led to changes in treatment plan for up to 57% of patients. Our results agree with
existing peer-reviewed literature showing that dopamine transporter imaging leads to a change
in diagnosis in 31–50% of patients [1,2,15] and changes in management for 52%-58% of
patients [2,15].

At an average of 18 months following imaging more than one-third of patients with treat-
ment plan changes in this survey reported feeling better as a result of the DAT imaging. Exist-
ing literature has failed to demonstrate related increases in total quality of life scores at either 4
weeks or 12 weeks (2) or 1-year (1) following imaging. A potential explanation for this differ-
ence is that a longer follow-up interval as in this study is needed to measure differences in qual-
ity of life.

Previous research suggests diagnostic confidence is increased only when the dopamine
transporter imaging result is abnormal [3,12] and a normal result leads to decreased diagnostic
confidence (3). This survey did not reveal a significant difference in diagnostic confidence
among patients as a function of whether the imaging result was normal or abnormal. Patient
diagnosis was significantly more likely to be changed when the imaging result was abnormal.

A recent retrospective analysis from a subspecialty movement disorder clinic in a US aca-
demic medical center reports that a change in diagnosis or medication regimen occurred in
59% of patients within one visit after dopamine transporter imaging [16]. The greatest impact
on change to clinical diagnosis and/or medication regimen was found for patients with a pre-
imaging diagnosis of essential tremor vs Parkinson’s disease. Our study also found that phar-
macologic treatment was most likely to change for patients with the indication of essential
tremor vs Parkinson’s disease.

Despite previous research demonstrating the cost-effectiveness of dopamine transporter
imaging in Europe [12–14] this imaging exam currently faces serious challenges in reimburse-
ment in the United States and, as a result, reduced availability to patients. Although this patient
survey did not directly assess cost-effectiveness, findings of the survey suggest that the exam

Table 2. Changes in therapy by indication and result of dopamine transporter imaging.

Indication Percentage Imaging Result Pharmacologic change

Clinically uncertain
parkinsonism

69.2% (45/
65)

32 abnormal13
normal

None 40% (18/45) Stop or reduce dopaminergic therapy 8.9% (4/45) Start dopaminergic
therapy 6.7% (3/45) Increase dopaminergic therapy 6.7% (3/45) Other* 8.9% (4/45)
Unknown 28.9% (13/45)

PD vs ET 21.5% (14/
65)

8 abnormal6
normal

Start ET treatment 28.6% (4/14) Start or increase PD treatment 28.6% (4/14) None 21.4%
(3/14) Unknown 21.4% (3/14)

PD vs MSA 6.2% (4/65) 3 abnormal1
normal

Start or increase PD treatment 50% (2/4) None 50% (2/4)

PD vs Myasthenia
Gravis

3.1% (2/65) 0 abnormal2
normal

Stop PD treatment 50% (1/2) None 50% (1/2)

Abbreviations: PD = Parkinson’s disease; ET = essential tremor; MSA = multiple system atrophy; RLS = restless leg syndrome

*Start ET treatment (n = 2), adjusting antipsychotic (n = 1), starting neuromodulatory drugs (n = 1)

doi:10.1371/journal.pone.0134457.t002
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adds clinical value from the patient’s perspective. A logical next step would be to survey
patients and their treating physicians to assess whether the result of dopamine transporter
imaging led to future reductions in office visits, diagnostic testing, avoidance of medication
expenses and/or other reduced health care expenditures. Unless data on the benefits of imaging
are provided to payors, decisions based on a proper assessment of the cost to benefit ratio is
not possible. Data directly from patients, the consumers of healthcare, is also crucial for calcu-
lating benefit to society. Understanding the perception of patients is therefore critical to joint
efforts by patients and physicians to preserve and advance the availability of advanced imaging.

Among the limitations of this study are that a variable number of responses were received
for different questions. Some questions may have been left unanswered due to suboptimal
wording or difficulty with recall. While variability in responses is an inherent challenge in this
type of survey research, analysis of this study could improve question formulation for future
surveys. Recall bias is possible in this retrospective survey with a long follow-up period of 18
months. This long follow-up period also may have also contributed to patient dropout, thereby
reducing the survey response rate.

Additionally, all referring physicians in this study were neurologists with subspecialty train-
ing in movement disorders. Previous research suggests that general neurologists are more likely
to change their diagnosis following imaging compared to movement disorder specialists [2,3].
Therefore, our study may under-represent the rate of change in diagnosis that would be found
in a population of patients referred from general neurologists or primary care physicians.

A complete analysis of responders compared to non-responders was not performed. How-
ever, survey respondents were divided into a 2:1 ratio of abnormal:normal scan results which is
consistent with published data on overall scan results from our patient population [17]. This
suggests that likelihood of response to the survey was not a function of whether the scan result
was normal or abnormal.

Supporting Information
S1 PatientDataset. Raw patient survey data.
(XLSX)

Author Contributions
Conceived and designed the experiments: MFC SS DL HL EK PHK. Performed the experi-
ments: MFC SS DL HL PHK. Analyzed the data: MFC DL EK PHK. Wrote the paper: MFC SS
DL HL EK PHK.

References
1. Kupsch A, Bajaj N, Weiland F, Tartaglione A, Klutmann S, Copp R, et al. (2013) Changes in clinical

management and diagnosis following DaTscan SPECT imaging in patients with clinically uncertain par-
kinsonian syndromes: a 12 week follow-up study. Neurodegener Dis 11: 22–32. PMID: 22571977

2. Kupsch AR, Bajaj N, Weiland F, Tartaglione A, Klutmann S, Buitendyk M, et al. (2012) Impact of DaTs-
can SPECT imaging on clinical management, diagnosis, confidence of diagnosis, quality of life, health
resource use and safety in patients with clinically uncertain parkinsonian syndromes: a prospective 1-
year follow-up of an open-label controlled study. J Neurol Neurosurg Psychiatry 83: 620–628. doi: 10.
1136/jnnp-2011-301695 PMID: 22492213

3. Catafau AM, Tolosa E, DaTSCAN Clinically Uncertain Parkinsonian Syndromes Study Group. (2004)
Impact of dopamine transporter SPECT using 123I-Ioflupane on diagnosis andmanagement of patients
with clinically uncertain Parkinsonian syndromes. Mov Disord 19: 1175–1182. PMID: 15390019

4. Vlaar AM, de Nijs T, Kessels AG, Vreeling FW,Winogrodzka A, MessWH, et al. (2008) Diagnostic
value of 123I-ioflupane and 123-I-iodobenzamide SPECT scans in 248 patients with parkinsonian syn-
dromes. Eur Neurol 59: 258–266. doi: 10.1159/000115640 PMID: 18264015

123I-Ioflupane Dopamine Transporter Imaging Patient Survey

PLOS ONE | DOI:10.1371/journal.pone.0134457 July 30, 2015 6 / 7

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0134457.s001
http://www.ncbi.nlm.nih.gov/pubmed/22571977
http://dx.doi.org/10.1136/jnnp-2011-301695
http://dx.doi.org/10.1136/jnnp-2011-301695
http://www.ncbi.nlm.nih.gov/pubmed/22492213
http://www.ncbi.nlm.nih.gov/pubmed/15390019
http://dx.doi.org/10.1159/000115640
http://www.ncbi.nlm.nih.gov/pubmed/18264015


5. Tolosa E, Borght TV, Moreno E, DaTscan Clinically Uncertain Parkinsonian Syndromes Study Group.
(2007) Accuracy of DaTSCAN (123I-Ioflupane) SPECT in diagnosis of patients with clinically uncertain
parkinsonism: 2-year follow-up of an open-label study. Mov Disord 22: 2346–2351. PMID: 17914722

6. Vlaar AM, van Kroonenburgh MJ, Kessels AG, Weber WE. (2007) Meta-analysis of the literature on
diagnostic accuracy of SPECT in parkinsonian syndromes. BMCNeuro 1:7–27.

7. Hauser RA, Grosset DG. (2012) [123I]FP-CIT (DaTscan) SPECT brain imaging in patients with sus-
pected parkinsonian syndromes. J Neuroimaging 22: 225–230. doi: 10.1111/j.1552-6569.2011.00583.
x PMID: 21410815

8. Marshall VL, Reininger CB, Marquardt M, Patterson J, Hadley DM, Oertel WH, et al. (2009) Parkinson’s
disease is overdiagnosed clinically at baseline in diagnostically uncertain cases: a 3-year European
multicenter study with repeat [123I]FP-CIT SPECT. Mov Disord 24: 500–508. doi: 10.1002/mds.22108
PMID: 19117369

9. Schraq A, Ben-Shlomo Y, Quinn N. (2002) How valid is the clinical diagnosis of Parkinson’s disease in
the community? J Neurol Neurosurg Psychiatry 73: 529–534. PMID: 12397145

10. Booij J, Speelman JD, Horstink MW,Wolters EC. (2001) The clinical benefit of imaging striatal dopa-
mine transporters with [123]FP-CIT SPET in differentiating patients with presynaptic parkinsonism from
those with other forms of parkinsonism. Eur J Nucl Med 28: 266–272. PMID: 11315592

11. Isaias IU, Marotta G, Hirano S, Canesi M, Benti R, Righini A, et al. (2010) Imaging essential tremor.
Mov Disord 25: 679–686. doi: 10.1002/mds.22870 PMID: 20437537

12. Antonini A, Berto P, Lopatriello S, Tamma F, Annemans L, Chambers M. (2008) Cost-effectiveness of
123I-FP-CIT SPECT in the differential diagnosis of essential tremor and parkinson’s disease in Italy.
Mov Disord 23: 2202–2209. doi: 10.1002/mds.22278 PMID: 18785639

13. Van Laere K, Everaert L, Annemans L, Gonce M, VandenbergheW, Vander Borght T. (2008) The cost
effectiveness of 123I-FP-CIT SPECT imaging in patients with an uncertain clinical diagnosis of parkin-
sonism. Eur J Nucl Med Mol Imaging 35: 1367–1376. doi: 10.1007/s00259-008-0777-2 PMID:
18385998

14. Dodel RC, Höffken H, Möller JC, Bornschein B, Klockgether T, Behr T, et al. (2003) Dopamine trans-
porter imaging and SPECT in diagnostic work-up of Parkinson’s disease: a decision-analytic approach.
Mov Disord 7(18Suppl): S52–62.

15. Seifert KD, Wiener Jl. (2013) The impact of DaTscan on the diagnosis and management of movement
disorders. A retrospective study. Am J Neurodegener Dis 2: 29–34. PMID: 23515233

16. Bega D, Gonzalez-Latapi P, Zadikoff C, SpiesW, Simuni T. (2014) Is there a role for DAT-SPECT imag-
ing in a specialty movement disorder practice? Neurodegener Dis 15(2):81–86.

17. Kuo PH, Avery R, Krupinkski EA, Lei H, Bauer A, Sherman S, et al. (2013) Receiver-operator-charac-
teristic analysis of an automated program for analyzing striatal uptake of 123-I-Ioflupane SPECT
images: calibration using visual reads. J Nuc Med Tecnnol 41(1):26–31.

123I-Ioflupane Dopamine Transporter Imaging Patient Survey

PLOS ONE | DOI:10.1371/journal.pone.0134457 July 30, 2015 7 / 7

http://www.ncbi.nlm.nih.gov/pubmed/17914722
http://dx.doi.org/10.1111/j.1552-6569.2011.00583.x
http://dx.doi.org/10.1111/j.1552-6569.2011.00583.x
http://www.ncbi.nlm.nih.gov/pubmed/21410815
http://dx.doi.org/10.1002/mds.22108
http://www.ncbi.nlm.nih.gov/pubmed/19117369
http://www.ncbi.nlm.nih.gov/pubmed/12397145
http://www.ncbi.nlm.nih.gov/pubmed/11315592
http://dx.doi.org/10.1002/mds.22870
http://www.ncbi.nlm.nih.gov/pubmed/20437537
http://dx.doi.org/10.1002/mds.22278
http://www.ncbi.nlm.nih.gov/pubmed/18785639
http://dx.doi.org/10.1007/s00259-008-0777-2
http://www.ncbi.nlm.nih.gov/pubmed/18385998
http://www.ncbi.nlm.nih.gov/pubmed/23515233

