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Abstract: Introduction: Response to drug withdrawal in patients with suspected drug-induced parkinsonism
(DIP) is of prognostic and therapeutic importance, but cannot be predicted solely on clinical information. The
aim of this study was to validate SN hyperechogenicity (SN+) assessed by transcranial sonography as a
predictor of response to drug withdrawal in this group of patients.
Methods: Patients were diagnosed according to previously published criteria and prospectively included in
the study. All patients were followed until complete recovery of parkinsonian symptoms or at least for
6 months after discontinuation of the offending drug and then diagnosed as DIP or parkinsonism following
neuroleptic exposure (PFNE). Transcranial sonography (TCS) findings were compared with the clinical
diagnosis.
Results: Sixty patients comprised the group for the final analysis. Sixteen patients were classified as PFNE
and 44 as DIP. The area of SN echogenicity was significantly increased in the PFNE group (0.23 cm2;
standard deviation [SD]: 0.04), compared to the DIP group (0.14 cm2; SD, 0.05; one-way analysis of variance;
P < 0.001). Normal SN was significantly associated with complete recovery after withdrawal of the
parkinsonism-inducing drug (P < 0.0005). Accuracy of SN+ to distinguish PFNE from DIP was: sensitivity
81.2%; specificity 84.1%; positive predictive value 47.4%; and negative predictive value 96.2%.
Conclusions: We believe that SN+ assessed with TCS is a valid prognostic marker in the setting of suspected
DIP. It is a nonexpensive, feasible technique that can be implemented for proper counseling and guidance of
treatment decisions.

Drug-induced parkinsonism (DIP) is considered the most fre-

quent cause of parkinsonism1 after idiopatic Parkinson’s disease

(PD), with an estimated prevalence of up to 3.3% in the elderly

population.2,3 Clinical signs, such as a symmetric syndrome, or

concomitant tardive features, such as orofacial diskinesias and

akathisia, are suggestive of DIP, but clinical assessment alone of

a patient under a potentially parkinsonism-inducing treatment

cannot predict response to drug withdrawal.4 Up to 20% of

patients might not improve, suggesting that the offending drug

unmasked a preexisting subclinical neurodegenerative parkin-

sonism, most likely PD.5 Recognizing these patients is of

importance for prognostic counseling, as well as for avoiding

delays in beneficial treatment decisions.

Several markers increase diagnostic accuracy in the context of

suspected DIP, mainly radiotracer-imaging studies.6,7 Single-

positron-emission computed tomography and PET scans are
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available using several dopamine transporter (DAT) ligands.8

DAT uptake in the striatum is significantly decreased in PD

patients, even during the early stages of the disease, because the

motor symptoms do not appear until 60% to 80% of dopamine

neurons degenerate.9 Drugs causing parkinsonism, such as dopa-

mine blockers, have a very low affinity for DAT10; thus, DAT

scans are useful for differentiating PD unmasked by drugs from

DIP. However, these tests are costly and not always available.

Transcranial sonography (TCS) is as a less expensive and an

available tool in the diagnostic workup of patients presenting

with parkinsonian disorders.11,12 SN hyperechogenicity (SN+) is
defined as enlarged echogenic signal in the area of the SN and

is present in at least 82% of PD patients and 10% of the healthy

population.13–16 Usefulness of TCS in PD diagnosis and differ-

ential diagnosis with atypical parkinsonism (with lower frequen-

cies of SN hyperechogenicity and higher frequencies of

lenticular hyperechogenicity and ventricular diameter abnormal-

ities) is supported by a growing body of evidence in the last

two decades.17 This biomarker is also associated with increased

vulnerability of the nigrostriatal dopamine system and is consid-

ered a preclinical risk marker for PD.18,19 Studies in psychiatric

patients observed positive correlations between the SN echo-

genic area and the prevalence and severity of DIP.15,20 For all

these reasons, it has been argued that TCS could be helpful in

detecting patients with DIP who have an underlying nigrostri-

atal dysfunction and are less likely to improve after withdrawal

of the offending drug. This hypothesis has been previously

explored with encouraging, but nonconclusive, results, probably

owing to insufficient sample sizes.21,22 In this study, we aimed

to assess the accuracy of SN echogenicity measured with TCS

to distinguish DIP from parkinsonism following neuroleptic

exposure (PFNE),23 prospectively following the patients and

observing their response to drug withdrawal.

Patients and Methods
Study subjects were recruited in the neurology outpatient clinics

and movement disorders unit of a tertiary hospital (Hospital

Universitario Ram�on y Cajal, Madrid, Spain). Suspected DIP

was considered when a potentially parkinsonism-inducing drug

had been started within 6 months of the onset of symptoms and

taken for at least 6 months according to previously published

diagnostic criteria.24 Subjects with previous PD or dementia

diagnosis, those taking dopaminergic therapy, as well as those

with overt signs of atypical parkinsonism were not included in

the study. Also, those patients in which the treatment could not

be discontinued were excluded. All dopamine receptor blockers

and dopamine-depleting agents were considered potentially

parkinsonism-inducing drugs, as well as other compounds

known to produce parkinsonism through a less well-known

mechanism of action.25

TCS examinations and SN segmentations were performed by

a single certified experienced ultrasound examiner, as previously

described.11,12 Clinical assessment was blinded to the ultrasound

results and vice versa. A Toshiba Xario ultrasound system

equipped with a 2.5-MHz phased array transducer was used,

following a standard protocol. Parameter settings used were a

penetration depth of 15 cm, a dynamic range of 45 dB, and

image brightness and time-gain compensation adjustments as

required.11,26–28 The examination was performed bilaterally

through the transtemporal bone window. In an axial midbrain

plane, the ipsilateral SN was depicted as hyperechoic signals in

the anterior part of the hypoechoic butterfly-shaped midbrain.

The image was frozen and zoomed, and the area of SN

echogenicity was manually encircled. Three independent

measurements were taken for each side. The measure of the

higher area detected on the bilateral examination was used for

the statistical analysis. The echogenicity of the midbrain raphe

was also assessed bilaterally. In a diencephalic plane, the widths

of the third and contralateral lateral ventricles (frontal horn)

were measured, and the echogenicity of the contralateral basal

ganglia was assessed semiquantitatively, as described earlier. SN+
was defined as an area ≥21 cm2 based on a receiver operating

characteristic analysis between 105 PD subjects and 138 healthy

controls, corresponding to the 90th percentile of the larger SN

side of the healthy controls; full details are available in the

complete reference.28

Patients with absent transcranial bone window were not

included in the analysis.29 Patients lost to follow-up or those

who did not follow specific recommendations on drug with-

drawal were not included in the final analysis. All the patients

were asked to interrupt treatment with the parkinsonism-indu-

cing drug, referred to a neurosonology laboratory to undergo

TCS, and followed up periodically until 6 months after the

basal assessment, or until complete recovery. Patients achieving

an improvement of 1 or 2 as measured by the Clinical Global

Impression Improvement scale (CGI-I) scale after drug with-

drawal were considered to have DIP, whereas the others were

included in the PFNE group. On the CGI, one query is rated

on a 7-point scale: “Compared to the patient’s condition before

drug withdrawal, this patient’s condition is: 1 = very much

improved; 2 = much improved; 3 = minimally improved;

4 = no change from baseline; 5 = minimally worse; 6 = much

worse; or 7 = very much worse since the withdrawal of the

offending drug.” Clinical diagnosis was considered the gold

standard for this study. Demographic and clinical characteristics

were collected in the basal and final visits. Patients were assessed

and rated at follow-up by the same two independent movement

disorder specialist. Hyposmia, depression, cognitive impairment,

constipation, and rapid eye movement sleep behavior disorder

(RBD) were assessed through a structured interview applied

directly by the investigators to the patients. Motor asymmetry

was defined as a difference of more than 2 points between

right- and left-side–specific sum scores on the UPDRS items

20 to 26. The protocol was approved by the local ethical

committee. Written informed consent was obtained from all

participants.

Statistical Analysis
The primary endpoint of the study was to explore the associa-

tion between TCS findings and clinical improvement after
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withdrawal of the parkinsonism-inducing drug. Association

among clinical (motor, nonmotor, and demographic) variables

and both clinical outcome and SN hyperechogenicity were sec-

ondary endpoints. Finally, diagnostic reliability of TCS for

PFNE diagnosis in this setting was estimated.

A descriptive analysis was carried out using absolute and rela-

tive frequencies. Fisher’s test or chi-square were used for

univariate comparisons, as appropriate. Analysis of variance

(ANOVA) was used for quantitative variable comparisons. Bon-

ferroni’s correction was used to adjust the level of significance

in multiple comparisons. In addition, diagnostic accuracy of

midbrain hyperechogenicity for the diagnosis of neurodegenera-

tive parkinsonism was calculated. All statistical analyses were

carried out using SPSS software (version 14; SPSS Inc.,

Chicago, IL).

Results
Patients
Sixty-seven patients with suspected DIP agreed to participate

and signed the informed consent. One patient who was lost to

follow-up and 6 who did not have transcranial temporal bone

window were excluded from the final analysis. A total of 60

patients who were finally included in the analysis (25 male;

mean age: 73.3 � 10.3 years) had been exposed to a mean of

1.3 parkinsonism-inducing agents (range, 1–3) and mean expo-

sure time of 16.22 months (�9.2 standard deviations [SDs]).

The most frequently implicated drug was sulpiride (Table 1).

Basal UPDRS-III score was 26.9 (�11.1 SDs). The basal clini-

cal and sonographic characteristics of the patients are listed in

Tables S1 and Table 1.

After a mean follow-up of 10 months (�7.4 SDs), 16

patients (26.7%) with persistence or worsening of parkinsonism

(CGI 3–7) were diagnosed as having PFNE, whereas 44

(73.3%) with complete or near complete recovery (CGI 1–2)
were classified as DIP. Normal SN hyperechogenicity was sig-

nificantly associated with clinical improvement (CGI 1–2; Fish-
er’s test: P < 0.0005]. Area of SN echogenicity was significantly

increased in the PFNE group (0.23 cm2; SD, 0.04), compared

to the DIP group (0.14 cm2; SD, 0.05; one-way ANOVA:

P < 0.001; see Table 2; Fig. 1).

SN+ was significantly associated not only with CGI 3 to 7 at

the end of follow-up, but also with male sex (chi-square:

P = 0.0003), whereas a borderline association with asymmetry in

clinical signs was ascertained (P = 0.0292). No significant associa-

tion was found with age, family history of PD, or clinical features

such as tremor, dyskinesia, basal UPDRS III score, or nonmotor

symptoms. As for clinical outcome, CGI 3 to 7 (PFNE) was

significantly associated with SN+, with a borderline significant

association with asymmetry in clinical signs (P = 0.0204), hypos-

mia (P = 0.0055), and RBD (P = 0.0367; Table 2).

TABLE 1 List of offending drugs

No. of Parkinsonism-
Inducing Agents

Name of Offending Drug(s) Mechanism of Action Total
Subjects

1 Sulpiride Dopamine blocker 9
Clebopride Dopamine blocker 8
Risperidone Dopamine blocker 4
Amiodarone Class III antiarrhythmic 3
Valproic acid Anticonvulsant
Amlodipine Calcium-channel blocker 2
Metoclopramide Prokinetic
Tietilperazine Dopamine blocker
Tetrabenazine Dopamine depleter
Aripiprazole Dopamine blocker
Levosulpiride Dopamine blocker
Olanzapine Dopamine blocker 1
Quetiapine Dopamine blocker

2 Clebopride and sulpiride 2
Clebopride and tietilperazine
Clebopride and diltiazem 1
Clebopride and amlodipine
Levomepromacine and olanzapine
Clomipramine and fluoxetine
Abilify and quetiapine
Risperidone and quetiapine
Risperidone and amisulpiride
Paliperidone and valproic acid
Valproic and phenitonin
Amiodarone and sulpiride
Clomipramine (diazepam, valdoxan, denubil)
Amisulpiride and maprotiline
Sulpiride and tietilperazine
Metoclopramide and diltiazem
Maprotiline and betahistine

3 Amisulpiride, aripiprazol, and asenapine 1
Tietilperazine, sulpiride, and amlodipine
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Sensitivity value of SN+ ascertained through TCS obtained

for clinical diagnosis of PFNE was 81.25%, whereas specificity

was 84.09%. Predictive values were calculated with an estimated

prevalence of 15% underlying PD in possible cases of DIP

according to published results. Positive predictive value (PPV)

was 47.4% and negative predictive value (NPV) was 96.2%.

Positive likelihood ratio was 5.11 and negative likelihood ratio

was 0.22 (Fig. 2).

Discussion
The underlying nature of SN+ is still uncertain. Increased

echogenicity has been associated with increased tissue iron and

enhanced microglial activation in postmortem studies.30–32

However, it is known that the extent of hyperechogenicity does

not correlate with the degeneration of presynaptic dopaminergic

nerve terminals in patients with PD and may reflect different

pathogenic mechanisms.33 Also, midbrain hyperechogenicity

seems to be a stable marker that does not change with aging

whereas it is known that age is a major risk factor for DIP. All

these can be considered limitations of TCS as compared to

dopamine radiotracers. TCS also requires significant training

and is currently not available at most movement disorder

centers. However, it is a less expensive, more widely available

and noninvasive free of radiation ancillary test that can be

performed in the movement disorder clinics as a part of a

comprehensive workup evaluation of patients presenting with

TABLE 2 Demographic data, clinical data, TCS results, and diagnostic accuracy

PFNE DIP PFNE vs. DIP

Demographic and clinical data
Patients, n 16 44
Female/male, n 10/6 15/29 0.07
Age, years; mean � SD 75.3 � 6.8 72.5 � 11.2 0.36
Basal UPDRS III, mean � SD 27.1 � 12.8 26.7 � 10.5 0.9
Final UPDRS III, mean � SD 26.7 � 10.5 5.7 � 4.3 <0.001*
Tremor (n = 59), n (%) 11 (68.7) 28 (65.1) 1.0
Asymmetry (n = 59) (%) 12 (75) 17 (39.5) 0.02
Dyskinesia (n = 56) 1 (6.25) 7 (15.91) 0.3
Hyposmia (n = 56) (%) 9 (60) 7 (17.1) 0.005*
RBD (n = 56) (%) 7 (46.6) 7 (17.1) 0.036*
Depression (n = 59) (%) 11 (68.7) 29 (67.5) 1.0

TCS characteristics
SN max (cm

2) 0.23 � 0.04 0.14 � 0.05 <0.001*
SN+, n (%) 13 (81.2) 7 (15.9) <0.001*
IIIV (n = 56) 7.4 � 2.1 6.3 � 2.0 0.08
LV right side (n = 29) 15.1 � 2.1 16.8 � 2.9 0.07
LV left side (n = 26) 15.1 � 2.3 16.4 � 2.4 0.18
Raphe normal/discontinuous (n = 50) (%) 10/5 (66.6/33.3) 24/11 (68.6/31.4) 1.0
LN+ (n = 28) (%) no/yes/NA 20/2/32 (90.9/9.1) 8/2 (80/20) 0.57
CN+ no/yes (%) 21/1 (95.5/4.5) 10/0 (100/0) 1.0

Diagnostic accuracy (95% confidence interval)
Sensitivity, % 81.2 (0.53–0.95)
Specificity, % 84.1 (0.69–0.92)
PPV, % 47.4** (0.40–0.83)
NPV, % 96.2** (0.78–0.98)
Positive likelihood ratio 5.11 (2.48–10.40)
Negative likelihood ratio 0.22 (0.07–0.60)
TP, n 13
FP, n 7
FN, n 3
TN, n 37

*Significance level: P < 0.05; **calculated for an estimated prevalence of PD of 15% among DIP according to previously published data. After
Bonferroni’s corrections for multiple comparisons, level of significance was set in a < 0.0045.
IIIV, third ventricle; LV, lateral ventricle; LN, lentiform nucleus; CN, caudate nucleus; TP, true positive; FP, false positive; FN, false negative; TN,
true negative.

Figure 1 Increased area of midbrain echogenicity in the
PFNE group compared to the DIP group (P < 0.001; dotted
line: value set at ≥0.21 cm2 to define hyperechogenicity
according to previously published material).
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parkinsonian syndromes. TCS has proven to be useful for PD

diagnosis in routine clinical practice when performed by skilled

sonographers and has a level A evidence supporting its role in

detecting premotor PD and subjects at risk for this common

neurodegenerative disorder.17 For this reason, we hypothesized

that the technique might be useful in detecting patients with

underlying dopaminergic degeneration, who would be at a

higher risk of not improving after withdrawal of the parkinson-

ism-inducing drug.

Our cohort of suspected DIP patients reflects the actual

phenomenology of this disorder, with patients recruited from

general neurology and movement disorders clinics, avoiding the

severity bias of pharmacovigilance and reference unit studies.

Female sex and older age were frequent. Dopamine-blocking

agents, mostly prescribed for nonpsychiatric morbidities (dizzi-

ness, vertigo, and gastrointestinal complaints) were the most

common, and classical signs of DIP (symmetric, tremoric) were

frequent. Severity was overall moderate and nonmotor symp-

toms common. As for clinical outcome after withdrawal, the

final clinical diagnosis rates in our study are similar to those

found in the literature, in which up to 20% of the patients suf-

fer persistent parkinsonism after discontinuation of the offending

drug. SN echogenicity ascertained by TCS showed a strong

association with clinical outcome, especially when it fell into

the normal range, with high specificity and an NPV over 96%.

Only 10 of 60 patients (16; 6%) were not correctly classified

according to TCS. The rate of false negatives was low (3 cases)

and in line with previous series of TCS in PD patients.34 How-

ever, the rate of false positives (7 cases) was higher, resulting in

a lower PPV. This is not surprising, given the frequency of this

biomarker in the general population (10%, with an estimated

PPV of 25% in healthy individuals), and the long premotor

phase of PD, with multiple genetic and environmental factors

influencing the progression of subclinical degeneration, and

time (or age) being probably the most influencing factor in the

conversion to motor symptoms of PD.35 Patients with DIP

(defined by full recovery after the follow-up period) and SN+
(false positives) have probably at a higher risk of developing PD

and longer follow-up periods may ascertain clinical conversion

to PD. Taking all this into account, TCS in the clinical setting

of possible DIP is probably most useful as a screening tech-

nique, with a high NPV to rule out underlying PD, but less

predictable in the case of positive results. We consider that this

complementary technique can be a part of the overall clinical

assessment, but never a definite diagnostic tool, because we can

give estimates on recovery rate in the setting of suspected DIP

based on the presence of SN+, but never establish a final diag-

nosis of the underlying pathology by means of TCS.

A previous prospective study explored usefulness of TCS in

suspected DIP setting.22 However, a lower sample size and the

adoption of more complex sonographic criteria, including

lenticular nucleus echogenicity (which, although relevant in

atypical parkinsonism diagnosis, is questionably useful in this

setting), surely limited their results. Nevertheless, it must be

outlined that this study, despite the small sample, was able to

estimate a high NPV of TCS in this setting (87.5%), near to

our own estimates.

As in previous studies,36,37 the combination of SN+ with

clinical variables such as RBD, hyposmia, and motor asymmetry

were associated with clinically defined neurodegenerative

parkinsonism and might improve the discrimination between

DIP and PFNE.

As for the limitations, observer bias is a possibility in this

study, although efforts were made to control it: The measure-

ments of echogenicity were performed by a sonographer who

was not involved in the clinical diagnosis of the patients, which

was established at the end of follow-up, whereas sonographic

assessment was performed basally. Another limitation of the

study is that it was performed in a single center, limiting the

conclusions to the characteristics of a certain bounded popula-

tion.

In conclusion, TCS offers useful information for the day-to-

day clinical practice improving prognostic counseling and add-

ing an element of value helpful for early treatment decisions in

the setting of suspected DIP. Further studies with longer fol-

low-up periods are required for the generalization of our high

diagnostic reliability results.
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Supporting Information
Additional Supporting Information may be found in the online

version of this article:

Table S1. Baseline characteristics of the sample mean � SD

(range).

Figure S1. Transcranial ultrasound images of mesencephalic

brainstem with hyperechogenicity of the SN. Echogenic area of

the left SN is encircled for measurement (0.23 cm2).

Figure S2. Transcranial ultrasound images of mesencephalic

brainstem with normal (no hyperechogenic) SN. Echogenic

area of the left SN is encircled for measurement (0.13 cm2).
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