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MRI of the Swallow Tail Sign: A Useful Marker in the Diagnosis
of Lewy Body Dementia?
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ABSTRACT

BACKGROUND AND PURPOSE: There are, to date, no MR imaging diagnostic markers for Lewy body dementia. Nigrosome 1, containing
dopaminergic cells, in the substantia nigra pars compacta is hyperintense on SWI and has been called the swallow tail sign, disappearing
with Parkinson disease. We aimed to study the swallow tail sign and its clinical applicability in Lewy body dementia and hypothesized that
the sign would be likewise applicable in Lewy body dementia.

MATERIALS AND METHODS: This was a retrospective cross-sectional multicenter study including 97 patients (mean age, 65 * 10 years;
46% women), consisting of the following: controls (n = 21) and those with Lewy body dementia (n = 19), Alzheimer disease (n = 20),
frontotemporal lobe dementia (n = 20), and mild cognitive impairment (n = 17). All patients underwent brain MR imaging, with suscepti-
bility-weighted imaging at 1.5T (n = 46) and 3T (n = 51). The swallow tail sign was assessed independently by 2 neuroradiologists.

RESULTS: Interrater agreement was moderate (k = 0.4) between raters. An abnormal swallow tail sign was most common in Lewy body
dementia (63%; 95% Cl, 41%—85%; P < .001) and had a predictive value only in Lewy body dementia with an odds ratio of 9 (95% Cl, 3-28;
P < .001). The consensus rating for Lewy body dementia showed a sensitivity of 63%, a specificity of 79%, a negative predictive value of
89%, and an accuracy of 76%; values were higher on 3T compared with 1.5T. The usefulness of the swallow tail sign was rater-dependent
with the highest sensitivity equaling 100%.

CONCLUSIONS: The swallow tail sign has diagnostic potential in Lewy body dementia and may be a complement in the diagnostic
work-up of this condition.

ABBREVIATIONS: AD = Alzheimer disease; FTD = frontotemporal lobe dementia; LBD = Lewy body dementia; MCI = mild cognitive impairment; PD = Parkinson

disease

ewy body dementia (LBD) is often regarded as the second
most common dementia in older individuals after Alzheimer
disease, " possibly sharing the second place with vascular demen-
tia.” Clinical symptoms of LBD are similar to those of Parkinson
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disease (PD) dementia and include fluctuating cognitive decline,
recurrent visual hallucinations, and parkinsonism.>* LBD and
PD dementia are separated by the arbitrary 1-year rule: If demen-
tia exists within 12 months of parkinsonism, the patient is classi-
fied as having LBD.>* More than 12 months of parkinsonism
before the onset of dementia is termed “PD dementia.”**
Differential diagnostics between LBD and Alzheimer disease
(AD) can be difficult, with both clinical and pathologic over-
lap.>>° LBD distinguishes itself from AD on MR imaging by hav-
ing a lesser degree of generalized atrophy and commonly sparing
or having less severe atrophy of the medial temporal lobes.® Be-
sides the loss of atrophy, which in itself is nonspecific, no accurate
MR imaging signs for the distinction of LBD and other neurode-
generative diagnoses exist. Functional imaging is useful in diag-
nostic differentiation and typically shows reduced perfusion and
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Table 1: Mean age and sex distribution across diagnoses®

Whole Cohort (n = 97)

Controls (n = 21)

LBD (n=19) FTD (n = 20) AD (n =20) MCI (n =17)

65+10
45,46%; 64 £ 1
52, 54%; 67 = 10

Mean age (yr)
Female (No.) (mean age) (yr)
Male (No.) (mean age) (yr)

MMSE (mean) 26+ 4 300
Hypertension (No.) (%) 8(9) 3(14)
Diabetes (No.) (%) 2(2) 1(5)
Hyperlipidemia (No.) (%) 6(7) 2(10)

CSF amyloid (median) (IQR) (ng/L) 575 (403-1250)

606
10, 48%; 58 £ 5
1,52%; 62+ 6

1160 (697-1370) -

72*+6
5,26%;74 = 65
14,74%;72 £ 6

641
10, 50%; 63 =13
10, 50%; 66 + 9

72+6
12,60%; 68 = 8
8,40%;70 =13

62+ 12
8,47%; 60 = 12
9,53%; 64 =11

2+3 ED) B=4 282
0 15) 2(10) 2(12)
0 0 15) 0
0 15) 2(10) 1(6)

565 (528-565) 391

(

(

(342-524)
214(129-214) 502 (398-873)

(

(

737 (448-1138)

CSF T-7 (median) (IQR) (ng/L) 52(36-73) 274 (211-364) - 198 (129-417)
CSF P-7 (median) (IQR) (ng/L) 307 (192-458) 55 (36-75) - 36 (22-36) 84 (61-115) 37 (28-67)
CSF/serum albumin ratio (median) (IQR) 249 (153-322) 230 (166-345) - 322(153-322)  307(206-730) 155 (106-376)

Note:—P-7 indicates phosphorylated 7, T-7, total ; MMSE, Mini-Mental State Examination.
2 All patients, except 8 with LBD, had data on hypertension, hyperlipidemia, and diabetes. CSF data were available for a subgroup of 56 patients (controls = 18; LBD = 0; FTD =

8; AD = 16; MCI = 14).

glucose metabolism in an AD-like pattern, sparing the medial
temporal lobes, with additional involvement of the occipital re-
gions.” Dopaminergic transporter imaging with SPECT is an-
other reliable method of differentiation, with less binding in the
striatum suggesting LBD.®

In recent years, MR imaging of the substantia nigra has shown
great promise as a diagnostic tool in Parkinson disease.'*'*
Pathophysiologically, PD is characterized by loss of pigmented
dopaminergic neurons of the substantia nigra pars compacta;
60%-80% of neurons are lost even before manifestation of motor
symptoms.' Clusters of dopamine-containing neurons in calbin-
din-poor zones in the substantia nigra are termed nigrosomes.'®
Nigrosome 1, located in the caudal and posterolateral part of the
substantia nigra pars compacta, is the largest dopamine-contain-
ing cluster and is mostly affected by PD.'” Recently, nigrosome 1
has been described as hyperintense on iron-sensitive SWI se-
quences,'* resembling a swallow tail."' The presence of a swallow
tail sign has been shown to be sensitive and specific and has a high
negative predictive value in PD on 3T MR imaging,'' but its clin-
ical applicability in LBD warrants further investigation.

Due to the similarity in pathophysiology of PD and LBD, the
swallow tail sign should be of diagnostic value even in LBD.'® We
aimed to determine the clinical applicability of the swallow tail
sign in a memory clinic population with a focus on LBD.

MATERIALS AND METHODS

Patients

This study received institutional review board approval. Informed
consent was obtained from each patient or a legal guardian in case
of severe dementia, according to the Declaration of Helsinki. This
was a retrospective multicenter cross-sectional study with patient
recruitment from memory clinics at the Karolinska, Uppsala, and
Lund University Hospitals. All patients were recruited at initial
work-up of their disease, and the MR imaging brain scan was
obtained concomitantly as part of the memory investigation. In-
clusion criteria were the presence of SWI sequences, a diagnosis of
subjective cognitive impairment (used as controls), LBD, fronto-
temporal lobe dementia (FTD), AD, or mild cognitive impair-
ment (MCI). The exclusion criterion was insufficient scan quality.
We aimed to have around 20 patients per diagnostic group and
recruited the total amount of consecutive patients with SWI from
each center (n = 100). Three patients were excluded because of
insufficient scan quality due to motion artifacts. In total, we in-
cluded 97 patients: subjective cognitive impairment (controls)
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Table 2: Overview of MRI scanners, SWI sequence parameters,
and diagnostic distribution

Karolinska

University Lund University

Hospital Hospital

Avanto®  TimTrio®>  Achieva®  Skyra®

Field strength 15T 3T 3T 3T
TE (ms) 40 20 25 20
TR (ms) 49 28 7 27
Flip angle 15° 15° 15° 15°
Section thickness (mm) 20 1.6 2 15
Patients (No.) (%) 43 (43) 37 (40) 9(9) 8(8)
Controls (n = 21) (No.) (%) 12(57) 9(43) - -
LBD (n = 19) (No.) (%) 4(21) 5(26) 2(1) 8(42)
FTD (n = 20) (No.) (%) 7(35) 6(30) 7 (35) -
AD (n = 20) (No.) (%) 13 (65) 7(35) - -
MCl (n = 17) (No.) (%) 7 (41) 10(59) - -

2 Siemens, Erlangen, Germany.
© Philips Healthcare, Best, the Netherlands.

(n = 21), LBD (n = 19), FTD (n = 20), AD (n = 20), and MCI
(n=17).

Patient demographics are detailed in Table 1. Patients with
LBD were recruited from all 3 sites; those with FTD, from Uppsala
University Hospital; and the remaining patients, from the Karo-
linska University Hospital.'” All patients had their diagnosis set
according to the International Classification of Diseases-10, the
clinically used classification criteria in our country. Diagnosis was
determined in multidisciplinary rounds, with consideration of all
data (clinical, lab, imaging, and neuropsychological) after a thor-
ough memory clinic investigation. CSF analysis was performed as
previously described®” on a subgroup of 56 patients and is seen in
Table 1.

MR Imaging and Image Assessment

All patients were scanned with full MR imaging protocols, includ-
ing an SWI sequence (VenBOLD; Philips Healthcare, Best, the
Netherlands) on 1.5 and 3T scanners; parameters and distribu-
tion across scanners are included in Table 2. Patients were as-
signed to the different scanners on the basis of clinical availability;
the proportions of patients scanned at 3T were the following:
LBD, n = 15, 74%; AD, n = 7, 35%; MCI, n = 10, 59%; FID, n =
13, 65%; and controls, n = 9, 43%.

Images were assessed by 2 neuroradiologists (S.H. with 16
years of experience, and S. Schwarz with 9 years of experience).
Ratings were performed independently and blinded to diagnosis
and the other raters’ assessments. One month after independent
ratings, a consensus rating, blinded to diagnosis, was performed
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FIG 1. Rating scale for the swallow tail sign. The rating scale for the swallow tail sign is detailed in
this figure; arrows indicate the normal/abnormal swallow tail signs on SWI sequences.
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FIG 2. Normal and abnormal swallow tail signs across scanners. Arrows indicate the normal

swallow tail signs on SWI sequences.

between the 2 initial raters in conjunction with a third neurora-
diologist (E.-M.L with 30 years of experience). The swallow tail
sign was rated on an ordinal scale with 5 increments: 0 = unsure,
1 = definitely normal, 2 = probably normal, 3 = probably abnor-
mal, 4 = definitely abnormal. For statistical analysis, the results
were dichotomized into normal (ratings 1 and 2) and abnormal
(ratings 3 and 4). Raters looked at the nigrosome 1 appearance,
located in the posterior third part of the substantia nigra, resem-
bling a swallow tail (Figs 1 and 2)."" Cases with unilateral abnor-
mal findings were considered abnormal. Figures 1 and 2 depict
the swallow tail sign.

Statistical Analysis

Descriptive data are presented as numbers and percentages. Rat-
ing increments for the swallow tail sign were dichotomized into
normal (ratings 1 and 2) and abnormal (ratings 3 and 4). Sensi-
tivity, specificity, negative and positive predictive values, and ac-
curacy were calculated. y* and Fischer exact tests were used for
categoric data. Binary logistic regression analysis was used to see
whether ratings could predict diagnosis. Diagnosis was set as the
dependent variable with the controls as a reference. Rating was
dichotomized into normal and abnormal and used as an indepen-
dent variable. The regression model was controlled for field
strength and section thickness (by adding them as covariates in
our model). SPSS, Version 22.0 (IBM, Armonk, New York) was
used for statistical analysis, and P < .05 was set as the threshold of

significance, equaling a corrected level
of 0.033 after adjustment for the false
discovery rate according to the Benja-

DEFINITELY
ABNORMAL

mini-Hochberg procedure.”'

RESULTS

The k between raters was 0.4, equaling a
moderate agreement, on all scans, as
well as on only 1.5T and 3T scans. Table
3 shows the distribution of ratings across
raters and diagnoses. The distribution of
normal and abnormal swallow tail signs
varied significantly across diagnoses
(P < .001) (Table 3), and nonsignifi-
cantly across different MR imaging
scanners (P = .138) for both raters. An
abnormal swallow tail sign was signifi-

3T ACHIEVA

cantly more common in LBD than in all
other diagnoses (P < .001). The swallow
tail sign was abnormal on 1.5 and 3T on
consensus rating in the following: con-
trols, 10% (95% CI 0%-23%); LBD,
63% (95% CI, 41%—-85%); FID, 35%
(95% CI, 14%-56%); AD, 25% (95% CI,
6%—44%); and MCI, 6% (95% CI, 0%-—
12%) (Table 3). For rater 1, two patients
(2%) had only one of their nigrosomes
rated as abnormal, resulting in an ab-
normal case; the rest of the nigrosomes
were bilaterally the same. For rater 2, the
corresponding number was 3 (3%) pa-
tients. The cases mentioned were not the
same for the raters.

Table 4 shows sensitivity, specificity, positive predictive value,
negative predictive value, and accuracies across raters and field
strengths for LBD. The highest sensitivity and negative predictive
value were descriptively obtained by rater 2 on 3T (Table 4). Sim-
ilar values for AD, MCI, and FTD are seen in the On-line Table,
showing that the swallow tail sign is only applicable in LBD. In
binary logistic regression analysis, controlled for field strength
and section thickness, the odds of having LBD with an abnormal
swallow tail sign were significant; the swallow tail sign had no
predictive value (ie, it was insignificant, in the other diagnoses;
Table 5).

When comparing the number of abnormal swallow tail signs
on 1.5- and 1.6-mm section thicknesses versus 2.0-mm, abnormal
swallow tail signs were more frequently seen on 1.5- and 1.6-mm
section thicknesses (P = .03). Similarly, descriptively, sensitivity,
specificity, positive predictive values, and accuracy were higher
with 1.5- and 1.6-mm section thicknesses (Table 4).

DISCUSSION

Considering that no other MR imaging markers for LBD exist, the
swallow tail sign may be a useful complement in the diagnosis of
LBD. A normal swallow tail sign has a high negative predictive
value for exclusion of an LBD diagnosis. However, because 37% of
patients with LBD had a normal swallow tail sign, the sign does
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Table 3: Distribution of the abnormal swallow tail sign across diagnoses® may explain the number of patients

Controls LBD FTD AD MclI rated with a normal swallow tail sign. A
(n=21) (n=19) (n=20) (n=20) (n=17)  similarstudy with patients in later stages
Abnormal, 1.5T and 3T (No.) (%) of disease would have been of interest, to
pes 2(10) 9(47) 7(35) 5(25) 2(12) see whether results differ. Furthermore,

Rater 2 5(24) 18 (95) 8 (40) 9 (45) 4(24) b | llow tail si .
Consensus 200) 12(63) 7(35) 5(25) 16) abnormal swallow tail signs were seen in
15T n=1 n=4 n=7 n=1 n=7 a range of diagnoses, such as in AD and
Abnormal, 1.5T (No. (%) FTD. No study has assessed the distribu-
Rater1 2(17) 1(25) 3(43) 3(23) 2(29) tion and associations of an abnormal
Rater 2 4(33) 4(100) 1(14) 6(4¢) 1(14) swallow tail sign in a large-scale or pro-
Consensus 2(7) 3(9) 4(7) 3(23) 104) spectively acquired memory clinic co-

37 n=9 n=15 n=B np=7 np=1lo Py U

Rater 1 0(0) 8(53) 43 2(29) 0(0) hort, to our knowledge.. T.he .reason for
Rater 2 () 14(93) 7 (54) 3(43) 3(30) an abnormal swallow tail sign is not fully
Consensus 0(0) 9 (60) 3(23) 2(29) 0(0) known and may be multifactorial. It

#Rater 1, S.H,; rater 2, S.S. Missing cases represent unsure raters due to low-quality images. may represent dopaminergic neuronal

loss, neuromelanin loss, or a change in

Table 4: Sensitivity, specificity, positive predictive value, negative predictive value, and . .
hop LA A e k ’ iron storage and oxidation.'"'*** As the

accuracy for Lewy body dementia with the abnormal swallow tail sign

Sensitivity ~ Specificity PPV NPV Accuracy hyperintense feature of the nigrosome 1
(%) (%) (%) (%) (%) decreases, the surrounding hypointen-
1.5and 3T sity may increase; this change reduces
Rater 1 50 79 36 87 74 the demarcation of the nigrosome 1. It
kL 95 66 41 98 72 would be interesting to see whether de-
Consensus 63 79 44 89 76 tia-related eait ch iall
Consensus, 1.5- and 1.6-mm ST 69 91 75 88 84 mentia-related gait changes, esp(':aa Y
Consensus, 2-mm ST 50 69 20 90 67 because they are more common in de-
15T mentia than healthy aging,25 are associ-
Rater 1,1.5T 25 75 9 9 70 ated with an abnormal swallow tail sign.
Rater 2,1.5T 80 70 25 97 7l An abnormal swallow tail sign across de-
Consensus, 1.5T 60 72 23 93 71 . .

o mentia diagnoses may also suggest a
Rater 1, 3T 57 84 57 84 76 large overlap in the pathophysiology of
Rater 2, 3T 100 61 50 100 72 cognitive impairment.

Consensus, 3T 64 86 64 86 80 Our results demonstrate interindi-

Note:—PPV indicates positive predictive value; NPV, negative predictive value; ST, section thickness. vidual variation in the assessment of the

swallow tail sign. Despite the use of ex-
Table 5: Predictive role of an abnormal swallow tail sign in cognitive impairment® 5 b

LBD, OR (95% CI)  FTD, OR(95% Cl)  AD, OR (95% Cl) MCI, OR (95% Cl)

perienced neuroradiologists, our inter-

rater agreement was moderate, and our

Rater | 4(-4),P=000  6(-39,P=.060 3(-7),P=248 2(0-M)P=668 . 7 ity eauals. that of
Rater 2 31(4-244),P = 001 T11(0-276),P = 236 4(1-20),P =.070  1(0—4),P = .83] rterrater vanability equais that of an-
Consensus 9 (3-28),P<.001  7(-50),P=.060  3(1-19),P =229  1(0-10),P =746  Otherstudyof swallow tail assessment in

Note:—OR indicates odds ratio PD.** Consensus ratings resulted in val-

2 The regression model is controlled for field strength and section thickness. ues between both initial ratings. Rater 2
more readily called the swallow tail sign
not qualify as the sole diagnostic test. Accuracy and sensitivity

increase with optimized imaging techniques.

abnormal and, consequently, had a higher sensitivity, at the price

of alower specificity, for LBD. Meanwhile consensus ratings were

To date, the swallow tail sign has mainly been studied in PD. (Joser to those of rater 1, showing that rating of the swallow tail

An abnormal swallow tail sign has been shown to be a useful sign in a clinical setting is difficult. While the rating was clear and

marker in PD with a 100% sensitivity and negative predictive distinct between normal and abnormal in most cases, a substan-

0 . . 0, et L) 11
value, 95% specificity, and 69% positive predictive value. The tial portion of patients had less clear findings. This outcome al-

swallow tail sign has not been shown to discriminate typical and e . . -

i I o . o lows individual interpretation of when to call the swallow tail sign
atypical PD.** In LBD, the sensitivity and negative predictive
value on 3T SWI has been shown to be 93%, with a 87% specificity

and positive predictive value.”> No studies exist examining the

abnormal and reflects the challenge of assessing the swallow tail
sign and using it as a diagnostic test. Adding to the difficulty of
rating and probably lowering our agreement is the inclusion of

swallow tail sign in PD dementia. The lower positive predictive

value and specificity, as reflected in our study, shows that the different MR imaging scanners, field strengths, and section thick-

swallow tail sign may be abnormal even in other diseases and ~ 1€SSes in our study. However, this also contributes to our study

healthy individuals. However, values may be improved with op-
timized imaging sequences and techniques.

All our patients were included and had an MR imaging brain
scan during their diagnostic work-up. The patients with LBD
could thus be considered in their early stages of disease. Thus, this
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being more clinically generalizable. Rating of the swallow tail sign,
the only MR imaging marker with potential diagnostic value in
LBD, should therefore be improved, to increase clinical utility and
reliability. We suggest optimizing MR imaging parameters of SWI,
including high spatial resolution and high contrast, which should be



standardized across MR imaging scanners. Interrater agreement and
rating reliability may further be increased with established rating
scales,'" such as the one in Fig 1.

Field strength is of importance for the clinical applicability of the
swallow tail sign. Accuracy has been shown to be higher at 7T, de-
creasing with 3T.*° In our cohort, we included both 1.5 and 3T scans,
and sensitivity, specificity, positive predictive value, and accuracy for
LBD were higher on 3T. Nevertheless, even at 1.5T, the assessment of
the swallow tail provided significant information for the diagnosis of
LBD. In the absence of other established imaging findings, we argue
that though ideally performed at 3T, assessment of the swallow tail
signat 1.5T may still provide added clinical value. Similarly, a thinner
section thickness resulted in higher sensitivity for LBD and should be
implemented for clinical imaging.

Limitations in our study include the use of multiple scanners
and 1.5 and 3T field strengths. However, we performed our sta-
tistical analysis subdivided for the different field strengths, and the
use of multiple scanners may better reflect the clinical reality.
Besides, section thickness and field strength were both corrected
for in our regression model. Including the pretest probability of
the diagnoses included in our study would have added further
insight into the diagnostic use of the swallow tail sign. It would
also have increased the external validity of our study, because
positive and negative predictive values are influenced by the prev-
alence of diseases in the population. Subjective cognitive impair-
ment was used as a control group, and to date, clinical methods of
detecting whether these individuals may have prodromal disease
are scarce. “Subjective cognitive impairment” means patients
with no observable clinical or pathologic findings, but with sub-
jective feelings of cognitive decline. Thus, no disease was detected,
but using healthy elderly as controls would have provided a
cleaner control group. Strengths include a large and well-classi-
fied cohort and the use of experienced raters.

CONCLUSIONS
The swallow tail sign may be a complement in the diagnosis of
LBD but does not qualify as a sole diagnostic marker.
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