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Predictors of vasovagal syncope recurrence in children and
adolescents and value of head-up tilt table test

Cocuk ve ergenlerde senkop yinelemesinin ongordiiriiciileri ve till testinin
bu siiregteki rolii
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ABSTRACT

Objective: The aim of the study was to define predictors of syncope recurrence in children and adolescents with vasovagal syncope and to
determine the value of tilt test.

Methods: A retrospective observational study performed of prospective cohort of 150 patients aged between 8-18 years who were referred to
our clinic because of fainting or who underwent tilt test with the pre-diagnosis of vasovagal syncope. The progress updated by telephone or
face-to-face interview. Unpaired t-test, Mann-Whitney U test used for normal and non-normal distributed variables. Logistic regression analysis
was used to determine the predictors of recurrence.

Results: Tilt test was positive in 97 and negative in 53 patients. Forty-eight patients had mixed, 34 had vasodepressor and 15 had cardioinhibi-
tory type syncope. Recurrence found significantly higher in patients who had syncope in the first 20 minutes of the test (p=0.012). The number
of the episodes decreased after the test; 3.86+4.75 vs 0.73+0.44, p<0.001). The recurrence was higher in patients who had more than 4 episodes.
The recurrence was similar between positive and negative tilt groups. Age of syncope (OR 1.01, 95% CI 1.002, p=0.027) positive family history
(OR 4.47,95% CI 1.071-1.389, p=0.001) and the number of previous syncopal episodes (OR 1.22, 95% Cl 1.882-10.623, p=0.003) were identified as
risk factors for recurrence of vasovagal syncope.

Conclusion: Age of syncope, positive family history and the number of previous syncopes are the predictors of recurrence of vasovagal syn-
cope in children and adolescents. The number of recurrent episodes decreased after the test independently from Head-up tilt test results.
(Anadolu Kardiyol Derg 2013; 13: 688-94)
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OZET

Amac: Bu calismada vazovagal senkoplu ¢ocuk ve addlesanlarda senkop yinelemesinin 6ngérdiiriiciilerini saptamak ve tilt testinin bu siirecte-
ki degerini belirlemek amaglanmistir.

Yontemler: Klinigimize daha dnce bayilma nedeniyle basvuran ve senkop nedeni agiklanamayan veya vazovagal senkop diisiiniilerek tilt testi
yapilmis, 8-18 yas arasi 150 hastanin kayitlari ileriye doniik retrospektif gézlemsel olarak degerlendirilerek, son durumlari telefon veya yiiz yiize
goriisiilerek giincellendi. Normal ve normal olmayan degiskenler igin t-testi ile Mann-Whitney U testi, vazovagal senkop rekiirrens dngordiirii-
ciilerinin saptanmasi igin lojistik regresyon kullanildi.

Bulgular: Tilt testi yapilan 150 hastanin 97'sinde tilt testi pozitif, 53'linde negatif bulunmustur. Tilt testi 48 hastada mikst, 34 hastada vazodepresdr
ve 15 hastada kardiyo-inhibitdr seklindeydi. Tilt testi 65 hastada pasif, 32 hastada provokatif fazda pozitiflesti. Testin ilk 20 dakikasi iginde senkop
goriilenlerde anlamli olarak senkop yinelemesinin daha fazla oldugu gézlendi (p=0,012). Tilt testi yapilana kadar tiim hastalarda senkop sayisi
ortalama 3,86+4,75 iken test yapildiktan sonra senkop sayisi ortalama 0,73+0,44 olarak bulundu (p<0,001). Daha 6nce dértten fazla senkop gegi-
renlerde yineleme orani daha yiiksek bulundu. Tilt testi pozitif ve negatif olanlarda yineleme oranlari arasinda istatistiksel olarak fark saptan-
madi. Senkop yasi (OR 1,01, %95 CI 1,002, p=0,027), pozitif aile dykiisii (OR 4,47, %95 Cl 1,071-1,389, p=0,001), daha dnceden gegirilmis senkop
atak sayisi (OR 1,22, %95 Cl 1,882-10,623, p=0,003), senkop yinelemesinin bagimsiz 6ngaordiiriiciileri olarak saptandi.

Sonug: Senkop yasi, pozitif aile dykiisii ve 6nceden gegirilmis senkop atak sayisi cocuk ve ergenlerde senkop yinelemesinin bagimsiz 6ngérdii-
riiciileridir. Yinelenen senkop sayisinin tilt testi sonuglarindan bagimsiz oldugu belirlenmis ve testten sonra atak sayisinin azaldigi saptanmistir.
(Anadolu Kardiyol Derg 2013; 13: 688-94)
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Introduction

Syncope is defined as transient loss of consciousness and
postural tone resulting from an insufficient supply of oxygen to
the brain. It may occur at all ages but especially in children and
adolescents (1). It is one of major complaint for 1% of all emer-
gency admissions (2) and incidence is reported to be about 125.8
per 100 000 children (3). It is believed that at least 15% of all
children will experience a syncopal episode before the end of
the second decade (4-6). The incidence is higher in females than
for males and a peak incidence in the 15-19 year-old age group
(3). Although it is usually a benign disorder, recurrent syncope
may be harmful, may lead to trauma or injury and may induce
anxiety. There are many causes of syncope, the most common is
neurally-mediated syncope (NMS), sometimes defined as vaso-
vagal syncope or reflex syncope or neurocardiogenic syncope
(7). A careful history and physical examination, including lying
and standing blood pressure (BP) measurement while lying and
standing, heart rate (HR) measurements and a routine electro-
cardiography (ECG) are essential to make an accurate diagnosis
(8-11). Although Head-up tilt test (HUTT) is a practical and useful
test for the evaluation of syncope (12-14), it is still unclear who
are under high risk for recurrent syncope.

The aim of the study was to define predictors of syncope
recurrence in children and adolescents with vasovagal syncope.

Methods

Study design
A retrospective observational study performed on prospec-
tive cohort of patients.

Study population

The study group contained children and adolescents aged
between 8-18 who were referred to our clinic because of recur-
rent syncope or pre-syncope between the years 2007-2011 pro-
spectively included in the study. The patients who had underly-
ing major structural heart disease, long QT or Brugada syn-
drome, and who had medication known to affect heart rate or to
cause orthostatic hypotension were excluded. The patients
were divided into two main groups according to the result of
HUTT. Group 1 included HUTT positive and group 2 included
HUTT negative patients. Main groups were divided into recur-
rent and non-recurrent subgroups.

Patients’ history before and after HUTT

The records of 150 patients who underwent HUTT with the
history of recurrent syncope or pre-syncope since 2007 were
scanned retrospectively and the progress of the patients were
also updated by telephone or face-to-face interview. The fami-
lies were informed about the study and consent form was taken
from the participating families. The number of syncopal epi-
sodes and associated symptoms, prodromes, triggers, previous
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tests, indications for HUTT, the HUTT itself and clinical outcomes
were evaluated by a standard questionnaire. The posture at the
time of episode, the presence of trauma and the time of uncon-
sciousness were also recorded. After HUTT, children and their
family were educated to record their symptoms and asked to
inform our department after a syncopal episode.

Recurrence
Recurrence was defined as the reappearance of vasovagal
syncope after HUTT.

Physical and laboratory examination

All patients with syncope and pre-syncope were examined
comprehensively to rule out neurologic and cardiovascular dis-
eases. The blood pressure, heart rate and the presence of mur-
mur were recorded.

Whole blood count, renal and liver function tests, 12 lead
electrocardiography and if needed electroencephalography
were performed in the patients who were referred to our clinic
because of recurrent syncope or pre-syncope. Patients with
murmur and arrhythmia underwent echocardiography and
24-hour Holter monitoring.

Head-up tilt test protocol

Informed parental consent was obtained for each patient. All
patients were asked to stop the administration of drugs that
could affect the automatic nerve function for at least 3 days and
to fast for 12 hours before the tilt test. The tilt test was preceded
by 5 minutes of observation in a supine position, and blood pres-
sure, heart rate, and ECG were recorded before the tilt test. A 60
degree tilt was used for subjects until the syncope develops or
for 45 minutes and if no symptoms occurred after this passive
phase, 400 pg sublingual nitroglycerin was administrated and
monitored for 15 minutes for the development of syncope. Blood
pressure, heart rate, and 12-lead ECG were monitored continu-
ously. Children were placed in a supine position as soon as the
syncope occurred. First-aid drugs were available at all times. A
vasovagal response was considered when hypotension, or bra-
dycardia, or both were observed (15). Asystole was defined as a
pause greater than 5 second(s) (16).

The syncopal phase was classified according to a modifica-
tion of the original VASIS classification (17).

Type 1 mixed. Heart rate falls at the time of syncope, but the
ventricular rate does not fall to less than 40 beats /min, or falls
to less than 40 beats/min for less than 10 second with or without
asystole of less than 3 second. Blood pressure falls before the
heart rate falls.

Type 2A, cardioinhibition without asystole. Heart rate falls
to a ventricular rate less than 40 beats/min for more than 10 s,
but asystole of more than 3 s does not occur. Blood pressure
falls before the heart rate falls.

Type 2B, cardioinhibition with asystole. Asystole occurs for
more than 3 s. Heart rate fall coincides with or precedes blood
pressure fall.


http://tureng.com/search/electroencephalography
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Type 3 vasodepressor. Heart rate does not fall more than
10%, from its peak, at the time of syncope.

Statistical analysis

For statistical analysis, SPSS software (SPSS Inc. SPSS ver-
sion 13.0., Chicago, lllinois, USA) was used. Statistical analysis
was used to characterize children with positive and negative filt
responses, children with recurrence of syncope. Continuous vari-
ables are given as mean+SD; categorical variables were defined
as percentage. Differences for continuous variables between
normally distributed groups were examined for statistical signifi-
cance with a two-sample t-test and with the Mann-Whitney U test
for non-normal distributed variables. Chi-square test used for the
categorical variables. Forward stepwise logistic regression analy-
sis (odds ratio, 95% Cl and p value) was used to determine the
predictors of recurrence of vasovagal syncope. The two tailed p
value< 0.05 was considered statistically significant.

Results

The features of study group

The study included 150 patients (100 female-50 male) who
underwent HUTT because of repeating syncope and pre-synco-
pe aged between 8-18 years. The average age of first syncope
was mean 12.3+3.1 years. The average follow-up period ranged
between 3-78 months (mean 23+14 months). The average num-
ber of previous syncope was 3.8+4.7 in the application (Table 1).
69.3% of patients had syncope while standing and 33% of them
had syncope while exercising. Dizziness (41%) and blurred
vision (21%) were the most frequent prodromal symptoms.

Physical examination and laboratory findings

Thirteen patients (8.7%) had the diagnosis of neurologic dis-
orders such as epilepsy, hyperactivity and migraine. Minor car-
diac pathologies such bicuspid aorta, mild aortic stenosis, mild
mitral regurgitation, mitral valve prolapse were detected in 21
patients (14%) which were thought not to cause syncope or pre-
syncope.

HUTT results

The patients were divided into two groups according to the
result of HUTT. Group 1 included 97 (64.6%) HUTT positive and
group 2 included 53 (34.6%) HUTT negative patients. The mean
occurrence time of syncope during HUTT was 13.1+10.2 minutes.
HUTT was positive in the 70% of females. But it was positive in
the 54% of males (p<0.005). The number of previous syncopal
episodes were similar in both subgroups. The features of
patients who underwent HUTT are shown in Table 2.

Recurrence (number of episodes after HUTT)

Twenty-seven of 100 female patients and 13 of 50 male
patients had recurrent syncopal episode (p=0.89). The recurrence
rate was higher in older patients (p=0.028). In addition, recurrence
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Table 1. The clinical features of the patients

Clinical features

Gender, M/F, n (%) 100(66.7)/50(33.3)
Age at initial syncope!, years 11.6+3

Age at HUTT, years 12.3+3.1
Syncope episode’, n 3.8+4.7
Duration of symptoms!, months 8.5+10.6
Follow-up', months 23+14
Pre-syncope only, n, M/F 17 (8/9)
Triggering factors, n (%) 125 (83)
Prodromal symptoms, n 150

Trauma, n (%) 24 (16)
Convulsion, n (%) 11(7.3)

Data are presented as number (percentage) or mean+SD

1Age- The time of initial syncope, Duration of symptoms- The time from the initial syn-
cope till HUTT was performed (month), Follow-up period- Time from HUTT till the time
of interview(month), syncope episode-The number of episodes before HUTT.

F - female, HUTT - head-up tilt test, M - male

Table 2. The features of the patients who underwent HUTT

Variables HUTT positive | HUTT negative | *p
(n=97) (n=53)

Sex, F/IM 70/27 30/23 0.050

Age, years 11.5£2.9 11.7£3.3 0.710

Number of previous 3.9+5.1 3.7+3.9 0.786

syncope, n

Duration of symptoms, 85+11.4 8.5:9.1 0.993

months

Only pre-syncope, n (%) 12(12.3) 5(9.4) 0.123

Trauma during syncope, 14 (14.4) 10(18.8) 0.479

n (%)

Convulsion during 6(6.1) 5(9.4) 0.462

syncope, n (%)

Heart rate at rest, 92415 90.8+16.4 0.475

beat/minute

Systolic blood pressure 104.4+13.2 106.2+10.8 0.562

at rest, mmHg

Smoking/alcohol, n (%) 6(6.1) 3(5.6) 0.897

Data are presented as number (percentage) or mean+SD
*unpaired t-test and Chi-square test
F - female, HUTT - head-up tilt test, M - male

rate was found higher in smoking patients and in patients who
had previous family story (p=0.043 and 0.001). One hundred and
eight patients had less than 3 previous syncopal episodes and 42
patients had more than 4 previous syncopal episodes. The recur-
rence rate was found higher in the patients who had more than 4
previous syncopal episode (p<0.001). The effect of HUTT on recur-
rence was evaluated and we found that the number of previous
syncopal episodes till HUTT was performed was mean 3.86+4.75
but after HUTT it decreased to 0.73+0.44 (p<0.001). Twenty-four of
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Table 3. Comparison of clinical characteristics in recurrent and non-
recurrent groups
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Table 5. Comparison of recurrent and non-recurrent groups according
to HUTT

Variables Recurrent | Non-recurrent | *p Variables Recurrent | Non recurrent | *p
group group group group
(n=40) (n=110) (n=40) (n=110)
Sex, F/M, n 27/13 73/ 37 0.896 HUTT result, n (%)
Age at initial syncope, years 12.5+2.9 11.3+£3 0.028 - HUTT negative (n=53) 16 (40) 37(33.6) 0471
Age at HUTT, years 134427 11.9+2.8 0.205 - HUTT positive (n=97) 24 (60) 73 (66.3) '
Previous syncopal episode, n 6.3+7.6 2.9+2.6 <0.001 HUTT stage, n (%)
Duration of symptoms, months | 10.7+11.3 1.7£10.2 0.126 - Positive in provocative 10 (25) 22 (20)
Follow-up period, months 2654141 |  223+139 | 0121 phase (n=32) 0.297
Family story, n (%) 28 (70) 44(50) | 0001 - {;"_i;;',“* in passive phase | 14 (35) 51(46.3)
T duri 9 22. 15 (13. .1
Sraurlzla urlr:/g syncope, n (%) 9(22.5) 5(13.6) 0.190 Type of syncope, n (%)
ing, 5(12.5 4(3.6 0.043 -
moking, n (%) (125) (36) - Cardioinhibitor (15%) 3(1.5) 12(10.9)
Data are presented as number (percentage) or mean+SD
*unpaired t-test and Chi-square test - Vasodepressor (35%) 11(27.5) 23(20.9) 0.557
F - female, HUTT - head-up tilt test, M - male - Mixed (50%) 10 (25) 38 (34 5)
Table 4. The electrocardiographic features of recurrent and non- recur- Syncope time in HUTT, n (%)
rent groups - 0-20 minutes 14(58.3%) | 34 (46.6%)
Variables Recurrent | Nonrecurrent | *p - 21-45 minutes 0 17(23.3%) | 0.033
group group i - 0 0
(n=40) (n=110) >45 minutes 10 (41.7%) 22 (30.1%)
: Data are presented as as number (percentage).
Heart rate, beat/minute 84+12 82.1£11.3 0.390 *Chi-square test.
PR distance, msec 1236189 1285+19.1 | 0.169 HUTT - head-up tift test
QRS duration, msec 7745942 75.25+16.01 0416 Table 6. Logistic regression analysis of risk factors for recurrent syncope
P dispersion, msec 34.19.1 35.5+8.5 0.427 _
- - Risk factors OR 95% CI p
QTc dispersion, msec 22.73+12.9 19.3£10.3 0.103
Age 1.01 | 1.002-1.026 0.027
Data are presented as mean+SD
*unpaired t-test Family story 447 | 1.071-1.389 0.001
The number of previous syncopal 122 | 1.882-10623 | 0.003
150 patients had previous history of trauma during syncope but episodes at the admission

only 9 of them had recurrent syncope. So recurrence rate was not
statistically significant in trauma positive and trauma negative
patients (p=0.190) (Table 3).

The electrocardiographic parameters found similar in recur-
rent and non-recurrent group. There was not statistically differ-
ence between both recurrent and non-recurrent group (Table 4).

Recurrent syncope was observed in 16 HUTT- negative
patients (30.2%) and 24 HUTT-positive (24.7%) patients (p=0.47).
The mean recurrence time of syncope during HUTT was
13.19+10.2 minutes. In HUTT positive group, 65 patients had syn-
cope in passive phase and 32 had in provocative phase of HUTT.
In group 1, 15 patients had cardioinhibitor, 34 had vasodepressor
and 48 had mixed type vasovagal syncope. Although the recur-
rence rate was found somewhat higher in patients who had
syncope in active phase or in the first 20 minutes of passive
phase of HUTT, logistic regression analysis showed no statisti-
cally significance (Table 5).

We used forward stepwise logistic regression analysis to
determine the predictors of recurrence of vasovagal syncope.
We entered gender, age of syncope, HUTT result, QTC and P

Cl - confidence interval of 95%, OR - Estimated relative risk showed by odds ratio

dispersion, the time of positivity of HUTT, the number of syncope
and family history of heart disease as independent variable. Only
age of syncope (OR 1.01, 95% CI 1.002, p=0.027) positive family
history (OR 4.47, 95% Cl 1.071-1.389, p=0.001) and the number of
previous syncopal episodes (OR 1.22, 95% CI 1.882-10.623,
p=0.003) were identified as risk factors for recurrence of vaso-
vagal syncope (Table 6).

Discussion

HUTT is being increasingly used in the evaluation of syncope
in children, and it is still unclear which children are at high risk of
recurrent syncope. Risk factors for recurrence have not been
well-characterized, but a history of previous syncopal episodes
and the number of episodes indicate a greater risk of recurrence.
Logistic regression analysis of our study showed that only age of
syncope, positive family history and the number of syncope were
identified as risk factors for recurrence of vasovagal syncope.
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Syncope is a common clinical problem mostly encountered in
adolescents. Itis observed in 15 of every 100 children before the end
of adolescence. The most frequent age that the syncope occurs is
between 15-19 years (18, 19). There is not a consensus about the
pathophysiology and accurate treatment of syncope. The most
common pattern of unexplained syncope in children is vasovagal
syncope (3). The imbalance of the autonomic nervous system is
thought to be most important cause of vasovagal syncope. Qingyou
et al. (20) reported that the majority of patients with vasovagal syn-
cope were over 12 years of age and in whom HUTT was mostly
positive. The mean age of our study group was 12+3 years.

The initiative signs before the syncope are dizziness, drows-
iness, pallor, sweating, nausea, hyperventilation, cold and moist
skin and epigastric tenderness (21). About 63.3% of our patients
stated that they were starving before the syncopal episodes;
20% of them had nausea, sweating, blurred vision, and 40% had
dizziness. One of the most important features of vasovagal syn-
cope is the development of syncope while standing and 104 of
150 patients had syncope while standing. Fear, excitement, sight
of blood and hot bath were the other triggering factors of syn-
cope in our patients.

In one of every three children who are examined because of
syncope had a positive relative history with syncope or pre-
syncope suggests that familial factors is important in the patho-
physiology (22-24). Mathias et al. (25) reported that 28% of
patients with syncope had a positive family history, and this ratio
rose to 51% in patients with HUTT-proven vasovagal syncope.
Also in our study the recurrence rate was found higher in
patients with positive family history (p=0.001).

The diagnosis of vasovagal syncope is established by history,
physical examination and the exclusion of other etiologies.
Amirati et al. (26) stated that the cause of syncope could not be
determined by routine tests in 49.6% of patients. The HUTT offers
a simple, noninvasive diagnostic tool for evaluation of syncope in
children (27). HUTT was introduced into clinical evaluation of
patients with syncope of unknown origin by Kenny et al. (28) in
1986. This test enables the reproduction of a neutrally- mediated
reflex in laboratory settings. Blood pooling and decrease in
venous return due to orthostatic stress and immobilization trigger
the reflex. The final effect, hypotension and usually concomitant
HR slowing, is related to impaired vasoconstrictor capability fol-
lowed by sympathetic withdrawal and vagal hyperactivity. The
clinical situation corresponding to HUTT is reflex syncope trig-
gered by prolonged standing. Although this test can also be
positive in patients with other forms of reflex syncope and in
patients with sick sinus syndrome, it has a diagnostic value in
vasovagal syncope (29). HUTT is not usually needed in patients
whose reflex syncope is already diagnosed by clinical history
and in patients with single or rare syncope unless special situa-
tions (e.g. injury, anxiety, occupational implications such as air-
craft pilots, etc.) (29). Several studies report that girls are more
prone to syncope than males (30) and in our study the 66.7% of
the patients with syncope or pre-syncope were female.
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HUTT positive patients have syncope mostly early in the
morning (31). Kula et al. (32) evaluated the QTc dispersion in
patients with vasovagal syncope. In this study QTc dispersion
was significantly higher early morning and late night in HUTT-
positive group compared with HUT-negative group. In our study
QTc dispersion wasn't significantly different in HUTT- positive
and HUTT- negative patients.

The response to HUTT may be variable. Raviele et al. (33)
reported that cardioinhibitory type was more frequent in young
patients, but mixed and vasodepressive types were frequent in
older patients. But in our study most of the HUTT positive
patients were mixed type.

Some studies report epilepsy-like tonic-clonic convulsions
during vasovagal syncope. Grubb et al. (34) performed HUTT for
15 patients with treatment- resistant convulsions and showed
the diffuse slowdown pattern in EEG in 5 patients but not any
epileptiform activity. This may suggest that HUTT may be used to
distinguish epilepsy from syncope induced convulsion.

The recurrence rates of syncope is reported to be approxi-
mately 35% within 3 years and 82% of them occurs in the first 2
years (35). Sheldon et al. (36) and Koukam et al. (37) reported that
the most powerful predictor of syncope recurrence was the
total number of historical syncopal spells free from the results of
HUTT. The results of our study are compatible with previous
reports. As mentioned in previous studies, positive HUTT must
not be suggested as an appropriate prognostic indicator but the
number of the frequency of recent episodes should be consid-
ered as more valuable predictor of recurrence (38). But in con-
trast, the study of Salim et al. (39) showed that the recurrence
rate was higher in HUTT positive patients than in HUTT negative
patients. In a study with 190 adult patients, the recurrence rate
was found higher in whom arterial baroreflex sensitivity was
shown to be decreased within the first minutes of HUTT. This
suggests that this parameter should be used as an independent
predictor (40). Baron-Esquivias et al. (41) reported that 5 previ-
ous episodes were the best predictor of recurrence. Recurrence
rate was lower in those patients with <5 (25.1%) than in those
patients with >5 previous episodes. In that study patients with <5
previous episodes had a syncope-free survival time of 54.1
months (95% CI 49.4-59), but it dropped to 39.6 months (95% Cl
32-47) in those patients with >5 previous episodes. In our study,
the overall recurrence rate for vasovagal syncope has been
estimated at 30 percent.

In study of Alehan et al. (42) the reproducibility of HUTT in
children was evaluated. In this study the positive HUTT was
reproduced in 29 of the 39 patients (74.4%), the negative HUTT
was reproduced in 16 of 19 patients (84.2%). The overall repro-
ducibility of a positive or negative HUTT was found 77.6% (45/58).
This reproducibility of positive tests could be modified by the
so-called ‘tilt training effect’ described as a therapeutic option
in adults and adolescents (43, 44). Our results support these
findings. Because, we observed that the number of episodes
were shown to be decreased after HUTT.
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Study limitations

HUTT is still the gold standard test for vasovagal syncope.
But there is not another test to compare the results of HUTT. The
other limitation is that we didn't evaluate the reproducibility of
HUTT. The recurrence rate of syncopes was determined by
face-to face or by telephone interview.

Conclusion

In conclusion our study stated that only age of syncope, fam-
ily history and the number of syncope were identified as risk
factors for recurrence of vasovagal syncope. Interestingly the
number of episodes shown to be decreased after HUTT and this
may suggest the therapeutic feature of HUTT.
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