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Study objectives: To investigate the efficacy of tongue-muscle training by
electrical neurostimulation of the upper-airway muscles as an alternative
therapy option for obstructive sleep apnea syndrome.

Design: A randomized, placebo-controlled, double-blind study.

Setting: Department of pneumology and sleep laboratory, University of
Witten/Herdecke, Germany

Patients: 67 patients with an apnea-hypopnea index of 10 to 40 per hour
were randomly assigned to 2 groups: a treatment group of 33 patients
(mean age, 50.8 + 12.1 years; mean body mass index, 29.1 + 4.4 kg/m2)
and a placebo group of 34 patients (mean age, 53.3 £ 11.3 years; mean
body mass index, 28.9 + 4.9 kg/m2). Fifty-seven palients completed the
study.

Interventions: Tongue-muscle training during the daytime for 20 minutes
twice a day for 8 weeks,

Measurements and Results: Treatment efficacy was examined by

polysomnography. Snoring, but not apnea-hypopnea index, improved with
stimulation (snoring baseline, 63.9 + 23.1 epochs per hour, stimulation
training, 47.5 + 31.2; P < .05) but not with placebo training (snoring base-
line, 62.4 + 26.1 epochs per hour; placebo. 2.1 + 23.8, NS.).
Conclusions: Although tongue-muscle training cannot generally be rec-
ommended for the treatment of sleep apnea, the method has proven to be
effective in the treatment of snoring.
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INTRODUCTION

OBSTRUCTION OF THE UPPER AIRWAY I SLEEP APNEA SYN-
DROME (OSAS) IS ASSOCIATED WITH DIMINISHED NEURO-
MUSCULAR ACTIVITY OF THE DILATING MUSCLES! THAT
STIFFEN THE PHARYNGEAL AIRWAY DURING INSPIRATION.
The ineffective muscle response to hypercapnia, hyvpoxia, or negitive
pressure has been proposed as a possible predisposing factor for OSAS
Moreover, breathing through a narrowed airway generates a greater neg-
ative intraluminal pressure, which increases the collapsing force so that
pharyngeal muscles must contract more forcefully.” The genioglossus
muscie is one of the major pharyngeal dilators that pulls the tongue for-
ward, thereby enlarging the cross-section of the upper airway. Hs activi-
ty is augmented in patients with OSAS during wakefulness, possibly due
10 an attempt to compensate for the impairment of upper-airway paten-
cy. However, significant decreases in activity have been observed during
sleep in patients with OSAS when compared with controls ** Moreover,
in an animal model, Petrof et al® found abnormal fiber morphology,
inflammatrory cell infiltrates, and increased connective tissue in upper-
airway dilator muscles. The changes were consistent with musele injury
and were accompanied by changes in the proportions of the muscle fiber
types. Series” et al described similar increases of the cross-sectional area
of muscle fiber and the number of fast-twitch fibers in patients with
OSAS.
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Although continuous positive airway pressure has beem proven (o be
highly effective in the treatment of OSASF patient compliance is not @
good as might be expected.” Thus. on the basis ol the above-mentiong
tindings, the question arose whether electrical stimulation of the muse!
of the upper airway could be used as an alternative treatment o OS A
Most studies in this field have investigated the acute effects of ney
rostimulation of the pharvngeal muscles on upper-airway patencs o
resistance.'™1® Fxperimental surface and intraneural stimulation hay e
been shown 1o reduce upper-airway resistance in animals, healthy per-
sons. and patients with OSAS 111688 1y particular, stimulation of the
genioglossus muscles resulted n a significant reduction in airway resis-
tance and an increase in the critical volapsing pressure 47 With
regard to clinical application. results reported to date are contradictory.
Schwartz et al found that intrancural stimulation of the hypoglossal
nerve significantly improved respiratory disturbances during sleep,'
while Guilleminault et al. using intravral or subcutuneous stirulation.
failed to achieve cffective control of OSAS. ™ Individual investizations
involving apnea-triggered nocturnal stimulation reportedly disturbed the
patient by arousals that occurred during stimulation. ™ k

Neuvrostimulation during sleep induces acute transient improveme
in airflow dynamics but can be limited by side effects, Neurostimulat
during waketulness is designed to strengthen the upper-airway muse
and improve their performance during sleep. Muscle training using ¢le
trical neurostimulation has been found to effectively strengthen skeleal
muscles in pathologic or posttraumatic sitwations. In healthy muscle,
electrical nevrostimulation can induce the activity ol motor units that are
difficult to activate voluntarily ™" It has been shown that ¢lectrical neu-
rostimulation with a frequency of 50 Hz activates both muscle fiber
types completely and homogencously.'' =% Mareover, in contrast to the
structural changes of the upper-airway muscles in the course ol OSAS,
no inflammatory changes have been observed under electrical stimula-
tion in skeletal muscles.® Thus, the question theretore arose whether
training of the tongue muscles durning the davtime might improve the
strength of the dilator muscles and, theretore, reduce nucturnal respira-
tory disturbances without impairing sleep quality.
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Fhere have been no conirolled studies in large groups comparing neu-
sostmulation of the pharvageal muscles with either continuous positive
dirway pressuie or placebo. In particular, there have heen no investipa-
nons on day time ongue-muscle raining. Therefore, we performed a ran-
domized, double-bhnd. placeho-controlled study 1o evaluate the elficacy
of tngue-muscle training usig electrical neurostimulation in patients
wath mild or moderate OSAS,

METHODS
Design

1 hes randomized, placebo-controlled, double-blind clinical study was
conducted gt a university sleep laboratory. The study was approved by
P Piniversity of Witten/Herdecke Ethies commitiee. All patients gave
cieowritten informed consent. Patients who met the inclusion and
cluston eriteria were randomly assigned to either the treatment or the
control group. Examinations were done at baseline as well as after a
treatment period of 8 weeks,

Patients

Patients were enrolled consecutively as they were referred to the sleep
faboratory to be examined for hypersomnia, The inclusion criterion was
newly disgnosed OSAS fapnea-hy popnea index —the number of apneas
plus b popneas per hour of sleep [AHI]— 10 to 40 per hour with clinical
svmptoms), The exclusion criteria were previous treatment for OSAS,
acute heart failure, serious cardiac arrhythmias, other acute diseases
necesstating immediate treatment with continuous positive airway pres-
sure. neurologic or psyehiatric disorders, pregnancy or lactation, use of
drugs acting on the neuromuscular svstem, wearing of a cardiac pace-

ther or cardioverter or defibrillator, insulin-dependent diabetes melli-

Iruma, cutancous lesions, and prior surgery in the submental region,
the recruitment period of February and March 2002, 67 patients were
found o he ehigible for participation (Table 1). During the course of the
sy, 9 patients in the placebo group and 1 patient in the treatment
group were lost 1o follow-up. There was no significant difference
between drop-outs and those who completed the protocol in mean age
tdrop-outs, 57.3 £ 153 vears; protocol-completed, 51.1 + 10.8 years),
mean body mass index (27.9 + 5.0 kg/m? versus 29.2 £4.6 kg/m? ), neck
circumlerence (40.9 + 4.7 cm versus 40.9 + 4.0 ¢m ), or mean baseline
AN (247 4 9% versus 26.0 = 7.7). Four of the 9 drop-outs in the place-
b eroup stopped training because of medical reasons after 0 to 360 min-
nes (nausea, newly diagnosed psychiatric disease, pacemaker); |
retused any further treatment of OSAS. Four patients in the placebo
croup and 1 the treatment group could not be reevaluated because of
protessional (n = 3) or personal reasons (n = 2). Although they informed
ihout their regular training, this information could not be objectively
ven and thus these patients were excluded,

Tahle I-—Anthropometric Data and Baseline Characteristics of the
lotal Sample.
IParameter Treatment Placeho P value
m - 33 (n— 34
SO L 2] 533=11 23 NS
mass andes, ke m- M- d4 891 49 NS
ek rrcumierence, vm HLT =42 AN | NS
e, 1 14 5 NS
Spnwa-h popnei indes, noch 4885 2694 73 NS
Siering, epuchsh 4.1 = 22:R 642+ 24 NS
V4 ¥t e X3 2353 T2942.0 NS
Bomlre 2449 5+ 50 NS
i, My S35 RS S NS

[ it presented as mean + 513 unless otherwise noted.
| L reters o the score of the Functional Uatcomie of Sleep Questionnaire: ESS, Epwurth

L piness Seale; Atention, number of missed reactions on the anention test.

Procedure

Afier the basehine examination, a technician who was not involved in
the examination procedures or in the data evaluation instructed cach
paticnt on how the training device was 1o be used at home. The patients
were instructed 1o use the stimulator for 20 minutes twice o day for 8
weeks and to sel the stimulation amplitude at every training session as
high as they could tolerate, Patients were asked 1o enter in a diary the
duration of training and the level of stimulation, as well as any side
effects. During the home training period, patients could contact 1 of the
authors (WR) in the event of any problems. In addition. they were con-
tacted by phone afier 1 and 3 weeks by the technician. At the end of the
home training period. patients were examined by polysomnography,
attention test.”! Epworth Sleepiness Scale.”* Functional Outcome of
Sleep Questionnaire,~* serum creatine phosphokinase, and self-assess-
ment questionnaire (side effects). Patient compliance was studied objec-
tively using the built-in time counter and subjectively using a diary.

The serial numbers of the devices. together with their assignment to
the placebo or stimulation group, were given to the investigating physi-
cian in sealed envelopes, which were opened only afler completion of
the study. Thus, the hospital stafi’ and patients were blinded as e which
group the patients had been assigned. The technicians who evaluated the
polysomnegrams. the performance tests, and the questionnaires were
also blinded to the patients” status, and they did not communicate with
of instruct the patients

Apparatus

The stimulation device (Apone-Stim 400 Muscle Stimulator, BMR
Neurotech Lid., Derrvbeg Industrial I'state, Co. Donegal, Ireland) 1s a
single-channe! output device that produces a symmetric biphasic output
{(Figure 1). One electrode is placed in the mouth under the tongue. and
the other 1s placed externally under the chin (Figure 2). The chin elec-
trode is a dual clectrode with both a positive and negative lead. The
placebo device was identical to the stimulation device but did not deliv-
er an electrical impulse. Under stimulation, but not under placebo. elec-
trical sensations can be felt. The patients were informed that they might,
but would not necessarily, experience a sensation of electrical sumula-
tion. They were not informed that there was a difference between stim-
ulation and placebo. Use of the device was recorded by a built-in time
counter.

Stimulation Technique and Safety Aspects

Stimulation pulses consisted ot a positive voltage phase followed by
a negative voliage phase. The phase was switched for successive pulses
so that the leading pulse alternated in polarity. The stimulatfon parame-
ters were frequency, 50 Hz; pulse width, 200 microscconds; contraction
time, 10 seconds; and relaxation time, 20 seconds. ™27 The net direct cur-
rent delivered into the load was less than (0.1 mA, Iselation from the user
was achieved by means of a transformer, The level of outpur stimulation
current was then ted back to a microcontroller so that the microcontroller
could then respond 1o situations such as a disconnected lead or a poorly

Main stimulation pulses

—
e

/

Pilot pulse

Figure 1—Stimulation pulses consist ol a positn e-voltage phase lollowed by g negative-
vodtape phase, The phase b switched for successive pulses s thar the leading pulse alter-
nates in polanty. The diagram shows the use of a narrow (approsimately 20 micraseconds)
‘Pilot pulse’ tor the load-sensing feature, 114 badly connected load « detected by the pilat
pulse (e a high resistance or open-circun load ). the main stimulation pulse (~ withheld until
the situation is corrected.
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connected Joad. The maximum output intensity level was 60%% of maxi-

Polysomnography |
mum output level. !

Mouth Electrode connecting to floor of mouth

Chin Electrode connecting to underside of chin

Figure 2— lhe oral electrode camprises a ring placed on the teeth and a peglike stimulat-
mg part placed beneath the tongue. The chin electrode i o dual elecirade with beath a posi-

The polysomnograms were performed using the Alice 4 Sleg
Diagnostic System (Respironics, Murrysyille, Penn, LISA) The follow
e parameters were recorded: electroencephalogram C4AT or C3A”
submental or pretibial electromyogram, electrooculogram. effort (thy
racic and abdominal impedance plethyvsmography), respiratory ow
(thermo-clements), snoring signals (laryngeal microphone), oxy gen sat-
uration (finger pulse oximertry ). The analysis of sleep stages and arousals
was carried out in accordunce with the guidelines of Rechtschatfen and
Kales™ und the ASDA eriteria.™ An aprea was defined as the cessation
of respiratory flow for at least 10 seconds. A hypopnea was defined as a
reduction in effort of 30% in comparison with baseline for at least 10
seconds or as any reduction in effort together with an arousal or with
decrease in oxygen saturiation of at least 4%. Arousals were defined as
respiration induced when they occurred at the carliest with the onset and
an the Jatest within 2 seconds after the ¢nd of an apnea or hypopnea. he
microphone sensor was an electric condenser microphone (Panasonic
WM-62A, Kadoma City, Osaka, lapan), It was coupled to the body sui
face via an enclosed cavity so that the body surface vibrations wern
transmitted as hydravlic pressure changes inside the cavity 10 the mjcr
phone’s membrane. To quantity snoring, the number of epochs (30 sed
onds per page) with evidence of microphone signals for at least 2 see-
onds outside of movement artefacts were counted as described carlier. ™

Statistics

Descriptive statistics were computed according to the measurement
scale of each variable. Baseline comparisons between treatment and con-

Table 3—Compliance

Traly are presented as mean - S0

i gor treatment versus placebo,

Intensity minimal refers w the mnimal amplitude of stimudation e the panent sen during
the study period (Seale, (-105 Intensmy muximal, the masimal gmplitade oF stinalation
that the pavent set durmg the study period (Scale, B-10)
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formance data of the patients who complel
the study. The haseline AHI was 27.7 £ 6.3 1
the placebo group and 24.7 + 8.6 in the treatment group (NS). There was

duration of use of the devices hetween the treatment and placeho wroups.
A higher intensity of electrical stimulation was set in the placeho group
when compared with the treatment group (maximum intensity - treated

patients, 3.0+ 1.6: placebo, 8.4 + L& £ < 001) (Table 3). On y scale of

O (minimum) to 6 (maximum), treated patients scored the symptonms ¢r -
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Tvtianl degalive, lsad Gilde-saills;on the. mokith shettiode beapt the syl Seetrods witkin trol groups were conducted at a testwise o level of 5% using ¥ tests for -
# very small range. and the are o7 the chin electrode is desizned 10 mimic the are of the lower inal asurement-scale variables and. otherwise. Mann-Whitney LI i
mandible This assists the patient i ensuring correct placemenl, nominal measurgment-scale variables :l.ll . L_ WIWISE, viar o ey
tests. Analysis of treatment efficacy was [
. - restricted to patients who complete. s }
Table 2—Polysomnographic and Performance Data. 'L‘“M_'“d to patients who completed the study
according 1o the protocol (per protocol analy - 4
Treatment Placebo sis), Fxploratory comparisons between baselin,
Parameter Raseline Training A Baseline Iraining fi and |)l!§-lil1ltf\-£lllilill examination were don
v ciale e o 7
AEIL G b eRn 9nd elghe B Al TR T 0a = L6 testwise o levels nl % using "\\ oo ;
Suoring. epochsch 639 E23 1 4754 W2 CleuE 2y w24 Tl 611 23EE 02 - 208 matched-pairs test. Concomptamt etficacy N
Muinmum Sutds, %o KET 26N 514 :83 SRR 832 3 NEY r SR s 3R tolerability variables were compared betweer
T, e 68 rdu2 31264 1 46 Wh ot 403 MW b A GAn 4l 6= 627 . ) : : .
a3 BTSN R e : . o groups in an exploratory way at a lestwise i
Sleep stage |, Yo of 157 A s - : : -
14 0+ e 35 3T ARE3RT 23S0 [93e 10 A2a K3 level of 5% each ™ .
RIM e47 12+3 R IO e 144 L 4T 1dthi :
WASLL n 9.3+ AT S TGt d52 SR SR AL = BT B SR IRG R AiR= 289 RESULTS
Arnusals, no ERICE R eh i I 07121 e 2420 | 2395
1= LR+ LR 8=z 2iFamng T 053 T6 . . ; = : -
s i L Ui e e 3 lhirty-tour patents were randomly assigned
FOSO, seare BAE 3251020 24A 32437 22569 DR E30TE 26362 N s T
FSS, seors 1024 44 Grds 5= LS e 5 9447, o0+ %S to the placebo group and 32 were assigned to 4
Attention, “n e 4748 “RI0 Sa 1A 1745 s the treatment group. The anthropometric and
baseline characteristics of both groups are sum-
Data are presented as mean £ 81 st W THBE T, Ketopding 1o 1e oo
Arefers to the change between baseline and teaining: AU apnea-ln popeeen indes— the number of apneas and by popoeas per 1TILI1.‘I/.{,L i tar _ﬂ Coording W lLSl-\:\ m:.:cm.t -
hour of total sleep tine 1T5 11 Snoring. epochs per haur of TS T2 /I rapid eve movements WASO, wike atter sleeponser: | parisons at the 3% level, the groups did not dil-
RaAL total number of repiratory-related arausals; FOSQ, score om the Funetional Ounteonmie of Sleep Ouestionine ter significantly in the anlhmpumc{pi‘ Jin!
.'.F: u_‘:v —hasc!im_: verin:; traiming within the reatment nrlpl:lcr]m 1__'r1\u.11.. baseline parameters.
£ 05 comparison of placeho group versus treated pitients afler iraining. 7. )
1P Da—companison ol the chamges (A) of treatment versus placeba lable I contains 1“-‘l}:-““"m“‘gmph.\" and k'
4

Parameter Treatment Placeho no improvenient in AHI observed after traimng in either group,
r . ~ . N N .
{n=32) tn 251 While the number of snoring cpochs remained unchanged in the
ot . : . S Macebo gro naseline. 624 £ 26.1 epochs pe . placebo, 62,1 =
Training time estimated, min 2027 5534 2250 o N7 I :“—Lh‘? IHI\ up (b ‘\Liln.t. O t '(: I ept Lh_ |_x,r.hnur1 plac LE[ L6
Craining time caunted, mm WD+ H4R N3 1 8O0 238 NSy it decreased in the training group (baseline 639 + 231 ¢pochs
Intensans minimal A9 16 K|k per hour versus 47.5 ¢ 312, # -7 05). There were no ditterences in the
ltensing maximal 5l 54 - 18" '



thema treated patients, 0.4: £ (007, placebo, 0.2 £ 1.0: P
mton (reated patients, 0.7 + 14 placebo, 0.3 + 1.2: P - 05), and facial
| .8: placebo. 0.3 £ 1.0: 7 05) higher than
did placebo patients: However, the overall level of such symptoms wasy

D5), skin rrri-
paain treated patems, 1.1

veny lowe There were noo signiticant differences in muscle twitches,

asithenings durmg the might, difficulty in falling asleep, headaches in

the mormme, or devness of mouth or throat. There was no evidence of

retroposition of the tomgue from patients” reports and no increase in ere-
atine phosphokinase observed e cither group, A similar pretraining 1o
postiznmimg imerease was observed in both groups in the score of the
dnehional Qutcome of Sleep Questionnaire score. There were no dif-
nees obsersved in the Fpwarth Sleepiness Scale or from the attention

[ either wroup (lable 2),

DISCUSSION

This randomized. placeho-controlled, double-blind study s the first
study tainvestigate training of the tongue muscles by electrostimulation
nopatients with OSAS. U nder stimulation, but not under placebo.
patients showed a sipnifivant improvement in snoring.

This study deseribes g new method for which there is no comparable
study available to date. With the exception ot a single case report, no

data have been provided on the use of this method in patients with
OSAS. ™

The activity of the dilator muscles 1= dependent on the sleep state.
With sleep onset, the supraglottic resistance increases in healthy persons.
This phenomenon is even more pronounced in snorers and patients with
OSAS. It has been deseribed that, when compared with normal cases,
patients with OSAS have augmented genioglossus activily during wake-
fulness.t This activity s thought W represenmt a neuromuscular compen-
satory. mechanism of compromised

s (%)

108

_&0 Q 50

Change in snoring/h (%)

3b

Paients (")

Change in snoring/h (%)

wve d—t hanges insnaring under placebi (3a) and stimulayng device (30) The ordinales shiws the propartions of patients, the shscis
e redatine clianges m snoring, Negative Tgores retlect o reduction i snormg. With the use of the stimulating device, there s a lefi

F s the distribton. reflectimg a general decrese in snoring

1 a0 ] 50

upper-airway patency. ' Recent find-
ings indicate that topical receptor
mechanisms i the nasopharvnx have
an impertant influence on the dilator
activity in OSAS Y However, at sleep
anset,  the  activity 15
decreased i most

largely
patients,*
recently
tound in vitro that there s a greater

Moreover, Carrgra et al®’

genioglossus fatgability in muscles
biopsies from patients with OSAS
than in genioglossus muscles from
control Furthermore.
inflammatory infiltrates, mcreases of

\LJh|CL'l.S.

connective lssue ndicating muscle
imury, and disproportionate increases
ol 1 muscle-fiber type {Ha) havebeen
demonstrated i the upper-airway
dilator muscles.t " Therefore, there
is no evidence that these morpholog-
ic changes in OSAS are beneficial.
Previous studies have applied elec-
trical neurostimulation during sleep

10a 150

with the mtention of illustrating acute
modifications of airflow ‘dynamics.
These investigations proyided contra-
dictory results. In 1989, Miki et al™
carried out a study to investigate the
stimulation of the genioglossus nus-
cle in dogs, Under electrical neu-
rostimulation. the resistance of the
upper significantly
reduced. Buased on these results, the

alrway was

same working group™ carried out a
study on the influence of percuta-
neous submental electrostimulation
ol the gemoglossus muscles in 6
patients with OSAS, Stimulation was
performed during sleep and was trig-
gered by apnea of more than 5 sec-
onds in duration. This resulted in a
reduction i the apnea index and in
the number of oxyvgen desaturations
less than 83%.7 Guilleminault et al
failed 10 observe an enlargement of
the upper airway, under either sub-
mental or intraoral  stimulation, '
While Mikiet al™ failed 10 find any
negative effects such as arousals or

100 150




increased blood pressure or heart rate, Guilleminault et al™ reported con-
tractions of the platvsma, undesired movements of the tongue, and
induction of electroencephalographic arousals.

In the light of these reports and prompted by results obtained with
peripheral muscle stimulation, the present study did not conduct stimu-
lation during sleep but, instead, focused on training of the tongue mus-
cles during the daytime. Electrical neurostimulation training of skeletal
muscle has proven to effectively strengthen not only 1 muscle fiber
type. s Electrical neurostimulation is not associated with pathologic
changes such as intlammation. Thus, the rationale of the tongue-muscle
training was to improve the maximum muscle activity by stimulating
both the fast- and the slow-twitch fibers more homogeneously and to
maintain a sufficient activity level in spite of the fall during sleep. The
stimulating electrode was placed centrally below the tongue with the aim
ot achieving stimulation of the genioglossus muscles. This approach is
based on studies in animals and awake subjects. in whom a significant
reduction in upper-airway resistance was seen only when the genioglos-
sus muscle was stimulated.!7#2 In a noncontrolled study on tongue-
muscle training, Wiltfang et al®™ found an increase in tongue-muscle
power.

Our data do not permit us to conclude that morphologic factors such
as anatomic ditferences in the shape of the upper airway (eg. whether the
tranverse diameter is longer than the long axis or vice versa) are respon-
sible tor the different responses in snoring (Figure 3). Other factors that
cannot be excluded are changes in body mass index or body position or
variability in the upper-airway function during sleep. Furthermore. it is
not yet known how long the therapeutic effect persists and whether pro-
longation of training beyond 8 weeks, or repetition of training atter an
interval, might increase the therapeutic effect. There was no significant
difference in snoring, as revealed by the self-assessment, between the
patient groups after training, which might be due to incomplete answers
lo the guestionnaire.

Whether the study conclusion is hampered by the fact that the place-
bo subjects expericnced no stimulatory sensation might need discussion
We decided o not apply a minimal stimulation, since it is not known
whether even weak pulses might have a stimulating eftect. Although the
absence of sensation during traiming cannot be excluded as a reason for
the larger number of dropouts in the placebo group, counterarguments
against this are the individual reasons for dropping out. as described
above, and the lack of difference in the use of the device between place-
bo and reated groups. As expected, the placebo patients selected higher
settings of stimulation amplitude. This indicates that the placebo patients

used their devices correctly according to the design. However, the use of

the devices could not be assessed in the dropouts.. Thus adherence with
stimulation may be artifactually high in the remaining placebo-treated
patients.

CONCLUSIONS

For patients who snore. electrical neurostimulation treatment for train-
ing of the tongue muscles may be considered. Individual responses to
treatment should be checked in the sleep laboratory. Furthermore, regu-
lar follow-up studies are needed to establish whether secondary treat-
ment failure occurs.
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