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Williams-Beuren Syndrome. Cardiovascular Abnormalitiesin
20 Patients Diagnosed with Fluorescencein Situ Hybridization
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Objective - To evaluate the cardiovascular findings
and clinical follow-up of patients with Williams-Beuren
syndrome.

Methods - We studied 20 patients (11 males, mean
ageatdiagnosis. 5.9 yearsold), assessed for cardiovascu-
lar abnormalitieswith electrocardiography and Doppler
echocardiography. Fluorescencein situ hybridization
(FISH) wasused to confirmthediagnosis of the syndrome.

Results - Elastin genelocus microdel etion was detec-
tedin 17 patients (85%) (positive FISH), and in 3 patients
deletion was not detected (negative FI SH). Sixteen patients
with a positive FI SH (94%) had congenital cardiovascular
disease(meanageat diagnosis. 2,3 yearsold). Weobserved
isolated (2/16) supravalvular aortic stenosis and supra-
valvular aortic stenosisassociated (11/16) with pulmonary
artery stenosis (4/11); mitral valve prolapse (3/11); bicus-
pid aortic valve (3/11); aortic coarctation (2/11), thicke-
ned pulmonary valve (2/11); pulmonary valvular stenosis
(1/11); supravalvular pulmonary stenosis (1/11); valvular
aortic stenosis (1/11); fixed subaortic stenosis (1/11); pul-
monary artery stenosis (2/16) associated with pulmonary
valvar stenosis (1/2) and with mitral valve prolapse (1/2);
and isolated mitral valve prolapse (1/16). Four patients
with severe supravalvular aortic stenosisunderwent surge-
ry (mean age: 5.7 yearsold), and 2 patients had normal
pressure gradients (mean follow-up: 8.4 years).

Conclusion - A detailed cardiac evaluation must be
performedin all patientswith WIliams-Beuren syndrome
dueto the high frequency of cardiovascular abnormalities.
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Williams-Beuren syndromeisararecondition of dele-
tion of contiguousgenes, whichischaracterized by elfinfa-
cies, eye, teeth, cardiovascular, renal, and skel etal abnorma-
lities, mental deficiency, overfriendly personality, and occa
sionaly infantilehypercalcemia®*. Williamset a 1in 1961
and Beuren2in 1962 described the syndromeindependently.
Theincidenceisestimated at 1:13,700 to 1:25,000 live
births>¢. The occurrenceisgenerally sporadicinmost fami-
lies 33, although reports do exist of afew casesin the same
family apparently dueto dominant autosomal inheritance™®,

Digtinctivefacial featuresdescribed aselfinfaciesin-
cludebitemporal narrowness, periorbital fullness, small up-
turned nose, full nasal tip, long philtrum, full cheeks, full
lips, widemouth, and small jaw . Thesetypical facial featu-
resare usually recognizable around 4 months of age and
becomestriking during infancy and childhood *4. Adult pa-
tients have dolichocephaly and thick lips?®.

Clinical diagnosticcriteriaareavailablefor Williams-
Beuren syndrome34. Approximately 90 to 95% of the pa-
tientshavemicro-del etioninthelong arm of chromosome 7
(7911.23), whichincludestheel astin geneand isdetectable
by fluorescenceinsituhybridization (FISH) °%°, Thistestis
useful for diagnostic confirmation, because great clinical
variability is present, hindering a diagnosis especialy in
thefirstyear of life.

Cardiovascular abnormalitiesoccur in almost 80% of
the cases of Williams-Beuren syndrome 34114, Aortic su-
pravavular stenosisisthe most common cardiac anomaly,
present in 64% of patientst. Other cardiopathiesinclude
pulmonary artery stenosis, aortic hypoplasia, aortic coarc-
tation, mitral valve prolapse, and septal defects*4, In
Williams-Beuren syndrome, located and diffuses stenosis
of the thoracic and abdominal aorta>'¢ and the coronary
and cerebral arteries*”® may also occur.

The natural history of supravalvular aortic stenosis
variesintheaffected patients. It may beaprogressivelesion
characterized by an increasein the pressure gradient of
theleft ventricle dueto hypoplasiaof the ascending aorta'?.
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Thisabnormality isusually diagnosedinthefirst 2 yearsof
life; however, it can remain undiagnosed for years, until an
increaseoccursinthesystolic pressuregradient. Symptoms
and complications are similar to those of aortic valvar
stenosis 2,

The objective of this study wasto analyze the cardio-
vascular findingsandtheclinical follow-up of cardiovascular
anomaliesin 20 patientswithWilliams-Beuren syndrome.

Methods

The cohort of thisretrospective and prospective study
wasformedby 20 patients(11M: 9F) withadlinical diagnosisof
Williams-Beurensyndromefollowed-upat theUnidadedeGe-
néticadol Cr-HC-FMUSP(GeneticUnit of IngtitutodaCrianga-
Hospita dasClinicas-School of Medicine) from 1991t02001.

Meanageduringclinical diagnosisof Williams-Beuren
syndromewas 5.9 years (8 monthsto 10.7 years). The pa-
rentswere healthy, and all caseswere sporadic.

TheWilliams-Beuren syndrome diagnosiswas confir-
med with the FI SH test. Thistechnique enablesthe determi-
nation of aspecificdeoxyribonucleicacid (DNA) sequencein
achromosomal band *°. It consists of the hybridization of a
probe fluorescently or radioactively labeled, to identify its
complementary segment within ametaphase chromosome,
DNA of themetaphasechromosomeisdenaturedinthelami-
na(for thisreason, itiscaledin situ), and then hybridization
isstarted with alabeled probe. The probeisvisualized with
fluorescenceintheFI SH techniqueor withan X-ray film*.

Inthisstudy, micro-deletionintheelastingenewasin-
vestigated in the interphase and metaphase cells, using
VY SISPL Sl Wiliams SyndromeRegion probe(fig. 1), follo-
wing the Pinkel et al protocol 2. Thisisaspecific locus
probe marked with SpectrumOrange™ dye, which contains
thelocusof the elastin gene, thelocus of the LIMK 1 gene,
and thelocus of D7S613, amarker of chromosome 7. The
control probemarked with SpectrumGreen™ isincludedin
themixtureand correspondstotheloci D75486 and D7S522
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Fig. 1- Region 7q11.23 and probe VY SIS® L SI Williams Syndrome.

| 7911.23LSIELN
—
(Spectrum Orange)

7031 D75486,D75S522

! |_" (Spectrum Green)

I
7

Fig. 2 - Chromosomeideogram 7: regions of probe hybridization.

located in the spectrum 7g31. Figure 2 representstheideo-
gram of chromosome 7, showing the hybridization regions
of the probe. The presence of only 1 red signal (elastin
gene) and 2 fluorescent green signals (markers of chro-
mosome 7) indicates deletion in the elastin genein 1 chro-
mosome 7, confirming the diagnosis of Williams-Beuren
syndrome. Inthissituation, the patient is considered FI SH
positive. The patient who has 2 red signal s (presence of an
€lastin genein both chromosome 7s), and 2 green signalsis
considered FISH negative(figs. 3a, b).

Cardiac evaluation included a physical examination,
electrocardiography, and Doppler echocardiography. Su-
pravalvular aortic stenosiswassystematically investigated
by theparasternal long axisview inall patients.

Fig. 3a- Picture of FISH test for Williams-Beuren syndrome demonstrating metaphase with 2 red signals (el astin gene) and 2 green signal's (markers chromossome 7), therefore
without elastin gene deletion (FISH negative patient); 3b - picture of FISH test for Williams-Beuren syndrome demonstrating metaphase with 2 green signals (markers of
chromosome 7) and only 1 red signal (€elastin gene), however, with deletion of elastin gene (FISH positive patient).
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Results

All patients had typical facial features (fig. 4). Se-
venteen patients (85%) had deletion (FISH positive), and
only 3(15%) did not have deletion (FISH negative). The 3
patients without deletion had typical facies, mental defi-
ciency, and skeletal abnormalities; however, none of them
had congenital cardiovascular disease. Clinical findingsof
the20 patientsareprovidedintablel.

Fig. 4- A four yearsold child with typical facial features.

Tablel - Clinical findings in 20 patients with
Williams-Beuren syndrome
Features Positive FISH Negative FISH
(n=17) (n=3)

Low weight at birth 10/16 (63%) 0
DNPM Delay 17/17 (100%) 3/3 (100%)
Overfriendliness 17/17 (100%) 3/3 (100%)
Tooth abnormalities 17 (100%) 0
Strabismus 9 (53%) 0
Stellate iris pattern 8/16 (50%) 0
Tortuous retineal vessels 8/16 (50%) 0
Typical fascies 17 (100%) 3/3 (100%)
Heart disease 16 (94%) 0
Vesical dysfunctions 10/13 (77%) 0
Extrasacal creases 12 (71%) 0
Microcephalia 8 (47%) 0
CNS abnormalities 9 (53%) 0
Hyperacusia 10 (59%) 0
Loquacity 9 (53%) 0
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Seventeen FI SH-positive patients (94%) had conge-
nital cardiopathy. Cardiac murmur was present in 14/17
(82%) of the patientswith cardiopathy. M ean ageat auscul -
tation was 3 months (15 days— 4 months). Mean age for
diagnosis of heart disease was 2.3 months (1 month -7
years). Patients were subdivided according to the type of
cardiopathy (tab. I1). Mean cardiac follow-up of patients
was7.9years(26 months—11.8years).

The great majority of patientswere asymptomatic.
Only 2 patients(cases 1 and 19), with severe supravalvular
aortic stenosis had dyspneaand fatigue on great exertion.

Six patients (6/10) with supravalvular aortic stenosis
did not need surgery. Two patients (cases 4 and 7) had
moderate supraval vular aortic stenosis, whose pressure
gradients(left ventricle-aorta) were higher than 20 mmHg.
Case 4 evolved with amild supravalvular aortic stenosis
withapressuregradient of 20 mmHg. Although supravalvu-
lar aortic stenosiswas severein case 7, the patient evolved
with adecrease in pressure gradient and did not need sur-
gery. Four childrenwith mild supravalvular aortic stenosis
(cases10,11,13, and 15), whose pressuregradients (I eft ven-
tricle-aorta) were around 20 mmHg, evolved with sponta-
neous regression of stenosis (tab. 111).

Four patients with severe supraval vular aortic steno-
sis(cases 1, 3, 19, and 20), whose pressure gradients were
higher than 60 mmHg, underwent surgery at amean age of
5.7 years (1 year and 7 months— 10 years). Surgery wasto

Tablell - Cardiac defectsin 20 patients with
Williams-Beuren syndrome

Heart disease n (%)
SVAS Isolated (cases 8 and 10) 2/16 (19%)
Associated 11/16 (63%)

Pulmonary artery stenosis
(cases 1, 7, 13, and 15)
Bicuspid aortic valve
(cases 4, 13 and 19)

Mitral valve prolapse
(cases 1, 3, and 15)

Aortic coarctation

(cases 10 and 20)
Thickened pulmonary valve
(cases 7 and 11)

4/11(36%)
311 (27%)
311 (27%)
2/11 (18%)

211 (18%)

Pulmonary valvular stenosis 1/11 (9%)
(case 10)
Supravalvular pulmonary stenosis  1/11 (9%)
(case 15)
Valvar aortic stenosis 1/11 (9%)
(case 1)
Fixed subaortic stenosis 1/11 (9%)
(case 19)
PAS Associated (cases 2, and 5) 2/16 (13%)
Valvular pulmonary stenosis 1/2 (50%)
(caseb)
Mitral valve prolapse 1/2 (50%)
(case 2)
Isolated (case 18) 1/16 (13%)
Mitral valve prolapse
Total 16/16 (100%)

SVAS - Supravavular aortic stenosis; PAS - pulmonary artery stenosis.
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enlargetheaortawithabovinepericardial graft at thesiteof
stenosis. All patientsevolved well in the postoperative pe-
riodwithareductioninthepressuregradient. Meanfollow-
up after surgery in 3 patients (cases 1, 3, and 19) was 5.7
years. The pressure gradient was normal after surgery in 2
patients(cases1 and 3) inamean follow-up of 8.4 years, wi-
thout restenosis.

Two patients had aortic coarctation associated with
supravalvular aortic stenosis (cases 10 and 20) with pres-
suregradientsof 22 and 37 mmHg andwithmild hemodyna:
mic repercussions. Both patientswere asymptomatic.

TablelV presentsthemean pressuregradientsand the
follow-up period of patientswith pulmonary aortic stenosis
associated with supraval vul ar aortic stenosis (6/16=38%).

Pulmonary artery branch stenosis and valvular
pulmonary stenosiswere diagnosed in case 5 at 9 months.
Hemodynamic study, at 2 years, demonstrated multiple
pulmonary artery stenoses, with stenosisin the origin and
periphery of the right hypoplastic branch and the | eft
branchtheleft ventricleand aortawerenormal. Surgery was
not i ndi cated becausethe patient was compensated and the
lesionsweredifficult toreach. Pressuregradient decreased
spontaneoudly to 28 mmHgina6.6-year follow-up. Pulmo-
nary artery stenosisin case 1 wascorrected at 10years, toge-
ther with supravalvular aortic stenosis surgery. Inthe 5
remaining patients(cases2, 5, 7, 13, and 15) stenosisresol -
ved spontaneously even in cases 7 and 13 whose pulmo-
nary artery stenosiswas moderate.

Table Il - Supravalvular aortic stenosis follow-up
Cases Initial Final Follow-up
Gradient Gradient Period

1 >70 0 11.8 years
3 >70 0 9.3 years
4 45 20 7.1 years
7 75 60 13.5 years
8 55 51 4.7 years
10 25 6.8 years
11 15 0 8.4 years
12 6
13 23 17 6.3 years
14 30 13.3 years
15 19.5 0 9.6 years
19 >70 14 2.2 years
20 94 0 9.3 years

Mean >49.4 18.1 7.9 years

Table!V —Pulmonary artery follow-up

Cases Initial Final Follow-up
gradient gradient period
1 - 0 11.8 years
2 26 0 10.3 years
5 92 28 6.9 years
7 65 0 135 years
13 59 0 6.3 years
15 24 0 9.6 years
Mean 44.3 4.7 9.7 years
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Discussion

In the present study, heart disease was diagnosed in
81% of the patients, similar tothat reportedintheliterature
withincidencesof 75t080% %, TablesV and VI summarize
the types of heart diseases and their frequency in the
present sampleand inthemain studiesof literature.

Supravalvular aortic stenosi sfrequency (65%=13/20)
inthe present study wassimilar tothat observedinthelite-
rature >3, Pulmonary artery stenosis (38%) wasthe second
heart di sease associated with supravalvul ar aortic stenosis,
asinthestudiesintheliterature (tab. V). Doppler echocar-
diography isthe examination of choice to detect supraval-
vular aortic stenosis and other heart diseases 1%,

Bicuspid aortic valve was seen in 19% of the patients
fromthepresent sample, whereasHallidie-Smithand Karas**
observed thisanomaly in 12% of their study patientswith
Williams-Beuren syndrome. However, the frequency of
mitral valveprolapse(19%) inthepresent study wassimilar
tothat reportedin the study. Other studiesreported alower
incidence of mitral valve prolapse, ranging from 1% 2to
2%?*2. In the present sample, the frequency of aortic
coarctation (13%) wasgreater than that reported inthelite-
rature, which ranges from 2% 13 to 7% 4. Frequencies of
pulmonary valvular stenosis (1/16), supravalvular aortic
stenosis(1/16), and aortic stenosis(1/16) inthe present stu-
dy weresimilar tothosereportedintheliterature*®.

Fixed subaortic stenosi swithout hemodynamic reper-
cussion was diagnosed in one of our patients. This abnor-
mality wasdescribedintheliteratureby Narineta Zinan 8-
year-old boy with Williams-Beuren syndrome.

In the present study, 1 patient (case 14) had bilateral
renal artery stenosisin additionto supravalvular aortic ste-
nosis and mitral valve prolapse. In the Zalzstein et al
study®3, of 8/11 of the patientswith supravalvular aortic ste-
nosisand pulmonary artery stenosis, 1 patient had splenic
artery stenosis and another patient had abdominal aortic
stenosis. Arteriopathy in Williams-Beuren syndromeisge-
neralized and may involve any artery of the body dueto
elastin deletions ™.

TableV - Supravalvular aortic stenosisand pulmonary artery
frequency in patients with Williams-Beuren syndrome

Author N SVAS PAS
Beurenet a 2 23 23 (100%) 23 (100%)
Jones & Smith 19 7 (37%) 3(16%)
Grimm & Wesselhoeft ® 79 79 (100%) 65 (82%)
Martinet a © 41 16 (39%) 11 (27%)
Hallidie-Smith & Karas 2 61 61 (100%) -
Morriset a 2 59 40 (68%) -
Zezstein et a = 49 39/49 (80%) 19 (39%)
Kececioglu et al 2 104 85/104 (82%) 80/93 (86%)
Pankau et a 124 96 (77%) 60 (48%)
(not published)
Wessel etd ™ 59 57 (97%) 49 (83%)
Present study 20 13/16 (81%) 6/16 (38%)
*Modified from Wessel et al (1994).
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Table VI - Frequency of the types of cardiopathiesin patients with Williams-Beuren syndrome
Author(s) N SVAS PAS AS ACo HAo Others
Beuren AJ2 23 - - 7 (30%) -
Jones & Smith* 19 - 5 (26%) 1(5%) - 3(16%) 2I1AC,2IVC
Grimm & Wesselhoeft 5 79 2 (3%) 4(5%) - 4(5%) 55 (70%) 1IAC, 2IVC, 2ACP
Martinet a © 41 - 1(2%) 1(2%) - 3vC
Hallidie-Smith & Karas # 61 - - 1(2%) Mitral valve prolapse
1AC, 1IVC (15%)
Morriset al 3 59 10 (17%) 6 (10%) 3(5%) - -
Zazsteineta 49 - - 2 (4%) - 1Mitral valve prolapse (2%)
Kececioglu et a 2 104 5/104 (5%) 1ACP, 1Mitral valve
prolapse, 1CIV
Pankau et al 124 1(1%) 1(1%) 2 (2%) 8(6%) 36 (29%) 21AC, 3IVC, 1TF, 1IAA
(not published)
Wessel etal # 59 - - - 4(7%) 24 (41%)
Present study 20 (13%) 2/16 (6%) 1/16 (6%) 1/16 (13%) 2/16 (19%) - (16%) 3Mitral valve prolapse
2MH
Modified from Wessel, et al (1994). SVAS- supravalvular aortic stenosis; PS- pulmonary stenosis; AS- aortic stenosis; ACo- aortic coarctation; AoH- aortic hypoplasia;
IAC- interatrial communication; IV C- interventricular communication; ACP- arterial channel persistence, MI- mitral insufficiency; TF- tetralogy of Fallot; AoAl- aortic
arch interruption.

Great variability occurred in the pressure gradient of
patients with supravalvular aortic stenosisin the present
study. These datawere similar to thosein theliteraturein
which pressuregradient ranged from 0to 1210 mmHginthe
study of Kececioglu et a 2, and 105 mmHg in the study of
Wessdl et a 4,

Inthe present study, the patientswith mild supravalvu-
lar aortic stenosis, whose pressure gradients were
<20mmHg, evolved with areduction in the pressure gra-
dient asreportedintheliterature. IntheWessel et al study*,
amean pressure gradient of 9 mmHg remained unchanged
in32/45 of the patientswith mild supravalvular aortic steno-
sisduring infancy, inamean 13-year follow-up.

Zalzstein et a - subdivided the patients with supra-
valvular aortic stenosisinto thosewithisol ated supraval vu-
lar aortic stenosis and those with supravalvular aortic ste-
nosis associated with pulmonary artery stenosis. Thefirst
waspresentin 28/49 (57%) patients; in 17/28 (61%) of them,
noworsening in stenosisoccurred during a6.3-year follow-
up. However, 7/24 (29%) of thepatientswithinitial pressure
gradientshigher than 30 mmHg evolved with anincreasein
pressuregradient and required corrective surgery of supra-
valvular aortic stenosis. Eleven patients(11/49 = 22%) had
supravalvular aortic stenosisand pulmonary artery steno-
sis; 6 of them evolved with worsening of supravalvular
aorticstenosis, whereaspulmonary artery stenosiseither re-
mained unchanged or even decreased. Five of them (5/6)
underwent supravalvular aortic stenosis surgery.

Inthe Kececioglu et a study 2, supravalvular aortic
stenosiswasclassified into 3 groupsaccording to the pres-
suregradient: 1) mild supravalvular aortic stenosis (0-30
mmHg) —54/85 patients; 2) moderate supravalvular aortic
stenosis (30-50 mmHg) —12/85 patients, and 3) severe su-
pravalvular aortic stenosis(50-110 mmHg) —19/85 patients.
Thenatural course of supravalvular aortic stenosiswas as-
sessed in 21 patientsthrough hemodynamic study 11 years
after thefirst catheterization, on average. Thepressuregra-
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dientintheaortaincreasedin 11 patients, andin 4 of them,
theincreasewas>50 mmHg; the pressuregradient remained
unchangedin 9/85 (11%), and decreasedto45 mmHgin 1/85
patients.

Thefreguency of patients undergoing supravalvular
aortic stenosis surgery in the present study was similar to
that reportedintheliterature(tab. VI1). IntheK ececioglu et
al study *?, the mean postoperativefollow-up was 8.6 years
in 29/85 patientswith Williams-Beuren syndrome, under-
going surgery to correct supravalvular aortic stenosis. Sur-
gery resulted in a30 mmHg decreasein the aortic pressure
gradientin 22 patients.

Weobserved in the present samplethat the severity of
pulmonary artery stenosis decreased in childhood and
adolescence asreported in the literature. Of the 6 patients
with pulmonary artery stenosis, only 1 underwent surgical
correction. The5remaining patientsevol ved with asponta-
neous reduction in theinitial mean pressure gradient from
44.3mmHgto4.7mmHgina9.7-year follow-up.

Inthe Zalzstein et al study 3, 8/49 of the patients had
isolated pulmonary stenosis, and 11/49 patientshad pulmo-
nary artery stenosis associated with supravalvular aortic
stenosis. In 5/8 of the patients, no changein stenosis seve-
rity occurred, and 1 patient underwent surgery at 12 yearsof
age. In 6/11 patients with pulmonary aortic stenosis as-
sociated with supravalvular aortic stenosis, pulmonary
stenosisimproved spontaneously in all cases.

Pulmonary artery stenosiswasdiagnosedin 80/93 pa-

Table VIl —Corrective surgery frequency in supravalvular aortic
stenosis (SVAS)

Author SVAS Mean age

Zdzsteinet d *
Kececioglu et a 2
Wessel et a
Present study

12/39 (31%)
29/85 (34%)
17/57 (32%)
413 (31%)

11 years (2.5- 25)

5.7 years (19m-10 y)
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tientswith Williams-Beuren syndromeintheK ececioglu et
al study 2. The pressure gradient in theright ventricle was
increasedin 55/80 patients, and it wasmild or moderatein 75
patients, and severein 5 patients. We observed asignifi-
cant reduction in the pressure gradient of 14 patients.

Inthe Wessel et al study ', the pressure gradient as-
sessed on hemodynamic study decreased spontaneously
fromamean of 23t09.5mmHgin 23/49 patientswith pulmo-
nary artery stenosisover 14 years. In adolescent and adults
aged >33 years, the pressure gradient were lower than
20mmHgin22/23 patients.

In the present study, only 2 patients had aortic coarc-
tation of mild hemodynamic repercussion. | nthe Kececio-
glueta study *?, 5% (5/104) had aortic coarctation, and all
patients underwent surgical correction. Inthe Wessel et a
sample*, aortic coarctationwasal so severein 4/59 patients
(7%) who hadit, 2 of them required surgery.

Cardiovascular anomalies caused by elastin deficien-
cy arethemost significant causeof morbidity and mortality
in Williams-Beuren syndrome 2%, Surgical correction of

Sugayama et al
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severe supravalvular aortic stenosis must be indicated,
oncethe patients with significant pressure gradients are at
risk of sudden death 1222, Kececioglu et al 12 estimated that
therisk of sudden death was 3% in aseries of 104 patients
with Williams-Beuren syndromefollowed-up for 30 years.
Pathologic findingsobserved by Bird et al. 2 in 10 patients
with Williams-Beuren syndrome who died suddenly were
coronary artery stenosisand acutemyocardial ischemiain5
patients.

Immediate surgical resultsin patients with Williams-
Beuren syndrome demonstrate low mortality and thelong-
term prospective studiesreveal ed that most patientsunder-
went surgery evolved well with stable pressure gradients
and without restenosis.

An accurate cardiovascular evaluation isrecommen-
ded when diagnosisis performed in all patients with Wil-
liams-Beuren syndrome, including el ectrocardiography and
Doppler echocardiography. If theinitial evaluation doesnot
detect any cardiac abnormalities, ayearly follow-up should
be performed to detect and prevent future complications.
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