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ABSTRACT

The purpose of this prospective study was to asshssher outcome of speech and language in chilBf&6
years after corrective surgery for tetralogy ofl&@a{TOF) or ventricular septal defect (VSD) inanty was
influenced by the preoperative condition of hypoiemr cardiac insufficiency and whether it was assted
with perioperative risk factors and neurodeveloptaleoutcome.

A total of 35 unselected children, 19 with TOF dmgpoxemia and 16 with VSD and cardiac insufficigncy
operated with combined deep hypothermic circulatmgst and low-flow cardiopulmonary bypass at mega
0.7 £ 0.3 (mean = standard deviation) years, undetwat mean age 7.4 + 1.6 years, standardizedatiai of
speech and language functions. Results were coohfeteveen subgroups and related to perioperatsterts
sociodemographic and neurodevelopmental status.

Age at testing, socioeconomic status and histogpetch and language development were not diffeetateen
the subgroups. In contrast, total scores on ordlspeech motor control functions (TFS) as well m®@l and
speech apraxia (Mayo Test) were significantly redu@<0.02 to <0.05), and scores on anatomical oral
structures tended to be lowgr<(.09) in the TOF group as compared to the VSD grdio differences were
found for auditory word recognition and phonologiaaareness as assessed by the Auditory Closutessudf
the lllinois Test of Psycholinguistic Abilities arnlde test of auditory analysis skills, respectivétyall children,
higher age at testing and better socioeconomiusstefere associated with better results in all domaif
assessmenp€0.001 to <0.04). Consistent impairments of all arad speech motor control functions (TFS and
Mayo Test) were present in 29% of all children withmean age of 6.5 years in contrast to 43% witimab
performance and a mean age of 8.3 years. On thetiee speech tasks, only 6% scored below the naange

of their age group. TFS subscores were signifigasdtrelated with age, bypass duration and motoctian, but
not correlated with socioeconomic status, duratiboardiac arrest, intelligence and academic agmant.

Children with preoperative hypoxemia due to cyanatardiac defects in infancy are at higher risk for
dysfunction in speech and language than those aaittiiac insufficiency due to acyanotic heart defedige at
testing, socioeconomic status, and duration of ioptdmonary bypass influenced test results. Lomgite
outcome in speech and language functions can beidsed as a sensitive indicator of overall child
development after cardiac surgery.

Keywords: Speech and language development ; Tetralogy @iftEaVentricular septal defect ; Cardiac surgery

Abbreviations : AC, auditory closure subtest of ITPA CPB, cardiopulmonary bypass ; DHCA, deep
hypothermic cardiocirculatory arrest ; FISH, fluscence in situ hybridization ; 1Q, intelligence tjant ; ITPA,
lllinois test of psycholinguistic abilities ; K-ABGKaufman assessment battery for children ; MQ,omqtiotient

; OFS, oral functional score ; SD, standard demmti SFS, speech functional score ; TAAS, testudfitary
analysis skills ; TFS, total functional score ; T.QEtralogy of Fallot ; TSS, total structural scqr&/SD,
ventricular septal defect.
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1. Introduction

Children after cardiac operations for congenitahrhedefects with cardiopulmonary bypass (CPB) with
without hypothermic cardiac arrest generally areisk of later neurodevelopmental impairment in tleanains

of motor functions, intelligence, academic achieeam attention, speech, language and behavioin
particular, we recently showed that corrective stygn infancy for tetralogy of Fallot (TOF) or \eicular
septal defect (VSD) with combined circulatory atresd low flow bypass is associated with reduced
neurodevelopmental outcome with respect to motactfan, formal intelligence and academic achievetfien
We additionally demonstrated that children withgperative hypoxemia in infancy due to cyanotic hdafects
are at higher risk for motor dysfunctfdrand attentional dysfunction in the field of exéeetcontrof® than are
children with cardiac insufficiency due to acyandieart defects.

As a milestone of child development, speech anduage functions are of special interest with resgethe
long-term follow-up of children after cardiac surgeHowever, detailed systematic studies are rar¢his
field.2>'**°Gjven the high prevalence of speech and langugsfinictions in association with motor, cognitive
and academic disabilities, speech and languageunigtsbns are considered to be an important indicafo
general developmental impairmént.*

The present prospective study was designed tothesthyposthesis that (1) the preoperative conditbn
hypoxemia in infancy is associated with worse omtes in speech and language later in childhood, when
compared to the condition of preoperative cardiaafficiency; furthermore, (2) the relationshipweén speech
and language outcomes and perioperative managemeumpdevelopmental outcomes and sociodemographic
status should be evaluated in a uniform cohorthilticen with TOF or VSD at age 5-11 years afterective
surgery in infancy.

2. M ethods
2.1. Patient population

Between 1993 and 1999, 24 consecutive infants avitbgular form of TOF and hypoxemia and 26 consezut
infants with a VSD and cardiac insufficiency hadindergone primary corrective cardiac surgeryun
institution at a mean age of 0.7 years with a steshdeviation (SD) of 0.3. There was no early t& laortality.
All patients with TOF had normal chromosomal stafds, XY and XX, respectively), and microdeletion
22911.2 had been excluded by fluorescence in gitidization (FISH) analysis. In 2004, at a mear afj7.4
years (SD 1.6, range 5.0-11.8), we performed avielip study of neurodevelopmental outcome and éserc
capacity (14), attentional functions (15) as welbatcome of language and speech development.

Ten of the original 50 patients could not presentféllow-up examination (4 with TOF and 6 with VEThey
were considered by a questionnaire completed bpdhents as well as by the treating pediatriciams@ediatric
cardiologists. Actual participation in the studysamainly determined by the distance of the familg'sidence
from our institution. The children who did not peifate were similar to participants with respextage, sex,
cardiac health, physical activity, neurodeveloprakatitcome and socioeconomic background.

The primary study group coming to the reevaluationsisted of 40 unselected children (80% of theratpd
patients). Among these, the results of speech amglihge examination of 5 patients could not beidered, as
they were incomplete because of the children's IDutother tongue (3 patients with VSD), insufficient
compliance (1 patient with VSD) or lacking time mgement of the family (1 patient with TOF).

The final study group for the assessment of languagl speech therefore consisted of 35 patien® @fCthe
operated patients) with a mean age of 7.6 yearsi(8P Subgroup A consisted of 19 patients with T(68%
male, age at surgery 0.7 + 0.3 years, age at ei@hua.5 + 1.4 years). All group A patients hadferdd from
preoperative cyanosis (arterial oxygen saturati®d). Group B consisted of 16 patients with VSD%bMale,
age at surgery 0.7 £ 0.2 years, age at evaluat®a 7.9 years). All group B patients had suffeften clinical
signs of heart failure and pulmonary hypertensistrthe time of evaluation, all patients were in@d general
and cardiac health status, and none of them reteamy cardiac-related medication. All patients had
anatomically and functionally adequate repair efrtidefects. Socioeconomic status of the total grasiwell as

of the subgroup8 was not different from that of a normal populatfdiwritten informed consent of the parents
was obtained.
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2.2. Surgical management and perfusion methods

Corrective surgery was performed following standaed deep hypothermic circulatory arrest (DHCA,%52.
8.8 min) with a minimal nasopharyngeal temperatir#5.2 + 1.9 °C and low-flow CPB (60.7 + 20.3miiihe
protocols of the bypass technique and of the pesttive care have been described in detail prelyidiis

23. Perioperative and neurodevelopmental risk factors

The patients’ data with respect to perioperativenagament as well as preoperative, perioperative, an
postoperative complications were prospectivelysteged at time of surgery and have been recentiigned**
The neurodevelopmental follow-up examinatibnonsisted of a standardized test battery evalyairbroad
spectrum of motor and cognitive development.

As shown in Table 1, the children with TOF and V&Dbgroup A and B) did not differ with respect geat
testing, socioeconomic status, and durations of BH&hd CPB. However, the two subgroups differed
significantly in gross motor functions. ChildrentiviTOF as a group showed a motor quotient of 7hRlwis
below the normal range of 85-115. In contrast, igmiicant differences were present with respecgémeral
intelligence and acquired abilities. Both groupsvebd quotients between 90 and 95. The present stiadiied
from the question of how these characteristics wetated to outcome parameters of language andclspee
Would the TOF group also show a less favorable ldpweent of speech and language?

Table 1 - Sample characteristics at follow-up examinatfon

Total groupn =35 Subgroup A TOmM =19 Subgroup BVSIh=16 Pvalu€ Avs.B

Age at testing (years) 76116 75+14 78+19 0.66
Socioeconomic statlis 22+1.1 21+1.2 24+09 0.35
Duration of DHCA 52.9+8.8 54.7+6.9 50.6 + 10.6 0.26
(min)

Duration of CPB (min) 60.7 £ 20.3 63.8 £ 20.6 57.1+20.0 0.27
Motor quotient (MQ) 85.7 +13.3 79.9+95 92.2+14.1 0.01
Inteldligence guotient 91.9+13.1 92.0+13.3 91.8+13.3 0.91
(IQ)

Acquired abilitie§ 94.0 + 14.6 94.1 +15.6 93.9+13.8 0.95

DHCA, deep hypothermic circulatory arrest; CPBdaapulmonary bypass.TOF, tetralogy of Fallot; VS®ntricular septal defect.Values
are mean+SD, standard deviation.

@ P values calculated by Mann-Whitrigytest for comparison of central tendencies betveedrgroups.

P Social classification of the family according tatsich and Nolf°

¢ Standard score of gross motor function of the Kighand Schilling body coordination tét.

4 Standard score of general intelligence of the Keurf Assessment Battery for childrén.

© Standard score of acquired abilities (learningwikedge) of the Kaufman Assessment Battery fordchil?®

24. Outcome parameters
2.4.1. Speech and language history

A short interview with a duration of about 10 mimsvwconducted by a licensed Speech and Languagapister
(coauthor SBB) to obtain from the parents (motHather, or both of them) data on speech and largyuag
development, hearing impairment, family dispositfon speech and language disorders, social cirames
and speech therapy.

The parents were asked about present and pastriskdevelopmental disorders.
2.4.2. Examination of speech and language

The examination was performed by the speech anguéage therapist in a uniform manner during theyearl
afternoon and lasted about 30 min. At the time sfeasment, all children had normal faculty of mepas
assessed by pure tone threshold audiometry. Laegaiad speech was examined by means of 4 standardize
tests that were already used by Bellinger and go#é® in the Boston Circulatory Arrest Trial and in our
previous study on patients after arterial switcleragion? They were adapted to German. All responses were
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online protocolized and/or audio recorded for latetailed evaluation.

The Oral and Speech Motor Control ProtcCadapted to German by coauthors RSch and WH isttaggat 7
functional components of the vocal tract and tleirresponding cranial nerves: lips, lower jaw (mbla],
upper jaw (maxilla), teeth, tongue, velopharynx dad/nx-respiration. In addition, coordination gfegch
movements is assessed by single word repetitionts aasspeech sample (5-min of free conversation)iégted
for a scoring of speech rate, melody and voicdotal, the protocol comprises 80 items. Performamteach
item is scored as normal (1 or 2 points), subnorfhaloint) or not normal (O points). A 'total sttu@l score'
(TSS) with a maximum of 24 points is calculatechirthe structures at rest. A 'total functional st¢F€S) with

a maximum of 112 points is calculated from the fiomal structures, subdivided into an 'oral funetibscore'
(OFS) with a maximum of 32 points and a 'speectttfanal score' (SFS) with a maximum of 80 points.
Furthermore, maximum speech performance measueesxamined: phonation time of the vowel /a:/ (ndrma
value > 10.0 s for children 6-12 years of age), osytiabic repetition rate (normal value > 4.0 Sylés per
second for children 6-12 years of age), and polgblit repetition rate (normal value >5.0 syllabfes second
for children 6-12 years of age).

The Mayo Test of Speech and Oral Apraxia (ChildréatteryY* adapted to German by coauthors RSch and
WH, serves to assess motor speech functions asaweltofacial non-verbal movements. The Germaniorers
contains 26 selected items of the battery, divided three parts. Performance on each item is dctmen
correct (8 points) to impossible (0 points). Partvith 20 items and a maximum of 160 points contai@dal
and—on failure-nonverbal instructions to performfacial movements, part B with two items and a maxn

of 16 points requires imitation of multiple orofatimovements, part C with four items and a maxinafr32
points demands repetition of sentences. In sumnaaigtal maximum of 208 points can be achieved.

The Auditory Closure (AC) subtest of the Illinoigst of Psycholinguistic Abilities (ITPAY, German version by
Anger-maier”® aims at phonological decoding, lexical recognitard production of single words in children
aged 3-10 years. Stimulus words spoken by the exemaith missing sounds have to be completed and
repeated correctly. The total number of 36 itemsheforiginal test was reduced to 30 for the puepafkthis
study (cf. Bellinger et df). The total score consists of a maximum of 30 imne for each correctly
recognized and spoken item.

The Test of Auditory Analysis Skills (TAASS,adapted to German by coauthors RSch and WH, atgaires
auditory comprehension in preschool and school agtren. In particular, capabilities of phonologjic
awareness and processing are investigated. Verpadented single words must be first repeated =iaip

and then repeated again with omission of specificpimemes or phonemes as instructed by the exandiher.
maximum score consists of 13 points, one for eactectly spoken item.

In order to assess the relationship between tlerdift tests described above, patients were diedsis having
a normal or an impaired overall speech functionmmans of the total functional score (TFS) with extpo
function of volitional oral movements, articulatigshonation and coordination of speech. The cupoffit for
an impaired speech function was set at a scoress than 104 points which is equivalent to the mmimn
performance of the validation sampfe.

25,  Satistical analysis

Results were expressed by mean values and staddeia@tion (m = SD), or as percentages. For compares
frequencies by means of contingency tables, Fsheact test was used. For intergroup comparis@nnon-
parametric Mann-Whitney-test was administered. The Spearman rank cowalatefficient was assessed for
correlation of independent parameters. Alpha-adjast for repeated measures was done according to
Bonferroni-Holm.

Statistical analysis was performed with the SPSSNodows software, version 14.0 (SPSS GmbH Softwar
Minchen, Germany). All statistical tests were parfed at a significance level of 0.05. The term figigant"
was only used to indicate statistical, not clinisiginificance.

Table 2 - Parental reports on speech and language histbiymber and percentage of children with present or
past risk and disorder

Total group Subgroup A TOF Subgroup B VSL P valué
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n=35 n=19 n=16 Avs. B
Familial deficits of language and speech 13 37.1 8 42.1 5 31.3 0.38
Siblings with speech/language disorders 4 16.0 2 14.3 2 18.2 0.60
Bilingual language development 7 20.0 3 15.8 4 25.0 0.40
Delayed onset of language development 11 314 7 36.8 4 25.0 0.35
Impaired development of language and/or speeck 29 82.9 16 84.2 13 81.3 0.58
Stuttering 5 143 1 5.3 4 25.0 0.12
Cluttering 12 343 5 26.3 7 43.8 0.23
Voice disorder 3 8.6 1 5.3 2 125 043
Articulation disorder (Dyslalia) 23 65.7 14 73.7 9 56.3 0.23
Delayed lexical development 4 114 3 15.8 1 6.3 0.37
Delayed syntactic development 8 229 4 21.1 4 25.0 0.55
Dysgrammatism 7 20.0 3 15.8 4 25.0 0.40
Dyslexia/dysgraphia (school childremz= 23) 9 391 5 41.7 4 36.4 0.57
Speech/language therapy 13 37.1 9 47.4 4 25.0 0.16
Other therapy (physio/occupational/play therapy) 9  25.7 8 42.1 1 6.3 0.02

TOF, tetralogy of Fallot; VSD, ventricular septaiffeict.
2P values calculated by Fisher's exact test for coispa between subgroups (1-tailed).

3. Results
3.1. Parental report on speech and language history

Table 2 shows the results of the parents' intervigiv respect to familial disposition for speeclolplems and to
several aspects of speech development of theidreinl The proportions of reported developmentaisriand
disorders were high in most instances and excettdetypical prevalence rates of 2-10% that areregid for
the global populatiof” Aimost half of the TOF children in contrast to 2586 the VSD children received
speech/language therapy. However, none of therdiftees between subgroups were significant. In aetr
other therapy forms were significantly more freaeneported for TOF than for VSD children (see TeaB).
Severe diseases of the throat, nose and ears rimdneaficiencies were not reported. All patiendsltundergone
periodical assessment of hearing.

3.2.  Outcomesfor speech and language

The results are given in Table 3. On the Oral apdeSh Motor Control Protocol, the total group haedr
mean scores on both the TSS and the total fundtee@e (TFS) than 4- to 7-year-old children of th&
American validation sampfé.The TOF group scored lower than the VSD group whiels significant for the
total functional score (TFS) and the entailed SBS maximum speech performance measures (vowel filbona
time, monosyllabic and polysyllabic speech rateg, ivo subgroups did not differ, but the obtainezhmvalues
were below the normal range of children of the sage group. To estimate the degree of impairmest, w
compared the individual TSS and TFS scores to thhémam performance of the validation sample (18 464
points, resp.). On TFS scores, 15 children (11hef TOF subgroup, 58%, and 4 of the VSD subgroup)25
scored below the normal range of 4- to 7-year-bittcen of the American validation sample, i.e.\tmaust be
considered to be impaired in their speech developmsote that such a cross-linguistic comparisors wa
justified as the TFS focuses on general oral matat speech functions and not on linguistic charesties of
the participants’ mother tongue. In contrast, ofs 8ores, only two children of the TOF subgroup/4)L $cored
below the normal range.

On the Mayo Test for Apraxia of Speech and Oralakja, the subscore on multiple orofacial movemépast
B) as well as the total score were also signifigareduced in the TOF group compared to the VSDugro
whereas the subscore on single orofacial moven{pats A) tended to be reduced in the TOF compaoetthe:
VSD group. No differences were found for repetitmnsentences (part C). All mean values were welblw
ceiling level which stands for normal performangVvhen individual Mayo total scores were comparced
mastery criterion oP = 0.90 (binomial distribution, alpha = 5%), 15Idhén (10 of the TOF and 5 of the VSD
subgroup) did not reach criterion. Yet, all 15 dhéin reached a criterion Bf= 0.70, i.e. they presented with a
mild degree of developmental oral apraxia.

On the Auditory Closure subtest of ITPA, there wassignificant difference between the subgroups {&&ble
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3). Nearly all children showed average or even elexerage performance for their age when compar¢iket
German standardization samplex(40 or more¥> One child showed a severe defidit£ 0) and one scored just
below averageT(= 38). Both belonged to the TOF subgroup.

Likewise, the TAAS did not show significantly difent results between the subgroups. When individcaies
were compared to age- and grade-related cut-offsrred for the US American validation samfl@nly one
child (from the TOF subgroup) was two grade levmhind. Ten more children (6 from the Fallot sulugrand
4 from the VSD subgroup) were one grade level lmkhieir auditory word analysis skills were reducledt
did not classify as impaired. It must be stressedyever, that these estimates are preliminary ag &s the
German TAAS version is not validated separatelyteNthat neither a recent standardization of them@aer
version of the ITPA nor of the American TAAS is dahble. Therefore, we cannot exclude the possibitiat
the auditory performance of the children would hbgen reduced when compared to a matched contopgr
the more recent norms.

Table 3 - Outcomes of speech and language

Range of Total group Subgroup A Subgroup B P valué
points n=35 TOFn=19 VSDn=16 Avs.B

Oral and Speech Motor Control Protocol

Total structural score (TSS) 0-24 199+16 195+1.8 20.3+1.2 0.08
Total functional score (TFS) 0-112 101.9+7.2 96.3+86 104.7+3.7 0.02
Oral functional score (OFS) 0-32 29.0+1.8 28.6+2.1 294+14 0.09
Speech functional score (SFS) 0-80 729+6.7 71.0x7.8 75.3+4.1 0.03
Maximum phonation time (/a:/ in seconds) 8.8+34 9.2+35 8.3+3.2 0.16
Monosyllabic speech rate (syllables per secon 44+0.6 4.3+0.7 45+05 0.19
Polysyllabic speech rate (syllables per second 44+0.8 42 +0.8 45+0.8 0.15
Mayotest for Apraxia dbpeechand Oral Apraxia  0-208 179.0+ 1744+182 1845+12.1 0.04
(total score) 16.3
Part A: single orofacial movements 0-160 1375+ 1348+11.7 140.8+8.0 0.08
10.5
Part B: multiple orofacial movements 0-16 144+22 13725 153+1.4 0.02
Part C: repetition of sentences 0-32 27.0+65 258+7.7 28.4+45 0.18
Auditory Closure subtestf ITPA 0-30 17.0+42 16.2+4.7 179+ 3.6 0.11
Testof Auditory Analysis Skills (TAAS) 0-13 7.1+£33 6.8+3.4 7.4+32 0.26

TOF, tetralogy of Fallot; VSD, ventricular septaiffeict.
Values are mean+SD, standard deviation.
2P values calculated by Mann-Whitnelytest for comparison of central tendencies betveedagroups (1-tailed).

3.3. Differences between children with normal versusimpaired oral and speech motor functions

In Table 4, the total group is separated betweemaband impaired performance on TFS scores. Th®ftu
was below 104 points. The proportion of TOF chifdie higher in the impaired group. No differencesrev
found with respect to gender, socioeconomic statnd duration of DHCA. The impaired children were
significantly younger, and duration of CPB was ffigantly longer in the impaired group. With

respect to performance variables, significant diffees were found for Mayo total scoRe< 0.02), the TAAS
(P = 0.008) and for the standard score of gross nfatmtion (MG?).

Among the 15 children impaired on TFS, there wdreHildren (7 from the TOF and 3 from the VSD sutugp)
who scored subnormal on Mayo total score as wéleyTcounted for 29% of the whole sample. In coftras
normal performance on both measures was obtaind8% (5 from the TOF and 10 from the VSD subgroup).
In addition, maximum phonation time was reducethanconsistently impaired group (mean 5 s (randd)3n
contrast to 10 s (range 5-16) in the normal grotipg children with consistently impaired oral apgech motor
control functions were younger (mean 6.6 years-{53) in contrast to 8.3 years (5.4-11.0) in thenmal group).
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Table 4 - Differences between children with normal versapaired oral motor functions

TFS normal TFS impaired P value
(n=20) (n=15)
TOF/VSD 8/12 11/4 %.05
Male/female 10/10 8/7 %.56
Age at testing (years) 8.2+1.7 6.9+1.3 %.02
Socioeconomic status 22+1.0 23+1.2 %.59
Duration of DHCA (min) 52.7+10.3 53.3+6.5 %.90
Duration of CPB (min) 54.3+15.7 69.3+23.1 %0.02
Mayotest for Apraxia of Speech and Oral Apraxidaltscore 185.3 £10.5 170.6 +19.1 ®0.02
Auditory Closure subtest of ITPA 17.7+3.0 16.0+5.4 ®0.43
Test of Auditory Analysis Skills (TAAS) 83+27 55+3.4 ®0.01
Motor quotient (MQY 90.8 +13.9 79.1+9.2 ®0.02
Intelligence quotient (1) 93.4+115 89.8 +15.1 ®0.36
Acquired abilitie§ 94.2 +14.3 93.7+15.5 ®0.92

TFS, total functional score of the Oral and Spddolor Control protocol.

ITPA, lllinois Test of Psycholinguistic AbilitieS.OF, tetralogy of Fallot; VSD, ventricular septafect. DHCA, deep hypothermic
circulatory arrest; CPB, cardiopulmonary bypass.

Values are mean+SD, standard deviation.

2P values calculated by Fisher's exact test forpeoison between subgroups (1-tailed).

® P values calculated by Mann-Whitnigytest for comparison of central tendencies betveegagroups.

° Standard score of gross motor function of thenid and Schilling body coordination tést.

4 Standard score of general intelligence of the Keurf Assessment Battery for childr@n.

® Standard score of acquired abilities (learningwkiedge) of the Kaufman Assessment Battery fordchil??

3.4. Impact of risk factors on speech and language outcome
Impact of developmental risk factors was assessethé total sample by means of rank correlatidrable 5).

Age at testing was significantly correlated witH #dur measures of speech and language development.
Socioeconomic status was significantly correlatetth ® of the 4 measures. With respect to perioperaisk
factors, no significant correlation was found farration of DHCA. But duration of CPB had a sigréfit
influence on TFS and TAAS. Regarding the nonvedmlelopmental parameters, a significant influenes w
found on expressive speech measures (TFS or Maj) bait not on receptive ones (Auditory Closurs #nd
TAAS).

Table 5 - Developmental and risk factors related to outcqramameters of speech and language

TFS Mayotest scor¢ Auditory closure TAAS
test score
SP p? SP p? SP p? SP p?
Age at testing (years) 0.45 0.006 0.50 0.002 0.37 0.030 0.87 0.00
Socioeconomic status -0.07 0.70 -0.38 0.025 -0.36 0.032 -0.04 0.82
Duration of DHCA (min) -0.09 0.60 -0.10 0.59 -0.05 0.78 -0.04 0.81
Duration of CPB (min) -0.36 0.032 -0.28 0.11 -0.12 0.51 -0.48 0.004
Motor quotient 0.34 0.046 0.11 054 0.13 0.47 0.03 0.87
Intelligence quotient 0.22 0.20 055 0.001 0.33 0.053 0.28 0.11
Acquired abilities 0.12 051 052 0.003 031 0.091 0.30 0.10

SP, Spearman correlation coefficient.

DHCA, deep hypothermic cardiocirculatory arrest.
CPB, cardiopulmonary bypass.

2P value calculated by Spearman correlation coefiicie

4, Discussion

Our data are based on two homogeneous groupsasftinfvith preoperative hypoxemia caused by TOFitr w
pre-operative cardiac failure caused by a VSD, getyely, in whom preoperative, perioperative, and
postoperative care was conducted according to atdimtd protocols. Follow-up examination of langeiamnd
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speech at mean age 7.6 years after corrective rgurgénfancy was performed in 35 children who aocbfor
70% of the operated patients. The outcome data emrpared between the subgroup with former hypoadmi

= 19) and the subgroup with former cardiac insidficy ( = 16) in order to test whether the condition of
preoperative hypoxemia led to less favorable resintlanguage and speech evaluation. Furthermbee, t
outcome data were correlated to prospectively assedactors of the perioperative management, to
sociodemographic variables and to recently pubdisiesults of the actual neurodevelopmental stagssssed in
the same study grouf.

4.1. Parental reports and test reults

The present results of parental reports on speedhlamguage history suggest an overall high peagenof
reported deficits in language and speech, espg@atielayed onset of language development anddis®iin
the domain of articulation in the whole patientygoThough the prevalence of problems in the Fajtotip is
elevated on several parameters, significant diffege between the subgroups were not found. Oumiadre
report data support the general observation thiédiren after cardiac surgery are found at elevatekl for
developmental delay and disorders with respearnguage and speetf?®!01428.29

The parental reports were corroborated by the viellp data obtained from standardized speech arglizage
examination. On all measures of oral and speecttifims as contained in the Oral and Speech MotantrGb
Protocof*and the Mayo Test of Speech and Oral Aprékiaoth groups scored below the average performance
or below normal cutoff values of children of themeaage as estimated from the validation studiethef
respective test instrument. On the other hand,sassent of receptive speech processing?A@d TAAS?®)
demonstrated that deficits of auditory word rectigni and phonological awareness are not predominant
prevalent in children after cardiac surgery.

4.2. Differences between subgroups

Regarding the two subgroups who exhibited neargntidal conditions in the preoperative, periopemtnd
postoperative management and with respect to somimenic status, patients with TOF and preoperative
hypoxemia have poorer outcomes and are at higblefar deficits in expressive speech at schoolcgepared

to those with VSD and preoperative cardiac insidficy. Whereas the differences between the subgraup
found borderline with respect to oral structuresleation of oral and speech functions demonstratatiFallot
patients have significantly elevated deficits witspect to coordination and control of their orgarfs
articulation.

When the children were individually compared toitgb speech development of the same age, more50%n
of the TOF subgroup did not reach normal expresspeech performance in contrast to only 25% ofMB®
subgroup. However, with respect to receptive speachlanguage performance, such a subnormal develup
was an exception even in the TOF subgroup. Onlydiwidren (6%) showed a severe deficit.

Considering the whole cohort, the total functiosebre (TFS) comprising oral nonspeech functionwels as
expressive speech functions was an appropriate ureds separate children with normal and subnormal
performance in general, and to identify childrethwieduced outcome in other domains of speechamglibge

as well as children with poor gross motor functi@rsimilar relationship between motor speech arubgmotor
dysfunction was previously demonstrated in a cobérthildren after neonatal arterial switch opemafi As
shown for other domains of neurocognitive developifie"*3%34 dysfunction of expressive speech and
language must be considered as an important additmomponent of developmental impairment in cleitdr
after palliative or corrective surgery for cyandiigart disease beyond infancy, especially for tidde TOF.

4.3. Impact of developmental parameters and early risk factors

In the whole cohort as well as in both subgroughdr age at testing went along with better testilts. As age-
dependent normal values are not available for mbshe applied tests, these outcomes could be pfima
ascribed to demographic factors. In addition, oldgidren after cardiac surgery during infancy nteyable to
develop a better compensation of their deficittaimguage and speech development with time goin§ @his
was supported by our finding that the 29% of aildrkn with consistently poor expressive speechewaunger
with a mean age of 6.6 years than the 43% of diilien with normal speech performance and a mearn&§.3
years.

In consistency with recent studies providing similaservations in other domains of developnfefit*>*higher
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socioeconomic status was correlated with bettezammeé in language and speech.

Perioperative management had an additional andfipeduence on the later development. Longeration of
CPB was found inversely related to language anddpeesults. Furthermore, it was not unexpecteidathather
perioperative risk factor, duration of DHCA couldtrbe identified to significantly influence speemlitcome as
the conditions of perioperative management werg uaiform and the total number of patients was tiémhi

The children of the present study showed poorerasné of language and speech in comparison to ehildfter
neonatal arterial switch operation for transpogitié the great arteries, as assessed with the tnkattery at
mean age 10.5 years compared to the patients pféisent studyThis suggests that besides protracted cyanosis
the global perioperative management with CPB an€BHuring later infancy might be in part responsifir
poorer outcomé?

Finally, we again demonstrated that dysfunctionspeech were associated with motor, cognitive aadlemic
disabilities* as well as with executive attentional dysfunctidits the same patient group. This emphasizes that
speech and language disabilities, especially infigld of expressive rather than in the domain edeptive
speech items, can be considered as an importaisatnd of global developmental impairméft? During the
last decade, magnetic resonance anatomical andidoacimaging studies of the developing brain haeen
able to elaborate the time course of maturatiorcgsses of different brain areas and their corredipgn
cognitive functions such as langua§é’Whereas the auditory system, associated with tH&aay cortex, and
the language system in the narrower sense of thid,wssociated with the sensorimotor cortex (Wémiand
Broca areas), develop in the prenatal or earlynatal period, the speech production system, asseacivith
the Broca area, the premotor and primary motoregomnatures markedly later in infancy and earlydttood
with respect to synaptogenesis and synaptic pruriihg difference between expressive and receppeech
performance in our children possibly indicates biglensitivity of still immature prefrontal in coast to
temporal functions of the developing brain afteeqperative hypoxemia as well as due to risk factdrthe
perioperative managemefit®

In conclusion, chronic preoperative hypoxemia rathan chronic preoperative heart failure is asged with
unfavorable outcome of language and speech witlci@peespect to expressive functions. Age at tgstin
socioeconomic status, and duration of CPB influgheetest results. Long-term outcome in languagkespeech
in general can be considered as a sensitive irdichichild development after cardiac surgery.
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