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Vocal Cord Paralysis after Cardiovascular Surgery
in Children Younger than 2 Months
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Background: Although vocal cord paralysis (VCP) is a well-known complication after cardiovascular surgery,
there is little published information on VCP after cardiovascular surgery in neonates and early infants.
Methods: A total of 221 patients who were <2 months old and had undergone cardiovascular surgery at Chiba
Children's Hospital between October 2008 and September 2014 were included in this study. We retrospectively
investigated the incidence, risk factors, and prognosis of VCP.

Results: Of the 221 patients, 14 (6.3%) exhibited postoperative VCP. Postoperative intubation period (p=0.008),
arch repair (p<<0.0001), Rastelli procedure (p=0.006), and VSD closure (p<<0.0001) were identified as risk factors
of VCP in univariate analysis, but arch repair was the only risk factor in multivariate analysis (p=0.0005, OR 76.57,
95%CI 6.62-885.25). The paralyzed side was greater on the left side (left side only, 86 %; bilateral, 14%), and 12
(92%) of 13 patients (1 died) demonstrated good recovery from difficulty of swallowing, stridor and/or hoarseness.
Conclusion: In neonates and early infants who have undergone arch repair treatment, postoperative VCP is one
of the most important complications but is likely to improve spontaneously.
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Fig. 1 Flowchart depicting outcome in patients
who underwent cardiovascular surgery
under two month old
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Table 1 Risk factors of vocal cord paralysis (Univariate Analysis)

Variable Statistics total (n=221)  Group P (n=14) Group N (n=207) P

Sex Male 136 8 128 ns
Female 85 6 79
Age (days) Mean (SD) 19.9 (14.2) 20.7 (15.1) 19.8 (14.2) ns*
Body weight at operation (g) Mean (SD) 2,616 (845) 2,661 (897) 2,614 (844) ns*
Procedure with CPB 105 9 96 ns
Median sternotomy 125 9 116 ns
Operation time (min) Mean (SD) 247 (161) 356 (223) 232 (148) ns*
Preoperative intubation 101 7 94 ns
Postoperative intubation period (days) Mean (SD) 9.6 (11.7) 14.1 (9.3) 9.3(11.8) 0.008*
SD: standard deviation, ns: not significant, *Mann-Whitney U test
Table 2 Diagnosis of underlying CHD
Diagnosis VCP (+)

Patent ductus arteriosus (PDA) 29 2
Transposition of the great arteries (TGA) 24 2
Complex coarctation of the aorta (CoA complex) 23 4
Total anomalous pulmonary venous connection (TAPVC) 22
Tetralogy of fallot (TOF) 20
Single ventricle (SV) 17
Ventricular septal defect (VSD) 16
Atrioventricular septal defect (AVSD) 13
Hypoplastic left heart syndrome (HLHS) 12
Double outlet right ventricle (DORV) 11
Pulmonary atresia with intact ventricular septum (PA/IVS) 9 1
Interrupted aortic arch (IAA) 8 3
Tricuspid atresia (TA) 5
Persistent truncus arteriosus (PTA) 3 2
Others 9
total 221 14

CHD: Congenital heart disease, VCP: Vocal cord paralysis
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Table 3 Operative procedure-related risk factors of vocal cord paralysis (Univariate Analysis)

. Group P Group N
Variabl OR 5%ClI
ariable (n=14) (n=207) P 95%
Blalock-Taussig shunt (BTS) 1 50 ns
Patent ductus arteriosus (PDA) ligation 12 120 ns
Pulmonary artery banding (PAB) 0 38 ns
Arch repair 11 21 <0.0001 32.48 8.39-125.78
Total anomalous pulmonary venous connection (TAPVC) repair 0 27 ns
Jatene procedure 2 23 ns
Norwood procedure 0 13 ns
Rastelli procedure 2 4 0.006 8.458 1.41-50.89
Ventricular septal defect (VSD) closure 7 23 <0.0001 8.00 2.57-24.85
Atrial septal defect (ASD) closure 6 b8 ns
ns: not significant, OR: odds ratio, Cl: Confidence interval
Table 4 Risk factors of vocal cord paralysis (Multivarariable Analysis)
P OR 95%Cl
Postoperative intubation period (days) ns
Arch repair 0.0005 76.57 6.62-885.25
Rastelli procedure ns
Ventricular septal defect (VSD) closure ns

ns: not significant, OR: odds ratio, Cl: Confidence interval

Table 5 Risk factors of vocal cord paralysis (Except for PDA in premature infants, Univariate Analysis)

Variable Statistics total (n=192) Group-PP (n=12)  Group-PN (n=180) P

Sex Male 124 7 117 ns
Female 68 5 63

Age (days) Mean (SD) 19.3 (14.7) 19.3 (15.2) 19.3 (14.7) ns*
Body weight at operation (g) Mean (SD) 2,839 (608) 2,971 (459) 2,830 (617) ns*
Procedure with CPB 101 9 92 ns
Median sternotomy 114 9 105 ns
Operation time (min) Mean (SD) 264 (152) 407 (199) 255 (144) ns*
Preoperative intubation 66 5 61 ns
Postoperative intubation period (days) Mean (SD) 9.5(11.6) 14.1 (9.3) 9.1 (11.6) 0.007*

PDA: Patent ductus arteriosus, SD: standard deviation, ns: not significant, *Mann-Whitney U test
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Table 6 Risk factors of vocal cord paralysis post arch repair

Variable total (n=32) Group AP (n=11) Group AN (n=21) P
Procedure with CPB 18 9 9 ns
Median sternotomy 18 9 9 ns
Ventricular septal defect (VSD) closure 13 7 6 ns

ns: not significant

Table 7 Clinical and postoperative data of patients with vocal cord paralysis

. Postoperative
Age Preoperative

Paralyzed Difficulty

d Hoarse- Intervention at F/U
l r

Case Diagnosis Sex Procedure BW (g) . i intubation . ) i Clinical prognosis
(Days) intubation X side  swallowing ness discharge  laryngoscope
periods (Days)
1 IAAVSD M 6 arch repair, VSD closure, 2,156 (+) 10 Bil O O NG feeding exacerbation exacerbation (GT, Trache-
PDA ligation NPPV ostomy)
2 CoAVSD F 34 arch repair, VSD closure, 3,400 (—) 25 Lt (@] NG feeding no change Improvement (5m NG off)
PDA ligation
3 TGAVSD M 10 Jatene, arch repair, VSD 3,224 (—) 10 Lt (@] (@] (@] (—) (—) improvement
CoA closure, PDA ligation
4 CoAVSD M 16 arch repair 3,100 (-) 4 Lt O (—) (-) improvement
5 PTAIAA M 51 Rastelli arch repair, PDA 2,700 (—) 28 Lt O O NG feeding no change  11m dead
ligation
6 CoAVSD M 41 arch repair, PDA ligation 2,250 (—) 3 Lt (@] NPPV no change improvement (8m NPPV
off)
7 CoAVSD F 20 arch repair, VSD closure, 2,760 (+) 1 Lt (@] O NG feeding (—) improvement (4m NG off)
PDA ligation
8 TGAVSD F 7  Jatene, arch repair, VSD 3,470 (—) 17 Lt O (=) improvement improvement
CoA closure, PDA ligation
9 PTAIAA M 10 Rastelli, arch repair, PDA 3,620 (+) 31 Lt (@] (—) no change  improvement
ligation
10 PA/IVS F 19 RMBTS 3,116 (—) 12 Bil (@] (—) improvement improvement
1 IAAVSD F 6 arch repair, VSD closure, 3,100 (—) 12 Lt (@] O NG feeding no change improvement (1y2m NG
PDA ligation off)
12 IAAVSD M 7  arch repair, VSD closure, 2,759 (=) 6 Lt (@] (—) (=) improvement
PDA ligation
13 PDA M 40 PDA ligation 1,000 (+) 61 Lt o NPPV (=) improvement (6m NPPV
off)
14 PDA F 23 PDA ligation 604 (+) 82 Lt (e) e) NG feeding no change  improvement (1y NG off)

GT: gastrostomy, NG: nasogastric tube, NPPV: noninvasive positive pressure ventilation, IAA: Interrupted aortic, VSD: Ventricular septal defect, CoA: Coarctation of the Aorta, TGA:

Transposition of the great arteries, PTA: Persistent truncus arteriosus, PA/IVS: Pulmonary atresia with intact ventricular septum, PDA: Patent ductus arteriosus, RMBTS: Right sided

modified Blalock-Taussig shunt
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Table 8 Rate of patients on various feeding regimens at discharge and at latest follow up

Hospital discharge status (n=14)

Latest follow up (n=13%)

Normal oral
Oral/GT or NG combination
All GT or NG

8 (567.1%)
3(21.4%)
3(21.4%)

12 (92.3%)
0
1(7.7%)

*One died, GT: gastrostomy, NG: nasogastric tube
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fERRIN 7 THBT e mBT B EEZ .

DRI AT R R O R AT U T, K
IRIEEMTDE B fERR T TH 5 T &iE, FHREC

KB KO OB ENRKEGERNTH 2 L&
Z5N%. EDAVLL SCFik& Tld, Hat#mcmtHs
FREASIPRICEEZ 3 AD o Tz, EL, ARETIE
SCF {EW 1T E Nz DX KENIRIEE MR D 5 B 16% D
HT, Mg 2 & 0F UTERIE 97X T EDA 1%
Tholz. Ttz kb, XOLHPHICHZSIMEE
FRARRR O MIBERE &, AR O A0 & DBIR L
TVWBAHEMDNEZ BN 5.

ik U 7o KRR EIRE PITEIE Z M5 & LTz, Ruk-
holm 5 ' DG TIE, EHEKRERETH B LK
AR OE ZER G Th b, Zofth, fEiEE
T TREOBEIEEE - Hifs - RAEICH LU TIEERE
BB EMELTWS. Zbar 5 2 [FHRHA
IRBIIRE BIAFRE & it T L 7z 68 Bl DWW THET LT
D, BEBEARERS, XOFEREBDEVIIZER
WD G IFRNE O EHE L TW5. SHO/METT
W, RRAUR - RARZRIDT, % 2 HDINIC Ffi
U RMRERRZ NG e L, Filif T o
HREBICHBICEH LTI, 2MICEEEZRSE
Mmolz. Eiz, WEH S RAREIREFIFEZRO T2
YT TN =TI BNTE, T rREOAREB X
CHEICBE LTI, 2BICHESZRDRN > T,
CoT e, RHAICBOTIX, Tt OKES
Himld, MigasEmEOSIHcldFzm S LEnEERDL
ns.

INROE TV, Ttagaki 5 © 13 982 DK
NZz2xf5 b U o DRI E FAR4 o 7 m BRI B U T
Ft U, FMFERZEENR S SAFM, FAFEw, KE)
IRTFMNC U 7B, REIARTFAN CH BIC AR RO
HRAEN > EMELTWVS. Shlifiichhb
57, 4% 2 MHRIC TN Az B U TER Z2 55
&L, BRRRERRIN ARG LIe W, AL 2L
72 14 Bil&, BIRESSE 2 3D % & 2HIRBIRO#:
EZBLTHD, RAKIEST, FrER - AR
I 3T & RBIIR TR IS AR 75 75 BRI D f& R A - C
HBEEZLNS. EHITKEIIRMEERZ, SHEOM
FHT BV THE—DMNT U 7214 5 1 BRI D fE R A 1T
HO, FEHEROCEREBERDLNETHS.

WP R D S RO fE R FIC B L Cab X T &
7ehy, AERREOREIRDZ ORE « TRICBEL TS, #
RBXUZDOREOSHDOHEEIEOE 2 T %5
HLixy, BERHETHS. MIEORENERS, Tk
fii B 2 £ S SEBNC N U Tl NPPV 7% & DRSPS A
WLy, W FREEIC KO0 TRV
BEFERSICKAREREENRE L5, EHIC
FLTH, Hrblii - ILIHRIICREICR S C L3k
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WIE LIVEWAS, FERIICHESREEIC DahY % iTHEN:
EtnEZLN, BEETERTHEEEZS.

SEOKE T, BRMICERRENEDN, W
SHEE MR AL T A O B IR 2 i RE L2 T e & 75 o
DX 14 B TH - Tz, TNTNOMERGIE, HE N
ERLBLTEOND N (64%), WilEAE 2 LIZDH 5
(36%), ErRZzL2LOMN7H (50%) T, 3%EKE
LEELEDIF 1HIDHTH - Tz,

FERC RO EHIR 2RO 5 E, MEERZ 2L
TVWERWERIDFEET S e a2EZ D L, HHmED
BRI A TH B, Tz, REREEHOMIE
EETEZNENBIERNC K > THRALTH O, S
DIEIRDZ OFEE 2 T % T LIGIERICREETH .

TRICEL TR, FAmmMmEZza0t Lz 14605
B, FEPICIET L 161 & BRu 7z 13 512 6
(92.3%) THREREEHDMIEHENNE R K->
TEY, TOUERIIEFICH,I . M—dGE Lk
Mo T2hER] (Case 1) &, WEAEIRDEIEL, ZODt%
O FERE C 11 R O VYT L% 5 OIS BB HE s 72
e, AR EEYIR I X U B EhEER 2 B U Tz
JEFITH B, EEREREREORR & UT, DlfmiEF
MOWEIE 21T L, WEFHBRE TOME L 72/
BT R ZE BT 5 &, Filiom&Tidxl, SR
ERFEICKBAREEDNEVEEZS.

Truong 5 2 &, DI E T % I A RS 2 2
L7z 80 BlD 5B, Vs 6.6 mH (1.8~65 M
) IO EZRDT-DIE 28 ] (35%) TH D,
RRCTERR 28 BARIHO FRERICB O TRIERI 16% &
BOEHELTWVS. ZO—T, Khariwala 5 2
&, DI FA I R R 2 S LT 11
Bl 55, 82%DIERITHAE 10 M H LLAIC WESH SR
B TCHMAEIOWEZMERTE L, IFFITHOEIE
RrRWELTBO, Mg im0 SRR, i
FRHORIEREHLTHS. TETh, BEOMEIC
BT, DKINE F 0 55115 B S O3 (3 NG
TNTVBRTENZNETREIN, FEHFREORIED
EFR, [REEEMAIC X B EHEORE] &35
o, TR OR[N b B IIEIRDNE] &350
TE, MERIKELDS. SROMNEEEZ S
&, RICHBF IR Z S 0F LTl 5D OIGENT A%z
BUEES, FRRICIEBEIRNSGE LT, RE
KA PO E B 5 B T Z 2 TREMEIE s & E
Z6N%. ZTO—)T, FinOn[EfHRAEEE Lah
5&, HHAFERAMEIC AT % T & TR
ROUEZBD TODIERE X FHETI s
T ESEV.

BRNRBRSBFEME F£34E F15

P R IR 2 £ X RWIERNICH U, )b—F > Tl
ESEMRE #2175 T LICBAL T, #Eamonhnsd
LTATIEHZED, TEOXSBIEFICHRLT, D
R HESASE 2170, Bz S ) KL TR, 5
—[EEZBZREND D, DIix LB S RIOKK 2
X2 % E, FHMPERZ 29 2EFILINCE, KE)
IRAEIE 72 i1 T U 7 Efob 2 A o ml Bl R 7z 5
UTIEBNCRI LT, V—F > CHREASMRA & i 13
5T LT, EOBWEHICOEDNShE LNV, &
%, FEVHA - FUVH RO DRI T 2 5 L 72 R
Ho, X RBWREHRZITI -diclk, T5%%
T—ROEMBRT, NEEEREFE, NO S
ARIE, BERHEEOEES EEICR>TL 5.

HAZE DR

SRIOME T, FHEMEOEEE, R B
FRBIREIRZ2 2 U, IDMEEASE C 4 O Bl BR 72 e 72
TEIIERIE UTetz®, FH RSO S 072 7% 1/ NG
UzRfREMEDY . E Tz, GAHENETT, ks
WP 2 U COIEFNCEI L Tld, ZOEIEZICDN
TR TETOVAERWIED, ENCIEBRED b - 7z
MR TETHE ST, EEEIFMiZ T U 7ziEfhc
BLTH, EORITHEZE LMD SR
To. R EEE S R T O A IS RIS B T
TETWVARY. 5%, EERMATIcrFLE L
T, 2V —F 2 THEEFEMAEZTT5> T & T, XDIE
75 PR R D APPSR EIE R, fERRREFIC DN TH
HTEBME LNV

fm

HA VL] - LU RENIRIE R 72 25 2 SR
ICBWVT, MR RRTIIRHICTE T 2 XSG HHED
—DTH 5. %< OIEFITHHRREAEIR D UGS 13 11F
TE2N, AmOuEFRNETFT 27 —A8%<,
WRERE A C DRI 2 & & T H R it Bt L U,
HYVRBHF T ADRETH B .

FEHER
HAVNRIRE SR E 2 DED 2 FIREHIC B 2 R FHHIE H O
ESc
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