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=Abstract=
Cardiac Decompressing Effect by Delayed Sternal Closure Following
Open Heart Surgery in Children”’

Kyung Hwan Kim, M.D,* Kyung Phill Suh, MD *

We retrospectively reviewed a series of 20 patients treated with delayed sternal closure
during a 5-year period from 1991 to 1996. Of the 2675 patients with cardiovascular
surgery 20 underwent this procedure. Male and female ratio was 11:9, mean age was 6.4
months(range 7 days to 5 years). The indications included unstable hemodynamic profiles
after open heart surgery due to myocardial edema and poor lung compliance(15), necessity
of mechanical ventricular assist device due to weaning failure(3), and hypoxia after
PAB(2). Sternum was closed at a mean interval of 102(range 4 to 213) hours after
operation. During delayed sternal closure, central venous pressure was elevated(p<0.05).
Mediastinitis and other wound problems did not occur. Sepsis developed in 2 patients and
microorganism was confirmed in one of the two patients. Five patients died(mortality
25%). And two of 15 discharged patients died during follow-up period. Cumulative
survival rate was 65.0% at 12 months and also 65.0% at 24 months.(Standard error was
10.7%)

Delayed sternal closure is considered to be a good method to decompress the hemodyn-
amically compromised heart. Without that, it is not feasible to come off bypass or to
decompress the heart.

Of course, careful selection of the indication is imperative.

(Korean J Thorac Cardiovasc Surg 1997;30:1167-74)

Key word @ 1. Sternum
2. Cardiac Compression
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Table 1. Patients profiles

o
Rl BB o] o3t Aot

No| Age|Sex | Diagnosi Name of operation Indication Skin ) Dr of Outcom
e Diagnosis ame of operatio ndica utcome
© 88 |>eX Enos p closure | DSC (hr)
[ 9M | F TAPVC(mixed type) Total correction H.D. B.P. 24 well
"2 | 2M | M | TAPVC(supracardiac | Total correction H.D. B.P. 96 well
: type)
3 3M| F | TAPVC(infracardiac | Total correction H.D. B.P 48 well
type)
74*?1\2‘ F | ’[K};\/C(mixcd ty;)e) Total correction H.D. B.P 142 pneumonia,
| recovered
5| 24D| F YSD,CoA One s/t;ge repair ) H.D. IF--- 96 death, sepsis
6 4dM' M ‘-“TXPVC(infracardiac Total correction | H.D. — | 190 hypoxic brain damage
i type) i
7 3Mr F \‘ ALCAPA Tach:{lc—hi method ) H.D. yes ] 70 pneumonia, recovered
|
8] 38D| M | vsSD, PDA VSD closure HD. 186 well
91 39D| F | Absence PV syn | RVOT widening, H.D. yes 117 well
‘ pul valvectomy,
VSD closure |
— 7}__ - —_— 4 — e L — ﬁ\ ——
10, 6M| M PA, VSD, MAPCA Unifocalization, Weaning failure | --- | 41 well
1 Rastelli op, VSD closure i
" R —
11| 24D | F FPA with 1VS pul valvotomy2, H.D. i SM. 73 well
: ; RMBT shunt l
1 | | -
12| 27D| M | Severe valvular PS, Pul valvotomy, . H.D. [ yes [ 24 well
‘ VSD | VSD closure ;
13| 10D|M | HLHS Mod Norwood op HD. | yes | 189 death
_ ‘<o - — — I _
14: SM | M SV.,d-TGA,PS Pustile BCPS, PAB* yes 213 well
‘ adjustable PAB
15| 39D| M ] c-AVSD(type C) PAB PAB* ves 122 well
| | -
16, 5Y lM PA,VSD RVOT reconstruction H.D. ves [ 88 well
17 22D! F Pa thrombus, Vegetation removal H.D. GM. | 119 well
1 fungal vegetation
I i _ S
181 7D ‘ M d-TGA, VSD | Jatene op H.D. yes L 47 death
; i :
| IAA(type A),VSD One stage repair | Weaning failure | --- I 119 death
J:—Ca,_\/SD One stage repair Weaning failure | S.M. 79 death

1: sternum was closed after bypass weaning 2: inflow occlusion technique
*: secondary operation due to incomplete pulmonary artery banding because of hypoxia

: not done

Legend, Dr:Duration, DSC: delayed sternal closure, F:Female, M:Male, Month, D:Day, Y:Year, TAPVC:Total Anomalous Pulmonary Venous
Connection, ALCAPA:Anomalous origin of Coronary Artery from Pulmonary Artery, VSD:Ventricular Septal Defect, PDA:Patent Ductus
Arteriosus, PV:Pulmcenary Valve, PA:Pulmonary Atresia, MAPCA: Major AortoPulmonary Collateral Artery, IVS:Intact Ventricular Septum,
PS:Pulmonary Stenosis, HLHS: Hypoplastic Left Heart Syndrome, SV: Single Ventricle, TGA: Transposition of Great Arteries,
AVSD:AtrioVentricular Septal Defect, Pa:pulmonary artery, IAA: Interruption of Aortic Arch, CoA:Coarctation of Aorta, RVOT: Right
Ventricular Outflow Tract, RMBT: Right Modified Blalock-Taussig, BCPS: Bidirectional CavoPulmonary Shunt, PAB: Pulmonary Artery
Banding, H.D.: HemoDynamic cause, B.P.: Bovine Pericardium, G.M.: Gore-Tex Membrane, S.M.: Silastic Membrane, op: operation
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Table 2. Profile of postoperative weight gain and duration of extracorporeal support

Case No. Preop.wt | Max.wtgain | Wt gain at the time | ICU stay | Days intubated . CPB' . ACC. TCA
(kg) (%) of sternal closure(%) (days) (days) time(min) | time(min) | time(min)

| 49 3.9 2.0 8 7 164 86 35
2 4.0 23.0 13.0 27 17 193 | 65 25
3 42 17.1 152 14 9 156 56 12
g 6.5 431 5.0 16 13 145 88 14
s 177 316 283 21 21 109 57 57
6 4.68 9.2 47 31 2 213 38 12
g 4.8 19.4 8.1 7 4 145 52 )
S8 4.0 16.3 7.0 9 7 146 55 7
9 3.6 211 35.8 57 42 270 129 “)
10 5.9 11.0 6.8 60 56 | 464 64 “)
T 3.6 30.0 25 18 7 84 37| O
Y 3.7 9.5 4.9 20 15 259 80 80
13 5.23 319 12.8 2 14 | s6 8 O

14 17.0 53 2.9 10 8 392 82 O

15 3.56 9.8 62 17 9 51 O I3

16 423 8.2 10.9 91 58 219 116 33

17 3.65 6.9 0.6 5 5 1910 77 0

8 2.69 78 | 3.0 8 8 2988 56 | 48
mean 4.9 140 | 8.1 25 20 173 o 3

Legend; ICU:intensive care unit, wt:weight, CPB:cardiopulmonary bypass, ACC:aortic cross clamp, TCA:total circulatory arrest

i paired ttest® AP, FoleEL pit 0055 7)F $57] 8, AT AWy AE £EA ASEee &
o gtk 74 AEEL v|ReHe] Yo s R £ of3k Aol7h glgieh Al FF H el WE FAF o
7} 500)8kel AS-el A4& 5 9l Kaplan-Meier(Product- Al & s Addh FF 2 % 40A< 63A s
limi) HE& ALste] A2y RFELAE HA B0k o] hAg A7) 24 glolek 19 A FF iy
Axts]l ko] ol o #H o] 23, 2 Av) viu] 23
=] a Adkaad wEabel 18 ek Al FF LgF Y

Ak s Gt 8 E 28, AAAS 1E, Alel]r) ol Al

A FF FHES NEF F Hd 102088 4-213)4 70 o 18, 2EFFAeR 27 18 A HESe s s}
ol Foixlth & F A AF wset AlY £ 22N 5 wrgk 28l 1elell A T4 vl wioF A 54 Qs
9] #A|of thalo] Table 20 QoFaldic) A= ]*‘E = 3 (Streptococcus vmdans)ig_ TAEe 9lod) 158 Fo] 7]
1~3%dol| 7 Alsloda, &4 AFel vlsle] £ ¥ 4 Al Saoledl 1 F e oA 3R ol e oA
F 57HE2 140%, A FF % A 357 Zﬂw ZHEE w5 %“-» o7 23 g A AEHAHC R ApEl
8.1% Avh. & ¥ A B A AW 118728 F o2 e A w4 Aoz o 39 dids ¥
em HORL A3t A% +5AE =oiul(dopamine) 3T 22 & d7)F ARA 2 A Faee s Agsield
4.5 pg/kg/min, %€ (dobutamine) 3.4 pg/kg/min 2.9, o Table 4 o 4% Apgee} whr] APgeE aofsigi A&
Y| 2 & (epinephrine) & 483 323 0.018~0.05 pgkgmin  FARE o2 F4 A Folvh AEIATAD)I 7] A
= ARl 2 B AS A A A, 23 AT A FE S A A 3o o FY A4
7] d8h, A7 e, AR eEAle ok wladsic (fluid balance)E “ebf AckFig. 1). A4 del Byl &
(Table 3). % 53 A F4 AWML 118728 cm H0 A g By JAE wo] Apddale] A AR frof 3}
oldx, FF ¥ F FA AU 137238 em HOR ool Hoistale  WotEE YAIEiFEUch Kaplan-Meier
FAACE % A5E 2olvhp=0009). 23y Al method & AHEEH 73 AEEL 14, 2ol 5% 65.0%% 2
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Table 3. Hemodyramic and Inotropic changes during DSC(delayed sternal closure)
Pre DSC Post DSC p value
Cental venous pressure 11.8:-2.8 cmH-0 13.74+ 3.8 ¢cmH-O 0.0091
Heart rate 146 . 19 beat/min 152 L 19 beat/min ns
Systolic blood pressure 85— 11 mmHg 82 =8 mmHg ns
Urine output/3 hours 54 231 cc 44 — 32 cc ns
Dopamine 4.6 135 pg/kg/min 5.5 2.7 pglkg/min ns
Dobutamine 3.4 5.6 pg/kg/min 34 156 pg/kg/min ns
l.: P value was calculated with paired t-test
ns :nonsignificant
Table 4. Causes of death
- . . Survival days
Initial Operation & Case No in Table 1 Causes of Death Remark

after operation

Total anomalous pulmonary venous return

right upper pulmoanry vein stenosis i-

late death after

. - e 101
repair(No.1) reoperation 9~ myocardial failure secondary operation
in-hospital death,
. N . R/O sepsis, Streptococcus
One stage repair of ventricular septal defect . . . .
) N ) B R/O necrotizing enterocolitis, 21 viridans(+) in
and codrctation of aorta(No.5) . L .
R/O dehydration mediastinal fluid
culture
Modified Norwood operation(No.13) hypoxic cardiac arrest 73 in-hospital death
) . . myocardial failure, . .
Arterial switch operation(No.18) . . 91 in-hospital death
respiratory failure
ventilator weaning failure due to severe
One stage repair of aortic arch interruption  narrowing of left main bronchus, . )
. . ) . ) 88 in-hospital death
and ventricular septal defect(No.19) respiratory failure due to abdominal
distention
One stage repair of ventricular septal defect cardiopulmonary bypass weaning tailure, ) )
. . . 8 in-hospital death
and coarctation of worta(No.20) sepsis
. congestive heart failure, ventricular
culmonary artery banding(No.15) . 371 late death
arrhythmia
W FF 0 A= 107% 9 tHFig. 2). A, B3] AlAolellA Bk AZEHE AL ShRpgel M L
HlE7l " e Aow NIEki el aja) o) o
oo 8% %o Sg F3 ooli, Ad e Qi A
H HAer ga A FEEs o S YU A 3
Algorit edobell A A& F ovpebd = Sle A AlE A Al E s e] a2 wlEs) yeofan Azl Jogi
= J 7 - 910 = o 15 N - et 2 &l od §)ks =
T w2 AEA e dgo] dvia deAglen Y o] T doteltd Al e Faadhel whE Hojshy wigle)
2 zolZlfe wele) sl AA AF Adel gAL s T4 ARk A4, AT el el a7
Fagt A WA e shrY oA ol Ad F& ¥ A li old A ¢3 "o V5L P g3 8
. _ - , - Sl uka) &< = - o110 )
ghe ure @y b wlEad =Ex oA Al mn AR BT o] A E 227 Masumoto o] A4
AEe AAHG TAEE 15-28%% wRSA 4 Qleld xRS B ga4 2] B3] e gas
QoA AEke Al AdEe de Helm® okl AMEY Z4% FUT wask girh olsh faE Ao
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