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Early Postoperative Course of Open-Heart Surgery

Chong Whan Kim, M.D .*

A total and consecutive 240 patients operated on using heart{ung machine and cold potassium cardio-
plegia for their either congenital or acquired heart diseases during the 6-month period between January
and June 1981 were reviewed by studying the intraoperative procedures and early postoperative courses.

The conduct of extracorporeal circulation were monitored with hemodynamic parameters. The early

postoperative management and the clinical data along with the changes of blood gas studies were sum-

marized according to the seven groups divided in accordance with disease characteristics. They were:
Groups |, Secundum atrial septal defect (15 patients); 1, Pulmonary stenosis (9 patients); 111, Ventri-
cular septal defect (68 patients); IV, Tetralogy of Fallot (46 patients); V, Acquired valvular heart disease
with valve replacements (79 patients); VI, Acyanotic other heart diseases (9 patients}; and VII, Cyanotic

\
other heart diseases (14 patients).

The most frequent complications after surgery were ventricular arrhythmias and low outputs. There
were 20 deaths postoperatively: 19 patients (7.9%) died within 30 days after surgery and one patient
(0.4%) 3 months after operation with overall mortality rate of 8.3% among 240 patients. The mortality
rates according to the groups were as foliows: Groups 1, Il and VI, none; Ill, three early deaths (4.4%);
1V, ten early deaths (21.7%); V, two early and one late deaths (3.8%); VI, four early deaths (28.6%).

These clinical results suggested that early surgical risks of open heart surgery were related closely

to the intracardiac anatomy rather than the patient’s age and body size,

Better clinical results would

be expected from planning the reconstructive surgery of the right ventricular outflow tract with care

when the hypoplastic pulmonary arteries are present.
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Table 1. Age and sex distribution.
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Groups* I I IfI v v VI vil TOTAL
Age(Yrs) M F M F M F M F M F M F M F Male Female Total
Below 2 1 4 38 2 2 1 6 12 18
2-5 1 4 2 12 7 7 4 3 1 25 16 41
6—-10 2 3 3 1 12 6 11 5 1 1 4 1 33 17 50
11-15 1 1 5 7 5 5 1 2 2 1 1 15 16 - 31
16 — 20 1 1 1 2 1 3 1 7 1 1 14 5 19
21 - 30 1 4 1 13 8 2 1 19 11 30
31 — 40 15 8 15 8 23
41 -50 1 8 7 8 ‘10 18
51 - 60 5 4 1 5 S 10
Total 3 12 7 2 39 29 29 17 49 30 3 6 10 4 140 100 240
TOTAL n=15 9 68 46 79 9 14 240
Youngest 16/12 5 10/12 14/12 13 6 1 10/12
Oldest 42 20 26 23 60 53 25 60

* Groups I: Atrial septal defect; II: Pulmonary stenosis; III: Ventricular septal defect; IV: Tetraology of Fallot;
V: Acquired valvular disease; VI: Acyanotic miscellaneous disease; VIII: Cyanotic miscellaneous disease.

Table 2. Size of the Patients.

Groups ne Age Body Weight BS.A.
(Yrs) (Kg) M?)
I 15 10.52+11.56 21.65+14.85 0.82110.369
1 9 9.56: 5.29 28.78+12.11 1.013:0.311
I 68 7.63+ 6.06 20.55£12.97 0.791+0.348
v 46 8.61+ 5.38 22.15+12.60 0.84710.321
\" 79 33.98£12.16** 49.28+8.00%* 1.540+0.397**
VI 9 24.89+£16.91* 44.17+22.21* 1.306+0.433*
viI 14 9.21+ 6.23 23.27x13.20 0.87410.347
**P < 0.001 vs. I-1V, VI, VII I-IV, VII -1V, VII
*P <0.01 vs. I-Iv, Vil I-1V, VII L IIL IV, VII
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Table 3. Group I: Atrial septal defect (n=15).

Secundum defect 15
Tricuspid insufficiency 2
Absence of left pulmonary artery

Catheterization
Mean PAP (mmHg)

Qp/Qs 2.554:1.016
Rp/Rs 0.144+0.155
Primary closure 14

Patch closure 1

22.0+13.1

Tricuspid annuloplasty
Exploration of left atrium
Exploration of right ventricle
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Exploration of pulmonary artery

Table 4. Group II: Pulmonary stenosis (n=9).

Valvular
Valvular and infundibular
Valvular and subvalvular 1
Secundumatrial septal defect 2
Patent ductus arterious 1
Catheterization
Systolic RVP (mmHg, n=8)
Systolic PAP (mmHg, n=5) 20.016.3
RV-PA gradient (mmHg, n=5) 107.2455.8
Valvotomy 5
Valvotomy, infundibular resection and
RV outflow tract patch 3
Valvotomy and resection of subpulmonary

135.053.4

stenosis 1
Primary closure of ASD 2
Trans-PA closure of PDA 1

Table 5. Group HI: Ventricular septal defect (n=68).

Type I defect 20
Type II defect 39
Type III defect 9
Aortic insufficiency
Mitral insufficiency
Atrial septal defect
Pulmonary stenosis
Patent ductus arterious
Mitral and tricuspid clefts
Ruptured sinus Valsava aneurysm
Sinus Valsalva aneurysm
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Catheterization
Mean PAP (mmHg, n=65)
Qp/Qs (n=64) 2.13810.790
Rp/Rs (n=64) 0.18310.144
Patch closure 35
Primary closure 33
Closure of ASD
Aortic valve replacement
Infundibular resection
Pulmonary valvotomy
Closure of ruptured sinus Valsalva

30.0£19.8

Closure of valve clefts
Trans-PA closure of PDA
Tricuspid annuloplasty
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Table 6. Group IV: Tetralogy of Fallot (n=46).

Ventricular septal defect

Typical Fallot defect 43

Total conal defect 3
Pulmonary stenosis

Valvular and infundibular 35

Infundibular 6

Valvular 5
Hemoglobin (gm%, n=43) 18.1213.03
Hematocrit (%, n=43) 54.3349.17
Arterial O, saturation (%, n=35) 76.8+15.3
Patch closure of VSD 40
Primary closure of VSD 1
Closure of VSD with holed patch 1
No closure of VSD 4
RV outflow patch 21
RV-PA patch 21
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Table 7. Group V: Acquired valvular heart disease (n=79).

Mitral valve replacement 52
Tricuspid annuloplasty 8
Closure of atrial septal defect 2

—

Right ventricular exploration
Aortic valve replacement 10
Ascending aortic replacement
Ascending aortic aneurysmorrhaphy
Trans-PA closure of PDA and RV exploration
Mitral valve exploration
Mitral and aortic valve replacement 13
Ascending aortic aneurysmorrhaphy 1
Mitral and tricuspid valve replacement 4

— e

Table 8. Group VI: Acyanotic miscellaneous disease (n=9).

Cardiac myxoma 5
Left atrium 3
Left ventricle 1
Right ventricle

Endocardial cushion defect 1
Valve cleft and ASD closure with patch

Cor triatriatum 1
Membrane resection and patch closure of ASD

Coronary arteriovenous fistula 1
Obliteration

Patent ductus arterious 1

Ligation and RV exploration

Table 9. Group VII: Cyanotic micellaneous disedse (n=14).

Trilogy 3
Total correction 3

Ebstein malformation 3
Tricuspid valve replacement 2
Tricuspid valve plication

Pulmonary atresia 2
Correction with RV-PA patch 1
Correction with RV-PA conduit 1

Double outlet right ventricle 2
Interventricular correction 1
RV exploration 1

Single ventricle and 1-TGA 2
Exploration 2

Total anomalous pulmonary venous connection 1

Diversion with patch
Corrected TGA with VSD and PS 1
Closure of VSD and pulmonary valvotomy

E WETHES Aads. HO0%K - MBI Mk
AEEXE 107.2455. 8mmHgol . B REXEE v B
Fol A& 200mmHgg o WEBAK ) RW4E =& #
BTHEE Efstd onl \apmbkioge] A4 3piel A+
OEK L2 HULETHEBE KESA L. Ad “XI
ROERRIAS —XMAPAME I oY BRSBTS
I BR O 2 REATASIS A B

W2t 68618 LERREAEN A Kirklin T %ol
7b% ol 57.4%AT IR 208 6Bt I HED
BART -2 2ot vk, Tl BIREE-S 5610 4 6lmmHg
b Eohovt B 30.0+19.8mmHg2 LB
RIUERES) Fflel Mo FHEIl EAEAE o%
b, BHUEEES MATEIERIS mitEHE W MFEHE |
Prol Heatel IMMELE £4 Mo RS 2 @
ek, LEHREIAL 3506 A WA 0.2 MY
T % 33606l A —kiy MATANCY RS d . KB
RMAZET 2SS REsadd 4l 26l A ABIRE
& B#stgon fllflel 4 K FREEFS Emst
et

VRS B2 AME 4600 4201 BN FeEas
douv B 4flE FHCERBEAS. OEhRkES
430000 A JAERgel gl ot SR  [HEESBIAI Lk, 35
flol A A BRI RS HAHRe] olg ot 66
Al A e WHDHAERES B S5fle) A I BHIR Mm-S
wgeh LEHRRIAL 408l FHEAH o= s
AT fh 106 A e —KEEAAMA A B SHE AR
) TS WS BEZ 4P A s LRHFERNE A
Hlaa SRI f 1AL HILEHEATH TR il
SIS KT HLRIKHGE LS
2 e s 4200(91.3%) o 4fle)  mEMT
RBEE astel 2006l ALURAHES) HEe M
RS At MBIk A A et o

BRA ORI VIR EE TIMR 526 fRUEMT
—E@plel T AENRME RS 100a Y. B 1THe
W) THEEREED T, 16M6 A= BIRERT
ARG o FRIMEES Bebd o

VIfE-2 St o] CHEHITE F o 4m] Hh e Kt o
RwIZE A ek, CRITE-S Al A Bl k. &
K CRIBE 2ol 4 T ers onl BIRAYBATR
EHEY MNAES L EEEC) 9l e

14019] MIEF-2 #(O4ES Ffhshe WEmREES. 2
2 3%l 3ME HSIE Tilistd oo Ebsteinkifs 34 2
Bl A IS Emelel A MRS B -std e o
1000 A Wiienst (nbo 2 MR shal b, i BhIR PR



i 26l A & & & LEPBRIAS PAMs T MBRMR
£ AvE LR 2 ARAEROES S HOERME
€ Basidd. ALEAMETREEBES 16lE O%
RIBIEe] weeEstd o fill 1flel A e MEIBA WL
BIESA X shdch. BOSE 2AE AR BEFRTHE
oI MiHIKEZRY 1AE MK AHAE FESAC
o EEEAOERCEAE LEPRE AR MEhik
WUIBE R BEFME

MR : (Table 10~12). MAEETFHA HRL
g glo] heparinfbm¥ & A HEXRIL
TEY S-S RS #ARRMBE LTAD
Mol A miie s OREH S E Bretschne-
Table 10. Extracorporeal circulation.

Priming:
Heparinized ACD blood 800 mi
Hartmann solution 10-12 mi/Kg
15% Mannitol 6 ml/Kg
Sodium bicarbonate 1.2 mEq/Kg
Potassium 1.2-1.3 mEq/Kg
Sodium penicillin 500,000 U/Kg
Heparin 3 mg/Kg
Dexamethasone 1 mg/Kg
Flow rate
Adult 2.0-2.2 L/M? /Min
Child 2.4-2.6 L/M? /Min

Cardioplegic solution
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H,0 q.s.ad 1,000 ml A wAstg et Rmkg WEIL MKHBHRY KE
Table 11. Extracorporeal circulation.
Flow Rate Body Aortic Cardioplegic
Low High Bypass Time Temperature Clamp Time Solution
(L/M? /Min) (Min) cQO) (Min) (ml/Kg)
I 15 2.06+0.26 2.38+0.22 32.93+11.76 32.65:1.85 21.73+10.28 9.66+3.37
11 9 2.05£0.25 2.38+0.14 46.67:28.54 31.98+1.60 28.22122.50 9.27+4.39
I 68 1.9710.17 2.43:0.18 56.09+29.03 30.53¢1.63 38.31£19.95 8.68+3.32
v 46 1.95+0.21 2.44:0.20 77.50+32.20 29.1811.25 61.98x17.78 9.90+3.56
v 79 1.69£0.11*  2.1220.15* 112.34:53.91* 28.87+1.40 86.09+36.22%  12.30+5.18
Vvl 9 1.89+0.28 2.25+0.25 66.67+34.91 30.26+2.07 49.75+¢19.68 10.38+4.40
Vil 14 1.91+0.18 2.41:0.14 94.64+43.91 28.46+2.08 68.79+34.50 11.79+6.26
*P < 0.001 vs. I-VII IV, VII I-VI I-VII
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Table 12. Hemodynamic changes during extracorporeal circulation.

Before Aortic Middle of Aortic After
Groups =n=
Bypass Clamp-on Bypass Clamp-off Bypass
Mean arterial pressure (mmHg):
I 15 87.3211.7 56.1£14.3** 62.9+12.6* 60.7£16.5** 77.1£15.9
I 9 91.1£21.1 64.2+17.1* 76.2+18.1 67.2¢17.6 88.0+14.5
11 68 82.0+11.2 49.4110.4** 69.7+14.8** 61.0¢£13.8** 79.9£13.9
v 46 83.9+11.0 454+ 92%* 76.5+12.6* 63.2¢15.1** 72.5£15.0%*
v 79 85.8211.3 52.7£13.3%* 88.8+14.1 T72.2:14.8%* 2:4+129
Vi 9 85.0£12.3 54.2116.1** 69.4:12.4 63.3£15.3* 86.2+16.2
Vil 14 79.9+13.2 50.3¢ 6.9%* 76.3t14.1 62.9+£11.0* 72.0£12.1
Central venous pressure (cmH, 0):
1 15 13.414.7 16.718.1** 21.4+5.4* 18.6:4.9 15.5¢5.3
II 9 10.5+4.3 18.715.7* 17.8+8.1 17.8+6.0* 13.3+5.5
I 68 12.0:4.5 17.245.6** 17.8£6.9** 15.0+6.3* 15.043.4**
v 46 125145 16.414.5%* 17.5+5.8%** 16.4£10.5 16.5£3.5**
v 79 114+3.8 15.4+5.7** 14.327.5** 12.615.4 14.0+3.2*%*
VI 9 12.0£7.0 15.845.0 174135 17.7+4.7 16.2t4.4
VII 14 15.2+7.7 17.427.4 15.6+5.7 14.3:6.4 17.324.0
**P<0.001 vs. data before bypass
*P<0.01 vs. data before bypass
Table 13. Postoperative intake and output.
Groups I 11 " v v Vi viI
Fluid intake (ml):
n= 15 8 67 41 76 9 10
POD #0 392+156 4721222 375£190 353+154 600£236 418+204 475+256
n= 12 6 58 35 71 7 9
POD #1 799+384 815132 6511232 6871241 11574337 1031+329 7571240
Urine output (ml):
n= 15 8 67 41 76 9 10
POD #0  613+315 6981350 6181381 630+409 1154+465 903+606 B61+559
n= 12 6 58 35 71 7 9
POD #1 589 293 8331361 628402 6471413 12531540 11284408 978+343
Chest tube drainage (ml):
n= 15 8 67 41 76 9 10
POD #0 2304313 140185 1841176 2614231 607£521 112485 271+216
n= 12 6 51 35 7 7 9
POD #1 65153 72431 114137 193+£180 368+372 164+137 163+113
Blood transfusion (ml):
n= 15 8 67 41 76 9 10
POD #0 3722343 505+259 4121429 569+433 12081785 5781540 6091488
n= 12 6 26 25 50 7 3
POD #1 15+37 92+150 199+171 288+217 6261657 174+373 673+1021




Table 14. Potassium intake (mEq) and serum level (mEq/L).

Groups 1 n 111 v v VI viI
POD #0: n= 15 8 67 41 76 9 10
Intake 16.17+7.63  15.56+5.55 13.72:6.30  13.17¢5.92 20.74:8.63 15.11£10.78 16.80+10.55
Add 5.4715.10 5.11£540 6.7245.63 5.02t6.42 16.162£15.77 17.89+11.54 5.74:4.01
K Level 3.95+0.62 4.04+042 3.90+0.66 4.21:0.77 4.40:0.72 4.4611.01 4.160.63
4.1410.52 4.69+0.59 4.40+0.55 4.76+0.60 5.05:t0.67 4.81:0.77 4.54+0.71
POD #1: n= 15 8 67 40 73 9 10
Intake 16.67+7.08 21.50+4.38 15.39+7.11 16.75¢7.93 27.47+9.87 20.89+9.12  22.00+10.87
Add 0.33+0.99 2.00¢4.28 1.76+2.87 2.05+¢3.72  6.34£11.03 1.11+3.33 3.40+5.89
K* Level 4.49:+0.41 4.75+0.50 4.37:0.51 4.59:0.47 4.80:0.62 4.7110.40 4.39+0.53
Table 15. Arterial and central venous pressures on the postoperative day zero.
Groups I II 111 v v _ VI VII
n= 15 8 67 41 76 9 10
Systolic arterial pressure (mmHg):
118.0£11.8 109.1+5.9 111.9:11.8 103.2+£13.6 110.6£224 116.7x14.1 103.5+10.8
Diastolic arterial pressure (mmHg):
75.0+9.1 74.4+5.6 73.3:8.8 74.6+9.5 71.319.0 76.116.5 70.5+9.3
Low central venous pressure (cmH, 0):
6.07+246* 10.44£0.50 9.24:2.81 11.78+3.13 9.24+3.80 8.89:+3.48 12.30:3.50
High central venous pressure (cmH, O):
947:£3.07* 14.88:1.36 13.4423.16 16.07£2.78 13.92+4.30 12.33+¢3.91 15.70+3.80

*P<0.001 vs. Groups I1--V, VII
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Table 16. Postoperative blood gases.

pCO PO HCO,-

Groups  Time n= POD PH (mmHg) (mmlg) (mEQ/L)
I FiO, 0.75 15 #0 7.430+.054 34.8915.60 302.6:43.4 23.81+2.78
FiO, 05 7.397+.066 36.97:7.00 211.61324 23.19+2.30
Pre-extubation 14 #1 7.380+£.048 37.54:4.07 227.8151.2 22.69+3.57
Post-extubation 7.398+.083 36.59+3.08 225.1+61.4 23.09+2.37

I Fio, 075 8 #0 7.390+.054 34.71£6.23 294.5£70.7 21.38:2.49
FiO, 05 7.384+.059 34.48+5.00 190.1+34.9 20.81+2.11
Pre-extubation 8 #1 7.395+.028 35.51£5.40 225.2150.0 23.06+2.04
Post-extubation 7.402+.026 36.00:4.05 225.4+31.8 22.84+2.55

m  Fio, 0.75 67 #0 7.414+.080 36.37+7.61 251.5+63.0 23.33£3.23
FiO, 0.5 7.395+.065 36.91+6.21 176.9+43.4 22.80:3.15
Pre-extubation 53 #1 7.396+.041 38.81+5.32 179.4+54.1 24.12+3.66
Post-extubation 7.395+.039 38.96+4.54 195.3:£73.2 24.35+3.38
Failed extubation 14 #1 7.391+.046 36.17+6.42 164.7:56.4 23.3815.29

v Fi0o, 0.75 35 #0 7.386+.082 35.24+7.40 254.6+80.9 21.1513.60
FiO, 05 7.377£.058 36.96+6.39 169.0£50.6 22.00:3.44
Pre-extubation 31 #1 7.415+.053 37.47+5.26 164.3+55.9 24.39+3.06
Post-extubation 7.406+.043 38.52+4.86 190.9+66.6 24.6712.69
Failed extubation 10 #1 7.404+.012 39.52+10.02 88.6145.8 23.4215.51

FiO, 0.75 6 #0 7.326+.046 43.47+9.18 138.0£122.2 23.18+3.40

Deaths £, 0.5 7.348¢.094 40.68:15.52  89.3:64.0 22.47:2.81

VvV  Fi0, 0.75 76 #0 7.372£.094 35.26+6.48 290.2+60.2 20.82+3.32
FiO, 05 7.374:£.075 35.29+5.31 193.7+39.2 20.98+3.05
Pre-extubation 52 #1 7.396+.037 40.40+4.00 158.1+45.8 25.37£2.72
Post-extubation 7.408+.027 39.10+3.89 178.1:46.0 25.3212.26
Failed extubation 23 #1 7.403+.081 35.46+6.96 153.8+434 22.33+3.86

VI FiO, 0.75 9 #0 7.4461.040 33.61+5.13 268.7+70.8 23.47+3.36
FiQ, 05 7.4021.046 36.63+6.34 208.1:84.6 22.66+3.90
Pre-extubation 9 #i 7.419+.036 37.76£5.33 162.9+79.1 24.84+3.19
Post-extubation 7.421+.031 39.16+4.05 161.0+68.2 26.08+1.69

VIl FiO, 0.75 10 #0 7.356+.081 38.47:8.16 172.9+£101.1 22.15+5.47
FiO, 0.5 7.361+.084 36.2115.46 116.4:59.9 21.741+4.30
Pre-extubation 10 #1 7.408+.051 35.56+3.87 101.2+57.3 24.74+4.38
Post-extubation 7.400+.049 39.22+3.17 120.1195.9 25.42+3.46

M- wadek, 2o HERE 1 Hell AT Sl B%
S+ N RESl FEC filell A = R AR o] HEEsE glok, kpl
B ooldigt FTRE KMTY BEE FHWAA Ry
OGN (CBHERER O] #i7EstE WKl Qlovk Fogk
gl Aelle 1, IRES BT I —-VIBd AL ki
o UHARSES PelA =& R,
WREAHHE © (Table 17). #ith MOMHFEL OHA
7 Hfl BUROo R YIS MmEEHEFEZL REgS et B

MR FgEsl A kA B st 2 mmy A6
fEol Helg e 13419 ok & 240fch S0fIl A fi
#h —Psfgol vk domamine ®X isuprel®] #ymst SR
stlelh, WMAEe] ELOMMES 29 BEE: Valsalvaji
BB EAT OEPRRNTEL BES Ao #wAEs
Fhio] 184402 53MY BRMBE OHEHS KES
AL FEETA EES e £ MBS @S W
" Al wwstde. Nt (ROMEE 464 2HlE



Table 17, Postoperative complications and deaths.

Complication I I v \' VI vil Total
Low output syndrome 1/1 4%/4 2/5 3/3 10/13
Atrioventricular dissociation 1 1 S 4 1 1 13
Ventricular premature beat 1 11 12
Ventricular tachyarrhythmia 1 3 1/1 5 1/10
Wound complication 1/2 6 1/8
Supraventricular tachycardia 1 4 1 6
Urethral stricture 1 3 2 6
Congestive heart failure 1 2 1 1 5
Pulmonary edema i 1/3 1/4
Postoperative bleeding 1 2 1 4
Cardiac tamponade 3 3
Peripheral embolism 1/3 1/3
Gastrointestinal bleeding 2 2
Atelectasis 1 1 2
Coma /1 1 1/2
Anticoagulation bleeding 1/1 1 1/2
Intubation granuloma 1 1 2
Atrio-ventricular block 1 1
Sinus arrest 1 1
Postpericardiotomy syndrome 1 1
Drug-induced nephritis 1 1
Median nerve injury 1 1
Alopecia areata 1 1
Cortical blindness 1 1
Hearing disturbance 1 1
Pulmonary artery aneurysm 1 1
Angina pectoris 1 1
Hepatitis 1 1
Failed come-off bypass 3/3 1/1 4/4
Total - 4 3/16 10/39 3/40 6 4/7 20/112

* Deaths
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Table 18. Mortality rates.

Mortality
= Death

Groups n eaths Rate (%)
I 15 - -
II 9 - -
I 68 3 4.4
v 46 10 21.7
v 79 3 38
VI 9 - -
vil 14 4 28.6
Total 240 20 8.3
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