LR EEREEEE
The Seoul Journal of Medicine
Vol. 17, No. 3, September, 1976

Clinical and Metabolic Effects of Cardiopulmonary Bypass*

Chong Whan Kim, M.D.

Department of Thoracic Surgery, College of Medicine,

Seoul National University

INTRODUCTION

Intracardiac anatoinic correction of the cardiac
malformations and other pathology ulilizing
temporary cxtracorporcal cardiopulmonary sup-
port is as yet the inhcrently complicated
modality of surgical treatment, and it accom-
panies morc or less untoward altcrations of
much atlention
to the
study of cardiopulmonary support with total
body Blood

denaturation, hemodynamic and metabolic altcr-

function in a patient. And,
and refincments have been  contributed
perfusion. trauma and protein
ations, and damage on the specific organs arc
the complications of major importance. Cor-
rclations have been made with length of per-
fusion, hypothermia, perfusion rates and the
types of priming fluid in the oxygenator. And
many other factors were studied and the great
efforts were put into finding means of condue-
ting in such a way not to causc damagc which
should not have occurred to begin with, that
\is, the physiological perfusion.

We have studied these effects of cxtracor-
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poreal circulation where sigmamotor pump and
Rygg-Kyvsgaard oxygenator had  been
(Kim ct al., 1969; 1973; Kim ct
al., 1974). Sincc August, 1974, we have been
running the 5-headed roller pump (American
Optical Co., deLuxe model), and fifty-three
paticnts underwent open heart surgery during
the whole year of 1975, This report studied
our whole procedures with cardiopulmonary
bypass 1o review the coffects of exlracorporcal
circulation to the paticnts by collecting routine
laboralory cxaminations and by looking through
the clinical results. All the more, one of the

uscd

Lee ct al.,

main purposes of this study is to lry to esta-
blish our own basclines in conducling cxtracor-

poreal circulation.

CLINICAL MATERIALS AND
METHODS

The consecutive fifty-threc patients underwent
open heart surgery (OHS) at Seoul National
University Hospital in the year of 1975, The
paticnts were classified into four groups for the
study: Group I, 9 patients with atrial scptal
defect (ASD); Group 1I, 11 with
ventricular septal defect (VSD); Group I, 19
patients with cyanotic heart diseasc (CHD),

palients

consisted of 17 patients with tetralogy of Fallot
(TOT and 2 patients with double outlet right
ventricle (DORV); and Group 1V, 14 paticnts
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with acquired valvular heart discase (AHD).
Their ages, sexcs, body wecights and surface
arcas were shown in Table 1.

The circuit for extracorporcal circulation
(ECC) was established with aortic cannulation
for the return of the arterialized blood into
paticnts and vcenous drainage through the lwo
tubes into the superior and inferior venac cavae
alter midline sternotomy. In 40 cases the Dent-
ley oxygenator was used, and the IHarvey or
Polystan bubblers were utilized [or the remaining
paticnts. The compositions of prime and the
conduct of cardiopulmonary bypass (CPL1}) were
summarized in Table 2. Generally, we prime
the oxygenator with relatively low volume,
but enough to fulfill the recirculation. According
to the hemodilution principle, the heparinized
frecsh ACD blood (Foote ct al., 1961) was
diluted with Hartinann and 15 percent mannitol
solulions. Potassium (one mEq./Kg. of body
weight) and sodiom bicarboate (one mEq./Kg.
of body weight plus 12mEq./400 ml. of blood
prime) were added into the prime. Epsilon
aminocaproic acid (125 mg./Kg. ol body weight)
was administered in all palicnls by intravenous
route before starting CPB, and dexamcthasone
(one mg./Kg. of body weightl) in cases wherc
the CPB might be prolonged. Anticoagulation
was done with 3 mg. of heparin/Kg. of body

weight.

Blood flow rates were regulated to keep ones
within the ranges from 2 to 2.5 L./Min./M?2
of body surface area, and oxygen flows passed
into the oxygenator were adjusted in the ranges
between 1.5 and 3 times of blood flow rates.
No carbon dioxide gas was mixed. Throughout
the procedure, mean arterial pressure, central
venous pressure and electrocardiogram were
continuously monitored. Body temperature was
measured through the electrodes placed in both
the csophagus and the rectum. And, urinary

cutput was collected through the Foley catheter.
Mean arterial pressure was tried to keep higher
than the level of 70 mm. Ig, and central
venous pressure to maintain the level high
cnough for the adequate venous return into
the oxygenator. And, mild to moderate degrees
of hypotherinia were cmployed with the cases
where the prolonged CPB had been anticipated.
The length of CPB time ranged from the
shortest of 21 minutes wilh the repair of ASD
to the longest of 236 minutes with the operations
in Groups I1I and IV.

All defects of ASD were repaired  primarily
cxcept a case where the partial anomalous
pulmonary venous rclurn had been associated
and the ASD had been closed in a fashion 1o
drain the pulmonary venous blood into the
left atrium with a Dacron patch. Of the patients
in Group 1I, 4 had TypeI dcfect, 5 had Type
I and 2 had Type III. Seven patients revealed
mild to moderate clevations of systolic pul-
monary arterial pressure below 70 mm. Hg in
the preoperative catheterisation studies, while
the remaining 4 were normal in pressure. A
had a
Valsalva into the right ventricle through his

patient ruptured coronary sinus of
VSD. Four defects were closed primarily and
7 with Teflon patches. All 17 patients with
TOT had intracardiac total correclion and 11
hearts received right ventricular outflow tract
gussct patches. For the 2 patients with DORY,
the interventricular correction was performed
using intraventricular prosthetic conduits. Six
patients of Group IV were in NYHA Class 1iI
and 8 were in Class IV. Nine patients had
mitral valve replacement where one had tricuspid
annuloplasty and another had repairs of the
associated ASD and VSD; 2 patients had aortic
valve replacement where one had open mitral
commissurctomy; one patient had both mitral

and aortic valve replacement and tricuspid
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studied for the arterial blood samples using

missurotomy only. Instrumentation Laboratories model 113 or 213

The laboratory examinations were performed blood gas analyzer. Serum enzymes were mea-

periodically with appropriate intervals. Rout- sured for glutamic oxaloacetic transaminasc
(SGOT), glutamic pyruvic transaminase (SG-
PT) and lactic dchydrogenase (SLDII). Post-

operalive fluid and bloed balances were also

inc hematological studies included hemoglobin,
hematocrit, while blood ccll and platelet counts.
Serum electrolytes were measured [or sodium,
studied along with the urine specific gravity

and urinary excrction of clectrolytes. The clini-

potassium and chloride. And, among the heavy

metals, tolal calcium and magncsium werce also

measured with itachl 203 atomic absorption cal results were cvaluated for complications

and morlality.

|

|
annuloplasty; 2 patients had open mitral com-
spectrophotometer. Blood pH and gases were

Table 1. Age, scx and body size.

Group I 1 I .| i v : Total
Number of Patients 9 11 | 19 14 53
Malc: Female 5:4 5:6 11:8 10: 4 31:22
Age(yrs.) 15.44-£9. 35 11. 00::3. 31 11.166. 21 31.79411.93 17.30
Range 4—-35 3—26 3-3 18—49 3—49
Body Weight(kg.) 32.39114. 97 23.50118. 46 26.22+10.27 49.87+10.49 34.14
Range 11-58 10—066 12.5—52.5 27—64.8 10—66
Body Surface Arca(M?) 1.10940. 374 0.991-0. 420 0. 977-0. 250 1.495-4-0. 187 1.142
Range 0.52—1.64 0.51—1.78 0.60—1.56 1.04—1.75 0.51—1.78
Mcan£SD.
Table 2. Cardiopulmonary bypass.
Group | 1 | | I\
Priming, Total(ml.) 1370.04248. 3 1376.4396.3]  1449.4+249.3]  1836.4:1204.0
Whole Blood(ml.) 800.0+ 0.0 836.44-205.7 866, 71+149.1 1017.94196. 0
Hartmann Solution{ml.} 333.34 99.4/  300.0X153.7)  363.9+105.2  478.6£108.1
159 Mannitol(ml.) 138. 6% 56.7 133. 63 46.2 105.6+ 28.3 192.94 17.5
Potassium chloride(mEp.} 26.64 5.5 23.6+ 7.2 23.7+ 6.0 35.2+ 6.3
Sodium hicarbonate(mEq.) 54.7+ 16.1 54.5% 14.8 56.3% 12.1 78.04 9.9
Blood Flow Rate(L/Min/M2) 1.984:0.28~|  1.84:50.28~;  1.66%0.22~|  1.62420. 27~
2. 540, 20 2.6740. 21 2.44+0. 23 2.4610.17
Oxygen Flow Rate (Times of 2.1740. 42~ 2. 2440, 16~ 2.124+0. 31~ 2.1040. 35~
Blood Flow Rate, L/Min/M?) 2. 6140, 34 3.0340.90 2.62+0. 54 2.491:0.50
Lowest Temperature(°C)
Esophagus 31.231k2.01 25.5041. 57 24.78+2.68 27.171+1.80
Rectum 32.994-2.12 28, 804-1. 44 28.6442.01 29.30+%1. 30
Mean Arterial Pressure (mm Hg.) 63.98. 4~ 46. 8512, 3| 49.44:13. 6~ 55.7410.8~
82.2%+14.2 85.5419.8 80.4:11.5 96.4+4:14. 1
Central venous Pressure (cm H,0) 10.246. 1~ 6. 515, 0~ 7.344. 2~ 8. 7151~
19.3+6.1 15.534, 6 17.914.9 20.3+4:4.0
Total Duration of Bypass(Min.) 37.1%+17.3 71.5+26.1 121.4447.3 148.54-48.9
Range 21—74 24—110 63—236 52—236
Mean35D.
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RESULTS

Hemoglobin and Hematocrit
The levels of hemoglobin and hematoerit
during anesthesia and before starting CPB were
much the like

mission. As soon as CPD was started, thesc

of the control levels on ad-

values revealed abrupt and highly signilicant
decreases(P<0. 001 vs. admission control)rcaching

Table 3. Hemoglobin and Hematocrit,

to the levels of about 25 percent of hematocrit
from hemodilution, but the mean hematocrit
value was 32,59 percent in Group III because
of their polycythemia. These low levels lasted
unchanged during the whole period of CPB.
Although the values revealed some increases at
3 hours off bypass and thereafter, the mean
hemoglobin and hematocrit were yet low and
many patients had mild degrees of anemia even

at the time ol dismissal from hospital.

Hemoglobin (Gm. %)
Group e : —
! I I | | ¥
Admission 12.80£1.78 11.67£1.27 17.56-4-3. 62 ' 13.3 4-2.15
Anesthesia 12.2341.81 10.7511. 61 16.0943. 21 12.5742.64
Bypass
30 Min. 8.501£1. 25% 7.5841. 16 10. 7742. 35* 9. 064-1. 16*
60 Min. 8.33+1. 19* 10. 76 2. 32*% 8. 9010. 94%
90 Min. 10. 63£3. 16* 9.57%1.51*
120 Min. 9.45%1. 35*
Qff Bypass ;
3 Hrs. 10.6241. 56’ 9.57-+1. 06* - 10. 8042, 0L* 10. 44£1. 61%
1 Day 10.0441. 28* 9.431-0. 76* 11.324:2. 13* 10. 66+1. 16%
2 Days 10.1841.07*
5-7 Days 11.3841.11% 10. 384:0. 73*
Discharge 10. 20+0. 95*% 10. 384:0. 87’ 11. 1041, 50%* 10.17%1. 16*
Hematocrit{%)
Group
I I | 1 W
Admission 38.3314.78 34.7343. 44 54.28+13.07 40.7916. 17
Anesthesia 37.441%5.34 33.30+4. 31 49.76111.39 39.21:+7. 86
On Bypass
30 Min. 27.13k3. 37% 23.2512. 63* 32.594:7. 96* 27. 903, 33*
60 Min. 25, 57+:3. 25* 32. 5047, 05* 26. 8041, 94*
90 Min. 32.43L9. 04% 29.4343. 96*
120 Min. 28.6744.31*
Off Bypass
3 Hrs. 33.564.40° 28. 6013, 98* 33. 2715, 74% 31.9245. 2%
1 Day 31.443. 69* 29. 55:+-2. 23* 35. 00%6. 31* 32,834 37*
2 Days 31.73%3.67*
5-7 Days 35. 0813 40* 32.10%1. 81*
Discharge 31. 8842, 32*% 33.0042.66 34. 6944, 97% 31.09+4. 03*

Mean-+SD: *P<0.001, "P<0.01 vs. Admission.
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Additional primings were necessary in many
patients to keep the adequate blood Ilevcls
during CPB. Whole blood was added in an
average amount of 780 ml. to 10 cascs of Group
IV, 697 ml. to 9 of Group III, 342 ml. to 6
of Group II, and 156 ml, to a single case of
Group I, respectively., The amount of Hartmann
solution added intc the oxygenators averaged
from 388 to 455 ml. in 21 patients of Groups
1, Il and 1V. The hamoglobin and hematocrit
the fresh ACD blood from blood
bank wvaried with wide

values ol
hemoglobin
[rom 5.4 1o 13.5 gm./dl. (average of 10.2 gm.
/dl.) and hematocrit fromm 20 to 48 percent
(average of 34.4 percent) with the measurem-
ents for 27 individual units of blood. And, with

the samples from 21 oxygenators after recircu-

ranges:

lation and before starting CPB, hemoglobin
levels varied between 1.9 and 8.3 gm./dL
{average of 4.7 gm./dl.) and hcmatocrit levels
between G and 20.5 percent (average of 12,4
pereent).
Plasma Hemoglobin

The mcan levels of plasma hemoglobin meas-

ured during ancasthesia and before CPB ranged

between 26 and 73 mg./dl. Incrcascs of mcan

Table 4. Plasma hemoglobin (mg.%).

plasma hemoglobin were noted during CPB,
cspecialy with the prolongation of bypass and
in Group HI (P<0.01 vs. ancsthesia control),
the
varied so widely that no significance could be
clicited statistically. Aflter completien of CPB

llowever, valucs seen in each patient

and therealter, plasma hemoglobin was cleared
off rapidly from blood to rcturn to or below
prebypass levels,
Whiic Bleed Cell and Platelet Counts
Fhere were no significant changes in number
of white bloed cells during the period of CPB
from control counts at admission, although some
CPB has
prolonged. However, the mean white blood cell

increases were noied when been

counts revealed highly significant incrcascs
(P<{0.001 vs. admission cotrol) {rom as carly
as patients were off CPB and at 3 hours off
CPB. And, these patterns of leukoeytosis lasied
for a day or two in the carly posloperative
periods. On the other hand, the changes in
platelet counts were characteristic. They dropped
{0 48 percent or less of the admission control
in mcan values at 30 minutes on CPB, and it
was lowest, 21 percent of control in Group 111

at 90 minutes on bypass. Until postoperative

Group | 1 i
Admission | 42.17+26.20
Anesthesia | 32.63+16.10
On Bypass

30 Min. . 50.51743.65
60 Min. ‘
90 Min.
120 Min.
OQIf Bypass
3 Hrs. 52. 76441, 18
1 Day 19.06+ 7.24 !
7 Days ‘
Discharge [ 22.00%15.00 |

|

*P{0. 01 vs. Anesthesia; Mean-=SD.

I 1 '

37.57+17.09 75.79+52.77 64. 384:33. 70

26.68+17.32 50. 3237. 05 73.321456. 22

43.601:28. 97 59.92£33. 46 65. 041-46. 82

44.904:12.13 88. 71462, 97 59. 37457, 27
49. 20£10. 08* 80. 65333, 46*

168. 001-88. 69* 90. 4145948

24.62112.79 99. 452=60. 60 81. 56160 22

28.49+22, 59 33. 01424, 64 55.881:30. 60

i 39.66118.78

38.08:£24.86 |  20.80% 3.80 | 35554 9.46
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day 2 they remaincd low in the ranges between
52 and 76 percent of the control, The platelet
counts increased upto 159 percent of the control
sometime after postoperative days 5 and 7,
Serum Electrofytes
During ancsthesia and before  commencing
CPB, the levels of serum sodium were generally

lower than the values of the admission controls,

Table 5. Whitc hlood cell and platelet counts.

White Blood Cells(/mm?)

and the decreases were significant (P<{0.01
vs. admission control) in Groups [, [ and
IV. These low levels lasted unchanged throug-
hout the CPB. In the carly postoperative days,
these levels showed upward trend until disch-
arge [rom hospital when they returned Lo normal
Scrum

or the mecan admission control values.

potassiwm levels were also low during ancsthesia,

Group :
| I | 1 | | N
Admission 762242484 65731013 954443903 88213840
Anesthesia 1076314124 938942728’ 14340%3129*% 1099243703
On Bypass
30 Min. 7286142407 66001776 796043579 642012189
60 Min. 6560141443 10027+£4155 862513360
90 Min. 683321579 9650:+3675 8160--3854
120 Min. 1275046457 105004616
Off Bypass
3 Hrs. 203331494% 178304-6178* 22169+6426% 19183+6803*
1 Day 131754:4596" 13255-+£4227* 157734-5604* 144924341 9%
2 Days 10360-1-2838 137252314* 124734-3499°
5-7 Days 583041961 1222043694"
10-14 Days 127204:1975"
Discharge 650042143 689142636 736912560 717342541
Platelets (X100/mm?)
Group
I i 1 1 v
Admission 20771396 2225+702 249141432 20774585
Ancsthesia 22273478 18574449 240041051 20404595
On Bypass
30 Min. 988:1-357* 876£247* 1027 297* 940:£431*
60 Min. G60E126* 675+228* 9874-223*
90 Min. 4804-241* 513+197* 1103+610
120 Min. 600-£260* 9721460*
Off Bypass
3 Hrs 1580+465 14174408 130043818’ 13801364"
1 Day 15001482 14714408 1278+366* 1070+354*
2 Days 1210513’
5-7 Days 330041123 203348818 168741027
10-14 Days 327611366
Discharge 31301101 256811069 23824739 20481880

MeanSD; *P<0.001, ‘P<0.01 vs. Admission.
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Table 6. Serum electrolytes (sodium, potassium and chloride; mEq/L.).

\ Sodium
Group D S S —
: I I | It
Admission 134.244.6 134.9743. 3 132,943.6 132.1%43.0
Ancsthesia 128.07.6 126.8.+4. 8% 126.418. 1" 122.814. 9%
On Bypass
30 Min. 125.4:63. 5% 120. 4:1-0. 5% 126, 248, 0% 121.44-9, 6%
60 Min. 124.8-+6. 8 126.5:£5.5* 120.7:17. 1%
90 Min. 121. 3:4-8. 7" 121.349.2¢
120 Min. 126.75.0 125. 345, 9%
Off Bypass
3 Urs. 129, 9:-2.3 130. 3:£3.7* 128.1-£7.2 126. 8-£6. 0"
1 Day 127. 04, 1% 128. 046, 3* 129,145, 4 129.144.6
5-7 Days 127. 544, 4% 129.8+3.7 128.74+4.8
Discharge 152.04-5.0 131.8+£3.2 134.3%2.6 130. 744, 1
Chloride
98.9+3.7 99.542.7 97.8:£2.9 97.3:£2.0
94.8-4.8 91.6+4.7 94,145.6 00, 844, 7*
93.042. 4% 80,347, 1% 93. 45, 0% 92. 0£5. 6'
93.0--3. 2% 94.143.3 90. 145, 2
91,044, 2% 90.445. 5*
95.0+2.2 92, 444, 5*
96.9+2.3 96, 12.97 94.84+3.7 94.314.2
95,03, 1 05.54+4.7 96. 604, 3 96. 6£3. 4
| 96.842.9 96.4+2.5 95.543.4
: 97.0:£4.7 96.942.6 98.7:42.9 96. 842.7
I Potassium
Group . i
| [ | I X W
Admission | 4.1140.24 | 4.250.30 4.3740. 56 4.210.52
Anesthesia : 3.46:0. 67 3. 40£0, 48* 3.91%0.71 1.0340.52
On Bypass i i
30 Min. | 3.70::0. 86° 3. 4020, 18+ 4.184+0.91 3.644-0.77
60 Min, ! 3.78%0.75 3. 4740, 68* 3. 470, 55"
90 Min. 3.2040.79 3.4040. 67*
120 Min. 3.90-0. 51 3.4140.74%
Off Bypass ‘
3 Hrs. | 3.6140. 83* 3.704+0.52° 3. 68+0. 55* 3.5810.80
1 Day j 4. 4340.59 3.90-0. 72 4.274:0.48 4.7140.62
5-7 Days ! 4.05+0.21 4.10+0.33 3.98+0. 46
Discharge | 4.2540. 54 4.2130.43 4.2540.24 4.360. 42

Mean=+SD; *P<{0.001, 'P<{0.01 vs. Admission.

and the mean values of potassium were less
than the level of 4 mEq./L. during CPB and
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of potassium chloride on the values at day 1
and thereafter. The changes of serum chloride
levels were similar to the ones seen with serum
sodium, being decreased during anesthesia and
CPB and showing upward trend in the early
postoperative days. Exogenous potassium was
added to the oxygenator in 6 patients during
CPB, and the average amounts ranged between
12 and 27 mEq. The values of sodium and
potassium measured for the 15 samples from
oxygenator after recirculation and  before CPB

were 153 mEq./L. ol the average and higher

Table 7. Serum clectrolytes (total calcium and magnesium; mEg/L.).

than the levels of 10 mEq./L., respectively.
Ilcavy metals were measured for total calcium
and magnesium. The mean values of total
calcium were in the normal range on admission,
and they were significantly lowered (P<0.01)
B and ¥ where

the admission controls were lower than the

during anesthesia in Groups

levels in other groups. During CPB, these
levels increased in all groups, cspecially at 30
minutes on CPB. Howcver, thesc increases
were nol always significant in all groups, With

the samples al 3 hours alter CPB, the mean

Total Calcium

Group ! — e - e T ————— e
I | I | v
Admission 5.4940.59 | 5.15+0.25 4.8410.35 1.643:0.42
Anesthesia 5.034-0.74 ‘ 4.9540.48 4. 410. 56/ 4.170. 39%
On Bypass ’
30 Min. 6, 05:0. 42’ i 5. 76:k1.12 5.200. 94 4.74+0. 46
€0 Min. i 4.4340. 31* 4.884-0.56
. 90 Min. \ 5.4240.70
120 Min. 4.9140. 63
Oft Bypass
3 Hrs. 5.1820.39 | 4.894-0. 38 4.82+0.78 4.5740.43
i Day 4.73:40.72" | 4.64:40. 31% 4.35:4-0. 46% 4.7440. 21
5-7 Days i 4.3530. 54 4.6440.39
Discharge 5.16+0.23 | 4. 56+0. 39% 4.934-0. 38 5. 1340. 34’
l Magnesium -
Group . o I
| I I 1 v
Admission 1.211-+0.188 1.439:4:0. 109 1.415=0. 250 1.397--0.153
Anesthesia 1.33420. 174 1. 29140. 169 1.5210.192 1. 3810, 064
On Bypass
30 Min. 1. 244:4-0. 099 1. 344:0. 143 1.295+0. 225 1. 24040. 120
60 Min, 1.4394-0. 183 1.2633-0.159
00 Min. 1.203+0. 127+
120 Min. 1. 19440, 329
Off Bypass
3 Hrs. 1. 44640 178’ 1.366-0. 183 1.37240. 228 1. 2340, 333
1 Day 1.510£0. 230* 1.415-0. 238 1.34440. 362 1.28940. 124
5-7 Days 1.443--0.178 1.5032-0. 183
Discharge 1.48340. 130* 1. 583-0. 327 1.310+0. 094

Mean+SD; *P<0.01, 'P<{0.05 vs. Admission.
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levels of total calcium decreased below the
control values. And, at day 1, the decreascs
were significant (P<{0.01) in all groups except
in Group [¥. The calcium levels in the oxyg-
enators varied from 5.4 to 13.5 mbqg./I.
with the avcrage of 8.88 mEq./L. from ¢
oxygenators before CPB and after recirculation.
The mean levels of serum magnesium during
CPDB were lower than the values of the mean
admission control in all groups at the most
parts of time. Although there were upward
tendeney in the postoperative days, the varia-
tions in individual cases were so wide that
these changes were not significant statistically.
The samples from 5 oxygenators after recircul-
ation revealed the average of 0.684 mEq./L.
of magnesium with the range from 0.5 to 1.1
mEq./L.
Serum Enzymes

Of the transaminases, SGOT showed charac-
teristic changes. The mcan levels at admission
were in the normal range in all but Group [
where the mean value was a little higher with
wide variations. There were highly significant
rises (P<C0.001 vs. admission control) of SGOT
at day 1. The mean value was elevated also
in Group IV, though it was not significant
slatistically because of wide wvariations among
patients. Although the mean SGOT levels
decreased at days 5 and 7 and thercafter, they
were still higher than the normal range.

On the other hand, the changes of SGPT
were slow and mild as comparcd with the ones
of SGOT. There were significant rises (P<{0.
01 vs. admission control) of the mecan levels
of SGPT in Groups [ and [y at day 1, but
no significant rises in Groups | and [. The
mean SGPT remained high, though not sign-

Table 8. Serum enzymes(glutamic oxalacetic transaminase, glutamic pyruvic transaminase
and lactic dehydrogenase; units/ml.).

‘ Serum Glutamic Oxalacetic Transaminase

Gr()up ‘ _ .. e ——— —
| I i | I ]
Admission 32.2411.5 27.94 9.9 i 32.44 9.4 07.4458.0
Day 1 153. 7455, 7% 161.3£75. 3% 183. 087 8% 170.7£39.9
Day 5-7 53.0+24.0 50. 6+14.3* | 57,8420, 9* 71.0-+19.1
Discharge 42.91:18.2 49.84:19.1 ] 50.04:53.6 44.64:16.9
Serum Glutamic Pyruvic Transaminase
22.84+ 0.7 19.3£ 6.6 22.2415.5 32.6+26.3
39.5%+21.0 34.5122.9 46.4118. 7% 59.5426. 3
41.5% 1.5 42.7430.1 41.5127.2 54.3131.6
26.9+11.5 39.0434.3 33.8+24.4 230 7.1
Serum Lactic Dehydrogenase
Group e e - e e
I I | I N
Admission 388.61:308.6 565. 51+182.9 | 743.14£376.3 697.31:340.8
Day 1 1238. 61437. 9% 1306. 14-498. 4* 1559.5:4£349. 0% 1662. 23407. 6*
Day 5-7 1140.0%+ 0.0 1061. 63405. 8" | 1185, 0-1-406. 6’ | 1556. 74:379. 8%
Discharge 784.34:305.1 875.0+245.0 \ 814.31233.7 1386. 34:307. 6%

Mean-+5SD; *P<0.001, ‘P<{0.01 vs. Admission.
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ificant, until days 5 and 7 before returning
normal at discharge. For the convenience of
calculation, the values reported to be higher
than 197 units with SGOT and 98 units with
SGPT were taken as high as those levels.

The changes of SLDH were also character-
istic, being elevated sharply and uniformly in
all groups at day 1 after surgery (P<{0.001 vs.
admission control). The mean levels remained
elevated high above 1,000 units even at days
5 and 7 (P<0.01). With Group ¥ where most
patients had prosthetic valve replacement, the
mean SLDH level was 13863307.6 units even
at dismissal from hospital, though the mean
levels in other groups were still a little
high.

Blood Gases

Arterial blood pH was normal during anest-
hesia and before starting CPB except in Group
I where the mean pH indicated mild acidosis.
However, the general features were the alkalosis
during CPB, and the changes in pH toward
alkalosis were highly significant (P<Z0. 001 vs.
ancsthesia control) in Groups [ and ¥ thro-
ughout the CPB. Upon conclusion of CPB, pIT
remained within normal range until it revealed
mild alkalosis in the moring of day 1, The
partial pressure of carbon dioxide in arterial

blood revealed a little low levels during anest-
hesia, and they were further significantly
decreased (P<70.01 vs. ancsthesia control) by
CPB. Mecan pCQ, levels, sometimes, decreased
as low as the onc below 20 mm. ITg. After
CPB, it increased to show mild degree of
hypocapnia in the next morning of surgery.

The metabolic component was shown by the
values of basc excess or deficit, These levels

were in the normal range after anesthesia and
before CPB, but the patients in Group J| had
moderate degree of basc deficit. The changes

ol metabolic components varied without signifi-

cant decreases in mean values in all groups at
any time. And, it was the tendency toward
being corrected from the anesthesia control in
Group H, especially at 90 minutes on CPB (P
<£0.01). Most of the patients with good hem-
odynamics showed mild degree of base excess in
the next morning of operation, being significant
in Groups [l and V (P<{0.001). However, the
exogenous sodium bicarbonate administration
was necessary in 43 patients during CPB and
in the early postoperative hours: the average
amounted 42 mEq. in 5 patients of Group [,
47 mEq. in 10 of Group [, 81 mEq. in 17 of
Group ¥, and as high as 156 mEq. in 11 of
Group F, respectivcly.

The mean Ievels of partial pressure of oxygen
in arterial blood were satisfactorily high, above
150 mm. Hg, except 54.44-23.6 mm.
Group I during anesthesia. But, these increased

Hg in

mostly above 300 mm. Ilg on CPB and they
were high enough for the good oxygenation of
blood after surgery while patients were on
rcspi.rator.
Fluid and Blood Balances

Postoperative fluid was 5 percent dextrosc in
water. Fluid administration was limiled to 500
ml./Day/M2. on the day of opcration, and it
was increased  gradually on the first postoper-

ative day and thereafter with a Hiutle more

I and .

Accordingly, urine amount increased by degrees,

allowance of oral fluid in Croups

and, generally, increased urinary outpul was
the tendency i{oward mild degree of diuresis
from day 2 or 3. This tendency was reflected
in the urine specific gravity shown in Table
11, where ranges of specific gravily were
narrowed and specific gravityﬁ‘ themselves decr-
cased day by day until diuresis ensued.

Blood loss through chest tubes ranged from
188 to 553 ml. of mean drainage until the next

morning of surgery. Thereafter, the loss was
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Table 10. Fluid and blood balances (ml/M?/Day).

Fluid Intake i Urine Output
Group |
I | 1 | 1 | ¥ L1 | x| W
Day #0 5154233 4263-138 549i106! 501+148! 579199 68742120 4501135 441112
Day #1 1106=-338) 852202 10402740; 8374223, 789--383 669206 7404-237| 5743136
Day #2 1481+416| 15113563, 1450i536‘ 1000i363§ 1048-+202 7701388 834+257| 6961:270
Day #3 13551267 1496::382 1355i552‘ 1282312 12144279 1181£590] 9751259 6831211
Blood Transfusion : Chest Tube Drainage
Day #0 652i474l 607--343 906:’:615' 1301i488l 435372 18817’6i 3951293 5531244
| Day #1 230180 166150 ]35i171i 236302 142+ 66) 10370 140% 920 175119
| Day #2 3141526 654 87 O 0 684139 88k 57] 4344 67 74 120:k 93
| Day #3 79131 1014162 | 62 56 116:-106
Mean=SD.
Table 11. Urine specific gravity.
Group 1 1
Day #0 : 1.018=£. 004 - 1. 030. 004 1.020%£. 005 - 1. 034%. 007
Day #1 1. 015:£. 006 - 1. 0254-. 009 1.0174. 008 - 1.028L. 005
Day #2 ‘ 1.0104. 003 - 1.017+. 005 1.011+. 006 - 1. 0162%. 006
Day #3 ‘
Group i I 1y
Day #0 1. 0184, 006 - 1. 033+. 007 1.0194. 004 - 1. 0324, 007
Day #1 1.018+. 007 — 1. 0324, 005 1. 0184, 007 - 1. 029+. 006
Day #2 1.0152. 005 - 1.025x. 007 1. 0154. 006 - 1. 026, 007
Day #3 1.0111.004 - 1. 0162. 005 1. 0144, 004 - 1. 025+. 002

MecanSD-Mcan=+SD is the range of specific gravity.

minimal. The largest blood loss amounted to
1172ml. in a patient with ASD on the day of
operation. Blood replacement was a little positive
side to keep the good hemedynamics in the
carly postoperative hours, and it ranged from
607 to 1301

transfusion in the groups. Blood replaccment

ml. of the mecan amounts of
was minimal in a small number of patients
at day 1 and thereafter.
Urine Eleetrolytes
Urinary cxcretions of sodium, potassium and
chloride were measured for many patients
postoperatively including the urine collected on

the table. With the urine collected in operating

room, the mean amount of sodium excretion
varied from 14,0 to 32,6 mEq., while potassium
cxcretion ranged from 13.3 to 20.8 mEq. and
chloride cxcretion from 7.9 to 16.7 mEq. Ho-
wever, the mean values of potassium excretion
exceeded the one of sodium excrction in urine
collected in the next morning of surgery and
thereafter. The highest lovel of sodium excre-
tion ranged between 11.5 and 69,5 mEq. of the
mean values, while the one of potassium
excretion varied from 24.0 to 81,8 mEq. in
the same amount of urine measured in the
postoperative day. The values of mean chloride

excretion were mostly lower than the ones of
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Table 12. Urine electroiytes (mEq. in the amount of urine collected).

cations, ranging betwecn 12.3 and 31.0 mEq.
postoperatively.
Clinical Results

The clinical results were scen over complica-
tions and hospital mortality. Among the post-
operative complications, wound Infecticn was
the most common one, and this was experienced
by 24 patients or 45 percent of all cases. The
infections, however, were fortunately superficial,
being limited to the involvement of soft tissues
with no cases of bony infection. And, the
infections were managed readily without reop-
eration. The next common complication was
the disturbance of cardiac rhythms and condu-
ctions. Complete right bundle branch block
was noted in 11 patients of Groups | and I,

|
Group
Na ‘ K Cl Urine (ml.)
OR : 32.6428.2 i 19.1%=18.1 16.3%6.0 500185
]

Day #90 41.7£28.1 | 50.0427.4 25.8%15.2 600211
Day #1 54.6432.0 | 58.9420. 1 29.0+14.9 986405
Day %2 22,74 6.1 38.74 8.4 23.3% 6.2 14334419

I
15.9+13.5 13.313.1 7.94 7.4 | 386311
69.51-47.2 62.025.7 26.8+12.5 813497
1 35.04 9.7 | 47.5312.5 21.7£14.8 667236
15.0£10.2 | 24.0% 8.0 | 13.0% 5.0 500100

| i

Group |
1 Na | K | cl Urine (ml.)
[ | | .

OR | 28.5130.3 | 17.411.7 16.74:16.8 390168
Day #0 L 23.8%12.3 | 33.7410.6 16.8+ 9.4 4194133
Day #1 ] 26.0£11.1 | 29.0+ 9.8 15.4% 9.7 5574176
Day #2 11.5%10.0 | 26.8%14.2 12.3+11.0 5384-204

)
14.0% 6.7 20.8% 7.5 12.3% 8.1 459+106-
34.3-529.4 40.8+21.9 27.418.0 6694229
46.1+43.2 81.8-18.7 31.0£30.3 865309
: 57.4425.8 64.2-727.0 30. 82226 1060332

Mean£SD.

where the infundibular resection or the repair
of VSD were the major part of operation, on
the electrocardiograms irom immediate postop-
erative course. Another 2 patients of Group .
had postoperative right bundle branch block for
only several days, and the bundle branch block.
pattern disappeared while they were in hospital..
Temporary atrioventricular dissociation or nodal
rthythm were experienced by 5 patients. A 23-
vear-old man had another exploratory thoracto-
my to see the minimal intrapericardial bleeding.
10 days after repair of ASD. Another patient
of J-year-old boy who had been ill with severe
malnutrition had the clinical findings of low
output after surgery, and he had to be kept in

postanesthetic recovery room for 1§ days. His
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Table 3. Complications.

Group I

Wound Infection 4
Complete RBBB

Temporary A-V Dissociation
‘Temporary RBBB
“Temporary Nodal Rhythm
Intrapericardial Bleeding 1
Low Output 1
Heart Failure

Bacterial Endocarditis

Alopecia 1

Total

I
[\ o]
[oe

=R

o b ed b el DD W

Group i

Hospital Mortality (%)

‘Cause of Death:
Ventricular Arrhythmia 1
Complete A-V Block
Low Output
Acute Aortic Insufficiency

Coronary Embolism

preoperative pulmonary arterial pressure was
high, 75 mm. Hg systolic, and his ASD was
so big that the operative findings had a des-

-cription of almost a single atrium. Postoperative

alopecia was also seen in this case. One of
the twin brother, both of whom had VSD,
revealed the clinical findings of congestive
heart failure from a week after operation, hut
this was managed easily to be dismissed from
hospital in a good condition at day 20 after
surgery. The patient who had mitral valve

replacement along with the concomitant repairs

-of the associated VSD and ASD had fever at

his home on 44th postoperative day, and blood

-culture revealed positive growth of Alkaligenes

fecalis on readmission.
There were 10 deaths,

mortality rate, while patients were in hospital.

or 18.9 percent

A patient of Gorup I who had closure of ASD

I | O I '

5
(26.3)

—_ =N N A

followed by exploratory right ventriculotomy
died from sudden occurrence of ventricular
fibrillation in the next morning of operation
Three
patients of Group IV died also from ventricular

when resuscitative measures failed.
arrhythmias: one developed intractable ventricu-
lar fibrillation after aortic valve replacement for
his aortic insufficiency and closure of aortotomy
when he could not come off CPB; another
patient who had prosthetic valve replacement
for his tightly stenotic mitral valve and removal
of huge left atrial thrombus occupying almost
whole left atrial lumen had suddden ventricular
tachycardia followed by ventricular fibriliation,
and he died on table after closure of sternotomy
wound; the third patient was in coma postope-
ratively and died from ventricular tachycardia
developed suddenly in the evening next day of
mitral valve replacement of her calcified valve.
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A patient of 18-year-old boy who had both
mitral and aortic valve replacements along with
tricuspid annuloplasty had been doing well
postoperatively until he died from sudden
occurrence of ventricular fibrillation in ward
at postoperative day 18. Two patients with
DORV died after interventricular correction.
One could not come off CPB because of low
output; and another had more complexed
anomalies, DORV, large VSD, combined pul-
monic stenosis, bilateral superior venae cavae,
and dextrocardia with situs inversus and she
died from bradycardia followed by cardiac
standstill in postanesthetic recovery room on
the day of surgery. Two patients of Group III
developed complete atrioventricular block after
.surgery and they were supported with intrave-
nous isuprcl administration until they died at
day 1 and day 3 respectively. Another patient
‘of TOF died manifesting the clinical features
of acute aortic insufficiency at the night of
operation, when the injury to the aortic root
was suspected at the time of overzealous pulmo-

nary valvulotomy.

DISCUSSION

It is hard to study why the ECC with a heart
lung machine shoud be inherently harmful or
damaging to the biclogical system. The function
of the heart is to pump bilood and the one of
the lung is to oxygenate blood and remove
carbon dioxide. And, when patients undergo
OHS these functions are taken over with
mechanical systems. Therefore, the conduct of
CPB should aim at pumping blood as well as
the heart dees and at oxygenating blood and
removing carbon dioxide as efficiently as the
lung does. When the machine perfusion is so
much like physiological perfusion there would

be no after effects requiring special treatment.

And, if a patient is worse after CPB, then, it
must be because the hemodynamics, blood flow
rates or respiration were inadequate to the needs
or because the ECC were injurious to the
patient by damaging blood or by adding some
toxic substance. As a matter of course, surgical
correction and operative details are the utmost
importance. The risk of complication associated
with CPB is reportedly remarkably low, perhaps
one percent for perfusions lasting three hours
or less, being related to the equipment, the
perfusate and technical execution of the proce-
dure (Litwak, 1971).

Generally, an intraoperative fall in hematocrit
is the consequence of perfusate dilution, and
this is well tolerated despite the reduced oxygen
carrving capacity of the blood provided that
flow rates, perfusion pressure and gas cachange
are properly maintained. One of the character-
istics seen in this report is the trend of decre-
ased hemoglobin and hemaltocrit which lasted
to the time of dismissal {rom hospital. In the
study of body fluid shifts after CPB, Cohn
et al. (1971) reported an over-all decline of 25
percent in red cell mass at postoperative day 8
where total hemodilution was used and followed
by auto-transfusion of centrifuged red cells to
restore the hematocrit to preoperative levels
immediately after operation. And, Yashar et
al.(1971) studied the blood changes after OHS
and reported that the gradual increase in the
blood volume approaching the preoperative level

within 8 to 10 days was mainly due to an
increase in plasma volume, as evidenced by a

progressive fall in hematocrit from 40 to 33
percent. They suggested that increased plasma
volume fellowing OHS may be caused by re-
distribution of body water between the extracel-
Iular and intracellular fluid, and observed an
increase in red cell mass at the expense of

plasma volume at the end of 3 months. Mig-
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ration of fluid from the intracellular space into
the extracellular space during the week follow-
ing operation was pointed to be main reason
of blood and fluid limitations in the early
postoperative days. The mean hematocrit levels
in our patients ranged between 31 and 35
percent at discharge.

Blood cell trauma, as measured by red cell
hemolysis has long been a popular guide.
Although significant increase of plasma hemo-
globin was seen in Groups Il and III when CPB
had been prolonged, the lethal trauma causing
hemolysis was not always evident on mean
values of plasma hemoglobin. The more impor-
tant sublethal trauma to red blood cell will
cause delayed hemolysis and this is reported
to be parallel to a rise of plasma LDFH released
from cells(Bernstein et al., 1967). This was evid-
enced by increased mean SLDH in all groups for
a week after CPB, and, moreover, the increased
mean value lasting long even till the time of
discharge from hospital in Group IV suggests
some hemolysis in patients who had prosthetic
valve replacement. And, this delayed hemolysis
will explain at least partly the trend of post-
operative anemia. There is, in the postperfusion,
a tendency for the levels of white blood cell
count to exceed the normal (Galletti, 1065).
In general, levels of all types of white blood
cell tend to fall in a perfusion and rise as the
perfusion is prolonged (Peirce, 1969).

The fate of platelets during and after CPB
has been thoroughly investigated by many
authors. In human subjects, most authors found
a reduction of the platelet count to values from
30 to 50 percent of the preoperative count
(Schmidt et al., 1961; McKenzie et al., 1969:
McKenna et al., 1975); in our patients this
values ranged from 43 to 47 percent of anes-
thesia control at 30 minutes of CPB, from 28
to 48 percent at 60 minutes of CPB, and from

54 to 76 percent at 3 hours after CPB. Normak
levels of platelet count are regained only after.
6 to 7 days. And, this tendency was also seen.
in this study, showing increases of platelet
count in the mean values between 115 and 161
percent of prebypass level at one week after
CPB or sometime thereafter. The mechanism.
responsible for this thrombocytopenia during.
ECC and postoperative platelet rebound is not.
completely understood, but correlations have
been made with the type of oxygenator used
and the duration of CPB (Hill et al., 1972:
Bartlett et al., 1972). Several mechanisms have-
been suggested for the low plateler count
including loss in the extracorpereal circuit.
(Salzman, 1963), extracorporeal injury (Ashmorc-
et al., 1968), and splenic and/or hepatic seq--
uestration (Mielke ct al., 1973), and many.
other important factors were presented as the-
mechanism of disapperance of platelets. What-
ever the main reason for the decrease in circu--
lating platelets may be, pretreatment of the:
patient with drugs inhibiting platelet aggre--
gation, such as dipyridamole, will result in an
attenuation of platelet drop and diminution of
circulating microemboli (Mielke et al.. 1973;
Nuutinen & Mononen, 1675).

Low serum sodium on the electrolyte pattern:
before starting CPB in this report is chiefly-
because most of patients were on low salt diet
after admission. Hyponatremia during CPB
results from hemodilution and it persists
afterward (Tarhan & Moffitt, 1971). However,.
the average of sodium level from 6 oxygenators.
in our cases was 153 mEq./L. with the ranges
from 131 to 164 mEq./L. And, there were no
significant changes during CPB when the-
sodium levels were compared with the ones at
mean anesthesia control, although the highly-
significant decreases were seen when compared’

with the mean admission control at 30 minutes:
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of CPB. Early changes of serum sodium are de-
pendent upon the sodium level in the prime.
Pacifico et al. (19700 reported an absolute
increase in the total body sodium and a signi-
ficant decrease in exchangeable potassium im-
amediately following CPB. An actual increase in
the body sodium and loss of body potassium
occurs during the first 4 days after CPB, and
-decrease in sodium excretion averaging 50 percent
“was demonstrated, while increases of 200 percent
in urinary. potassium, often 75 to 100 mEq./L.,
«occurred in all patients (Cohn et al., 1971).
Pacifico et al. (1970) suggested that cither
meurohamoral {actors secondary to operation or
else cellular injury with potassium release and
secondary excretion of potassium were the
possible cause of the marked reduction in body
potassium and kaliuresis. The mean potassium
levels in this report were low at anesthesia
.and during CPB, despite exogenous addition of
potassium into the prime., And, serum levels
of potassium returned to normal range at day
1 {or tke first time after liberal administration
of supplemental potassium in the early postop-
erative hours. Breckenridge et al. (1972) reported
the postoperative negative potassium balances
lasting for 3 to 4 days after open intracardiac
-operaticns and the cumulative deficit in potas-
sium from 120 to 260 mEq. in first 3 postopera-
tive days. The cumulative average of mean
potassium excretion in urine for postoperative
3 days were from 100 to 187 mEq. of mean
values with our patients, while the one of
mean urinary excretion of sodium ranged from
61 to 138 mEq. The importance of potassium
to improve vascular tone with increases in both
arterial and venous pressures and the mechanism
-of rostoration of normal bloed pH following

correction of hypokalemia were also studied
during CPB (Vasko et al., 1973).

A critical period in open repair of heart lesions

is the point at which the heart resumes function
and the pump is turned off. The ability of
the heart muscle to maintain an adequate
output at the end of CPB is in part dependent
upon the serum level of ionized calcium. It was
reported that the level of serum ionized calcium
was inversely related to the concentrations of
serum citrate before CPB and, during CPB
with a hemodiluted prime, the serum ionic
calcium remained stable at the prebypass level
in spite of a decrease in serum total calcinm
and proteins (Das et al., 1971), However, the
hypercalcemia resulted by CPB lasting through
the day of operation with the prime of diluted
ACD bloed where extra amounts of calcium
were added (Tarhan & Mofftt, 1971). The
increases of calcium levels, though not uniformly
significant, at 30 minutes of CPB in cur patients
can be explained by the hypercalcemic primes.
The level of ionized calcium was not studied
in this report. The necessity of direct measure-
ment of ionic calcium was reported, and it was
pointed that the marked distortion of plasma
proteins and pli, the addition of large amounts
of citrate, and the differences between various
calcium salts indicated that it was probably not
possible to predict ionic calcium with assurance
(White et al., 1976). The changes in the level
of magnesium during CPB are decreases in
serum levels due to hemodilution from low
magnesium prime (Romero et al., 1973); and
the magnesium levels in the oxygenator prime
were also low in our patients.

Many tissues contain the enzyme glutamic
oxalacetic transaminase, but the highest con-
centrations are found in the myocardium and
in the liver. Tissue injury often raises the
serum levels of this enzyme, presumably by
releasing intracellular GOT as a consequence
of necrosis or altered permeability of cell
membranes. And the changes in SGPT levels
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are reportedly more specific index of hepatocel-
lular injury than that in SGOT levels. It
needs further study to indicate the myocardial
injury was responsible to the elevated SGO
T in our patients. The characteristics of 24-
hour uncomplicated ECC in animal included
increase In both heart and liver enzymes (Ba-
rtlett et al., 1972), The mean SLDH levels
seen in our patients revealed marked increases
in all groups at day 1 and these lasted for 5 to
7 days. The increased SLDH level in Group
IV persisted even at the time of discharge, The
LDH activity is a reliable indicator of red cell
hemolysis (Mayhre & Rasmussen, 1970; Mayhre
et al., 1970). The early rise of SLDH may be
interpreted by the tissue injury and by early
from CPB itsef. However, the
persisting high level of SLDH in Group IV

must be from

hemolysis

the hemolytic condition in
patents who have a prosthetic valve in their
heart. Chronic hemolysis is a recognized com-
plication of prosthetic heart valves (Donnely
et al., 1973; Eyster et al., 1971). Ahmad et
al. (1976) studied the chronic hemolysis by red
cell survival and other parameters including
SLDH, and they correlated elevation of SLDH
with hemolysis. Valve function was assessed
by clinical examination and only patients with
good valve function were included in their
study.

Respiratory alkalesis is produced during CPB
and occurs postoperatively (Moffitt et al., 196
9), and acid-base balance during ECC remains
a major concern. Various concentrations of
carbon dioxide added to the gaseous inflow of
the oxygenator have also been suggested to
prevent hypocapnia and its accompanying
lactic acidosis and hypokalemia (Carson et. al.,
1964; Andersen et al., 1963). This was also str-

essed by us (Kim et al., 1974}, but, unfortun-
ately, the medical grade of gases containing

exact amount of carbon dioxide are not readily
available with us presently. Hallowell et al.
(1967) reported that the arterial pCO, and pll
could be controlled predictably by varying
oxygen flow rates in relation to perfusion
through the disc oxygenator without adding
carbon dioxide, and that metabolic acidosis was.
not an inevitable concomitant of CPB of less
than 4 hour in length without the need of
alkanizing agents. However, they mentioned
about the fact that bubble oxygenators required
large volumes of oxygen to oxygenate the
blood and the degree of gas exchange was not
Although the metabolic

component of blood gas studies was generally-

readily predictable.

acceptable in our patients, many needed varying:
amounts of sodium bicarbonate during and
after CPB.

Several authors have already domonstrated
changes in the normal blood-clotting mechanism
after OHS in which ECC was used (Gans &
Krivit, 1962; Bentall & Alwork, 1968). How-
ever, these changes are not usually of such a
degree as to cause excessive bleeding (Bentall
& Alwork, 1968). Although, there are centers
where they routinely perform sequestration of
the patient’s own blood during perfusion and
autotransfusion after perfusion to diminish the
bleeding tendency that is partly associated with
the destructive action of the pump oxygenator
on circulating coagulation factors (Hardesty et
al., 1968; Garcia et al., 1973). The mean
blood losses through the chest tubes varied
among groups of our patients, and no case
underwent re-exploration for excessive bleeding.
More meticulous intraoperative hemostasis and
prebypass administrations of epsilon aminoca-
proic acid may have something to do with
postoperative bleeding. The reported bleeding:
tendency in cyanotic patients(Gomes & McGoon,.
1970) was not evident with our patients.
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The infection of sternotomy wound was
experienced in about half of our patients.
Though the involvements were only soft tissues
and no bony infection was noted, these infections
were one of the major reason for the patient’s
prolonged stays in hospital after surgery; mean
hospital stays of 25.8%+11.7 days in Group I,
22.646.9 days in Group II, 26.9%7.6 days in
Group III, and 27.6-£10.4 days in Group IV,
making almost no differences among groups for
the length of hospital stays. Disturbances in
cardiac rhythm or conduction mechanism were
the next common complications. Ventricular
arrhythmias and complete surgical heart blocks
were the fatal complications. Two patients with
DORV died from low output condition and a
patient with ASD who had pulmonary arterial
hypertension recovered from a postoperative
low output. However, 14 patients had supports
with isuprel sometime during postoperative
course for the better hemodynamics or slow
cardiac rhythm, although clnical findings of low

output were not definite.

CONCLUSIONS

The clinical and metabolic effects of cardio-
pulmonary bypass were stduied with fifty-three
patients who underwent open heart surgery by
evaluating serial laboratory examinations and
clinical results. Mild anemia was a finding after
extracorporeal circulations along with the throm-
bocytopenia followed by a platelet rebound.
Hypokalemia was a characteristic of cardiopul-
monary bypass being evidenced by low serum
potassium levels during and after extracorporeal
circulation and by the increased urinary excre-
tion of potassium which exceeded the one of
sodium in the early postoperative days. The
changes of total calcium and magnesium during

cardiopulmonary bypass were dependent upon

their levels in the prime of oxygenator. Of
serum enzymes the significant increases of
SGOT and SLDH after cardiopulmonary bypass.
suggested various tissue injuries including
thoracotomy, cardiotomy, sublethal damage to.
red blood cells and hemolysis from the presence
of prosthetic cardiac valves. The changes of
SGPT were mild and delayed. Marked respir-
atory alkalosis accompanied with mild degrees
of metabolic acidosis were the characteristic
pattern during and early after cardiopulmonary
bypass.

The most common complications were the
infection of sternotomy wounds. Although these
were superficial in nature, they prolonged the
patient’s hospital stays. Disturbances of cardiac
rhythms or conduction mechanisms were the
next commornly seen complications and they
were fatal when ventricular arrhythmias were
intractable and surgical block was not treated
with pacemaker implantation. There were 10
deaths, or 18.9 percent, while patients were
in hospital. The hospital mortality rates among
groups were 11.2 percent (1 of 9) after repairs
of atrial septal septal defect, none after closure
of ventricular septal defect, 26,3 percent (5 of
19) after total correction of tetralogy of Fallot
and interventricular correction of double outlet.
right ventricle, and 28.6 percent (4 of 14)

after valve replacement.
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