= Abstract =
Comparative Analysis of arterial Gases and Acid—base status in
Patients with Congenital and Acquired Heart Disease at Preoperative
Period, During Extracorporeal Circulation, and Postoperative Period

Dong Seok Lee, M.D.*, Bong Keun Lee, M.D.** Song Myung Kim, M.D.**

Background: Patients with cardiac diseases who have structural defects in their heart bring
about metabolic insult such as preoperative acid-base imbalance. Cardiac operation requires
many nonphysiologic procedures such as extracorporeal circulation, hypothermia, and
hemodilution. We studied the acid-base status of surgical heart diseases pre-operatively,
during extracorporeal circulation, and post-operatively and researched the treatment indications
of acid-base disturbances. Material and Method: From January 1997 to May 1999, fifty two
cases of open heart surgery were carried out under extracorporeal circulation, which divided
into a set of pediatric and adult groups, congenital and acquired groups, non-cyanotic and
cyanotic groups, The « -stat arterial blood gas analysis was done in each group during the
preoperative period, during the operation with extracorporeal circulation, and during the
postoperative period. Result: Before surgery, all patients present metabolic acidosis, PaO2
was low in adult group and acquired group and compensatory respiratory alkalosis was noted
in cyanotic group. During extracorporeal circulation, adult group revealed alkalosis and
normal in acquired group. Pediatric group presents low PaCQ;, metabolic acidosis and
respiratory alkalosis. Congenital group and non-cyanotic group showed non-compensatory
alkalosis trend and non-compensatory respiratory acidosis were observed in cyanotic group
during extracorporeal circulation. Postoperative acid-base status of adult group was recovered
to normal and the standard bicarbonate was increased in the acquired group. All of the
pediatric, congenital non-cyanotic, and cyanotic groups revealed the lack of buffer base.
Conclusion: In Preoperative period, correction of metabolic acidosis was required in
pediatric, congenital and non-cyanotic groups, while treatment of metabolic acidosis and low
PaCO; were required in adult and acquired groups. In the cyanotic group, metabolic acidosis
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and respiratory alkalosis needed to be corrected preoperatively. Using the extracorporeal
circulation, minimal correction was required except acquired group which showed normal
acid-base balance. In postoperative period, restriction of bicarbonate was required for acquired
group while increase of buffer base was required for pediatric, congenital, non-cyanotic, and
cyanotic groups.

(Korean Thorac Cardiovasc Surg 2001;34:831-42)
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Table 2. Diagnosis of congenital heart disease.

Diagnosis
< 15-Y-0 > 15-Y-0
(No of cases)

ASD 3 6
VSD 8 3
VSD, COA = 1
Acyanotic 27 ASD, VSD 2
AVSD 1 1
VSD, MR 1
Cor triatriatum, MSR 1
DORV, PS 3
TOF 2
Cyanotic 8
TGA 2
Single Ventricle 1
Total 22 13

*ASD, atrial septal defect; VSD, Ventricular septal defect;
COA, coarctation of aorta; AVSD, atrioventricular septal
defect; MR, mitral regurgitation, MSR, mitral stenoregur-
gitation; PS, Pulmonic stenosis; DORV, Double outlet right
ventricle; TOF, Tetralogy of Fallot; TGA, Transposition of
great arteries;
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Table 3. Diagnosis and surgical procedures of acquired
heart diseases.

Diagnosis )
operation procedure No. of cases

of acquired heat diseases

Val 1 t
Valvular heart diseases alve replacemen 16
and/or Valvuloplasty

coronary heart diseases CABG.* 1
Myxoma Excision 1
Total 18

*CABG, Coronary artery bypass graft.
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Fig. 1. Changes of PaO: in children and adult heart disease
at pre-op, ECC and post operative periods
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Table 4. Exiracorporeal circulation techniques

Pump : Sarn’s roller pump. model 3,000
Oxygenator : COBE’s membrane oxygenator
Hemodilution : 30%

Flow rate : 2.4 L/min/m*

Hypothermia :

Congenital acyanotic 28°C
cyanotic 25T

Acquired 25¢C

Bypass time(minutes) :

Congenital 103.1+ 56.92
acyanotic 95£39.04
cyanotic 159 +76.18

Acquired 191.9 £ 97.60

ACC time(minutes) :

Congenital 53.5135.72
acyanotic 53.9 +32.66
cyanotic 881 44.09

Acquired 106.5 + 43.48

Table 5. Composition of perfusate

Whole blood :

Hartmann’s solution : 200ml(children)

600 ~ 800ml{adult)

Mannitol(15%) : 6ml/kg
Calcium chloride :

Sodium bicarbonate : 10ml in W.B 1 pint+BW X 1.2

Albumin (20%) 15mli(under 10 kg)

30ml(10-20 kg)
Heparin 30mg/lpint W.B
Dexamethasone : Img/kg

Epsilon aminocaproic acid :

Hemofilter(Asai,Japan) in children
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Table 6. Acid-base status between congenital and acquired heart diseases
PH PaCO- [HCO:s] B.E. CaCO;, CO; Capaity B.B. S.B
Pre-op 740 t0.03 3586 t445 2199 :230 -196 t2.03 23.1 t240 237 t174 485 t1295 223 136
CHD Bypass 7.45 t0.06 3383 +6.53 2302 +325 -0.03 t292 240 t333 253 1248 469 t1263 239 *+3.03
Post-op 741 +0.05 3920 {537 2449 +354 -0.10 +292 257 *+363 257 t2.82 413 *+1506 23.6 *3.03
Pre-op 7.42 10.03 3376 t+640 215 410 -2.1 +t409 225 *+428 237 t287 459 '12.83 223 +3.30
AHD Bypass 745 t0.08 3734 +725 250 222 1.8 +224 262 1234 266 1205 477 t11.33 257 t2.13
Post-op 7.42 t0.05 41.33 t450 2631 *254 196 *3.05 276 t258 272 t249 446 t16.03 272 t4.62
B.E., Base Excess; B.B., Buffer Base; S.B., Standard Bicarbonate
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Table 7. Comparison of acid-base status between children and adult heart diseases.

Groups Status of PO, and PCO, Acid-base status
Pre-op Hypoxemia,mild Compensated metabolic acidosis
Chlldren. Hyperoxemia, excessive Uncompensated respiratory alkalosis
heart diseases ECC . . . S
Hypocarbia, mild metabolic acidosis
< 15yrs
Post-op Hyperoxemia, high Deficient buffer base
Normoxemia Compensated metabolic acidosis
Pre-op . .
Adult heart Hypocarbia, mild
diseases
sedses ECC Hyperoxemia, excessive Alkalosis
> 15yrs
Post-op Hyperoxemia, high Normal status
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Table 8. Acid-base status between congenital and acquired heart diseases

CO,
HCO B.E. CaCO B.B. S.B.
pH PaCO; [ | e Capacity B B
(mmHg)
mEq/L
Pre-op 7.40(0.03) 35.86(4.45) 21.99(2.30) -1.96(2.03) 23.1(2.40) 23.7(1.74)  48.5(12.95) 22.3(1.36)
CHD 35 Bypass 7.45(0.06) 33.83(6.53) 23.02(3.25)* -0.03(2.92)** 24.0(3.33)*** 25.3(2.48) 46.9(12.63) 23.9(3.03)
Post-op 7.41(0.05) 39.20(5.37) 24.49(3.54) -0.10(2.92)@ 25.7(3.63) 25.7(2.82)  41.3(15.06) 23.6(3.03)
Pre-op 7.42(0.03) 33.76(6.40) 21.5(4.10) -2.1(4.09) 22.5(4.28) 23.7(2.87) 45.9(12.83) 22.3(3.30)
AHD 17 Bypass 7.45(0.08) 37.34(7.25) 25.02.22)* 1.8(2.24)** 26.2(2.34)*** 26.6(2.05) 47.7(11.33) 25.7(2.13)
Post-op 7.42(0.05) 41.33(4.50) 26.31(2.54) 1.96(3.05)@ 27.6(2.58) 27.2(249) 44.6(16.03) 27.2(4.62)
B.E., Base Excess; B.B., Buffer Base; S.B., Standard Bicarbonate;
*, P=0.025; **, P= 0.027, *** P=0.02; #, P= 0.013; @, P= 0.022; @ @, P=0.001

Repeat ANOVA s underline parameters P < 0.05
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Table 9. Comparative acid-base status between congenital
and acquired heart diseases

Groups Status of O, and CO: Acid-base status

Pre-op Normoxia Compensated metabolic

acidosis
Bypass Hyperoxemia, excessive Uncompensated

CHD

Hypocarbia, mild respiratory

alkalotic tendency

Post-op Hyperoxemia, high. Deficient buffer base.

Pre-op Normoxia. Compensated metabolic

Hypocarbia, mild acidosis

AHD Bypass Hyperoxemia, excessive Normal status.

Post-op Hyperoxemia, high Excess standard

bicarbonate

T pHZF 747%0062.2 Z7}E|o] glon ¥
kAL 42 33961647 mmHgE AE] A B©A7lA
5o A7, dF actual bicarbonate= 23.79%2.85 mEq/L,
0.79%2.60 mEq/LE. A4 Bl et o]
%] CO. content, CO-» capacity, buffer base®} ¥ bicarbonate
5 A4 Aol dglemg ol 34 uiuidd 5354
F71%50] Qv AR Fukgr

FE3ol= buffer base”} 43.5%15.65 mEq/LE Z+4% Ale)
o)Az 1 o)9le] mE AN Fo] HAHS o]} hwk=: R=)
2 34 vl dAbg A5l xR qow Audes
= ;g F2 8 ab 47] Abefolu} buffer base’}
chElti(Table 10).

9) MM AlZRIE stXto| A €47

base excess+

= 742004, 32 BHAILA Balke 34734553

5-2] A
2001:34:831-42

mmHg2 2 ARt} Yol actual bicarbonate:= 21.17 +3.02
mEq/L °]™ base excesst —2.58+2.54 mEq/LE. base’} H-=
g Aefoll gl3lem &% CO, content?} CO, capacity:= 77+
2222+3.15 mEq/L9} 2321242 mEgLE AAMEC} Yok} 1
2L buffer base®} FF bicarbonate= 932 48.6+542
mEq/Le} 22.1+1.93 mEq/LZA 7HzF AAF #e)o) 99} o]
A AR YA A SEA 9r)E0) 34 2&
b Ao 2 FkEd,

T30 A 7] ArelE pHE 741500605 AAbo| gl
2 ol8fe) BE AAAEL FaEY gk & dF i)
2 #5hE 3341 %7.17 mmHg, 8% actual bicarbonate’= 20.4 +
3.33mEq/L, base excesstT -2.791225mEqg/L, CO, content2}
CO; capacitys= Z+7} 21.47+3.52 mEq/L9} 22.72.25 mEg/Lo] ¢]
o, buffer base?} EF bicarbonate: 42.9 1549 mEq/L%}
2171178 mEg/LE B57} Zhase] 9lglc) o] A w|d)
A A AR 54 wUiAA 354 97150 ¥ T
Lohe Azt sk

FEFo] ab 47] Aele pH7F 743+0030]90m, dE
B4R 23R 36491 3.64 mmHg, 85 actual bicarbonate=
2328 +3.15mmHg, 12| base excesst —0.81=3.09 mEq/L
2 ET A "2 3EEQ, 8F CO, content® CO,
capacity = 77} 24.38 325 mEq/L9} 25.0%2.73 mEqgLE A4}
o2 3E%E ek 22y buffer base’} 34.1%10.67 mEg/LE
ZA = o], olAx YA AZo] Q= Zo g dusn ¥
bicarbonate =. 23.2 1246 mEq/LE A4 Mot} o) A
Asiel Ak 7] Aelelv gl AellA s 3B
=2 $3k Alefeln ShEickTable 10).

AOP

=] Ak
o 1 Hv=2 0
WAE AT BAAE DA A AE

Table 10. Acid-base status between acyanotic and cyanotic heart diseases

CcO2

PH PaCO2 [HCO3] B.E. CCOo2 . B.B. SB.
capacity
Pre-op 7.4+ 0.03 36.19 * 4.14 22.23+2.04 -1.78 - 1.87 233-2.14 239 +1.50 484+ 14.54 2241t 1.19
Acyanotic Bypass 7.47 - 0.06 33.96 * 647 23.79 - 2.85% 0.79 * 2.60** 24.77 * 2.91%*% 26,1 -+ 1.99# 482+ 11.72# # 24.62.16
Post-op 740+ 0.06@ 40.01 *5.58@ @ 24.85+3.62 0.11 -290 2605 *3.70 259293 4351565 23.7 +3.22
Pre-op 740+ 0.04 34.73+553 21.17 302 258254 2222 +3.15 232+242 48.6*542 22.1+1.93
Cyanotic Bypass 7.41°*0.06 33.41*7.17 20.40 © 3.33% 279 ¢ 2.25%% 21.40 * 3.52%**% 227 +225% 42.9+1549¢% # 21.7+1.78

Post-op

743 - 0.03@ 3649 - 3.64@ @ 23.28 - 3.15 -0.81 -

3.09 2438 325 250°+273 34.1°10.67 232246

B.E.,Base Excess; B.B., Buffer Base; S.B., Standard Bicarbonate;
*, P=0.025; **, P= 0.016; *** P= 0.028; #, P= 0.005; ##, P= 0.014; «,

Repeat ANOVA 5 underline parameters P < 0.05

P= 0.022; @ @, P= 0.012
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Table 11. Comparative acid-base status between acyanotic and cyanotic heart diseases

Groups Status of PO: and PCO: Acid-base status
Pre-op Compensated metabolic acidosis
Acyanotic
Y Bypass Hyperoxemia, excessive Uncompensated respiratory alkalosis

heart diseases

Deficient buffer base

Post-op Hyperoxemia, high
Hypoxemia, moderate
Pre-op ypox i
Hypocarbia
Cyanotic heart diseases Hyperoxemia, excessive
Bypass ]
Hypocarbia
Post-op Hyperoxemia, high

Compensated metabolic acidosis

respiratory alkalosis

Compensated metabolic acidosis

respiratory alkalosis

Deficient buffer base.

Table 12. Comparative acid-base status of all groups.

Groups Pre-op. Bypass Post-op.
Children heart diseases Compensated metabolic acidosis Hypocarbia
Comp. resp. alk. Deficient buffer base.
Comp. meta. acidosis
Adult heart diseases Hypocarbia Alkalosis. Normal status
Compensated metabolic acidosis
Congenital heart diseases Compensated metabolic acidosis Uncompensated Deficient buffer base

Acquired heart diseases Hypocarbia
Compensated metabolic acidosis

Acyanotic heart diseases ~ Compensated metabolic acidosis

Cyanotic heart diseases Compensated metabolic acidosis
Compensated respiratory alkalosis

respiratory alkalotic tendency

Normal status

Uncompensated
respiratory alkalosis

Compensated resp. acidosis
meta. alkalosis

Excess standard bicarbonate

Deficient buffer base

Deficient buffer base

I QA4 354 97150 FAC T sl ARlA
ojirk. ALledFe] rAAF AAL A A =
4 @NFelded A% AR FAlMe el 4
Be] wolaA AelelA g s A A A
3 3FA G750l EARtRe el AelAol itk
FEFE wAASI AT AP B4 25 54
3| buffer base7} 27 #5384l %’ib} 1 A=A

=
A
ok
>..
&

A AR BAAA B o] 2itk(Table 11).
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