Statistical Analysis of Factors Involved in the
Occurrence of non-A, non-B hepatitis after
Cardiovascular Surgery
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Abbreviations: ALP, alkaline phosphatase; CPB, cardiopulmonary bypass; DM,
diabetes mellitus ; FFP, fresh frozen plasma ; GOT, glutamate oxaloacetate transaminas-
e; GPT, glutamic pyruvic transaminase ; y -GTP, gamma-glutamyl transpeptidase EC 2.
3. 2; LAP, leucine aminopeptidase EC 3. 4. 11. 1; LDH, lactate dehydrogenase
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Fig.1. The ratio of occurrence of non-A, non-B hepatitis after open heart

surgery according to age group. Each value in the bar represents the number

of patient of non-A, non-B hepatitis.
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Table 1. Principle component loading of each liver
function laboratory data

1st component 2nd component
ALP 0.542 0.343
r-GTP 0.729 0.305
GOT 0.733 —0.377
GPT 0.834 —0.068
LDH 0.293 —0.804
LAP 0.792 0.203
eigen value 2.78 1.04

All data were calculated by means of log transform-
ed values.

Table 2. Means and standard deviations (S.D.) of factors of prior to, during, and subsequent
to operation in adult group. The factors consist of quantitative data considered to
be involved in occurrence of non-A, non-B hepatitis.

Factors Ttems Mean+S.D.
Age 50.5+12.9

ALP (IU/1) 145+50.5

Prior to rGTP (U/1) 23.4+24.5
operation GOT (IU/1) 22.4%11.5
GPT (IU/) 17.0£17.7

LDH (IU/Y) 257+£97.8

LAP (U/1) 52.5+10.6

Operation time (minutes) 295+73.7

Blood 1 (units) 1.90£3.20

Blood 2 (units) 3.12+2.46

During operation Blood 3 (units) 5.01+4.42
FFP 1 (units) 1.19+3.04

Aorta clamp time (minutes) 58.6+23.8

CPB time (minutes) 118+51.3

Blood 4 (units) 2.25+3.09

Subsequent FFP 2 (units) 5.21+7.66
to operation High concentrated albumin (units) 1.60%3.00
Low concentrated albumin (units) 0.08%£0.66

, Blood 5 (units) 7.27+6.07
Mixed factors | ppp 3 (units) 6.4149.29

Blood 1, Blood units transfused by drop infusion during operation ;

Blood 2, Blood units primed in CPB;

Blood 3, Total blood units transfused during operation ;

Blood 4, Blood units transfused after operation’;

Blood 5, Total blood units transfused during and after operation ;

FFP 1, FFP units infused during operation;
FFP 2, FFP units infused after operation;

FFP 3, Total FFP units infused during and after operation;
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and subsequent to operation in

adult group. The factors consist of qualitative data considered to be involved in occur-

rence of non-A, non-B hepatitis.

Factors Items Number Ratio % B
Sex . Male 315 65.9
Female 163 34.1
History of liver (+) 39 8.2
dysfunction (—) 439 91.8
History of DM (+) 71 14.9
(=) 407 85.1
) History of blood (+) 22 4.6
Prior to infusion (-) 456 95.4
operation Diagnosis IHD 183 38.3
Arrhythmia 116 24.3
valve dis. 119 24.9
vascular dis. 15 3.1
Other 45 9.4
Blood type A 209 43.7
B 102 21.3
0 129 27.0
AB 38 7.9
Type of CPBY 1 136 28.5
2 192 40.2
3 32 6.7
During 4 118 24.7
operation Type of pump Pulsatile 150 31.4
non-pulsatile 328 68.6
Type of oxygenator Membrane 168 35.1
Bubble 310 64.9
Ca-blocker (+) 262 54.8
Subsequent (=) 216 45.2
to operation Complication (+) 88 18.4
(-) 390 81.6

Y CPB was classified into the following types,

pump, 2. bubble exygenator and non-pulsatile

pump, 4. bubble oxygenator and pulsatile pu

i.e: 1. membrane oxygenator and non—pulsatjle
pump, 3. membrane oxygenator and pulsatile

mp.
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Fig.2. Comparisons in adult group of a) Age, b) Operation time, c) Blood 1;

Blood units transfused by drop infusion during operation, d) Blood 2; Blood
units primed in CPB, e) Blood3 ; Total blood units transfused during operation,
f) FFP 1; FFP units infused during operation, g) Aorta clamp time, h) CPB
time between the group without non-A, non-B hepatitis and that with non-A,
non-B hepatitis. Each bar represents mean+S.D. of the values. In analysis of
differences of means, Student-t test was used. *p<0.10, *p<0.05, **p<0.01.
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Fig.3. Comparisons in adult group of a) Blood units transfused after operation,
b) FFP units infused after operation, ¢) Low concentrated Albumin, d) High
concentrated Albumin, e) Total blood units transfused during and after
operation, f) Total FFP units infused during and after operation between the
group without non-A, non-B hepatitis and that with non-A, non-B hepatitis.
Each bar represents mean+S.D. of the values. In analysis of differences of
means, Student-t test was used. *p<0.10, *p<0.05, **p<0.01.
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Table 4. Ratio of occurrence of non-A, non-B hepatitis patient in each item in adult
group. The factors consist of qualitative data considered to be involved in occur-

rence of non-A, non-B hepatitis.

Ratio of occurrence
Factors Items of Hepatitis P value
Sex Male 11.7 0.003
Female 3.7
History of liver (+) 15.4 0.146
dysfunction (-) 8.4
History of DM (+) 15.5 0.038
(-) 7.9
Histry of blood (+) 18.2 0.123
transfuion (-) 8.6
Prior to
. Diagnosis IHD 11.5
operation Arrhythmia 11.2
Valve dis. 4.2 0.115
Vascular dis. 20.0
Others 2.2
Blood type A 8.1
B 9.8 0.691
0 10.9
AB 5.3
Type of CPBY 1 14.7
2 5.2 0.011
3 15.6
4 .
During 6.8 _
operation Type of pump Pulsatile 8.7 0.865
Non-pulsatile 9.1
Type of oxygenator Membrane 14.9 0.001
Bubble 5.8
Complication (+) 13.6 0.092
Subsequent (-) 7.9
to operation Ca-blocker (+) 11.8 0.017
(=) 5.6

D CPB was classified in to the following types, i.e.: 1. membrane oxygenator and non-pulsatile
pump, 2. bubble oxygenator and non-pulsatile pump, 3. membrane oxygenator and pulsatile
pump, 4. bubble oxygenator and pulsatile pump.
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Fig. 4. The ratio of occurrence of non-A, non-B
hepatitis after open heart surgery according to
blood units transfused during and after
operation in adult group. Each value on the
bar represents the number of the patients/the
number of the subjects.
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Table 5. Comparisons of value of each item between membrane oxygenator and
bubble oxygenator in adult group. Data were shown as mean=+S.D..

Membrane Bubble P value

Factors Items
Operation time (minutes) 346.8+83.3 301.1%66.6 0.063
Blood 1 (units) 1.20%0.97 1.60£0.89 0.440
During Blood 2 (un?‘ts) 5.50%0.52 5.20%+0.46 0.280
operation Blood 3 (units) 7.67%5.27 4.44£2.30 0.020
FFP 1 (units) 2.00+6.32 2.22+3.15 0.882
Aorta clamp time (minutes) 67.2+26.2 50.8+21.0 0.039
CPB time (minutes) 128.1£35.6 107.1+34.5 0.060
Blood 4 (units) 3.08+£3.49 3.50+2.81 0.680
Subsequent | FFP 2 (units) 4.38+6.92 9.83+10.9 0.074
to operation | High Albumin (units) 4.54+6.78 0.39+1.04 0.007
Low Albumin (units) 0.04x0.22 0.22+0.94 0.366
i + +
Mixed factor Blood 5 (u'ruts) 10.8+7.89 7.94+4.00 0.141
FFP 3 (units) 6.38+11.9 12.1+11.6 0.130

Refer the legend of Table 2 for the details of the items
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Table 6. Results on discriminant analysis of occurrence of non-A, non-B hepatitis
in adult group using factors of quantitative data as explanatory variables.

Factors Discriminant coefficient F value P value
Ope time (minutes)? 0.007 6.02 0.015
Blood 2 (units)? 0.130 2.23 0.136
CPB time (minutes)? 0.006 1.90 0.169
Blood 4 (units)? —0.083 1.81 0.179
LDH (U/)® 1.88 1.73 0.189
High Albumin (units)® —0.818 1.71 0.192
Constant —2.37 — —
All factors” - 2.58 0.018

1 Qperation time
-4 Refer the legend of Table 2

 The value of LDH was expressed as discriminant coefficient calculated by log

transformed LDH X
8 High concentrated albumin

» The value represents the results on discriminant function analyzed by means of the 6

factors shown in the table.

Table 7. Results in adult group on quantitative analysis IIV using factors of prior to
operation as explanatory variables.

1st 2nd

No Items Component Component C orr?;l;g nent
1| Blood type A 0.01 —0.06 —-0.68
2 B —1.03 1.34 —0.87
3 C 0.35 0.16 2.42
4 D 1.32 —-3.50 —2.48
5| Diagnosis ITHD —-1.40 —-1.01 —0.43
6 Arrhythmia 0.74 —-1.52 —-0.01
7 Valve dis. —0.85 2.44 —0.47
3 Vascular dis. 1.67 0.60 0.88
9| History of (=) 0.33 0.05 —0.01

10 | liver dysfunction (+) —4.64 —0.74 0.18

11| Non-A, non-B hepatitis (—) 0.20 0.18 —0.32

12 (+) —2.29 -2.04 3.69

13| History of DM (—) 0.51 0.38 0.14

14 (+) —3.80 —2.85 —1.06

15| History of blood (—) 0.16 -0.18 —-0.32

16 | transfusion (+) —3.56 3.99 7.00

17 | Pre operation LDH 1V 0.29 —1.48 0.22

18 LDH 2% —0.43 2.18 —0.32

19| Age 14 1.36 0.13 0.60

20 25 —-1.70 —0.16 —0.75

21| Pre operation GPT 1% 0.57 —-0.79 0.79

22 27 —0.79 1.09 —1.10

D Quantitative analysis Il was performed using the dual scaling.

2 pelow 257(U/1), ¥ above 257(IU/]).
4 below 50.5(years), ® above 50.0(years).
8 below 17.0(IU/1), P above 17.0(IU/1).
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2nd. component

1 st. component

Schematic figure of steric positions obtained by the dual scaling methods

in adult group, of non-A, non-B hepatitis and the factors of prior to the
operation considered to be involved in non-A, non-B hepatitis. Refer for the

numbers of the figure for Table 7.
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Table 8. Results in adult group on quantitative analysis IV using factors of during,

and subsequent to operation as explanatory variables.

No Items COI:IL'ISSOIIent corr%gcc)lnent corr?;;gnent
1 Type of CPB? 1 0.74 0.58 —2.52
2 2 —1.39 —0.54 0.34
3 3 1.36 —5.55 1.72
4 4 1.53 1.77 2.79
5 Ca-blocker () —1.13 —0.85 -0.03
6 (+) 1.37 1.03 0.03
7 Complication (—) —0.32 0.34 —~0.12
8 (+) 1.58 —1.71 0.59
9 Non-A, non-B hepatitis () —0.20 0.15 0.31

10 (+) 2.28 —1.70 - 3.56
11 Operation time 19 —0.75 0.69 ~0.24
12 24 1.26 —1.16 0.41
13 | Operation blood 1% —0.44 2.43 —0.62
14 29 0.27 —1.50 0.38
15 CPB time 17 —0.71 0.95 —-0.38
16 29 1.14 —1.51 0.61
17 | Post blood 19 —0.83 —0.01 —0.46
18 210 2.19 0.03 1.20
19 Post FFP 11V —0.76 —0.43 —0.81
20 212 1.64 0.92 1.73
21 1 month-GPT 1 —0.90 —0.17 —0.93
2 | 21 1.49 0.29 1.55

1 Quantitative analysis [0 was performed using the dual scaling.

2 Refer the legend of Table 4.

® below 295 (minutes), 4> above 295 (minutes).

5 helow 7.27 (units), ® above 7.27 (units).

M below 118 (minutes), ¥ above 118 (minutes).

9 helow 2.25 (units), 1@ above 2.25 (units).
1D below 5.21 (units), 12 above 5.21 (units).
19 below 17.9 (IU/1), ¥ above 17.9 IU/1).
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Fig.6. Schematic figure of steric positions obtained by the dual scaling methods
in adult group, of non-A, non-B hepatitis and the factors of during and
subsequent to operation considered to be involved in non-A, non-B hepatitis.
Refer for the numbers of the figure for Table 8.
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Table 9. Comparisons of factors of prior to, during, and subsequent to operation according
to occurrence of non-A, non-B hepatitis in pediatric group.

Factors Items Hepatitis (—) Hepatitis (+) P value
Operation time (minutes) 219+61.3 307 £162 0.290
Blood 1 (units) 1.20+0.97 1.60+0.89 0.442
During Blood 2 (units) 5.50+0.52 5.20+0.46 0.280
operation Blood 3 (units) 6.70£1.12 6.80+0.84 0.861
FFP 1 (units) 1.33£2.31 0.80+1.79 0.653
Aorta clamp time (minutes) 37.2+9.51 77.6£40.2 0.078
CPB time (minutes) 81.7+28.5 117.8+55.1 0.090
Subsequent Blood 4 (units) 0.53+0.50 1.00£1.73 0.573
to operation | FFP 2 (units) 2.50£5.70 2.40%£2.07 0.970
Mixed Blood 5 (units) 7.23%1.28 7.80+2.49 0.532
factor FFP 3 (units) 3.83+7.47 3.20+3.56 0.861

Refer the legend of Table 2 for the details of the items.

Table 10. .Correlations of AGPT to factors of prior
to, during, and subsequent to operation in pedia-

tric group.
Correlation
coefficient P value

Items

Age (years) —0.03 0.848
Operation time (minutes) 0.23 0.102
Blood 1 (units)? -0.19 0.184
Blood 2 (units)? 0.12 0.394
FFP 1 (units)V —0.09 0.555
CPB time (minutes) 0.25 0.079
Aorta clamp time (minutes) 0.22 0.205
Blood 4 (units)? 0.20 0.175
FFP 2 (units)” —-0.18 0.203
High albumin (units)? 0.27 0.060
Low albumin (units)? 0.00 0.000
Pre GPT (IU/}) 0.30 0.036

1 Refer the legend of Table 2
2 Refer the legend of Table 5

Table 11. Results on multiple regression analysis for
AGPT using factors of quantitative data as ex-
planatory variables in pediatric group.

Standard partial
regression coefficient F value P value

Post FFP (units)? —0.43 3.86 0.061
Pre GPT(IU/1? 0.29 2.72 0.112
All factors® - 1.28 0.298

1 FFP volume transfused after operation.

2 The value represents the results on multiple re-
gression function analyzed by means of the two
factors shown in Table 11.

9 The value of pre GPT was expressed as discri-
minant coefficient calculated by log transforma-
ted pre GPT.

Table 12. Comparisons of AGPT in each category
in quantitative data in pediatric group.

Items ‘ Mean+S.D. P value
Sex | Male —0.08+0.50  0.179
‘ Female 0.08+0.30
NonAnonB | (=) | —0.01x0.45  0.745
hepatitis | (+) 0.05+0.42
Blood type | A —0.03+0.47  0.694
. B 0.16%0.24
C ~0.02+0.41
AB —0.12+0.25
Type of | Membrane |  0.15+0.38  0.029
oxygenator | Bubble —0.11+0.42

Complication (-) 0.490

(+)

—0.01+0.43
0.140018
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Abstract

The development of non-A, non-B hepatitis (hereafter, hepatitis) after cardiovascular
surgery is still now one of the most serious complications of blood transfusion. The
etiology of the occurrence of this hepatitis is evidently a viral infection transmitted via
transfusion, but other factors prior to, during, and subsequent to the operation are also
considered to be involved. Of 598 patients undergoing surgery since 1985, the incidence of
hepatitis in the adult group (over 20 years of age) was 9.0%, while that in the pediatric
group (less that 12 years of age) was 5.2%. In the adult group, when examining the
incidence using single factory analysis, the operation time and transfusion volume were
higher in the group that subsequently developed hepatitis. A dose-response relationship
between the total volume of transfusion and the occurrence of hepatitis was observed. A
higher incidence was associated with the male, sex, presence of diabetes mellitus (DM), use
of a membrane oxygenator, and use of calcium antagonists. Age, cardiopulmonary bypass
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time, aorta clamp time, the volume of fresh frozen plasma or albumin did not differ among
the patient groups. No influence from a prior history of blood transfusion, liver
dysfunction or type of blood was observed. To exclude the interactions of such factors,
multivariate analysis was performed. The results on the discriminant analysis in the adult
group demonstrated that operation time and transfusion volume, especially blood volume
primed in CPB, were correlated with. the development of hepatitis. In the analysis of the
dual scaling method, the history of liver dysfunction, operation time, and complications
after the operation appeared to be correlated. But a direct correlation with the presence of
DM or use of calcium-antagonists and hepatitis development was negated. In the pediatric
group, CPB time and aorta clamp time tended to be higher in the hepatitis group than in
the non-hepatitis group. No differences were found in operation time or transfusion
volume, which were significant in the adult group. In multiple regression analysis, with
the difference between GPT before operations and that of 1 month after operation as the
explanatory factor, the fresh frozen plasma volume after operation, which was considered
not to be a contributing factor in adults, was shown to be major risk factor in children.




