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Abstract — The results of publications on liver transplamativere diverse since several years, without mpdsjnosis.
The impossibility was due to the international eystof measurement. We resorted to vector functionsalculating the
ratios of biological values. We studied 2 sampléth whe same total number (35patients) in the sapraitions. We
proposed 2 vector functions of transplamnts; weight/age donor and recipient in proportion téagdba medium coefficient;
YV, ratio of biliary volume/700ml (minimum secretiorf); was the coefficient of ratio ALT/AST (transaminglseAfter
evaluation of 560 observations and mathematicatrobabout 3000 cases, we compared the samplesiWitharameters
without significant difference between variancesams, other values; with consented ersorsp = 0.05;y < 10”; means of
relative errors =t 0.03 negligible. The results were verified by déeetests (standard deviation of differencgstest,
relative risk, odds ratio, comparisons of distribog, parent population, equations of normalityritiphcorrelations, partial
regression coefficients, multiple regression, doiit §. Final results : quantitative prognosis by gradinight responders
to immunosuppressive treatment without complicatj&®R1 fast response (scores 3.5 ; 4)RR2 dow response (scores 2 ;
2.5 ; 3).Partial responders: very slow response (score 2; 2.5; 3) with transitory complicationdioBe patients were in
recovery (81.%). Wrong responders (score 2)4 deaths (5.5%) by ARS; score 2.5] death (1.5%) by ARS.We subtracted
p from these scores to differentiate them. Non-responders (score 1.5), 2leaths (3%) by ARS.

Key words: Liver transplantation. Comparisons of samplese®apopulation. Evaluation of parameters. Testsauttrol.
Relationships and equations of vector functions. &laaf calculation. Multiple regression. Acute Rejent Syndrome.
Prognosis.

PROBLEMATIC OF HUMAN LIVER position to find a prognostic model to
GRAFT PROGNOSIS discriminate between patients who will die and

those who may survive. Moreover these results
id not allow any relationship between their

: d
During a decade many authors had consecrat&l erent findings. This disappointment provoked

innumerable publications about liver tr'ansplan}he loss of the hope for several researchers, more
Among all authors, each other according to h an enough to find a solution, so that some of

%?]rgprzt:lﬂfse’o?t:ﬁcr?geg;g (ﬁéfgl';hdsegrggn\?ﬁ' em wrote about this frustratiohQuest for the
: ; : . : st ark (27). The research for a prognosis of
interesting as diverse in many domains about trﬁger transplantation looked impossible and

predictive probability of death after liver . e : -
transplantation (6, 26, 29, and 35). And recentl bzz;rlnt% anloott %ﬁed'zlglléltle; U;i 'ﬂﬁgiﬁ;b'“ge

a group of six au'Fhors (37) reglized a SinglS;ternational system of measurement. As for
/multi-centre analysis of data coming fro_m 6554 ain difficulties there were at least three of them
cases. Another of twenty three authors in Euro

realized the analysis of data coming from 23644« first one was the unknown variable of the
YSIS A coming 4‘S'ehaviour from transplants and patients if they
cases (6). In all situations cited in referenchks, t

. . ! “were opposed or non-opposed or between them,
systematic review of the presented data was in 9 the immunosuppressive treatment
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The second one consisted in the selection &fmpling of patientsl0)
variables to evaluate the functional balance We studied 70 patients with liver transplants since

f
i lants. The third t tifv at | %%97 to 2005 from the Liver Transplantation Unit,
ransplants. € third one was 1o quantly at la nception Hospital (Marseille, France). The patiemere

the clinicophysiopathological status for eackilowed up during at least 5 years. However somiéepts
patient. In front of the complexity and of toocaught our attention after 7 or 8 years. But unfeataly we

many unknown Variables or factorS, we appealé@ﬁt Sight from much of them. The total pOpU'atiMS
ivided in two samples 1 and 2, each other wittp&Bents

t.o the vector funCtlonsf Then’ we considered tr%r comparisons. We treated both the samples insttme
liver .trans.plant as a finite Seq'uence_c’_f organiGnditions without arrangement or particular prefiee, and
functions in correspondence with a finite spaceith random numbers for patients. That was to aveid

of vectors. From that it appeared possible tepssible bias in check-in of men and women.
calculate for each basic vector its numeraklﬂ .
dule determined by a ratio in proportion odel of calculation (table1)
mo y prop We realized the products of each vector by a real

between two values chosen among the biologiC@lmber and their additions (15, 16). Then we caléine
results of the hepatic tests or from othethe structure of the vectors functions in the dehepatic

physiopathological data.

PATIENTS AND METHODS

Selection of appropriate vectors

functions with the real variables. That gave thencmn
function h(x) — f(x) + g(x) + B, where by applicatiom, x
had its image for each patient through the relatiguo f(x)
+ v g(x) + B = f(w). This dynamic function constituted a
generator of pair vectors (w,), (17). These vectors were
combined with the real numbers of modueg, given the

Despite our multiple methods of calculation, there/€ctor functionsuVvy s +yivp1 + 1 = f (W) from the first

were only two accessible modular values for thetorec
functions and particularly a coefficiept All the useful data
for these calculations were carried out in postaipes
period on the fifth day of transplantation. The miad
values were as following.

1) The common medium coefficientvas for the vectorv
e.g.given the body weight of the donor 75kilogrammias) (
with its age 32 years and the body weight of tetpient

patient to the last agzo V1,70 + Y7oV2,70 + Bro = f (Wrg),
(18,19)(see general matrix, tablel). Finally, a small namb
of vector functions in linear application was reqmetative
of the multiple others from their same set. Thédmat tset
yielded a subset with a space for couples of vdotaetions
from 1 to 70 relationships. But in this context, @ald not
add the times of cold ischemia preservation tabibtogical
values of transplants for another vector. Thesegimwere

71kg and its age 58 years. We grouped these egsalitdisparate and very variable from one patient to dtteer,

(75kg =a x 32) + (71kg =u x 58) given 75kg + 71kg = @
X (568+32), hence 146kg = x 180. We obtainedr =

perhaps resulting from the long waiting times vifth list of
transplants. Multiplication and addition of the tac

146/180 = 0.8% 0.80. It was a medium coefficient of the functions were in linear application with the matrof

common body mass with the liver graft between daarat
recipient relatively to their ages as a factor difygical
wellbeing. It was certain that the values 1>o0t would be
preferable as energetic benefit for the recipiSot.we had
0.80 asuy v; ; vector function yand so on tillozg vy 70 (70
was the total number of patients).

2) The biliary coefficieny was for the vector /from the
ratio of the daily volume in millilitres (ml) of bary
secretion: 700 ml (minimum of secretion per day)(3
Whene.g.given was daily volume of bile as 500 ml; then
= 500 ml/700 ml = 0.70. We had 0.70 @asv,; vector
function w» and so on tilly ;ov,.70 The biliary secretion was
more often an interesting visual indicator of thepétic
function.

3) The enzymatic coefficiefit was the ratio ALT/AST of

results in an operational diagram. This model waslied

for the database about 560 observations noted Hor a
patients of samples 1 and 2, concerning weight/afje
donors and recipients and of the volume of theydaillary
secretion and the dosage of ALT/AST.

RESULTS

Results of the vector functions (table 2, table 3)

In both tables of samples 1 and 2, we
realized for each patient the ratios of proportions
from the indications of database. At first we
made easier the calculation of the scores for the

transaminase values taken from the hepatic test af¥ognosis. For that, we systematically rounded

expressed in the international units by litre JUMhe ratio
was a number which gave, with a normal liver, gpprtéion
varying from 0.80 to 1 with men and women. But wiitle
liver transplants we obtained many valwed. e.g. given
for a patient was ALT/AST =126 1U/I /184 U/l ~1.B =
0.70. It was the coefficierft; and so on tilB;,. To be right,
we were restrictive about this coefficient becawgeits
strong increase linked to apoptosis (28). In abegaof its
mathematical control below in the chapter discussige
thought that the cellular renewal by apoptosis assuring
the homeostatic balance in the cellular metabolignthe
liver grafts. It could constitute an elementary teituition to
the calculation of the prognostic evaluation.

up or down, the modular coefficients of the
vector functions and the coefficighitto the

integer, except the first half decimal number
which was rounded to 0.5 or to the nearest
integer.

Indications of the common code

We wrote as following. Retr:
retransplantation. Surv : survival. ARS: acute
rejection syndrome. D: death. Od: opportune
disease. Rd: recurrent disease. TC: transitory
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Tablel. XModel of calculation

W11 o Vi1 T ]
W12 2 W12 T2 B2
X + . X +
Vln n Ve To |3:n

Multiplication. addition of vectors and coefficients

o V1 + T1 Vi + P (o1 Vi1 Ty Vot )= f (wy)
az V12 + T2 Vaz + Bz (o2 Vi Ty Vaa ) = f (wa)
a7 V17 + Y10 V20 + [ {oro Wi+ ¥ Voot Bro) = f (W)

General matrix of results for linear functions of vectors and coefficients P given § (wi) to f (woyg)

complications. NC: no complications or withouthe margin of uncertainty. We calculated for all

complications. scores of each sample, their frequencies, their
partial totals and both the general totals. Thus we
Vector functions and clinical status identified each case of death as upper and other

We checked-in for the two samples 1 and 2iving with transitory complications or without
for each patient, the values of the vectotomplications.
functions and the clinical information about each

status of each patient. Mathematical comparison
1) Between both variancesgv, (35) with their
Parameters of both distributions (table 4) respective total numbers.

We elaborated 10 parameters whiciWe applied the calculation ef (epsilon) which
characterized each distribution. The table 4 hatas the standardized deviation of the
allowed to compare the values for drawing thdifference| vl-v2| . We obtained: = 1.64< 1.96
conclusions of these ones. We also noted that th@&lue corresponding to normality with= 0.05,
estimated values should be asymptoticall{l6). There was not a significant difference
unbiased (12). For that, we adopted the risk dletween the two variances. And P-value or
consented errors at firsk = B = 0.05 of degree of significance was close to 0.07 in the
probabilities whereas the erroy was very table of normality 0.05.
negligible €107). As for the mean of the relative 2) Between the two meams, m, (34).
errors (5) between the comparative values of thWe applied a method close to the preceding one
parameters with both the samples, we obtaindxy the standard deviatianof the differencd; my-
by the calculation of the arithmetic differencesr,n2|. We obtainede = 1.40 < 1.96 value
with regardless of their designatiors0.03 like corresponding to normality witlh = 0.05. There
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Table2. Samplel. Vector functions, coefficient [§ and clinical status with coding

Patients | X Y i Clinical status Code

N® [ATS] ﬁ VW2 W

1 0.6 1 07 (25 NC

2 0.6 1 01 1.5 | Restr. Surv. 1 month. Hepatic occlusive disease ARS D
3 0.9 1.6 0.4 3 Cholangitis TC

4 1 0.8 0.5 2.5 | Respiratory deficiency. cholangifis, agitation TC

5 1 0.4 0.6 2 NC

6 0.7 1 0.6 2 5 | Surv. 2years, 3 months. Septicemia by CMV, lung and liver Od D
7 0.8 1 05 (25 NC

2 08 08 04 2 Surv. 2 months, 9 days. Septicermnia with liver shock 0Od D
9 0.8 1.6 04 2 NC
10 0.7 0.7 02 1.5 NC
11 0.7 1.6 0.6 3 NC
12 0.9 0.8 03 2 NC
13 09 0.7 0.1 1.5 | Acute rejection, renal deficiency TC
14 1 0.6 1 2 5 | Acute rejection, uader liver collection TC
15 07 1 07 2 5 | Renal deficiency TC
16 0.9 1 D6 | 25 NC
17 1 1 09 3 NC
18 0.7 1 0.1 2 Ascitis, embolism, sudden death ARS. D
19 0.6 0.5 01 1 Ascitis, haemorrhage, renal deficiency, sepsis. Surv. 23 days ARS D
20 1 0.7 02 2 NC
21 1 1 1 3 NC
22 1 0.8 03 2 NC
23 0.8 1.7 0.1 25 NC
24 1 08 05 7 5 | Haemorrhage, hepatic infaret, thrombosis of portal vein, surv. 5 days ARS. D
25 1 0.8 09 |25 NC
26 0.9 0.5 0.1 1.5 | Renal deficiency TC
27 0.9 0.7 0.6 2 | Refr NC

2 0.8 1 04 2 NC
29 1 0.6 04 2 NC
30 1 0.7 03 2 | Under liver collection and cholangitis TC
31 0.9 1 0.6 | 2.5 | Cholangitis TC
32 1 1 06 | 2.5 | Chelangitis TC
33 0.8 0.6 0.1 1.5 | Acute rejection syndrome, fever at 42°7C, surv. 5 days ARS D
34 0.8 1 03 2 | Artenial hepatic thrombosis TC
35 09 09 04 2 NC

NB. The letters x. v, z were used in the formulae of partial correlations and multiple regression.
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Table 3. Sample 2 Vector functions, coefficient f and climieal status with coding

Patients X Y

N® av, B Wy | W Clinical status Code
36 1 1 05125 NC
37 07 0.7 | 0.1 | 1.5 | Sepsis on thrombosis of hepatic artery ARS D
38 1 1 0.7 3 NC
390 1 1 0.4 | 2.5 | Retr. Hyper increase of platelets difficult to halt NC
40 0.8 1 0.6 | 2.5 | Pnenmoma TC
41 09 15107 3 NC
42 0.6 0910925 NC
43 09 2 04 )35 NC
44 08 1 09 3 NC
45 06 09 (07 2 NC
46 09 1 1 3 NC
47 07 0407 2 NC
48 09 1.5 ] 03 | 2.5 | Subhepatic collection, theumatoid purpura e
49 1 0.7 | 0.7 | 2.5 | Recurrence of lung cancer, surv. 2years, 3months R4 D
50 09 0207 2 NC
51 0.8 0.2 | 0.6 | 1.5 | Ascitis haemorrhage from immunoblastic lymphoma, surv. 1 month Rd D
52 035 08107 2 Pneumonia and nervous disorders TC
53 0.7 06|06 2 NC
54 0.8 07|06 s Sertous septicemia by hepatitis C virus, surv. 7 months Bd D
55 09 09 1 3 Psychic disorders NC
56 1 04106 2 NC
57 1 08 05|25 NC
58 15 07|07 3 NC
30 1 06| o2 2 Secondary sepsis from ORL sphere, surv. 3 months, 15 days Od D
60 0.7 07109 |25 NC
61 09 1 03 2 NC
62 08 15104 |25 NC
63 0.8 09 (06|25 NC
64 0.8 1 0.2 2 Retr. Thrombosis in fatty liver transplant, hepatic occlusive disease surv. 12 days ARS. D
65 0.7 1.5 107 3 NC
66 1 O 10425 NC
67 08 15|03 |25 NC
63 08 05|03 2 NC
69 0.8 09 07|25 NC
70 1 1 02 2 NC

NB. The letters x, v, z, were used for in the formulae of partial correlations and multiple regression.
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Parameters Sample 1 Sample 2 | Mean of relative errors Rounding up
MRE

1. Total number of patients 35 — 35 0 0

2. Total values of scores 93 — 84 9/35=0.257 0.26
3. Mean m 2.6 — 24 0.2/35=0.0057 0.006
4. Average deviation of mean 0.6 — 04 =0.2/35=0.0057 0.006
Dm

5. Variance o° 0.5 — 0.22 =0.28/35=0.008 0.01
6. Standard deviation of mean o 0.7 — 05 =0.2/35=0.0057 0.006
7. Standard error of mean SEM +=0.1 — +0.08 =0.02/35=0.00057 0.0006
Relationships of normality N

8§ Dm=c=0.75 0.81 — 0.80 =0.01/35=0.000286 0.0003

(81% N) (80% N)
9.4/50=Dm 0.6=Dm — 04=Dm |=02/35=0.0057 0.006
10. Extreme range wy, (scores) 15 4 15 35 |=05/35=0.01428 0.0143
25 2
0.3092

MRE=03092/10=£0.03
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Table 5. Results of scores in both distributions

Sample 1 Sample 2
Scores | Frequencies | Clinical status Scores | Frequencies | Clinical status
1.5 1 1ARSD 1.5 2 IARS D
IRAD
2 10 3ARSD 12 1 ARS D
3TC 10dD
4 NC IRAD
1 TC
8NC
25 6 1ARSD 25 13 IRAD
10dD 2TC
1TC 10 NC
3INC
3 15 10dD 3 7 TNC
6 TC
8 NC
35 1 1 NC 35 1 1 NC
35 35
4 2 1 NC
1 NC
35

was not a significant difference between boteamples. As for the score 4, there were only two

means (m+m,). The P-value was close to 0.07 invalues in the samplel. This score was indicated

the table of normality 0.05. as being upper in the extreme range, like the

3) Between the scores of both samples. highest value.

We preferred, here, the use of thetest (33)

because it allowed to oppose the several grofvaluation of the distribution with the parent

values 2x2 from both the samples, only with apopulation

operating calculation. Indeed we had 4 available We considered the 35 patients of the sample

groups from both the samples as following. 1 and the 35 others of the sample 2 as the integral
) ] parts of the parent population with its size of 70

D Grompoftvaies | sere 13 e Srowpol s 2l patients. We determined at first its 10 parameters

DGrowpof22values 6 " 25 verwsGrowpof2ivaines 13 ° 25 for understanding the interest of its distribution

15 3 1 - 15 todraw up the quantitative prognosis.

The results gave for 1 degree of freedofm=x Parameters of the distributioftable 6).
3.841 from the normal table of with o« = 0.05, They were 10, but different from the
without a significant difference between both  preceding others.
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Results of scores in the parent populatiotimits at 95% for the total evaluation. Moreover
(table7) we codified the clinical status of all 70 patiemts

We calculated the frequency of the scoresrder to classify their scores for the prognosis.
with their percents and their exact confidence

Table 6. Parameters of the distribution in the parent population

Total number of patients N Designation 70
Total values of scores T 177
Mean m 25
Average deviations of mean Dm 0.48
Vartance o’ 0.37
Standard deviation of mean g 0.6
Standard error of mean SEM +0.07
Relationships of normality

Dm/c 0.8 (80% N)

4/50=Dm 0.48 =Dm

Extreme range of scores W, 15—45=3
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Table 7. Results of scores in the parent population

Score | Frequency Percent Exact Confidence Clinical status
limits at 95%
1.5 3 4% 2% — 14% 2ARS. D-1Rd. D
2 22 31.5% 21% —43% 4ARS. D-10d.D-1Rd, D-4TC-
12NC
25 19 27% 17% — 39% 1ARS.D-10d.D-1Rd, D-3TC-
13NC
3 22 31.5% 21% —43% 10d.D-6TC - 15NC
3.5 2 3% 1% — 10% 2NC
4 2 3% 1% — 10% 2NC
70 100% 70
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Table 8. Evaluation of the clinical status in the parent population

Diagnostic Score | Case | Frequency Percent Exact Confidence limits at 95%
ARS. D 1.5 2
2 4 7 10% 4% — 20%
25 1
Od. D 2 1
25 1 3 425% 1% — 12%
3 1
Rd. D 1.5 1
2 1 3 4.25% 1% —12%
25 1
TC 2 3
2.5 1 10 14.5% % — 25%
3
NC 2 13
25 15
3 15 47 67% 55% —T78%
35 2
4 2
70 70 100%
DISCUSSION results, with the negligible errors, translated

really the proximity of both distributions.
Comparison between both the two samples 1 and

2 (table 4) Comparison between the scores of the samples 1
and 2 (table 5)
Distributions The sample 1 appeared the most frequent

The distributions of the both samples wer&ith the levels 3; 3.5; 4 (18 scores), whereas the
normal with discrete probabilities (11) assample 2 was the most frequently with the levels
indicating upper from their parameters. Thesg; 2.5 (25 scores). The totalmbersof scores
distributions were expressed by the generslere: 93 for the sample 1 and 84 for the sample
equation of Laplace-Gauss (30) from which i2. The difference of 9 points came from the
was possible to compare directly the respectigample 1 because of its highest values. In fact,
values of the 10 parameters in each samplde sample 1 was more scatteresl £0.7),
Concerning the main values characterizing thewhereas the sample 2 was more concentrated and
distributions (variances, means and standardore homogeneous with a weak scattering (
deviation of means), the comparisons made wit0.5), the sample 1 contained 10 TC and 18 NC
the mathematical relationships, indicated clearly 28 in recovery. While the sample 2 had 3 TC

the absence of significant differences. Thesand 26 NC = 29 in recovery. The sample 2 was
certainly the best model of distribution with
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nearly two groups: deaths and living. Concerningases of the opportune diseases, even if one
the deaths, the sample 1 had 5 ARS, whereas fhagient of them came back (after 2 years on the 3
sample 2 had only 2 ARS. Of course weanonths since the transplantation, from a very
excluded the 6 deaths by Od, D and Rd, D of thidistant continent) in state of septicemia by the
count. Therefore we observed very few scoregytomegalovirus in lung and liver, then we would
with death by ARS and many others with livinghave 85% of success as the mean world scores of
by recovery. To distinguish these same scores \eer transplantation.

used their frequencies and their percents as

following. But to differentiate  them Equations of the distribution with normal
mathematically we required an ultimateadjustment30, 31)

adjustment of the prognosis. The general exponential equation centred
Score 1.5: 2 D by ARS (3%) without cases o&nd standardized by a variable t, wiagt) = 0.4
recovery ©22 It was the variable rounding more or less
Score2:4D " " (5.5%) versus 16 cases about zero.t was linked to x original variable by

" (23%) the relationship t = x — E(x)d where E(x) was
Score 2.5:1 D" " (1.5%) versus 16 cases the expected value of the mean estimated at 2.5
" (23%) and ¢ the standard deviation of the mean

Lastly we could not mention any significantestimated at 0.6.

difference between both samples. But they hathat gave t = 1/0.6x — 2.5/0.6. Hence we
rather some few nuances in the scores. Indeedadbtained t = 1.66x — 4.16. The aim of this
the samplel the scores were diverse from eachlculation was to verify the fitting of a straight
other. Then it was not excluded to conceive kne two points for this equation. This line
problem of non-response to theshowed the Ilowest scores which were

immunosuppressive treatment. corresponding only to the death patients by ARS.
So we obtained: for X = score 1.5, t = -1.66
Distribution of the parent population The scores were really negative and the lowest
Parameters (table 6) values of the for x =" 2, t = -0.84 distribution
Outside of the total number of patients (70)vere corresponding to the wrong prognosis. for
and the total values of score (177), the other= " 2.5,t=-0.01

parameters  were between the values
corresponding to the two samples 1 and Relative risk (RR) and odds ratio (OR2R)
Moreover, this distribution was normal as  The table 8 showed a clear predominance

indicating in the table 6. from the scores of recovery. But we asked
ourselves if this tendency was really confirmed
Results of weak scores (table 7) by the relative risk and the odds ratio or not.

The most important weak scores were thEor the relative risk the contingency table
level 2 with 31.5% of frequency accompanied bfexposed versus non-exposed and death versus
the level 3 with the same 31.5%. Then we notdiving) gave RR = 0.319 < 1, indicating that RR
the level 2.5 with 27% of frequency and finallywas here a protective factor instead of a risk
the level 1.5 with 4% of frequency. These valueictor in other conditions.
were exposed with their confidence limits aFor the odds ratiowith the same contingency

95%, (13). table, it appeared to be more precise and
interesting than RR. It was compared to a
Evaluation of the clinical status (table 8) mathematical test given OR = 0.228. It was also

The cases of recovery were the mositf interest by its confidence limits (CL) at 95%,
frequent with a total number of 57 patients giveits variance 0.25 and its standard deviation of the
10 TC (14.5%) and 47 NC (67%) yielding 81.5%mean 0.05. Then we obtained OR = 0.228, CL =
of recovery. The deaths by ARS were 7 (10%}.228+ 0.098 when OR (0.228) CL 95% |=O.13
These values were exposed with their confidenee— O.326| . Its superior bounds were 1. It
limits at 95%. But if we excluded 6 other deathsvas a right protective factor and it confirmed the
by 3 cases of the opportune diseases and 3 cas=silts of the table 8 with P-value givena =
of the recurrent diseases which were not linke@l09 as the level of significance far from=
directly in relation with the liver transplantation 0.05. This method was considered as a valid test.
we obtained with 64 patients (70-6), 89% oBesides OR gave 4.5 chances of recovery for
success by recovery. If we accepted only the l®ing patients in proportion to the number of
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deaths by ARS and also by the Od, D and the RBhe histologic lesions had significantly the same

D. time as the cold ischemia from 13 to 14 hours. In
opposite from 10 hours to < 11, there was
Other considerations generally no lesion (2). But from older donor, the

They were qualitative or semi-quantitativdiver transplant in cold ischemia during over 12
and interesting concerning the position of thbours was subject to deleterious effects. It
prognosis. usually recommended 9 hours safely of cold
Ideal age of liver donor ischemia duration (25).

In our work published in June 2003 (9), we wrotdransaminase findings

about the evolution of glycogen loss in coldlhe transaminases were subject of discord 10
ischemia and reperfusion:‘The logistic years ago. Already in 1994 some authors thought
regression allowed to establish 4 models of lodpat increasing of transaminase levels (out of
its, for evaluating glycogen losses under shapasections or necrosis) was a serious preoperative
of affine functions. The models could bedysfunction of the liver transplant (8). Then since
corresponding respectively to periportal and996 other authors competent in liver
pericentral zones, during cold ischemia anttansplantation said ‘we can see high
reperfusion. The losses worsened over the agetainsaminases with little histologic damage when
28 years, on weighted average of age in theansplanting a large-for-size liver in the small
sample more exactly above 28 years, 3 montlk&ild’ (14). In 1997, others asserted that the
and 18 days, median point of age. This point wasansaminase values were not useful in predicting
located on the abscissa axis (9, fig B312) presence or absence of preservation injury of
where the straight lines representing the moddiser graft (20). It was for that reason that we
were concurrent at a point of nil commorconsidered a possible correlation between
ordinate at origin. The logistic regression showedpoptosis and increase of transaminase levels out
thus evidently, the interaction between donor ag# infections or necrosis (3).

and glycogen loss aggravating beyond the

median poirt Otherwise, the best liver Sex mismatch

transplant was corresponding to the donor age A work was realized on this subject (7). The
round of 28 years. In conclusion, the hepatitansplantation of liver from a male donor into a
allograft from a young donor was functionallyfemale recipient was also associated with an

better than from an old donor (38). increased probability of chronic rejection. For
our work we unfortunately had very little
Glycogen depletion of liver transplant available information about the sex of the donors.

Many authors concluded that the depletiorlowever we observed surgeons who preferred
of glycogen in the hepatic graft was associatagdansplanting woman’s liver to other one’s when
with an increase of the risk of lesions from thé& was possible.
preservation and the initial hepatic dysfunction
(1). The global survival of the graft could bePrognosis by grading
considered as the best survival factor from a graffe specified the prognosis by grading, after

rich in glycogen (1). exclusion of the opportune and the recurrent
diseases.
Glucose and perfusion 1) The right responders to the
The preservation of the hepatic graft unddmmunosuppressive treatment  without
continued hypothermia perfusion was deleteriousomplicationsincluding 2 categories:
when the liver became depleted in glycogen a) the grade RRwith a fast response
because it could not use the glucose for i{scores 3.5; 4) corresponding to 27% of the total
survival. That was the glucose paradox (4). number.
b) the grade RR2wvith a slow response
Perfusion (scores 2; 2.5; 3) corresponding to 40% of the

The intraoperative perfusion below 60otal number.
ml/100g per minute was associated with a wedd The partial responderswith a very slow
liver function and a primary graft failure afterresponse(scores 2; 2.5; 3) andith transitory

orthotopic liver transplantation (2). complications corresponding to 14.5% of the
Cold ischemia total number.
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All the patients of the both categories were iThis group was very significant. Its confidence
recovery (81.5%). It was clinically easy tolimits were CL 95% =| 0.40 ——0.89) .
distinguish them. 3) Group z,x (bile/weight, age) we had r = 0.45.
3) The wrong respondettsad the right scores (2; That was a moderate value >> 0.2369 of the
2.5) as the preceding but they were deaths Ioprmal table at 95% with 3 degrees of freedom.
ARS in a few numbers: score 2, 4 deaths (5.5%phis group was significant enough. Its

score 2.5, 1 death (1.5%). Here we had toonfidence limits were CL95% =
consider the folowing question: how to|0.24 —0.73].

discriminate these values? For the answer s&he group values remaining, after this selection,
below. by eliminating the factor of confusion Xy,

4) The non-responderbad only the scorel.5 became y,z and z,x. The comparison between

with 2 deaths (3%) by ARS. This score washem by the calculation of the partial regression

corresponding tthe darkening prognosis coefficients varying from -1 to 1, was
imperative. It allowed to detect the right random

Research of a discriminant factéor the wrong explanatory variables.

responders

The trustworthy information was obtainedCoefficients of the partial regressi¢a4)

from the model of the vector functions. This  From the partial correlation (36) vy, z; X

model could determine the adequate solution. Wenstant= 0.57. z, x; yconstant= 0.45 and the

began by identifying the random variables andespective standard deviation of meaps 0.17;

the supplementary coefficieift of transaminase o, = 0.5 ando, = 0.19, we obtained the

factor. These values led to the explained variabtmefficients of the partial regression which was

corresponding to the sums of the quantitativessential to discover the random variables. We

prognostic grading. The first method with theobtained the following:

vector functions was deductive from the initiall) y,z (transaminases / bile) given 0.5@,X ¢, =

hypothesis. The second method was inductive 57 x 0.5/0.19 = 1.5. That was a wrong number

comeback to verify the results of the first one> 1, consequently excluded as another factor of

With respect to the designation of theconfusion. But the alternative z,y by inversion,

mathematical formulae in the partial correlationsias agreed and given valid 0.57 x 0.19/0.5 =

and the multiple regression, we indicated th@.22. z was a true value with a real function as a

coefficient weight/age by x; the coefficient bilerandom explanatory variable.

by z and the coefficient of transaminase ratio b8) z,x (bile/weight, age) given 0.450¢ / ox =

y. The applied procedure consisted to exclude ti®e45 x 0.19/0.17 = 0.5. z was also a true value,

factors of confusion along the calculations and tthe most important, with a main function as

carry out the successive adjustments till the fina@nother random explanatory variable. Then the

result. Such was the scientific progressivenultiple regression allowed adding these

method which we followed up. The calculatiorcoefficients to define the linear equation of these

of the total correlations (binary) and the partiabariables as such the model ox+vy,+y =S5

correlation (tertiary) (36), finally of the partial where s was the sum of these variables with the

regression, was really indicated. That allowed tooefficient y.

obtain the means of access to the multiple

regression which was the field of theFinal result

multidimensional analysis identifying the random  These variables and the coefficient y led to

variables (23), given the groups of both values dke final implementation where:

like: X,y ; v,z ; Z,X. ax was corresponding ta v; vector function
1) Group x,y (weight, age/transaminases). Weweight / age)

had the partial correlation r = 0.2158. Thatwas®g ........... "............... YV, "

deleted value because it appeared < 0.2369 of ffile / minimum secretion);

normal table at 95% with 3 degrees of freedony. .......... R B adjustment coefficient
This group was not significant, what allowed tc(transamlnase ratios);

exclude it as a factor of confusion. S v, w explained variable as

2) Group y,z (transaminases/bile). We had r zhe sum of the vector functions,
0.57. That was a strong value >> 0.2369 of thEhus we regained the original equation of vector
normal table at 95% with 3 degrees of freedonfunctions:av; +y v, + = f(w)

1074
Copyright© 2008C.M.B. Edition



CHERID A.et al.

The coefficien had not any active relationship3) Examine and follow up the patients with the
with other vector functions, certainly because afame team of doctors and their aids in the same
its very great variation due to apoptosis. But itonditions.

was relative to each patient of the parert) Test all patients with liver grafts at the fifth
population. Thus we verified the initial linearday after surgical transplantation, with the same
application of the vector functions. From theséeam of doctors and aids in the same conditions.
findings, it appeared that the coefficightould 5) Detect and insulate urgently the patients with
be the best discriminant factor for the wrongpportune diseases and others with recurrent
responders. For the scores of recov@ryas diseases for their specific treatment.

normally added to the vector functions. But fo6) Calculate the scores of the prognosis like they
the scores of the wrong responders we proposack evaluated in the copy.

its subtraction from the vector functions to/) Compare for each patient his score and his
discriminate them by approaching the fatal scominical status with the database of section “other
1.5. considerations”, to confirm the level of the
The normal method by addition was applied righjualitative agreement.

away for all cases of recovery. The rest of th®) Supervise the patients with a minimal score, to
few patients remained under medical surveillanatetect the possible first clinical signs of acute
to detect the first symptoms of ARS, to specifyejection syndrome which can be fatal. Those
the prognosis and to define the appropriateatients need urgently more intensive care or a
treatment. We thought we had found the key afew transplantation.

the prognosis of liver transplantation. For tha®) Identify the rest of the patients who appear
we thanked the mathematics which, when wevidently —with some of them without
introduced them skilfully in biomedical sciencescomplications and others with transitory
they answered our expectation. Although theomplications.

mathematicians-biologists were not many of us
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