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Relationship Between the Diagnosis, Preoperative
Evaluation, and Prognosis After Orthotopic

Liver Transplantation

MICHAEL ADLER, M.D . JUDITH S. GAVALER, B.S.. RENE DUQUESNOY, PH.D.. JOHN J. FUNG, MD., PH D,
GREGORY SVANAS, PH.D., THOMAS E. STARZL, M.D., PH.D., and DAVID H. VAN THIEL, M.D.

The purpose of this study was to identify which of the biochem-
ical, immunological, or functional parameters derived before
surgery as part of s systemic evaluation were helpful in pre-
dicting the frequency of rejection episodes, the chance of sur-
vival, and the cause risk of death (should death occur) of pa-
tients after orthotopic liver transplantation (OLTx). Ninety-
eight adult patients who had an extensive preoperative
protocol evaluation were studied before OLTx. The biochemi-
cal parameters assessed were albumin, prothrombin time, bili-
rubin, and ICG clearance. The immunologic parameters as-
sessed included total lymphocytes. T3 cells, T4 cells, T8 cells,
and the T4/T8B ratio. The degree of histocompatibility antigen
(HLA) matching between the donor and the recipient was also
evaluated in 80 of the 98 patients studied.

Most postoperative deaths occurred within 12 weeks of the
procedure (24%; 24 of 98 patients), 13 patients (13%) died
within the first 6 postoperative weeks, of either bacterial or
fungal sepsis. An additional 14 patients (14%) died after the
initia} 6 postoperative weeks due, primarily of an acquired viral
and/or protozoan infection (p < 0.01).

During the first 6 weeks, survival was better for patients
with cholestatic liver disease (ChLD, 93%, n = 45) and miscel-
laneous liver diseases (MISC, 100%, o = 10) than it was for
those with parenchymal liver diseases (PLD, 77%, n = 43).

Although albumin, prothrombin time, T4/T8 ratios, and per
cent T8 cells were statistically different in patients with PLD
as compared with those with ChLD, these parameters, as well
as the per cent T4 cells, serum bilirubin level, per cent reten-
tion of ICG st 15 minutes, and the plasma ICG disappearance
rate were not found to be of substantial help in predicting
patient survival or nonsurvival.

Moreover, neither the degree of HLA matching nor the
number of rejection episodes differed between surviving and
nonsurviving patients.

The results of this study suggest that patients with PLD are
at increased risk of early postoperative death after OLTx be-
cause of bacterial and/or fungal sepsis, as compared with pa-
tients operated upon for ChLD. Better pre-, intra-, and postop-
erative predictors of risk of death and complications are
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needed to reduce the early mortality observed after orthotopic
liver transplantation.

UE TO A VARIETY of factors, such as better ini-
D tial selection of candidates for the procedure.

refinements in the techniques of organ pro-
curement and surgical grafting, the introduction of cy-
closporine A (CyA), and improvements in the pre- and
postoperative management of such patients, the life ex-
pectancy of patients undergoing orthotopic liver trans-
plantation (OLTx) has increased considerably over the
last several years.' Recent data from our institution re-
garding survival show a 69.7 and 62.8% 1- and S-year
actuanal survival in 313 adult liver transplant patients.’
The vast majonty of the postoperative deaths have oc-
curred within the first 2 postoperative months and are
related primarily to sepsis.’ Rejection is also a frequent.
albeit controllable, problem after OLTx.

The intensive immunosuppressive regimens used to
treat rejection facilitate postoperative sepsis. Other fac-
tors, independent of the preoperative condition of the
patient receiving a grafi, might also play an important
role in contributing to some of the postoperative deaths
observed. Examples include ischemia of the graft and
technical problems at the time of the operation that lead
to postoperative vascular anastomotic thrombosis.

Because of these uncertainties, we have evaluated pa-
tients prospectively for liver transplant and have tried to
identify immunologic. biochemical, and functional pa-
rameters that predict the frequency of rejection epi-
sodes, the chance of sunvival, and the cause of death.
should death occur in these patients. The following is a
report of our findings.
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Material and Methods

We studied all adult candidates who were evaluated
for possible liver transplantation between September
1984 and September 1986. Durning this period. 150 adult
patients received transplantations at the University of
Pittsburgh Ninety-eight of these patients had a protocol
preoperative evaluation before the transplant and were
considered for inclusion in the study. The remaining S2
patients were either evaluated at their own refemng in-
stitutions or were sent directly to the surgical semvice (n
= 42) and were either not evaluated completely or had
acute hepatic failure that prohibited a complete preoper-
ative evaluation (n = 10) before transplantation.

The indicators of need for OLTx in these 98 patients
are shown in Table 1. Overall, we can divide these 98
patients into three distinct groups: a parenchymal liver
disease group (PLD, n = 43), a cholestatic liver disease
group (ChLD, n = 45), and a miscellaneous group
(MISC, n = 10). The mean * SEM age for the PLD
patients was 33 + 2 years (range = 17-59 yrs). 40 + 2
years for the ChLD patients (range = 20-57 yrs); and 40
+ 4 years for the MISC (range = 21-52 yrs). The ratio of
men to women was 1.3 for the PLD group, 0.7 for the
ChLD group, and 1.2 for the MISC group.

The average interval between the initial evaluation
and the subsequent OLTx was 4 months (range = |
week-1 year); the average for patients with PLD. 3.0
+ 0.6 months, was shorter than it was for patients with
ChLD., for whom it was 5.0 + 0.6 months (p < 0.09).

The following biochemical and immunological pa-
rameters were determined for all candidates: serum bili-
rubin and albumin levels. prothrombin time (PT), total
lymphocyte count and lymphocyle subsets determina-
tions, and the patient’s histocompatibility antigens
(HLA). Both absolute numbers and the percentage of T
lymphocytes and the vanous T lymphocyte subsets were
determined. The T cell subpopulations were determined
by flow cytometry on a FACS IV (Becton-Dickinson.
Mountain View, CA), using a shght modification of the
method described previously.* The following fluorescent
labeled anti-T cell surface marker monoclonal antibod-
ies were used: T3 (OKT;, Leu 4). T, (OKT,, Leu 3 a
+ b), and T, (OKT,, Leu 2a). (The OKT series was
purchased from Ortho Diagnostics; the Leu series was
purchased from Becton-Dickinson.) At least 5 x 10*
cells were analyzed for each monoclonal antibody deter-
mination. Control lymphocyte subset measurements
were obtained in 100 contemporanly studied, normal
patients.

In 80 of the 98 patients studied, peripheral blood
lymphocytes of both the donor and the recipient were
typed for HLA A, B, and DR antigens. The method used
included the use of the standard National Institute of
Health microlymphocytotoxicity technique for detec-
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tion of A and B antigens and prolonged incubation mi-
crolymphocytoxicity testing using enriched B~cell prep-
arations obtained after carbonyl-iron treatment and Fi-
coll-H Hypaque sedimentation after rosetting with
neuraminidase-treated sheep red blood cells for the de-
tection of the DR antigens. HLA matching between
donors and recipients was considered when an antigen
present in the donor was also present in the recipient.
Measurement of the plasma retention of Indocyanine
green (ICG) at 1S minutes and its plasma disappearance
rate. obtained after intravenous (1.V.) administration of
the drug. were determined in 86 of the patients.

The following parameters were studied after OLTx:
survival, cause of death. number of rejection episodes.
hospitalization duration, the cyclosporine and predni-
sone dose (oral) given at discharge. and the last follow-
up cyclosporine and prednisone dosage.

In regard 1o survival. five groups of patients were con-
sidered. Group A (n = 13) included patients dying dur-
ing the first 6 postoperative weeks; Group B (n = 11)
consisted of those dying between the 6th and 12th post-
operative weeks, Group C (n = 3) consisted of those who
died after the 12th postoperative week; Group D (n
= 39) included patients who survived afier a follow-up
less of than 1 year, and Group E (n = 31) included
patients who sunvived after a follow-up of more than |
year. Two other patient categories were also evaluated:
the 24 patients who died within 12 weeks of the trans
plantation procedure (Groups A and B combined) and
the 70 patients who survived at least 12 weeks afier the
operation (Groups D and E combined).

A rejection episode was considered present when an
elevation of bilirubin and/or gamma glutamy! transpep-
tidase occurred in the absence of biliary obstruction, or
vascular thrombosis and resolved rapidly with the initia-
tion of antirejection therapy. Histologic confirmation of
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Causc of Sepsis®

PLD/ChLD

Cause of Death B F v P Retransplantation Ratio
Group A Sepsis n = 10 6 8 2 — 7 22
(n=1% Operative n = 2

Intracrania!
Hemorrhage n = |

Group B Sepsis n= 9 2 l 3 2 9 08
(n=11 Rey n= |

Metastasis n = |
Group C Sepsis n = 2 0 0 ] 1 1 -
(n=13) Myoc Infarct. n = |
Group D — - 2 0.7
(n=139
Group E - - 8 09
(n=32)

*B = bactena. V = virus.

F = fungus

presumed rejection was frequently obtained and was es-
tablished through the use of criteria recently reported.®
At least one rejection episode occurred in each of 67 of
the 98 patients studied and was diagnosed by clinical
criteria in 22 (33%) and a combined clinico-histologic
basis in 45 (67%). A typical antirejection regimen in-
cluded a large 1.V. dose of hvdrocortisone or predniso-
lone with or without a 1-week steroid recycle.® Since
August 1984, the antirejection therapy has included
OKT, administration, as well.

Before OLTx, Claforin (1 g of 1V) was given to all
patients. Ampicillin (1 g) and claforin (1 g) were given
intravenously every 6 hours for S days; Mycostatin was
given orally at identical intervals.

Twenty-seven patients died. A complete autopsy was
obtained from 22. Generally, either the most prominent
pathologic event found at the time of the autopsy or if
an autopsy was not performed, the most important
comphcation during the immediate preterminal clinical
course was identified as the cause of death.

Pre- and postoperative data were entered in on an
IBM™ computer. Analysis of variance (ANOVA),
Spearman correlation, chi-square analysis, and Stu-
dent’s 1 test for paired and unpaired values were used in
the statistical analysis of the data obtained using a Stat-
pack™. Statistical significance was obtained when the p
value was at least <0.05,

Results
Survival

The survival groups are represented in Table 2 as well
as cause of death, the cause of sepsis, number of retrans-
plantation when it occurred, and the ratio of PLD/
ChLD cases for each group.

P = protozoan (Pneumocystis)

Thirteen per cent (13 of 98 patients) of the deaths
observed occurred within 6 weeks of operation; 24% (24
of 98 patients) occurred within 12 weeks of the proce-
dure. Only 3% (three of 97 patients) of the deaths occur
more than 12 weeks after the time of surgery. Sepsis was
the principle cause (79%: 19 of 24 patients) of death in
those who died within 12 weeks of surgery. Bactenal and
fungal sepsis was seen as the cause of death principally in
those patients who died within the first 6 weeks, whereas
viral and protozoal sepsis were the principal causes of
death that occurred after 6 weeks (X? = 6.6: 95% Conf-
dence Interval (Cl) 2.1-121.3; p < 0.01). An odds ratio
for deaths of 16.33 was obtained, showing that risk of
early death (before 6 weeks) was increased sixteen-fold
in those who developed an early postoperative bactenial
and fungal infection.

A higher frequency of retransplantation was seen in
Groups A and B as compared to Groups D and E (14 of
24 patients = 58% vs 10 of 70 patients = 14%, p < 0.05).
Interestingly, the PLD/ChLD ratio was higher in the
Group A patients who died of early bactenal or fungal
sepsis as compared to any of the other four groups (X°
=5.1,95% CI 1.13-32.7, p < 0.05).

The percentage of patients operated upon for PLD,
ChLD and MISC hepatic diseases who survived at 6
weeks, 12 weeks, and 1 year is shown in Figure 1. There
was a rapid decline in patient survival in the PLD group
duning the first 6 postoperative weeks as compared to
cither of the other two patient groups. Overall, the per-
centage of patients who survived at any point was better
for those in either the MISC or the ChLD categories
than it was for those in the PLD group. Of particular
interest, however, is the fact that afier the initial 6 weeks.
the survival curves for all three groups were essentially

parallel (Fig. 1).
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Precransplan: amininolocicw” RBiodkeniical and Fune-
tioma! Exaluation:

The pretransplant values for total lymphocytesand T
Iymphocyte subsets are shoswn in Table 3 and are com-
pared with those of normal controls. Through this com-
panson. all mononuclear subsets were found to be de-
creased significantly in the hihver transplant recipients
However. the T, (helper)/Tg (suppressor) ratio was sig-
nificantly higher 1in the transplant recipients as com-
pared 1o the controls. because ot a relatively smaller
reduction in the number of T, ceils as compared to T,
cells. These same pretransplant parameters separated
the types of liver disease (PLD. ChLD. and MISC he-
patic diseases). These data are shown in Table 4. It is
apparent from this table that, compared to normal con-
trols. patients with parenchymal liver disease had simi-
lar values for their percentage T cells and resultant
To/T, ratios. In contrast. their percentage T, cells was
reduced modestly but significantly (Mean + SEM: 42.5
+ 191549+ 1.0.p <0.05). As expected. their albumin
and prothrombin time values were lower than those of
controls. as well as those within the cholestatic or mis-
cellaneous liver disease groups.

In contrast. patients with cholestatic liver disease have
a lower percentage of T4 (Mean = SEM: 16.2% + 1.0 vs
24 * 0.6.p <0.02)and a resultant higher H/S ratio than
did the controls (Mean = SEM: 34202y 20+0.1:p
< 0.005). Their percentage T, cells was not different
from that of the controls.

The per cent retention of 1ICG at 15 minutes and
plasma ICG disappearance rates were not different be-
tween the three hver disease groups. but were markedly
altered as compared to normal values (Table 4 and
Fig 2). :

Relationship Beiweer. Sunvival Groups and the Various
Assessed Immunologic. Biochemical and Functional Pa-
rameters Obiained before Surgery

Preoperative levels for T,/T,, percentage of T, cells,
percentage of T, cells. bilirubin, albumin, prothrombin
time. percentage of ICG retained at 15 minutes. and
plasma JCG disappearance rate (k) in patients who did

*%% SURVIVAL

10 °
|
75 <
50 -
: o MISC (n=10)
f o (ALD (n=45)
25- x PLD (n=43)
!
0. - . .
0 6WEEKS 12WEEKS 1YEAR

FiG. 1 Percentage of suniral in relation to the final diagnosis Ine-
discasc.

not survive 12 weeks (n = 24) and those who did sunive
after 12 weeks (n = 70) are shown in Table 5.

None of these parameters was significantly different
between the two groups. The ICG disappearance curves
for these two groups of patients is shown in Figure 2 and
is compared to that of normal controls.

U'sing analysis of vanance. the same parameters were
evaluated in the five survival groups Again. there were
no statistically significant differences between the differ-
ent survival groups.

The degree of HLA-A and B (Class 1), HLA-DR (Class
11) and combined HLA-AB + DR antigen matches for
each of the five different survival groups is shown in
Table VI and Figure 3. No significant relationship was
seen between the number of HLA matches and patien:
survival. In fact. what was noted was the marked lack of
any agreement between the donors and recipients for
either Class I or Class II antigens. Specifically. a rather
low number of matches was observed: for example. a
mean of 1.3.0.9.20.1.3, and 1.3 HLA-A and B + DR
matches out of a maximum of six possible matches.
respectively. was seen in Groups A through E.

Interestingly. no correlation was obtained between the
number of HLA matches and the number of rejectior.
episodes expenenced. Furthermore, no correlation was

TaBLE 3. Preiransplan: Values (Mean + SEM, of Lymphocyies. T Cells (Ty Helper Cells (T ¢. Suppressor Cells (T
and the T,/Ta Ratio in the 98 Transplant Patients Studied

Lymphocyies T, T T,
T,

Number Percent Number Percent Number Percent Number Percent Rauo
Patients 1015+ 75 173210 642 + 54 619+18 456 £ 395 4414 172 £ 155 17208 30+0
(n = 98)
Controls 1839 = §1 282=1.0 1174 + 49 67 =07 7958 + 28 49 =10 397 £ 18 24 +06 2020
(n = 100)
p value <0.00% <0.00% <0.008 <0 0% <0.00% <0.08 <0.00¢ <0.005 <0.00¢
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Number of Alhymin Pl X,
Patients L 3Y a7, [ % %7, T Ty [{aB (%) (%) k mir
PLD 4) 178217 606=+2% 428219t 2362132 2¢202 27201t 240222t 519227 0012:C
ChLD 45 16221 646226 474=21 1622 10% 342021 33201 R0 19 474227 001%:n
MISC 10 0824 540262 3RE=x4 1962 21 28201 -0 "NOz2 S 2R 002 -0
Controls 1004 202210 670=C" 490210 240:0¢ 20=01 3628 >R¢ <$ 018 =0

® Swausucally different (a1 least p < 0.0%) from PLD
+ Stauistically different (at least p < 0.0%) from controls
$ 100 contro! patients were studied for companson of the immuno-

obtained between the number of lymphocytes or the
number of various lymphocyte subsets and the number
of rejection episodes expenienced. the last hospitaliza-
tion dosage of CyA and prednisone. the last follow-up
dosage of CyA and prednisone or the duration of hospi-
talization. Moreover, the number of rejection episodes
did not differ between the various survival groups
(Mean + SEM: 1 £ 0.4inGroup A; 1 +0.4in Group B;
0.3+03inGroupC;1.720.3inGroupD; 1.2+ 0.21in
Group E).

Discussion

In this study, we tned to identify the pretransplanta-
tion-obtained immunological, biochemical and func-
tional parameters the might be of help in predicting the
ultimate outcome of the procedure. Only those parame-
ters that could be obtained as part of a systematic rou-
tine pretransplant work-up were considered for evalua-
tion. It has been shown that patients with hepatic failure
due to any cause severe enough to warrant liver trans-
plantation have abnormalities in the number and per-
centage of cells in each of the various mononuclear cell
subsets. As far as cellular immunity parameters are con-
cerned, patients with ChLD as compared to normal
controls and patients with PLD have significanty higher
pretransplant helper-suppressor ratios, pnimanly be-
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Fi1G. 2. Log plasma percentage ICG retention in relation to time in
pormal subjects (n = 5) as compared 10 patients who sunvive (n = 70)
and those who do not sunvive (n = 24) transplantation.

logical parameters. usua! normal values for albumin and PT were
considered Results from five norma! subjec'« wathout hepatic é.5
function were used for the 1CG clearance studics

cause of a relative reduction in the number of their T,
(suppressor) cells. Moreover, patients with PLD hzve
normal helper/suppressor ratios, but also have a modsst
reduction in the percentage of T, (helper) cells. These
facts confirm earlier data®’ that suggest that pnmany
bihary cirrhosis and sclerosing cholangitis behave like
other autoimmune diseases and have an increased
helper-suppressor cell ratio. It is presumed. although not
established, that this occurs because the T; cells leave
the vascular compariment to colonize the liver and ac-
cumulate and exert their effects at the site of their target
antigens within the liver.*

Biochemically. the patients with PLD considered for
transplantation present with Jower albumin and more
abnormal prothrombin times as compared 10 patients
with ChLD. On the other hand. hepatic function as de-
termined by indocvanine green clearance did not differ
between the two groups. Patients with ChLD had a bet-
ter survival rate than did patients with PLD. Their 6-
week, 8-week, and |-vear survival figures of pat.ents
with ChLD are 93%. 82%, and 73%. respectivels —in
contrast with those of patients with PLD who have sur-
vivals of 77%. 65%. and 57% at these same respeciine
time points. It is also evident from our data tha: this
difference is caused principally by an increased number

HiA Matching vs Survival

Average number of matehey
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-
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FIG 3. Companson between survival groups and degree of preirans
plant HLA matches with donor {(mean = SEM) (n = 82).
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of postoperative deaths occurnng in patients with PLD
within the first 6 postoperative weeks

Overall, monahty in the present series was 27% (27 of
9% patients). most of which occurred during the first 12
postoperative weeks. It should also be emphasized that
among the Group A patients (those dying within 6
weeks of operation). twice as many patients had PLD as
had ChLD, whereas a ratio of less than one was present
in the four other survival groups. Moreover. bactenal.
and fungal sepsis were the two major causes of death in
the Group A patients.

It is not unreasonable to think that the mechanisms
responsible for protecting the individual against bacte-
nal infection that are particularly deficient in patients
with advanced PLD as compared 1o CLD normalize
with the successful engrafiment of a functioning liver.

However, as graft dysfunction frequently persists. at
least to some degree, during the first 2 postoperative
weeks, it is also probable that any pre-existing abnor-
mality in host defense mechanisms will persist or be-
come even less effective for a short period after OLTx,
thereby rendering the patient even more susceptible to’
bacterial and/or fungal sepsis. Because it has been
shown to influence cellular immune response mecha-
nisms.® '® poor nutrition could also be implicated and
could aggravate a pre-existing reduction in helper cell
function present in liver transplant patients. occurming
as a consequence of either their pnman hepatic disease
or the immunosuppression therapy that they require.

The fact that a reduced serum albumin level is related
to greater blood losses experienced during the first phase
(dissection) of OLTx procedure'' and that the preopera-
tive coagulation profile is more severely altered in pa-
tients with PLD than it is in patients with ChLD."" is
consistent also with the observation of a greater postop-
erative mortality 1n patients with parenchymal liver dis-
ease than those with cholestatic liver disease. It remains
1o be shown however that the preoperative correction of
preexisting nutritional abnormalities present in PLD pa-
tients improves the survival of these patients following
OLTx.

Unfortunately, immunological biochemical and
functional parameters of liver function obtained before

Tagit & Comporiv = Bemedn JO W N Lo gnd 1) W
Sunivorain Term o Precrcnplan Vaw 01,77, & Ta(e!
K Ta(eliv Biiiruhin 4/ urin P1 S 1CG Retenuion X, and
1CG Dicappesran.c Ratc 'k Mear s SEAM

12-Weceh 12-Week
Nonwnavon Survivory p

(n= 24: (n= 70 Valus
To/Ts 26 =203 30 =202 NS
% T, cells 444 =22 439 =16 NS
% T, cells 200 =18 166 =0% NS
Bilirubin (mg dl) 122 =30 123 240 NS
Albumin (g/dl) 28¢ =012 30 =007 NS
P1 (%) 760 =20 820 =20 NS
X, (%) SOR =238 473 +248 NS
k(min') 001220002 0013 2 0 000K NS

NS = no significant difference

surgery do not appear to help substantially in predicting
survival after OLTx. When comparing patients who
survive for greater than 12 weeks (those in Groups D
and E) with the patients who survive less than 12 weeks
(those in Groups A and B), no differences in the levels of
albumin, bilirubin. prothrombin time, T,/T; ratio, per-
centage of T, cells. percentage of T; cells. and the plasma
ICG disappearance rate were evident. However. it
should be pointed out that the deaths that occurred after
the initial 6 weeks occurred primarily as a result of a
viral or protozoa! infection and are. most likely. a con-
sequence of the immunosuppression used. rather than a
consequence of some pre-existing biological or immu-
nological variable determined before surgery that may
exist in the study population.

However. despite how dissatisfving the present data
are. they doidentify parameters that do not appear to be
involved in determining sunaval after OLTx—that is.
the number of rejection episodes and/or the number of
HLA mismatches. This is true despite the fact that it 1s
generally held that the HLA antigens of Class | (A. B)
and Class 11 (DR) loci are thought to be strong trans-
plantation antigens and to play an impontant role in the
initiation of the rejection process.

A recent publication on more than 8000 kidney
transplant procedures collected from all over the world
documents the relationship between survival and the

TasLe 6 Comparison Between Survival Groups and Degree of Pretransplant HL 4 Matches with Donor (Mean = SEM . (n = 8.

Group A Group B

Group C Group D Group E
(n=10) (n=11) (n=13 (n =120 (n=21)
HLA-AB
(perfect maich = 4.0) 09=x03 06=0.2 13203 1.2 =02 09=02
HLA-DR
(perfect match = 2.0) 04=01 03202 7203 015201 0%=01
HLA-AB + DR
(perfect match = 6 0) 1.3204 09=+03 20=05 13 202 13202
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degree of HLA matching 1n khidny transplantation
Cenainh 1t 15 possible that the smalier number of OLTx
cases studied and the deliberate failure 1o search for the
best possible match in liver transplant cases are impor-
tant elements that contnibute to the differences observed
between kidney and iver transplantation data relative to
this 1ssue.

Considering all of the data available, the present study
highlights the overall good results experienced with
OLTx for end-stage liver disease and contributes to the
growing confidence in pursuing liver transplantation as
the treatment of choice for a vanety of liver diseases with
irreversible advanced hepatic failure.
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