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diagnosis of hepatic dysfunction following orthotopic liver
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Routine laboratory tests are of little help for early detection and differential diagnosis of hepatic dysfunction following
orthotopic liver transplantation (OLT). In the present study, serum levels of esterified bilirubin, total bilirubin and
bile acids were investigated in 20 patients after OLT. Twenty episodes of liver dysfunction were observed: 10 rejection
episodes, 3 cases of thrombosis of the hepatic artery, 3 cases of septic shock, and 4 episodes of cyclosporin toxicity.
During rejection, the median increase in esterified bilirubin was 3.2-fold (range 1.6-24.9), while total bilirubin increased
1.5-fold (range 0.7-3.4). Bile acids increased 3.6-fold (range 2.5-6.6: peak levels 25-87 uM). Both bile acids and esterified
bilirubin increased 1-3 days earlier than serum transaminases and decreased only after successful anti-rejection
treatment. The response of bile acids to successful treatment was usually more rapid than the response of esterified
bilirubin. Hepatic artery thrombosis and septic shock were associated with a sharp increase in esterified bilirubin and
very high bile acid levels (peak levels 80185 uM). During cyclosporin toxicity, a characteristic pattern of progressively
increasing bilirubin with no change in the bile acid levels was observed. Both esterified bilirubin and bile acids are
very sensitive indicators of hepatic graft dysfunction. In particular, serum bile acids are useful for identifing cyclosporin
toxicity and monitoring the response Lo anti-rejection treatment.
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Hepatic dysfunction, possibly leading to progressive
jaundice, is a frequent finding in the early postoperative
course of orthotopic liver transplantation (OLT) (1)
Etiology includes primary liver non-function, rejection,
drug toxicity, infection and thrombosis of the hepatic
blood vessels, Early recognition and classification of dete-
riorating liver function are important for successful treat-
ment. Unfortunately, routine laboratory tests are of little
value for such purposes (2—-4), and invasive techniques
increase the risk of serious complications. The use of the
alkaline methanolysis-HPLC (AM-HPLC) procedure to
analyze serum bilirubins (§) provides more information
on the pathophyvsiology of hyperbilirubinemia. The ester-
ified bilirubin fraction has proved to be a very sensitive
and specific index of hepatobiliary disease (6,7). Serum

bile acids have also been extensively used as sensitive
markers ol liver dysfunction {8.9), and preliminary reports
suggest that they help to monitor graft function after
OLT (10,11}, In the present study, serum concentrations
of individual bile pigments and of total bile acids were
correlated with the different complications occurring in
the earlv postoperative course after OLT.

Patients and Methods

Patients

Twenty consecutive patients undergoing OLT in the
transplant unit of the ‘Medizinische Hochschule™ in
Hanover were prospectively studied. Diagnosis and
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serum total bilirubin before transplantation are reported
in Table 1. All patients had T-tube biliary drainage
throughout the study, and underwent the following
immunosuppressive regimen: cyclosporin  1-2 mg/kg
body wt. (aiming at whole blood trough levels of 120200
ng/ml); azathioprin 1-2 mg/kg body wt.; anti-thymocyte
alobulin (ATG, rabbit, Fresenius AG. Germany) 5 mg/kg
body wt.; prednisolone | mg/kg body wt. (days 1-2),
0.5 mg/kg (days 3-10), 0.4 mg/kg (days 11-20), further
reduced by 0.05 mg/kg every 10 days down to 0.15 mg/kg
{maintenance dose). In the case of rejection, 3-5 pulses
of 0.5 g methylprednisolone were administered, followed
by Smg of OKT3 for 7 days in cases of persistent
rejection, One patient with persistent rejection even after
OKT3 administration was successfully treated with ATG
20 mg/kg body wt. for 10 days. The mean follow-up
time after OLT was 26 days. Twenty episodes of severe
jaundice (defined as serum total bilirubin concentrations
increasing above 100 uM for at least 3 days) were
observed (Table 1).

Diagnosis of graft refection

Liver biopsy was performed in the presence of clinical
and laboratory data suggesting graft rejection (2,4). His-
tological diagnosis of rejection was made according to
the criteria of Kemnitz et al. (12). Resolution of rejection
following steroid treatment was diagnosed on the basis
of clinical and laboratory data, and confirmed by follow-
up. If steroid-resistant rejection was suspected due o
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persistent clinical and biochemizal alterations, it was
always confirmed by liver biopsy. Serum bilirubin levels
(analysed by AM-HPLC) and bile acids were not
included in the laboratory data evaluated at the time of
diagnosis.

Diugnosis of vascular complications

Thrombosis of the hepatic artery was detected by
Doppler ultrasound examination and confirmed by angi-
ography (1 case) or by examination of the explanted
liver (2 cases).

Diagnosis of hepatic cyclosporin toxicity

Hepatic cyclosporin toxicity was diagnosed on the
following grounds: (a) low serum monoclonal specific
cyclosporin levels (<100 ng/ml) and high cyclosporin
monoclonal non-specific levels (>1250 ng/ml) in the pres-
ence of a low dosage of the drug, indicating altered cyclo-
sporin metabolism (13); (b) resolution of jaundice and
normalization of the metabolite versus parent drug level
ratio (to about 5:1) by discontinuing the drug for 2 or 3
days (in 2 patients) or reduction of the dosage to 50% (in
the other 2 patients); (c) a liver biopsy showing no evi-
dence of rejection or cholangitis; (d) nérmal Doppler
ultrasound of the graft; (e) no clinical evidence of sepsis.

Analvtical methods
Total serum bilirubin was determined with an auto-
mated diazo-assay. Unconjugated and esterified serum

TABLE 1
Preoperative characteristics and postoperative complications in individual patients
Name Diagnosis before transplantation Pre-TB Complications Day TB e EBi.ix BA L
(peM) (1M
MLA. Cryptogenic cirrhosis 41 Steroid-resistant rejection 13 311 187 25
CA. Cirrhosis post-hepatitis B 771 Steroid-re rgjection 18 269 108 69
M.P. Acute hepatic [ailure 351 Steroid-resistant rejection 6 248 64 25
M.T. Chronic graft rejection 178 Steroid-resistant rejection 3 188 66 T —
M.G. Haemangiomatosis 115 Steroid-resistant rejection 3 294 176 37
S.B. Cirrhosis post-hepatitis B 320 Steroid-resistant rejection 3 514 140 64
EK. Cirrhosis post-hepatitis NANB 133 Steroid-sensitive rejection 5 195 89 79
AG. Glycogenosis I, adenomatosis 6 Steroid-sensitive rejection 10 154 33 38
JH. Cirrhosis post-hepatitis NANDB 109 Steroid-sensitive rejection 6 121 42 46
MW, Cirrhosis post-hepatitis B 159 Steroid-sensitive rejection 10 21 66 3
C.0. Cirrhosis post-hepatitis B 21 Septic shock 7 335 160 80
A.B. Hepatoceliular carcinoma 30 Septic shock 4 167 50 1S
S.P. Sclerosing cholangitis 171 Septic shock 4 280 145 115
S_.S. Primary biliary cirrhosis 233 Hepatic artery thrombosis 6 723 314 121
F.H. Primary biliary cirrhosis 250 Hepatic artery thrombosis 6 600 332 185
SM. Budd-Chiary syndrome 55 Hepatic artery thrombosis 14 300 225 132
F.B. Cii’rhosis post-hepatitis B 24 Cyclosporin tosicity 7 131 80 19
I.B. C1rrlmsis_post~heputitis B 58 Cyelosporin toxicity 5 210 65 20
Aﬁ.S. Bgdd—C_lum'i syndrome 40 Cyclosporin toxicity 4 105 42 19
Co. Cirrhosis post-hepatitis B 17 Cyclosporin toxicity 17 208 94 17

PRE-TB =serum concentration of tatal bilirubin on the day before transpl

antation: Day = post-operative day in which the described complicatio

occur‘rcd; TBnm._ EB,,.. BA,, peak serum concentrations of total bilirubin, esterified bilirubin and bile acids during the deseribed episode ¢
hepatic dysfunction. Normal range values: total bilirubin =2-17 uM: esterified bilirubin = 0.08-0.4 pM: bile acids=3-8 uM.
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bilirubin were measured by AM-HPLC (5). Bilirubin-
protein conjugate was analyzed according to the method
of Blanckaert et al. (14). Serum bile acids were deter-
mined with an enzymatic fluorimetric assay (Sterognost
3-alpha-Flu, Nygaard, Oslo, Norway). Cyclosporin and
its metabolites were measured with the monoclonal
specific and non-specific radioimmuncassay as whole
blood 12-h levels (Sandoz Ltd., Basel, Switzerland).
Results are expressed as medians and ranges.

Results

Serum bile pigments
During the first 3 postoperative days the median
concentration of total bilirubin was 98 uM (range 14-21 3
M), The median concentration of esterified bilirubin
was 22 uM (range 2-78 pM). The concentration of
bilirubin -protein conjugate was high (22-41 uM) in 10
patients who had been jaundiced for several months
before OLT, while it was low (2-5 uM) in the other
patients. Total bilirubin and esterified bilirubin decreased
during the first 3 days. but thereafter all patients had at
jeast | episode of severe hyperbilirubinemia (Table 1). In
every case; AM-HPLC analysis of serum demonstrated
that this was mainly due to the increase in the esterified
pigment, while the unconjugated fraction accounted for
only 9-30% of the total increase. Diesterified bilirubin
accounted for 20-50% of the esterified pigment. During
episodes of jaundice. the bilirubin—protein conjugate
increased slowly and in proportion to the severity and
duration of hyperbilirubinemia. No characteristic profile
of bile pigment fractions could be identified in relation
to the different causes of hyperbilirubinemia. A sharp
increase in esterified bilirubin (from 2.5-9.6-fold) was
observed during the rejection episodes (Table 1). The
median increase in esterified bilirubin on the day of
biopsy was 3.2-fold (range 1 6-249) versus an increase
- total bilirubin of 1.5-fold (range 0.7-3.4). Morcover,
- increase in esterified bilirubin usually became evident
i-3 days.earlier than the increase in serum transaminases
(see Fig. 1 for a representative case). Transaminases
increased in 8 out of 10 patients with acute gralt
rejection. In these patients, the median increase in AST
and ALT were 2.1-fold (range 0.8-5.9) and 1.9-fold {range
0.8-3.1) compared to pre-rejection values. After success-
[* anti-rejection treatment, esterified bilirubin returned
¢ “aseline levels within 2-10 days (Fig. 2). When treat-
ment was not successful, as determined by persistent
and specific alterations in control liver biopsies, esterified
bilirubin remained high or increased even further (Fig. 2).
A sharp increase in esterified bilirubin was also observed
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Fie. 1. Serum concentrations of total bilirubin, esterified bilirubin.
total bile acids, lactic dehydrogenase (GLDH) and transaminascs
(ASAT. ALAT) in a patient with steroid-sensitive gralt rejection.

in cases of hepatic artery thrombosis. septic shock (3.4~
10.7-fold) and during drug toxicity (2.5-13.8-fold). In
these conditions the extent of increases were similar to
those observed during rejection.

Serum bile acids

In the first 3 days after OLT, serum bile acids ranged
from 3 to 37 uM (normal values: 3-10 uM). These levels
increased sharply during rejection episodes (Table 1; see
Fig. | for a representative casc). Peak levels varied from
22 to 87 uM, corresponding to a 2.3- to 6.6-Told increase
pre-rejection  values (median  3.6-fold). These
liver

over
increases were observed for 1-3 days before a
biopsy was performed. Successful anti-rejection treat-
ment was associated with a rapid drop in serum bile
acids towards pre-rejection levels within 2-6 days
(Fig. 2). In contrast, serum hile acids remained elevated
or even increased when control biopsies demonstrated
persisting rejection (Fig.2). In the 6 patients with
impaired hepatic blood flow {septic shock or hepatic
artery thrombosis), serum bile acids rapidly reached the
highest levels recorded in the present series (Table 1).
No increase in serum bile acids was observed during the
4 episodes of hyperbilirubinemia associated  with
deranged cyclosporin metabolism. In fact, in 3 out of 4
patients serum bile acids decreased slightly despite
rapidly rising esterified bilirubin levels (bile acid levels
before jaundice 19, 20, 22, 17 uM: peak values during
jaundice 17, 15, 19, 17 uM, respectively).
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Fig. 2. Serum esterified bilirubin and bile acids in patients with steroid-sensitive {lower panel) and steroid resistant (upper panel) rejection. Data

are expressed as percent change with respect to pre-rejection levels. 0= pre-rejection values: | =peak during rejection: 2=after 3 days of

methylprednisolone (MP) treatment; 3= after 1 week of OK T3 treatment (steroid-resistant rejection) or | week after end of MP treatment (steroid-
sensitive rejection). ALG = Patient with steroid and OKT3-resistant rejection treated with anti-lymphocyte globulins.

Discussion

Routine laboratory tests are difficult to interpret after
liver tranaplantation, since they are often non-specifically
altered in the early postoperative course (2-4). The
composition of bile pigments in patients with hepatobili-
ary diseases has been recently elucidated (for a review,
see Ref 7). In particular, the so-called direct-reacting
fraction of bilirubin was found to consist of both esteri-
fied bilirubins and bilirubin—protein conjugate. The lat-
ter pigment appears and increases slowly during the
course of icteric liver disease; due to its slow rate of
breakdown and elimination it often persists for a long
time after the resolution of the disease. In contrast,
esterified bilirubin represents a pigment which is glucuro-
nidated in the liver and normally excreted into bile.
Thus. the concentration of this pigment fraction in serum
directly reflects the actual function of the biliary excre-
tory system. It has recently been suggested that direct
measurement of the individual pigment fractions could
yield useful information in liver-grafted patients (15-17).
In most patients in the present series, total bilirubin was
already more elevated than preoperative values in the
first days following OLT. However, when total bilirubin
was high. it consisted mainly of bilirubin—protein conju-
gate, thus indicating long-lasting preoperative jaundice.
The concentration of esterified bilirubin seemed to repre-
sent a more specific index of actual liver function, and
indeed it decreased in the absence of complications, and

increased rapidly in any case of liver dysfunction. Deter-
mination of esterified bilirubin might be useful in cases
of slowly-resolving hyperbilirubinemia after OLT. In this
case, the existence of low or rapidly falling esterified
bilirubin levels indicates that persisting jaundice is not
due to graft dysfunction but to high concentrations of
bilirubin—protein conjugate.

Serum bile acids are considered a very sensitive and
specific indicator of both liver disease and hepatic gralt
dysfunction (8—11). This was confirmed in the present
series, since bile acids increased along with esterified
bilirubin during graft rejection and remained elevated
until resolution of the episode. However, an interesting
finding in the present study was that successful treatment
was always associated with a rapid drop in serum bile
acid concentrations (Fig. 2). This suggests that bije acids
can be useful in monitoring the response to anti-rejection
treatment. In fact, neither high-dose steroids nor OKT3
treatment decreased serum bile acids when the rejection
episode was not resolved (Fig. 2). Esterified serum biliru-
bin and bile acids were also elevated in patients with
impaired arterial hepatic blood supply. Bile acid concen-
trations reached levels higher than 100 pM in all cases,
and were well above values observed during rejection
episodes. High bile acid levels were also observed shortly
after clinical manifestations of septic shock. The observed
increase in esterified serum bilirubin and bile acids aflter

hepatic artery thrombosis or septic shock could rcﬂlccl
hepatic hypoxia resulting in cholestasis (18). Grait rejecs
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tion is mainly expressed by an immunological attack at
the level of the small intrahepatic bile ducts and of the
vascular epithelium with decreased perfusion (19,20).
Both effects may decrease biliary excretion and lead to
elevation of esterified serum bilirubin and bile acids.
The observation that serum bile acids did not vary in
patients with cyclosporin toxicity, despite sharp eleva-
tions in esterified bilirubin, is of particular interest.
Although cyclosporin hepatotoxicity in liver-grafted
“patients is difficult to define, there is abundant evidence
for its existence (21,22). Based on the above-mentioned
criteria (see ‘Diagnosis of hepatic cyclosporin toxicity’),
it is reasonable to suspect drug toxicity in the 4 patients
of the present series. The different reactions of esterified
bilirubin and bile acids during episodes of cyclosperin
toxicity are difficult to explain, since both substances
increase simultaneously during most hepatobiliary dis-
ecases. Moreover, both esterified bilirubin and bile acids
increase in the serum of rats treated with cyclosporin
(23,24). However, different reactions of serum bilirubin
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and bile acids have already been observed in recurrent
intrahepatic cholestasis, with increasing bile acids in the
presence of falling bilirubin levels (25,26). The present
results suggest selective interference in biliary excretion
for esterified bilirubin and cyclosporin and/or its metabo-
lites, in contrast to the global deterioration of the hepatic
excretory system which occurs during rejection or
impaired blood supply. Clearly, further studies are neces-
sary to confirm this hypothesis.

In conclusion, both esterified bilirubin and bile acids
are sensitive indicators of graft dysfunction after OLT.
Serum bile acids seem to be particularly useful in the

- early post-operative follow-up, since they help diagnose

the occurrence of cyclosporin toxicity and monitor the
response to anti-rejection treatment.

Acknowledgements

Part of this work was supported by the Consiglio
Nazionale delle Ricerche, Rome.

metabolites with clinical complications after liver transplantation.
Transplant Proc 1989; 21: 2232-3.

14 Blanckaert N. Servaes R, Leroy P. Measurement of bilirubin
protein conjugates in serum and application to human and to rat
sera. J Lab Clin Med 1987; 108: 77-87.

15 Cox CJ, Valdiserri RO, Zerbe TR, Genter JL. Ektachem bilirubin
fraction Bc as a predictor of liver transplant rejection. Transplant
1987; 44: 536-9.

16 Wu TW. Au IX, Greig PD, et al. Conjugated and delta bilirubin
determinations in early liver allograft rejection. Transplant Proc
1988; 20: 383-90.

17 Wu TW. Levy GA. Ylu S, et al. Delta and conjugated bilirubin as
complementary markers of early rejection in liver-transplant
patients. Clin Chem 1990; 36: 9-14.

18 Becker SD, Lamont JD. Postoperative jaundice. Semin Liver Dis
1988; 8: 183-90.

19 Snover DC. The pathology of rejection. Transplant Proc 1988; 18:
123-7.

20 Houssin D, Fratacei M, Dupuy P, et al. One week of monitoring
of portal and hepatic arterial blood flow after liver transplantation
using implantable pulsed Doppler microprobes. Transplant Proc
1989; 21: 2277-8.

2] Kahan BD, Flechner SM, Lorber MI, et al. Complications of
cyclosporin therapy. World J Surg 1986; 10: 348-60.

22 Kahan BD. Cyclosporine. N Engl J Med 1989; 321: 1725-38.

23 Stone BG. Udani M, Sanghvi A, et al. Cyclosporin A-induced
cholestasis. The mechanism in a rat model. Gastroenterology 1987;
03: 344-51.

24 Nassuato G. Strazzabosco M, Muraca M, et al. Effect of cyclo-

sporin A on hepatic bilirubin transport (Abstract). J Hepatol 1988;

7. S63.

Summerfield JA, Kirk AP, Chitranukroh A, Billing BH. A distinc-

tive pattern of serum bile acid and bilirubin concentrations in

benign recurrent intrahepatic cholestasis. Hepatogastroenterology

1981; 28: 139-143.

26 Tinni K. Simila S, Heikura S, et al. Serum bile acid concentrations
in the course of benign recurrent intra-hepatic cholestasis. Ann
Clin Res 1980; 12: 168.

-2
[



