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Cyclosporin A (CsA) is metabolized principally by the 
hepatic cytochrome P 450-dependent microsomal 
enzyme system and eliminated virtually entirely as meta­
bolites, mainly in the bile [1, 4, 6]. Only less than 1% of the 
oral dose is excreted unmetabolized in the urine or bile [5, 
7]. Metabolites account for 50-70% of the total CsA in 
whole blood [3, 5, 8]. Some of the metabolites have been 
shown to possess an immunosuppressive and even toxic 
effect but the role of this effect remains uncertain [2, 9]. 

In order to evaluate the effect of liver and kidney 
failure on the metabolism of CsA, we studied twelve pa­
tients who had undergone liver transplantation. The sam­
ples were collected during the first 4 postoperative weeks. 

The aim of the study was threefold: to evaluate 
( l) whether an impairment of liver function, as measured 
by standard biochemical liver function tests, decreased 
the metabolism or excretion of CsA; (2) whether an in­
duction of either the CsA metabolites or the parent com­
pound took place in the first postoperative period; and 
(3) whether kidney failure, as measured by serum crea­
tinine, correlated with blood levels of CsA or its metabo­
lites. 
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Patients and methods 

Between August 1989 and January 1991 blood samples from twelve 
adult patients who had undergone liver transplantation in the Fourth 
Dt::partment of Surgery, lJ niversity of Helsinki, were studied retro­
spectivdy. Samples taken during the first four postoperative weeks 
were included. The patients comprised eight women (age range 38-
65, mean 50 years) and four men (42-62 years, mean 53.5 years). The 
indications for liver transplantation in the recipients were primary 
biliary cirrhosis (n = 6), sclerosing cholangitis (n = 2),liver cancer 
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(II = 2), chronic active hepatitis (n = I) and polycystic liver disease 
(11 = 1). 

Whole-blood CsA was measured with two test, a polyclonal 
FPIA using polyclonal antibody (polyclonal FPIA, TDx, Abbott) 
and a radioimmunoassay using a monoclonal specific antibody 
(SRIA, Sandoz), the latter being more specific for the parent com­
pound. These results (FPIA, n = 87; SRIA, n = 101) were cor­
related with standard biochemical liver function tests (s-ASAT, 
s-ALAT, s-ALP, s-albumin, s-GT, s-bilirubin and plasma thrombo­
~la_stin time) and with renal function as measured by serum crea­
tmme. 

During the follow-up period, nine patients suffered an episode of 
acute rejection. Five of the patients had a slight rejection, three had 
a moderate rejection and one had a severe rejection. Rejection was 
d~tcrmi~ed_ by the clinical picture, biochemical parameters and 
b1opsy fmdmgs, and treated predominantly with an increase in cor­
tico.steroid dose. None of the patients died during the observation 
penod. 

I~ the postoperative period all patients received as immunosup­
pr~sslve treatment a combination of methylprednisolone, azathio­
pnnt:: and CsA. CsA was administered as a continuous IV dose for 
~weeks postoperatively commencing on the first postoperative day 
tn a dose starting at 1 mg/kg per day and titrated to maintain blood 
levels at 600 ng/ml measured by RIA. The drug was continued orally 
when absorption was stabilized. Results are given as the ratio be­
tween CsA blood level and CsA dose (mg). 

All correlations were calculated with the use of a simple regres­
sion analysis, the confidence interval being 95%. 

Results 

Neither liver synthesizing capacity, as measured by 
s-albumin and s-thromboplastin time, nor hepatic cellu­
lar injury, as measured by s-ASAT, s-ALAT, and s-GT, 
showed any significant correlation with blood CsA levels. 

With increasing values of s-BIL, blood levels of CsA 
(FPIA)/CsA input showed a statistically significant rise 
(r = 0.631, P = 0.0001) whereas the change in blood CsA 
(RIA)/CsA input-levels were not significant (r = 0.271, P 
= 0.0477). There was a positive correlation between s-bi­
lirubin and blood CsA (FPIA)/CsA input (r = 0.611, P = 
0.0001 ), a correlation which was not seen with blood CsA 
(RIA)/CsA input (r = 0.244, P = 0.084). S-ALP did not 
correlate clearly with blood CsA levels. 

In the follow-up period there was no statistically sig­
nificant correlation between blood CsA/CsA input, as 
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Fig. I. a Correlation between serum bilirubin and blood CsA 
~fPIA)/CsA input. b Correlation between serum bilirubin and 

ood CsA (RIA)/CsA input 

~easured with either test, and the duration of medica­
tion. 

b With increasing values of serum creatinine, levels of 
oth blood CsA (FPIA)/CsA input and blood CsA 
~RIA)!CsA input rose significantly, implying a decrease in 
~cret10n of both the parent compound and metabolites 
~~h renal failure. The correlation was seen both with the 

IIA values (r = 0.7, P = 0.0001) and with the RIA 
va ues (r = 0.48, P = 0.0001 ). 

Conclusions 

~e following conclusions were drawn on the assumption 
blat ~he FPIA test was more specific for measuring whole 
.~0 t CsA metabolites, whereas the RIA was more spe­

ct 1~ ?r blood l~vels of the parent compound. 
I. hts study dtd not show any correlation with impaired 
tver cell fu t' d b . l't nc ton an lood levels of CsA or tts metabo-

;r es. Thus, an impairment in liver function did not de­
N e~se the transformation of CsA to its metabolites. 
liv~t~e~ was there any reduction in CsA elimination in 
tasi~ :tlure, e~ce~t in cholestasis. With increasing choles­
tab 1. e saw a nse tn blood levels of especially the CsA me­
w 0 tte~. The concentration of the CsA parent compound 
in~ no! Increased. This implies that cholestasis influences, 
eve arttcul~r, the excretion of the CsA metabolites. How-

r, a toxtc effect of CsA or its metabolites on the bile 
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Fig.2. a Correlation between serum creatinine and blood CsA 
(FPIA)/CsA input. b Correlation between serum creatinine and 
blood CsA (FPIA)/CsA-input 

duct system resulting in cholestasis, as seen in cholestasis 
liver failure, cannot be ruled out. 

Short-term administration of CsA did not significantly 
increase absorption of the drug, in contrast to long-term 
administration [2]. 

Despite minor excretion of CsA through the kidneys, 
we found increasing blood levels of both CsA and its me­
tabolites in kidney dysfunction. CsA is known to be ne­
phrotoxic, thus high blood CsA levels leading to kidney 
failure cannot be ruled out as an explanation of the corre­
lation. 

As further knowledge of the role of the CsA metabo­
lites is gained, the significance of the reduced excretion of 
CsA in kidney failure and cholestasis will become appar­
ent, and the need for separate blood level monitoring of 
the metabolites for improved CsA dose adjustment will 
become necessary. 
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