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Caffeine clearance as a measure of liver function
in cirrhotic patients
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This study attempted to compare the pharmacokinetic parameters of caffeine in
decompensated and compensated cirrhotic patients with normal subjects and to define
the two sampling times which are most suitable for determining caffeine clearance in
cirrhotic patients. Ten decompensated and seven compensated cirrhotic patients were
given a 3.5 mg/kg single oral dose of caffeine, and this was followed by measuring their
serum caffeine concentrations at 0,30,60,90 minutes and 3, 5, 10, 24 and 36 hours using
the high-performance liquid chromatographic (HPLC) technique. Caffeine clearance and
elimination rate in the decompensated cirrhotic patients were significantly lower than in
the compensated cirrhotic ones and much lower than in normal subjects (p<0.01). The
volume of distribution of caffeine in the decompensated, compensated cirrhotic patients
and normal subjects were significantly different from each other (p<0.05). Serum caffeine
clearance has a good correlation with the Child Pugh score at r = - 0.810. The two
sampling times at 10 and 24 hours after the oral dose of caffeine served as the best
sampling points for determining caffeine clearance by the simple equation;, Cl = Kel x
Vd (Vd is a fixed value in each group). It is clearly shown that caffeine clearance
calculated from two point (10 and 24 hrs) analysis would be a simple and useful method
for measuring liver function in cirrhotic patients.
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Conventional liver function tests such as
SGOT, SGPT, albumin and prothrombin time do
not represent actual function of the liver. In recent
years there have been increasing efforts to develop
new tests which more precisely reflect and quantify
the liver's metabolic function. The metabolic
capacity of the liver can be quantified by measuring
clearance rates of several compounds which are
almost completely metabolized by the liver. Many
tests have been developed for routine use, but none
has yet been found to be appropriate. The tests
such as the aminopyrine breath test!”), galactose
elimination®, and bromosulphophthalein disappea-
rance are not routinely accepted in daily clinical
practice because of technical difficulties or adverse
effects of the tested drugs.

Caffeine (1,3,7-trimethylxanthine) is a non
toxic substance. It is rapidly and completely
absorbed when taken orally. It is almost exclu-
sively metabolized in the liver by a system of
demethylation with cytochrome P450 mixed
function oxidase system and this is the most
important functional enzyme system of the liver.®
Its liver clearance is clearly classified as a
capacity-limited and binding insensitive drug as
aminopyrine.® It is an inexpensive compound
and simply assayed in plasma or saliva.®® There-
fore, caffein seems to be an almost ideal substance
for the routine assessment of liver metabolic
function.
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Caffeine clearance seems to have variation
among the races according to cytochrome P450
dependent metabolism, as reported in Thai® and
caucasian normal subjects.” It has been reported
that the elimination of caffeine is delayed in
patients with hepatic dysfunction.® In this study,
we compared the caffeine clearance values between
normal subjects and patients with decompensated
and compensated cirrhosis in order to determine
whether the clearance can be used as a novel
parameter for liver function testing. It might also
be a better parameter than Child Pugh's score
which is used to evaluate the degree of severity
in cirrhotic patients. For routine laboratory analysis,
we find that two sampling time points which serve
as good timing points for determining caffeine
clearance.

Materials and Methods
Subjects

Ten male and seven female patients hos-
pitalized with biopsy-proven cirrhosis, age ranged
27-68 years, participated in the study. Nine subjects
were diagnosed as having alcoholic cirrhosis, six
as post-hepatitis cirrhosis and two as cirrhosis of
unknown origin. All patients were divided into
two groups (10 decompensated and 7 compensated
cirrhosis) on the basis of their clinical and bio-
chemical data and the Child Pugh's scoring
system® (Table 1). They all gave their informed
consent to take part in the study.

Table 1. Clinical and laboratory data in cirrhotic patients.*
Subject Sex (N) Age Weight AST ALT Total Albumin PT Ascites Child
bilirubin Pugh’s
score
(yrs) kg ULy (UML) (mgdh  (g/d)  (sec) (5-15)
Normal values : 0-38 0-38 03-1.2 34-55 11-14
Compensated F(2),M(5) 51.0+143 575165 53%25 39+14 0.9+04 3.4+0.5 12.0+1.3 Absent 5-6
cirrhosis (27-66)  (47-69) (29-93) (16-54) (0.4-1.8) (2.8-4.4) (10.1-14.3) to
slight
Decompensated  F(5),M(5) 48.129.9 56.3+12.6 10474 34x14 10.2£10.6 2.3+0.4 194243  Absent 8-14
cirrhosis (30-59)  (31-77) (43-283) (10-61) (9.78-33) (1.5-2.9) (14.2-28) to

Massive

* Values are means + SD followed by (ranges)
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The patients were asked to abstain from
caffeine-containing beverages, foods and medica-
tion 7 days before and throughout the study period.

Reagents

Caffeine (anhydrous, BP grade, batch
n0.71015), 0.35% aqueous solution, was use for
oral administration. 8-Chlorotheophylline, used as
the internal standard, was purchased from Sigma
Chemical Co.Ltd,; Zinc sulfate from Mallinckrodt
Chemical Works; methanol and acetonitrile (HPLC
grade) from Fison, FSA Laboratory Supplies; and
sodium acetate from Fluka Chemical. Double-
distilled water was used throughout this investi-
gation.

Apparatus

The HPLC apparatus was composed of a
model 510 pump (Waters Associates, Milford, MA,
USA) for delivering the mobile phase; a model
Rheodyne injector for injecting samples, and a
Novapak C18 stainless steel column (particle size
S5um, 15 cm x 3.9 mm.I.LD. Waters Associates)
preceeded by a guard column filled with Corasil
C-18 37-50 pum particles. A UV spectrophoto-
meter (Model 481, Waters Associates) was used
to monitor caffeine at wavelength 273 nm. An
integrating recorder (Model 740, Waters Associates)
was used to record the absorbance.

Methods

After an overnight fasted, each subject
took a 3.5 mg/kg single dose of caffeine orally.
Blood samples were subsequently collected at O,
30, 60, 90 minutes and 3, 5, 10, 24 and 36 hours
following the administration.
seperated and were stored at -20'C until assayed.

The sera were

Analytical Procedure

A 500 pl of each serum sample was
deproteinized using 100 pl of zinc sulfate solution
(10% W/V), and 750 pl of methanol containing
4 pg/ml of the internal standard, 8-chlorotheo-
phylline. Each sample was vortex-mixed for 30
seconds and then centrifuged for 5 minutes at 4,000
rpm. The supernatant was filtered and then 50 pl
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of this filtrate solution was injected into the HPLC
sytem.® :

Pharmacokinetic and Statistical Analysis

The pharmacokinetic parameters of caf-
feine: Cmax, Tmax, Kel, Vd and CI; were calculated
by a computer-based MKMODEL kinetic pro-
gram.’® Caffeine can be considered to be com-
pletely absorbed. The plasma concentration-time
profile of caffeine can be fitted with one-compart-
ment open medel and exponential elimination
declined. Caffeine clearance (Cl) was calculated
from two point analysis by using the equation of
Cl= Kel x Vd. Kel was determined from the slope
of two points and Vd was obtained from the mean
valueineach group. Significantdifferencesinkinetic
data were analyzed by ANOVA and Duncan's
New Multiple Range test. The approximate value
of caffeine clearance calculated from two point
analysis was compared with the actual value from
the profile kinetic curve by the Student's T test.
The correlation between caffeine clearance and
Child Pugh's score was statistically determined at
significant level of 0.05.

Results
Subjects

The clinical and laboratory results of all
subjects are summarized in Table 1. The average
ages of the compensated and the decompensated
groups were not statistically different. In the
compensated cirrhotic group, six patients were
absent of ascites and only one had a mild degree
of ascites. The degrees of severity scored by the
Child Pugh's scoring system were 5 to 6. In the
decompensated group, all patients had slight to
massive ascites. Their biochemical data were
much higher than normal value. The degree of
severity as determained by the Child Pugh's
scoring system was also high at 8 to 14.

No subjects showed any clinical sign of
toxic effects after caffeine administration.

Pharmacokinetic Data

The caffeine elimination phase among the
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normal, the compensated and the decompensated
groups were significantly different, as shown in
Fig 1. Each group also had obviously different
kinetic data, as demonstrated in Table 2. The
absorption rate of caffeine was determined by the
value of time to peak levels (Tmax) and peak
level (Cmax). It was rapid in the compensated
cirrhotic group with Tmax occurring between 0.5-
1.5 hr. There was no significant difference in Tmax
or Cmax between the compensated cirrhotic patients
and the normal subjects. However, caffeine was
absorbed more slowly in the decompensated
cirrhotic patients than in the normal subjects. The
caffeine clearance and its elimination rate constant
in the decompensated group was significantly
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lower than in the compensated group and much
lower than in normal subjects (p<0.01). This
indicated that there was dramatic impairment of
caffeine clearance in the patients with decompen-
sated cirrhosis. The volume of distribution (Vd)
of caffeine in the decompensated cirrhotic subjects,
the compensated cirrhotic subjects and the normal
subjects were significantly different between
groups (p<0.05). The degree of hepatic dysfunc-
tion assessed by the Child Pugh's scoring system
and the values of serum caffeine clearance was
significantly correlated with the correlation coe-
fficient value (r) of - 0.810 at p<0.01, as shown
in Fig 2.

Table 2. Pharmacokinetic parameters of caffeine in normal subjects and in cirrhotic patients.*

Subject Cmax Tmax T, vda+ Ccr
(LG/ml) (hr) (hr) (L/kg) (ml.min'kg™)

Normal 6.70+1.43 0.86+0.48 7.0£2.5 0.56+0.07 1.02+0.31
(n=20)
Compensated 5.92+0.73 0.64+0.38 19.7+11.8 0.68+0.08 0.48+0.17
cirrhosis
(n=7)
Decompensated  4.72+0.72** 2.05+1.83++ 114.5£104.5 0.84+0.15 0.15+0.12
cirrhosis
(n=10)

* Values are mean * SD
+ significant difference between group p < 0.01
++ significant difference between group p < 0.05
+++ significant difference from normal group p < 0.05

The blood sampling times at 10 and 24
hours were chosen for determining of Kel. The
mean value of Vd in each group was used for
calculation. Clearance value was calculated from

the equation of Cl = Kel x Vd. The clearance
determined from two point analysis was not sig-
nificantly different from the actual values, as shown
in Table 3.
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Figure 1. Kinetic profile of serum caffeine concentration-time curve in normal
subjects and patients with compensated and decompensated cirrhosis

after 0.35 mg/kg oral dose.
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Figure 2. The relationship between caffeine clearance and Child Pugh's score

in cirrhotic patients.
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Table 3. Comparison of the value of caffeine clearance calculated from profile curve and from two

points at 10 and 24 hr in each group.

Subjects Cl (ml/min.kg) Cl (ml/min.kg)
from profile curve from two points
Normal 0.98 + 0.30 0.98 + 0.29
(N=18)
Compensated cirrhosis 048 + 0.18 0.58 + 0.38
N=7)
Decompensated cirrhosis 0.16 + 0.13 0.16 + 0.19
(N=10)

*Values are mean + SD

**The data are not statistical different in each group. (p > 0.05)

Discussion

In this study, we wanted to investigate the
pharmacokinetics of caffeine in cirrhotic patients.
The results demonstrated that the kinetic profiles
of caffeine in these patients were different from
normal subjects.

In the absorption phase, caffeine was
rapidly absorbed from the GI tract in the com-
pensated cirrhotic patients, with a peak in the blood
about 40 min after administration. This was similar
to normal subjects. In decompensated cirrhotic
patients, the absorption rate of caffeine was slower.
This factor may prolong the serum level of caffeine
in this group.

Caffeine is extensively metabolized in the
liver. It is initially demethylated to dimethyl-
xanthines by the hepatic microsomal cytochrome
P450 dependent mixed function oxidase system.®!
It is classified as a capacity-limited or a low
clearance compound.® Its clearance is dependent
upon hepatic microsomal enzyme activity and is
independent from liver blood flow.!? It has
been known that parenchymal liver diseases can
cause impairment in the elimination of a number
of drugs metabolized by the mixed function
oxidase including caffeine®®, This leads to the
suggestion that caffeine might be an ideal test
substance for assessing hepatic function,

Similar to many drugs metabolized by
cytochrome P450, caffeine metabolism is intereth-
nically variable between oriental and caucasian
groups.”” The pharmacokinetic parameters of
caffeine metabolism in normal Thai subjects were
previously studied.® Those parameters were used
in this study for comparison with caffeine metabo-
lism in cirrhotic patients. All subjects in our study
did not receive any drugs that could inhibit caffeine
metabolism, including cimetidine, oral contracep-
tives or norfloxacin."?

The results demonstrated that caffeine
clearance in cirrhotic patients was significantly
lower than in normal subjects. This data corres-
ponds with that of other studies.®'*'¥ While the
clearance in the decompensated cirrhotic group was
one-tenth that of the normal group, the clearance
in the compensated group was half that of the
normal group. This obviously suggests that the
liver function in decompensated cirrhotic patients
was significantly impaired. It has been reported
that the concentrations and activities of hepatic drug
metabolizing compounds are significantly reduced
in patients with severe and extensive hepatocellular
necrosis.’® The impairment in caffeine clearance
observed in this study most likely resulted from
reduction in "functioning hepatocyte mass". These
decompensated cirrhotic subjects had clinically
severe liver disease and most of them had abnormal
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laboratory data. However, the clinical and laboratory
data could not define any significant changes in
liver function in compensated cirrhosis. On the
other hand, the caffeine clearance could imply some
significant impairment of liver function in these
patients. Therefore, caffeine clearance may be a
more sensitive index of hepatic functional state than
the conventional liver tests.

There was a significant linear correlation
between caffeine clearance and the degree of hepatic
dysfunction as assessed by the Pugh's score rating
system in cirrhotic patients as a group. However,
the correlation in each patients was widely
scattered throughout the group. This might be due
to the large number of parameters used for scoring
the severity of liver disease by the Child Pugh's
scoring system. Some parameters are easily varied
due to individual clinical judgement.®

We also investigated two appropriate
sampling time points for determining caffeine
clearance with the equation of Cl = Kel x Vd. The
result demonstrated that samples at 10 and 24 hr
after caffeine ingestion was appropriate to repre-
sent the elimination phase of caffeine. In the pre-
vious study, the plasma half life of caffeine in
normal Thai subjects was 7 hr.® It was prolonged
in cirrhotic patients in this study. Our sampling
time points are in the actual elimination period of
caffeine. In the equation above, the fixed Vd value
for each group was used because of the significant
difference of Vd in each group. In cirrhotic patients,
the plasma protein binding of caffeine was lower
than normal subjects.®
decompensated cirrhosis subjects directly affects
the Vd value. These results were reported only
in decompensated cirrhotic patients.'® More
studies are needed to confirm the actual value of
Vd for populations of compensated and decom-
pensated cirrhotic patients.

Ascites developed in

Furthermore, the caffeine level in saliva
samples showed good correlation with serum caffeine
level.® There fore, for more convenience, saliva
samples may be better than serum samples.

Chula Med J
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