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The liver plays regulatory roles in
an inter-organ flux of amino acids
(AAs) and energy metabolism1 • The
liver takes up alanine (Ala) and many
other amino acids and utilizes them
for energy production, gluconeogenesis,
protein synthesis and ureagenesis. The
changes in plasma AA concentrations
after the removal of the liver have been
investigated in animals'":", Recently,
the usefulness of plasma AA clearance
to predict allograft functions after liver
transplantation in animals" and also
in humans'i-!" has been suggested. The
concentrations of AAs in plasma, how-
ever, may be affected by many factors
including pre-operative liver damage
and nutrition: Fath et al. reported
that the pre-operative concentrations
of some glucogenic AAs and aromatic
AAs in patients undergoing liver trans-
plantation were above the values ob-
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tained in normal overnight-fasting sub-
jects, and that those of isoleucine (lIe)
and taurine (Tau) were below normal
values",
We show here the changes in plasma

AA concentrations in a patient under-
going bench surgery of the liver for
a metastatic liver tumor. The patient
was without her liver for 2 hours and
37 min. To our knowledge, this is the
first report describing the changes in
plasma AA concentrations during and
after an anhepatic period in a patient
whose pre-operative liver function was
almost normal.

Case Report

A 49-yr-old woman (155 cm, 54
kg) underwent abdomina-perineal re-
section for rectal cancer five years
ago. A metastatic mass was found,
which occupied almost the whole right
lobe of the liver beside the portal
vein. Laboratory tests showed almost
normal liver function: e.g, hepaplas-
tin test 128% (normal range 67-138%),
the degree of retention of indocya-
nine green at 15 min 6.4% (nor-
mal range less than 10%), serum
lecithin cholesterol acyltransferase ac-
tivity 99 nmol·ml-1·h-1 (normal range
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50-130 nmol-mlr l-h" '}, and serum
,-glutamyltranspeptidase activity 105
IU·L-1 (normal range 5-55 IU.L-1).
Her nutritional state was as follows:
serum albumin 3.7 g·dl- 1 , peripheral
lymphocyte count 1024 cells-rnmr",
and Hb concentration 10.5 g·dl- 1 • A
bench surgery was planned. She was
required to fast overnight for 10 h.
Anesthesia was induced with thiamy-
lal and pancuronium, and was main-
tained by diazepam 18 mg, fentanyl 2.2
mg and isoflurane 0.8-2.0%. Dopamine
at a rate of 3 Ilg·kg-l·min-l and
prostaglandin E 1 (Prostandin 500®,
Ono Pharmaceutical Co. Ltd., Osaka,
Japan) at a rate of 14 ng-kg-1·min-1

were infused intravenously to maintain
hepatic blood flow. An Oximetrix-3®
thermodilution fiberoptic catheter
(Abbott, North Chicago, Ill) was in-
troduced via the right internal jugular
vein, and cardiac output (CO) was
measured according to Fick's principle.
Plasma volume (PV) was calculated
from CO and hematocrit. During the
anhepatic period, blood from the right
femoral vein and from the portal yein
was diverted to the left axillary vein
using Anthron® tubes and a biopump.
The flow rate via the pump was main-
tained at 2.3-2.7 L·min-1• The liver
was perfused with ice-cold University
of Wisconsin solution on a backtable,
and a partial resection of 225g of the
liver was done. The anhepatic time and
the operation time were 157 min and
12.3h, respectively. Blood loss was esti-
mated to be around 3,000 ml. Thirty-
four hundred ml of blood were trans-
fused, and 3,000 ml of plasma protein
fraction were infused during the op-
eration. Serum alanine aminotransam-
inase activity increased to 284 IU·L-1

(normal range 5-33 IU·L -1) at the first
post-operative day (lPOD). Her re-
covery was satisfactory, and she was
discharged a month later.
Blood samples were taken through

a radial arterial cannula, and the con-

centrations of free AAs in plasma were
determined by the ninhydrin method
after separation by high performance
liquid chromatography using a Hitachi
L-8500 AA analyzer (Hitachi, Tokyo,
Japan). Because cysteine is oxidized
to cystine spontaneously, the total
amount of cysteine and cystine was
obtained through this assay. Serum
ketone body concentrations were de-
termined spectrophotometrically using
the Ketone Test Sanwa (Sanwa Chem-
ical Lab., Nagoya, Japan). Blood glu-
cose and lactate were determined us-
ing Dextrostix (Miles-Sankyo, Tokyo,
Japan) and Diagluca (Toyobo, Osaka,
Japan), respectively. Blood pyruvate
concentrations were assayed enzymat-
ically using the Determiner PA (Ky-
owa Medics, Tokyo, Japan). Serum free
fatty acid concentrations were assayed
spectrophotometrically using a Hi-
tachi automatic analyzer 712 (Hitachi,
Tokyo, Japan). Serum immunoreactive
insulin (IRI) and glucagon were deter-
mined by radioimmuno assay using the
Insulin RIA Kit II (Dinabott, Osaka,
Japan) and the Glucagon Kit Daiichi
(Daiichi Radioisotope, Tokyo, Japan),
respectively.

Results and Discussion

The changes in plasma concentra-
tions of free AAs, derivative AA data,
and plama or serum concentrations of
other fuels and hormones are sum-
marized in figure 1. Most AAs in-
creased during the anhepatic period,
and then decreased after reperfusion.
During and after the anhepatic pe-
riod, the concentrations of Ala, gluta-
mate (Glu), phenylalanine (Phe), tryp-
tophane (Try) and tyrosine (Tyr) were
above the values obtained in normal
overnight-fasting subjects. Those of lIe
and serine (Ser) became below normal
values after the anhepatic period.
We observed two patterns of the

increase in AA concentrations during
the anhepatic period. The first pat-
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Fig. 1. The changes in plasma concentrations of free amino acids, derivative amino acid data, and
plasma or serum concentrations of other fuels and hormones during and after bench surgery of the
liver.
Amino acids are shown in alphabetical order. Heavily and lightly shaded areas indicate the anhepatic

period and the normal range of each parameter in healthy, and overnight-fasted subjects, respectively.
A, before operation; B, just before the anhepatic period; C and D, 60 and 120 min after the start of the
anhepatic period, respectively; E, F, G and H, 15, 30, 60 and 120 min after reperfusion, respectively;
I and J, 9 AM at the 1POD and the 2POD, respectively. Total AA, total concentrations of 21 AAs
calculated by summing the individual amino acid concentrations; Total AA x PV, total amounts of
AAs in plasma. The arrow in Glucose indicates an intravenous infusion of glucose, 109 over 30 min.
The black bar in IRI indicates continuous infusion of insulin started at a rate of 8 IU· h -1.
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tern was that the onset of the in-
crease was rapid and the degree of
the increase was marked. Ala, argi-
nine (Arg), asparagine (Asn), glu-
tamine (Gin), glycine (Gly), lysine
(Lys), methionine (Met), Phe, proline
(Pro), Ser, threonine (Thr), Tyr, and
aromatic AA (AAA, Tyr+Phe) showed
this pattern. The second pattern was
that the onset of the increase was de-
layed and the degree of the onset was
modest. Aspartate (Asp), He, leucine
(Leu), valine (Val), and branched chain
AA (BCAA, Val+He+Leu) showed
this pattern. The increase in BCAA
concentration during the anhepatic pe-
riod might indicate that BCAA was
utilized in the liver as well as in mus-
cles and the kidney!".
The concentrations of AAs which in-

creased during the anhepatic period
started to decline to the pre-operative
values after reperfusion. The concen-
tration of Arg decreased rapidly and
sharply after reperfusion. Arg is a pre-
cursor of nitric oxide, and a component
of the urea cycle, which is localized in
hepatocytes. On the other hand, the
decrease in Phe, Tyr, Val, AAA and
BCAA concentrations was retarded
The concentrations of ketogenic AAs
(Leu, Lys, Phe, Trp and Tyr) tended
to ramaine high after reperfusion.
The concentrations of some AAs

changed differently from the AAs men-
tioned above during and after the an-
hepatic period. The concentration of
Glu decreased after removal of the
liver, which coincides with the obser-
vat ion by Fath et al.9 , but returned
to the pre-operative value after reper-
fusion. Because pre-operative Glu con-
centrations were higher than those in
normal, fasting subjects, the physio-
logical significance of the reduction of
Glu during the anhepatic period is un-
known. A possible explanation of the
decrease in Glu concentration at the
initiation of the anhepatic period is
that Glu converted to GIn: the conver-

sion plays a role in the detoxification
of ammonia. Cystine (Cys), seemed to
show no significant change until the
end of the anhepatic period, but in-
creased transiently after reperfusion.
This rise in Cys and the concomi-
tant decrease in Tau and Met after
reperfusion might be partly due to
ischemia/reperfusion-induced oxidative
stress. This is supported by the follow-
ing observations: the reduced/oxidized
glutathione ratio and the granulocyte
elastase concentration in plasma in-
creased after reperfusion in another
patient undergoing bench surgery of
the liver. The concentration of Tau in-
creased during the first hour of the
anhepatic period, but decreased dur-
ing the second hour, indicating an
increased utilization of Tau or a sup-
pressed influx into plasma under a pro-
longed anhepatic condition. The con-
centration of Try did not change until
reperfusion, and increased gradually
until the IPOD.
The restoration of the BCAA/AAA

ratio, the Fischer ratio, has been
reported to correlate well with
a longer term outcome of liver
t.rariaplant.at.ionP. In our patient, the
Fischer ratio remained low until the
second post-operative day (2POD), al-
though the early restoration of her
bile secretion and the following un-
eventful clinical course indicated that
the re-implanted liver functioned fairly
well. The other molar ratios of plasma
AAs, Ala/Gin, Phe/Tyr, and Leuy'Tyr
ratio, have been proposed to corre-
late with liver damage or muscle pro-
tein breakdown-i'-!". In our patient, the
Ala/GIn ratio, which increased dur-
ing the anhepatic period, did not de-
crease until the IPOD, and neither
the Phe/Tyr nor the Leu/Tyr ratios
changed during and after the anhepatic
period.
Among the changes in plasma con-

centrations of free AAs and those in
derivative amino acid data, the reduc-
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tion of the increased concentration of
Arg and that of total amounts of AAs
in plasma (Total AA X PV) seemed
more useful to predict sufficient blood
flow and immediate functional restora-
tion of the implanted liver promptly
after reperfusion in our patient. How-
ever, plasma concentrations of free
AAs are known to be influenced by
many factors other than the hepatic
function: nutrition, starvation, plasma
volume, blood transfusion, blood prod-
uct infusion, blood sugar levels , hor-
mones, surgical stress and anesthetic
managementU'r'". The liver plays cru-
cial roles in ketone body metabolism
as well as AA metabolism. The liver is
the only organ which supplies ketone
bodies into plasma. In our patient,
the restoration of ketone body produc-
tion and the arterial ketone body ra-
tio (AKBR) rather than the changes
in plasma AAs and derivative AA
data seemed to correlate better with
the functional restoration of the re-
implanted liver. The reciprocal changes
in the concentration of serum free fatty
acid (FFA) seemed to be partly ex-
plained by the cessation of FFA utiliza-
tion for ketone body production dur-
ing the anhepatic period. The AKBR
is not affected by the changes in
plasma volume which fluctuates eas-
ily during and after major surgery.
Furthermore, the analytical procedures
are easier and data is obtained more
quickly in ketone body analysis than in
AA analysis. The usefulness of the
AKBR has been also suggested in
liver transplantation17. Although the
restoration of blood lactate concentra-
tion has been proposed to predict the
extent of ischemic liver injury after
liver tr-ansplantat.iorr'", it was not im-
mediate in our patient.
The examination of plasma AA dy-

namics during and after the anhepatic
period is important to elucidate the
metabolism of each AA and of' other
fuels. Although data obtained from pa-

tients undergoing liver transplantation
has been reported, the pre-operative
conditions of these patients are critical
in view of liver functions and nutrition,
and they sometimes require circulatory
support. For example, the patients who
underwent liver transplantation had al-
ready low Fischer ratios from the start
of the operat.ions''. We have presented
data obtained from a patient undergo-
ing bench surgery of the liver, whose
pre-operative liver damage and malnu-
trition seemed minimal. The difference
between our patient and healthy sub-
jects is that she bore a malignant
tumor: protein turnover might be ac-
celerated in tumor-bearing subjects!".
In summary, we have presented the

changes in plasma concentrations of
free AAs that occurred during bench
surgery of the liver. AAs accumulated
in plasma during the anhepatic pe-
riod, and were cleared after reper-
fusion, indicating that the uptake of
many AAs ceased during the anhepatic
period and resumed after reperfusion.
The Fischer ratio showed no value to
predict the restoration of blood flow
and functions in the liver. The changes
in the arterial ketone body concen-
trations and the AKBR were more
affected than those in plasma AAs by
the removal and the reimplantation of
the liver.
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