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Summary 

Aim: The aim of the study was to determine whether orthotopic liver transplantation leads to the ac­
:J\"ltion of macrophages, neutrophils and complement. 
Patients and filethods: Twenty-four patients undergoing orthotopic liver transplantation were studied. 
12 \\ 'ere operated on with and 12 without the use of a veno-venous bypass. Blood samples for neopterin, 
r'\l~ elastase and terminal complement complex (SC5b-9) determinations were drawn preoperatively, 1 
minute before perfusion of the grafted liver and 2-5 and 30-60 minutes after the start of perfusion of 
t he grafted liver. Comparisons were made between patients with or withour a veno-venous bypass and 
\\ith or without postreperfusion syndrome (PRS) . PRS was defined as hypotension with 2': 30% reduction 
of systemic mean arterial blood pressure during at least 1 minute after reperfusion of the grafted Liver. 
Results: Release of neopterin was observed 2-5 and 30-60 minutes after the start of perfusion of the 
grat~ed liver in patients operated upon with and without the use of a veno-venous bypass. There were 
nc, significant differences in neopterin concentration between patients developing PRS and those without 
circulatory instability. Increased PMN elastase and SC5b-9 concentrations (p<0.05) were found 2-5 and 
30-60 minutes after the start of reperfusion in both patients operated upon with and without a veno­
\ 'enous bypass. The plasma concentrations of neopterin, PMN elastase and SC5b-9 were higher in pa­
tients with PRS compared with those without (p<0 .05, respectively). 
COfilfilents: This study indicates that orthotopic liver transplantation leads to the activation of ma­
crophages, neutrophils and the complement cascade. There is no major difference regarding the ac­
tivation between patients operated upon with and without the use of a veno-venous bypass. 
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Introduction 

Orthotopic liver transplantation is often as­
sociated with circulatory instability (postre­
perfusion syndrome) in association with reperfu-

§ Authors to whom correspondence should be addressed. 

sion of the grafted liver and with the de­
velopment of a systemic inflammatory response 
syndrome (1,2,3). The etiology behind these com­
plications may be activation of macrophages, po­
lymorphonuclear neutrophil granulocytes and the 
complement system (4). Patients undergoing 
orthotopic liver transplantation \\cith postoperative 
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multiple organ failure have a longer hospital stay 
and higher mortality than patients without pos­
toperative multiple organ failure (5). 

During orthotopic liver transplantation recipient 
hepatectomy and implantation of the liver graft is 
performed during the anhepatic phase. The an­
hepatic phase is initiated by clamping of the por­
tal vein and the suprahepatic and infrahepatic in­
ferior caval vein, leading to congestion of the 
mesenteric and lower body venous circulation. 
The use of a veno-venous bypass technique dur­
ing the anhepatic phase has been suggested for ab­
dominal and lower extremity venous decom­
pression, improved haemodynamic stability and 
decreased intraoperative blood loss (6). However, 
the use of veno-venous bypass during the an­
hepatic phase docs not result in normal perfusion 
of the abdomen and lower extremities, probably 
because of inadequate venous return to the 
bypass pump (6). 

The immune system is composed of both 
humoral and cellular factors . The main function 
of the immune system is to protect its host from 
both pathogenic (i.e. virus, bacteria and foreign 
material) and neoplastic invasion. The humoral 
factors comprise the antibodies and the com­
plement system, while the cellular factors com­
prise the lymphocytes and the phagocytes (7). 
These immunological factors remain in a relatively 
unactivated stage until activated by foreign molec­
ules. Activation of the immunological system dur­
ing normal conditions is beneficial to the host. In 
organ transplantation, septic, multiple traumatised, 
or critically ill surgical patients, the host response 
to stress is more extensive and, as a result, the ex­
tensively activated immunological factors could 
create complications in the host like the adult 
respiratory distress syndrome (ARDS) and mul­
tiple organ dysfunction (MOF) (8,9,10). 

The phagocytes include polymorphonuclear 
phagocytes (neutrophils), eosinophils and baso­
phils. The polymorphonuclear leukocytes play a 
key role in the non-specific inflammatory mechan­
isms . Organ transplantation, extracorporeal cir­
culation, septic situations and trauma lead to a var­
iety of immunological disorders (8,9,10). If the 
surgical trauma or the septic event is large enou­
gh, complications like organ dysfunction, mul­
tisystem organ failure or adult respiratory distress 
syndrome may ensue. The polymorphonuclear leu­
kocytes serve for recognition, ingestion and killing 
of invading micro-organisms or transplanted tissue. 
Important cells in the inflammatory response are 
the phagocyte cells. The non-specific host defence 
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mechanism leads to phagocytosis and intracellular 
killing of invading organisms. Phagocyte cells are 
able to recognise and eliminate invading or­
ganisms, injured tissue or non-compatible tissue. 
They are also able to release substances which will 
further stimulate the inflammatory response. Such 
substances are the lysosomal enzymes, free ox­
ygen radicals, histamine and cytokines (11,12,13) . 

Human monocytes and macrophages release 
neopterin when activated, a mechanism believed 
to be dependent on stimulation with interferon­
gamma from activated T-lymphocytes (14). 
Neopterin 1S a pyrazinopyrimidine compound 
which is biosynthesised from guanosine tri­
phosphate and involved in the pathway of tetrahy­
drobiopterin, the coenzyme of the enzymatic hy­
droxylations of phenylalanine, tyrosine and tryp­
tophan (15). Increased urinary neopterin ex­
cretion has been demonstrated in patients with 
diseases in which the cellular immune response is 
known to participate, e .g. viral and bacterial in­
fections, acute cellular graft rejection and acquired 
immune deficiency syndrome (16) . High levels of 
neopterin in serum and urine from patients with 
various malignancies such as multiple myeloma, 
cervical cancer, ovarian cancer, prostate and hepa­
tocellular carcinoma have been demonstrated (17) . 

Complement split products are important in the 
chemotactic and in the opsonisation response. Op­
sonisation is a process whereby the foreign tissue 
or invading micro-organism is coated with im­
munoglobulins or complement split products. 
This makes the phagocytosis process more ef­
fective. The adherence of leukocytes to the en­
dothelium is crucial in the process of inflamma­
tion. It is also of fundamental importance to mi­
gration, phagocytosis and killing of invading mi­
cro-organisms. If the response is excessive, it may 
lead to a general inflammation with the de­
velopment of circulatory instability or organ fai­
lure. Leukostasis has been demonstrated to occur 
in the lung, liver or kidneys after organ tran­
splantation, sepsis, multitrauma and the use of ex­
tracorporeal circulation (18,19). Leukostasis may 
be induced by hypoperfusion, changes of the en­
dothelial function and activation of the leukocytes. 
Split products of the complement cascade are able 
to activate the leukocytes. Cytokines (TNF-a, IL-
1, IL-6 and IL-8), endotoxin and bacteria are ac­
tivators of polymorphonuclear neutrophils. 

Macrophages, T-lymphocytes and B-lym­
phocytes are necessary for the specific immune 
response mechanism. Different types of immune 
reactions occur between these immunological 
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cells. The mononuclear phagocyte system is com­
posed of intravascular monocytes and tissue ma­
crophages . The macrophages play a key role in 
the development of the specific immune response 
mechanism . A foreign antigen has to be taken up 
and processed in a proper way before the ma­
crophages can stimulate the T cells (T helper 
cells ). The T cells are of different types and with 
specific activity. There are helper cells, cytotoxic 
cells and suppresser cells. 

Several studies have demonstrated that cy­
to kines are released by organ transplantation, 
se psis, ischaemia, and trauma (20,21 ). Cytokines 
J.re classified as pro-inflammatory cytokines (e .g. 
T::--:F-a, IL-l, IL-6 and IL-8 ) while some have an­
ti-inflammatory properties (IL-4 and IL-IO). Re­
jection of transplanted organs is also accompanied 
b \' increased release of cytokines . Cytokines are 
fo rmed in patients undergoing dialysis and ex­
traco rporeal circulation (22,23). 

The aim of the study was to determine whether 
o rthotopic liver transplantation leads to the ac­
ti\'a tion of macrophages, neutrophils and com­
~-'lement and whether there is a difference in the 
2(ti \ 'ation between patients developing circulatory 
.:>:.i::>lllty after reperfusion of the grafted liver 
compared to those without circulatory instability 
and whether the use of veno-venous bypass in­
fluences the activation process . 

Material and methods 

The study was approved by the Human Ethics 
Committee of Goteborg University. All patients 
received immunosuppression with antithymocyte 
globuline (Fresenius AG, Bad Homburg, Germ­
any), azathioprine (Imurefll

" The Wellcome Foun­
dation Ltd; London, UK) and corticosteroids. cy­
closporin A (Sandimmun®, Sandoz Pharma Ltd, 
Basel, Switzerland) was given given orally only 
and started when the renal function was stable , 
usually on the 5th to 7th postoperative day. Univ­
ersity of Wisconsin solution (Via Span®, Du Pont 
Pharmaceuticals Ltd, Hertfordshire, UK) was 
used as the preservation fluid . 

Patients 

Twelve consecutive patients (median age 41 
years, range 32-52 years) with acute or chronic liv­
er disease undergoing orthotopic liver tran­
splantation with the use of a veno-venous bypass 
were included in the study. The veno-venous 
bypass technique was performed with the use of a 
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Figure 1. Neopterin in patients undergoing ortho topic 
liver transplantation. Concentrations in patients operated 
upon the use of a veno-venous bypass (open bars ) and 
those without a bypass ( filled bars ). The results are given 
as median and 25th-75th percentiles. 

nonocclusive centrifugal pump (model 540 Bio­
Medicus®, Medtronic, Kerkrade-West, Holland), 
heparin-bonded 3/4 inch diameter shunt tubing 
(Medtronic, Kerkrade-West, Holland ) and 16 Fr. 
to 32 Fr. heparin coated insert probes (Carmeda 
AB, Taby, Sweden). A combined caval and portal 
bypass was used. The bypass circuit was primed 
with 500 ml of Ringer's acetate at room tem­
perature . Blood was drained from the portal and 
femoral veins and returned to the patient through 
a shunt tube inserted into the axillary vein. 

Liver transplantation was also performed in 
twelve consecutive patients with a surgical tech­
nique without the use of a veno-venous bypass 
during the anhepatic phase. 

The anhepatic phase was defined as the period 
between clamping and declamping of the portal vein. 
Before declamping the portal vein the liver was flush­
ed with Haemacel® (Behringwerke AG, Marburg, 
Germany) 1000 ml at 370 DC via the portal vein. 

Anaesthesia 

Anaesthesia was achieved with thiopentone so­
dium (Pentothal® sodium, Abbott Laboratories, 
North Chicago, Illinois, USA), fentanyl citrate 
(Leptanal®, Janssen Pharmaceutica, Illinois, USA ) 
in oxygen/air. Pancuronium bromide (Pavulon lt

, 

Organon Teknika, Boxtel, Holland ) was used for 

Pteridines/ Vol. 9 / No. 1 



4 Tomasdottir et al.: Release of neopterin, PMN elastase and terminal complement complexes by orthotopic 

300 

250 

200 

150 

100 

50 

0 
0.. <1) c::: c::: 
0 ..... .§ .§ 
<1) .8 

P::: <1) 
tr) 0 .D 
N \0 

c::: 0 .§ «> 

Figure 2. PMN elastase in patients undergoing ortho­
topic liver transplantation. Concentrations in patients 
operated upon the use of a veno-venous bypass (open 
bars ) and those without a bypass (filled bars ). The results 
are given as median and 25th-75th percentiles. 

muscle relaxation. All patients received a contin­
uous infusion of 3 microgram/ kg/ min dopamine 
(Intropin(!{; , Hassle AB, Molndal, Sweden ). Ulcer 
prophylaxis with omeprazol (Losec®, Astra La 
kemedel AB, Sodertalje, Sweden) was started preo­
peratively . 

Postreperfusion syndrome (PRS) 

Postreperfusion syndrome, PRS, w~:s defined as 
hypotension with 2:> 30% reduction of systemic 
mean arterial blood pressure during at least 1 
minute compared with base-line during the an­
hepatic phase and/ or need for intensified treat­
ment with sympathomimetics during the first five 
minutes of the reperfusion. Eight of 12 patients 
operated upon without the use of a veno-venous 
bypass fulfilled the criteria for PRS. 

Determina tions 

Blood samples for neopterin, PMN elastase and 
terminal complement complex (SC5b-9 ) de­
terminations were drawn peroperatively, 1 min be­
fore perfusion of the grafted liver and 2 -5 and 30-
60 minutes after the start of perfusion of the graft­
ed liver. Arterial blood for neopterin, PMN elastase 
and SC5b-9 determinations was drawn into tubes 
containing 0.34 Methylene diamine tetraacetic acid 
in a quantily of 0.054 ml per 4.5 ml of blood. The 
tubes were centrifuged to remove the cells. The 
samples were frozen within 30 minutes in in-
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Figure 3. Terminal C5b-9 complement complex (SC5b-
9 ) in patients undergoing orthotopic liver transplantation. 
Concentrations in patients operated upon the use of a 
veno-venous bypass (open ars ) and those without a 
bypass (filled bars) . Teh results are given as median and 
25th-75th percentiles. 

dividual tubes for each determination and stored at 
-80 °C until the analyses were performed. All assays 
were performed in duplicate. The results are all 
given as means of duplicate determinations. 

The neopterin concentration was determined 
by an enzyme-linked immunoassay (ELISA) pro­
cedure (Henning Berlin GMBH, Berlin, GermaL/ ) 
with a sensitivity of 2.0-250 nmoljl. The standard 
deviation of duplicate determinations of neopterin 
was less than 7% and the inter-assay coefficient of 
variation was 8%. PMN elastase was determined 
as an Ct1-antiprotease-elastase complex and det­
ermined by the PMN Elastase IMAC® lm­
munoassay (E Merck, Darmstadt, Germany. The 
standard deviation of duplicate determinations of 
PMN elastase was less than 6% and the interassay 
coefficient of variation was 4%. The plasma con­
centration of the terminal C5b-9 complement 
complex was determined by an ELISA. 

Statistics 

Median values and 25%-75% percentiles are given. 
The significance of difference within the groups 
was analysed with Wilcoxon's test. The Marm-Whit­
ney U test was used for statistical analysis of differ­
ence between the hypotensive and nonhypotensive 
groups. 
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Results 

The results of the plasma neopterin determina­
tions are given in Table 1. The concentration of 
neopterin was in both groups elevated 2-5 and 30-
60 minutes after the start of reperfusion (p<0.05 
for both groups). No significant changes in the 
neopterin concentration were observed before the 
start of reperfusion. The plasma neopterin con­
Lentrations were not higher in patients with PRS 
J.tter the start of perfusion of the grafted liver com­
rared with those without PRS. 

The results of the PMN elastase determinations 
..lre given Table 1. The PMN elastase concentra­
tions were elevated in both groups 2-5 and 30-60 
:11inutes after the start of reperfusion compared 
'.\ith the levels found preoperatively and 1 minute 
~d()re the start of reperfusion (p<0.05). No sig­
m hLant changes were observed before reperfusion . 
The PMN elastase concentrations were higher in 
r..ltients with postreperfusion syndrome compared 
\\ith those without PRS at 2-5 and 30-60 minu­
tes I p<0.05) . 

The concentrations of SC5b-9 were elevated in 
Doth groups at 2-5 and 30-60 minutes after the 
",Urt of reperfusion compared with the levels 
tound before the start of reperfusjion (p<0.05). 
The SC5b-9 concentrations were higher in pa­
tients with postreperfusion syndrome compared 
\\'ith those without PR..~ at 2-5 and 30-60 minu-

tes (p<0.05) (table 1). 

Discussion 

Orthotopic liver transplantation with and 
without the use of a veno-venous bypass leads to 
activation of macrophages, neutrophils and com­
plement This is confirmed by the results of the 
present study. Neopterin was determined as an in­
dicator of macrophage activation while PMN elas­
tase was determined for evaluation of neutrophil 
activation For evaluation of complement system 
activation, the terminal complement complex (SC 
5b-9) was analysed. 

Several studies indicate that extracorporeal cir­
culation leads to activation of leukocytes and of 
the complement system . However, in the present 
study similar degrees of activation of macrophages, 
neutrophils and complement were observed in pa­
tients operated upon with and without the use of 
a veno-venous bypass . Thus, these systems be­
come activated independently of the bypass pro­
cedure in connection with orthotopic liver tran­
splantation. The plasma levels of neopterin were 
not very high in the circulation during the first 
hour of perfusion of the grafted liver. There was a 
significant increase of neopterin compared with 
the levels found before reperfusion. We have in 
an earlier study demonstrated high neopterin con­
centrations in plasma 6 and 24 hours after re-

Table 1. Neopterin, PMN elastase and terminal complement complex (SC5b-9) in patients undergoing liver tran­
splantation operated upon with and without a veno-venous bypass. Mean values and 25th-75th percentiles are given 

Preop 1 min before start 2-5 min after start 30-60 min after 
of reperfusion of reperfusion start of reperfusion 

Without veno-venous bypass 
Neo!2terin 
PRS 3 .3 (2 .6-5.0) 4.1 (2.8-5 .3) 4.3 (2.7-7.0) 4 .9 (4.1 -6.4) 
non -PRS 2.0 (1.4-4.8) 2.1 (1.4-3.2) 6.6 (2.8-8.5) 6.8 (6.6-6.9) 
PMN elastase 
PRS 64 (48-97) 72 (50-1070 81 (76-88) 162 (129-269 ) 
non -PRS 64 (39-106) 77 (49-107 ) 78 (67-134) 109 (99-174) 
SC5b-9 
PRS 1.5 (<l.0-2.0) 1.1 (<l.0-2.8) 1.4 (1.0-2.5) 6.7 (3.9-6.9) 
non-PRS <l.0 (<l.0-5 .5) 1.7 (1.1-5.6) 1.7 (<l .0-4.2) 2.8 (2 .6-5.3) 
With veno-venous bypass 
Neo!2terin 
PRS 3.3 (2.3-5.0) 2 .8 (2.4-5 .4) 6 .6 (5 .2-15 .2) 4.1 (3 .7-8 .0) 
non-PRS 2.8 (2 .6-3 .2 ) 2.3 (2. 1-3.0 ) 4 .8 (3 .5-5 .6) 4.6 (2.9-5.1) 
PMN elastase 
PRS 36 (17-85) 71 (55-93 ) 134 (85-206) 238 (158-325 ) 
non-PRS <30 (<30-252) 55 (33-141) 151 (129-154) 166 (152-201) 
SC5b-9 
PRS 2.7 (2.5-6.7) 1.9 (1.5-2.6) 2 .8 (1.9-3 .9) 8.3 (3.8 -14.4) 
non-PRS 5.3 (2.4-8.2 ) 7 .6 (2.3-12.9) 3.2 (2.4-4.0) 7.1 (5 .2 -9.1) 
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perfusion (24). This study clearly indicates that 
neopterin starts to be released within 60 minutes 
after the start of reperfusion . 

Several investigators have discussed the re­
lationship between activation of macrophages, 
neutrophils and the complement cascade and the 
development of complications like shock, adult 
respiratory distress syndrome and multisystem or­
gan failure in connection with transplantation, 
trauma and sepsis. Circulatory shock, ARDS and 
MOF are complications often seen in connection 
with liver transplantation (2 .5). Release of pro-in­
flammatory cytokines and formation of com­
plement derived anaphylatoxins and other in­
flammatory products may InitIate patho­
physiological events that lead to the development 
of circulatory insufficiency. Studies using broncho­
alveolar lavage have shown that neutrophils ac­
cumulate in the lungs and that CSa accumulates 
in alveolar fluid early during the course of ARDS 
(26) . Robbins and co-workers have demonstrated 
that the concentrations of the chemotactic factor 
in activator are higher in broncho-alveolar lavage 
fluid from patients with ARDS compared with 
those without ARDS. They could also show that 
the functional activity of chemotactic factor inac­
tivator was reduced in ARDS broncho-alveolar 
fluid (27). 

In an earlier study, we demonstrated that pa­
tients undergoing liver transplantation develop 
metabolic acidosis during the anhepatic phase. 
This indicates that hypoperfusion of the gut secon­
dary to clamping of the portal and inferior caval 
veins may trigger the complement activation dur­
ing liver transplantation (28). The mechanisms 
mediating this activation may include formation 
of immune complexes reacting with injured en­
dothelial cells and translocation of bacterial en­
dotoxins through the gut mucosa (29). In agree­
ment with earlier studies, more than 50% of the 
patients in the present study suffered from the 
PRS. Hypothermia, hyperkalaemia, acidosis, im­
paired sympathetic activity, changes in the rate of 
venous return and the release of vasoactive sub­
stances from the gut during reperfusion of the 
grafted liver may be factors influencing the PRS. 

This study showed, in accordance with earlier 
studies, an association between the release of 
PMN elastase and the activation of complement 
and development of profound hypotension upon 
reperfusion of the grafted liver. Neopterin, on the 
other hand, was not increased after the start of re­
perfusion in the patients with circulatory ins­
tability as compared with blood pressure stable pa-
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tients. In a study by Himmelreich and co-workers, 
an elevated concentration of neopterin was found 
in the perfusate released from the grafted liver 
dujring the flushing procedure before the re­
perfusion phase (30) . This indicates that it was 
released from the grafted liver. In addition, earlier 
studies indicate that hypoperfusion of the in­
testine will also influence activation of in­
f1ammatory mediators. In a study by Rqmholm 
and coworkers, it was demonstrated that the por­
tal vein contained higher concentrations of com­
plement anaphylatoxins than the hepatic artery or 
the radial artery during the intial reperfusion of 
the grafted liver (31). Elevated concentrations of 
neopterin and cytokines have been observed in pa­
tients with septic shock and in critically ill patients 
(32). In addition, in a study by Delogu and co­
workers, it was demonstrated in septic patients 
that neopterin may be used as a predictor of cir­
culatory shock as a consequence of sepsis. They 
also showed that neopterin exceeded the soluble 
IL-2 receptor as a prognostic indicator (33). 

This study indicates that orthotopic liver tran­
splantation leads to the activation of macrophages, 
neutrophils and complement cascade . There is no 
major difference regarding the activation between 
patients operated upon with and without the use 
of a veno-venous bypass . 
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