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Abstract Des-gamma-carboxy pro- 
thrombin (DCP) is an abnormal 
prothrombin that lacks coagulating 
activity. The aim of this study was to 
determine if the presence of DCP in 
the donor could be used as a marker 
of post-transplant graft function. We 
collected data and serum samples on 
90 organ donors. DCP level was 
correlated with donor-specific fac- 
tors and with graft function intraop- 
eratively and in the early post-trans- 
plant period, Twenty-seven donors 
(30.0 % ) had positive DCP levels 
before harvesting. Although recipi- 
ents were similar in demographics, 
preoperative liver function, and pri- 
mary disease distribution, patients 
transplanted with livers from DCP- 

positive donors needed significantly 
more intraoperative transfusion. 
Furthermore, donor DCP positivity 
was identified as a preoperative risk 
factor for poor early graft function 
based on multivariate analysis (odds 
ratio = 6.58, P = 0.0032). Our find- 
ings suggest that DCP is another 
valuable marker for evaluating the 
quality of donor livers. 
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Introduction 

Prothrombin is a vitamin K-dependent blood coagula- 
tion protein that is synthesized in the liver. In the serum 
of patients deficient in vitamin K or receiving vitamin K 
antagonists, an abnormal prothrombin appears that 
lacks coagulant activity [l]. This abnormal prothrombin 
is called des-gamma-carboxy prothrombin (DCP) or 
protein induced by vitamin K absence or antagonist-I1 
(PIVKA-11). It is known that vitamin K deficiency is re- 
sponsible for the bleeding disorders observed in patients 
with malabsorption, biliary obstruction, biliary fistula, 
and hemorrhagic disease in newborns. In 1984, Liebman 
et al. reported that DCP levels were increased in pati- 
ents with hepatocellular carcinoma (HCC) [5].  Since 
then, DCP has been used as a tumor marker for HCC 
[13]. Severe liver disease can also be associated with 
this dysfunctional prothrombin and with significant 

bleeding disorders [l]. Recently, we found that in- 
creased plasma DCP levels were associated with severe 
acute cellular rejection after liver transplantation [12]. 
In this study, we report that DCP may be a useful mark- 
er for donor liver evaluation. 

Patients and methods 

Study population 

Ninety organ donors were evaluated ( 5 8  men, 32 women). Their 
ages ranged from 7 to 73 years (mean 36 years). Peak and last 
AST, ALT, bilirubin, prothrombin time (PT), protein, albumin, 
cholesterol, and platelet levels during intensive care unit (ICU) 
stay of the donor were recorded. The livers were flushed and pre- 
served in University of Wisconsin (UW) solution at 4°C for vari- 
able periods (mean: 563 k 138 min) and transplanted into 90 adult 
recipients. Livers with more than 50% macrovesicular fat (as 
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Fig.1 Prevalence of donor DCP positivity according to the length 
of stay in ICU. Twenty-seven of YO donors showed positive DCP 
levels before harvesting. The number of DCP-positive donors in- 
creased with the time spent in the ICU 

shown by biopsy) are routinely discarded and were excluded from 
this study. Blood samples were obtained from organ donors before 
crossclamp and centrifuged at 3000 rpm for 10 min. 

DCP assay 

The plasma DCP concentration was measured by an EIA method 
using a monoclonal antibody specific for DCP (Eitest MONO P- 
11, Eisai Co., Tokyo) [7]. A DCP level of 0.0625 arbitrary uni- 
t(AU)/ml is the lowest detectable value with this assay. The linear 
curve from which the assay sensitivity is extracted ranges from 
0.06 to 8.0 AUlrnl. Levels greater than 0.0625 AU/ml were consid- 
ered positive. Coefficient values of variances (CV) for samples re- 
peated in the same assay were found below 3 YO. CV values were 
below 10% from run to run. All samples, including standards, 
were run in duplicate. 

Early graft function 

In recipients, peak AST and ALT levels for the first 3 postopera- 
tive days (POD) and prothrombin time on POD 2 were also re- 
corded. Poor early graft function (PEGF) was defined as peak 
AST or ALT above 2500 U/l and PT above 16 s. Retransplantation 
or death within 7 days hecause of PEGF was considered primary 
graft nonfunction (PNF). 

Statistics 

Statistical evaluation was performed using the Mann-Whitney test, 
the Spearman rank correlation coefficient test, the Yates’ continu- 
ity-corrected chi-square test, and McNemar’s chi-square test. To 
evaluate the prognostic influence of potential risk factors, a step- 
wise logistic regression model was used. All statistical results were 
considered significant at a P value below 0.05. 

Table 1 The relationship between donor DCP positivity and do- 
nor characteristics 

Donor DCP P value 

Positive Negative 
(n  = 27) 

Days in ICU 3.74 + 1.95 2.54 + 1.55 0.0026 
Age 36.6 + 17.9 31.5 + 20.6 0.3751 
Male/female 16/11 41/31 0.501 1 
AST peak (Uil) 99.0 + 189.2 104.7, + 83.85 0.8572 
AST last (Uil) 78.7 + 141.4 77.5 + 57.6 0.7965 
ALT peak (U/I) 57.5 + 90.68 66.6 + 83.8 0.6598 
ALT last (Uil) 45.5 + 70.47 47.8 + 48.7 0.8658 
Bilirubin peak (mgidl) 1.20 + 1.01 1.90 + 5.93 0.5699 
Bilirubin last (mg/dl) 0.77 + 0.63 1.60 + 5.86 0.4664 
PT first ( s )  13.14 + 1.64 13.35 + 2.07 0.6518 
PT last (s)  13.61 + 1.78 13.71 + 2.11 0.8265 
Albumin first (gidl) 3.74 + 0.94 3.47 + 0.87 0.1438 
Albumin last (gidl) 3.18 + 0.69 3.04 + 0.75 0.2594 
Tolal prothrombin (mgidl) 56.98 + 24.08 69.15 + 28.76 0.4804 

Cause of death 

( n  = 63) 

Cardiac arrest 8 (‘9.6%) 4 (6.3%) 0.2250 

Intracranial bleeding 13 (48.1%) 31 (49.2%) 
Other 1 ( 3 . 7 % )  2 (3.2%) 
Blood type: 0 16 (59.3%) 31 (50.8%) 0.2173 
A 6 (22.2%) 24 (38.1 Yo) 
B 5 (18.5%) 5 (7.9%) 

0 ( O Y O )  2 (3.2%) AB 
Rh-positive 23 (85.2%) 60 (95.2%) 0.1027 
CMV-positive 16 (59.3%) 35 (55.6%) 0.7452 
Ischemic time: Cold (min) 575.7 + 162.4 549.7 + 149.9 0.4639 
Warm (min) 51.9 + 9.9 48.7 + 8.3 0.1241 
Total (min) 627.5 + 164.7 598.4 + 152.1 0.4190 
Arterial pH 7.39 f 0.13 7.43 f 0.08 0.6806 

Results 
Twenty-seven donors (30.0 % ) showed positive 
( > 0.0625 AU/ml) DCP levels before harvesting (mean 
0.78 * 2.159 AU/ml; range, 0.062 to 10.9 AU/ml). The 
number of DCP-positive donors increased with the 
time spent in the ICU (Fig. 1). 

Table 1 demonstrates the relationship between do- 
nor DCP positivity and donor characteristics. No corre- 
lation was found between donor age and DCP levels 
(data not shown). DCP-positive donors had longer 
ICU stays than DCP-negative donors (3.74 * 1.95 vs 
2.54 -t 1.55 days, P = 0.0026). No significant difference 
in liver function was observed between donors with 
and without positive DCP levels. Ischemic times (cold, 
warm, and total) and donor liver weight were also simi- 
lar. 

Table 2 shows the relationship between donor DCP 
positivity and recipient characteristics. Although recipi- 
ent characteristics were similar, recipients transplanted 
with livers from DCP-positive donors needed signifi- 
cantly more intraoperative transfusions [packed red 



145 

Table 2 The relationship between donor D C P  positivity and reci- 
pient characteristics 

Donor DCP P 

Positive Negative 
( n  = 27) ( n  = 63) 

value 

Age 49.7 + 13.0 47.9 + 13.2 0.5604 
Male/female 17/10 35i2x 0.5144 
Chronic cholestatic disease 6 (22.2 YO ) 8 (12.7 YO ) 0.6788 
Chronic hepatocellular disease 16 (59.3 YO ) 30 (63.5 YO) 
Other chronic liver disease 2 (7.4%) 3 (4.8%) 
Fulminant hepatitis 2 (7.4%) 2 (3.2%) 
Retransplantation 1 (3.7%) 10 (15 .90 / )  
UNOS 3 9 (33.3%) 18 (28.6%) 0.1241 
UNOS 2 11 (40.7%) 32 (50.8%) 

Child’s B 7 (29.2%) 18 (35.3%) 0.4190 
Child’s C 17 (70.8%) 33 (64.7%) 
Positive crossmatch 5 (18.5%) 3 (4.7%) 0.33705 

UNOS 1 7 (15.9%) 13 (20.6%) 

Table 3 lntraoperative transfusion 

Donor DCP P value 

Positive Negative 
( n  = 27) (?z = 63) 

Packed red blood cells ( U )  20.9 + 20.9 6.9 + 4.5 0.0001 
Fresh-frozen plasma ( U )  23.7 + 21.4 9.6 + 4.8 0.0001 
Platelets ( U )  16.7 + 13.3 7.5 + 8.1 0.0001 

Table 4 Post-transplant graft function 

Donor DCP P value 
~~ 

Positive Negative 
( n  = 27) ( n  = 63) 

AST peak for first 3 PODs 1538 + 1447 775 + 858 0.0031 
ALT peak for first 3 PODs 1664 + 1682 972 + 1160 0.0303 
PT on P O D  2 17.7 + 4.8 15.2 + 4.1 0.0142 
Poor early graft function 10 (37.0%) 2 (3.2 YO) 0.0001 
Primary graft nonfunction 3 (1 1.1 Yo ) 2 (3.2 YO ) 0.1320 

Table 5 Risk factors for poor early graft function 

Univariate analysis Early graft function P value 

Poor ( n  = 12) Good ( n  = 78) 

Donor days in ICU 
Cold ischemic time 
Warm ischemic time 
Total ischemic time 
Donor DCP value 
Donor DCP positivity 
Multivariate analysis 

Donor DCP positivity 

4.25 + 3.63 
643.4 + 155.0 
54.6 + 11.4 

698.0 + 159.4 
2.51 + 3.98 

10 (83.3%) 

Odds ratio 
6.58 

2.81 + 1.91 0.0235 
544.3 + 149.7 0.0362 
48.9 + 8.3 0.0365 

593.2 + 151.3 0.0290 
0.75 + 2.16 0.0279 

17 (11 .8%)  0.0001 

P value 
0.0032 

blood cells (PRBC), platelets (PLT), and fresh-frozen 
plasma (FFP)] (Table 3). Furthermore, livers from 
DCP-positive donors showed a significantly higher rate 
of PEGF (10/27 vs 2/63, P = 0.0001, Table 4). Higher ab- 
solute DCP levels, however, were not associated with a 
greater likelihood of graft dysfunction than a borderline 
positive value. 

We also performed univariate and multivariate anal- 
yses for the risk factor for PEGF. The results are shown 
in Table 5. Univariate analysis revealed that days in 
ICU. cold and warm ischemic time, and donor DCP 
were risk factors for PEGF. By multivariate analysis, 
we found that donor DCP positivity was the only inde- 
pendent risk factor for PEGF (odds ratio = 6.58, 
P = 0.0032). 

Discussion 

Successful liver transplantation depends on accurate do- 
nor and recipient evaluation [3,9]. Because of the short- 
age of donor organs, use of “marginal” quality livers is 
becoming more common [6,14]. Despite modified crite- 
ria for graft acceptance, and despite increasing severity 
of liver disease in the recipient population at our center, 
our 2-month survival rate is over 90% [2] .  The inci- 
dence of PEGF in this study was 18%; in 3 cases ( 5  %). 
patients required retransplantation. 

It has been reported that many factors affect graft 
function, and the cause of poor early graft function is 
still unclear. Ploeg et al. retrospectively analyzed data 
from 323 orthotopic liver transplantations and identi- 
fied fatty donor liver, older donor age, retransplanta- 
tion, renal insufficiency, and prolonged cold ischemic 
time as risk factors [7]. Gonzalez et al. examined donor 
and recipient variables by multivariate analysis and 
found four independent risk factors for poor early graft 
function: donor serum sodium concentration, total is- 
chemic time, platelet transfusion during surgery, and re- 
cipient prothrombin activity [S]. Strasberg et al. re- 
viewed the literature and identified relative risk factors 
(moderate steatosis, cold ischemic time > 12 h, donor 
age > 50 years, warm ischemic time > 90 min, retrans- 
plantation, UNOS status 1, and kidney failure) and ab- 
solute risk factors (severe steatosis, cold ischemic 
time > 30 h, and warm ischemic time > 150 min) [ll]. 
Based on these findings, one can conclude that poor ear- 
ly graft function is caused by multiple factors. 

Several donor tests are thought to  predict graft func- 
tion after transplantation; in particular, arterial ketone 
body ratio (AKBR) and lecithin cholesterol acyltrans- 
ferase (LCAT) might be reliable markers. Shimada 
et al. measured LCAT in 39 organ donors. They found 
LCAT activity to be an independent risk factor for 
PEGF but could not establish a cut-off value because 
LCAT activity was significantly lower in organ donors 
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than in healthy controls [lo]. Yamaoka et al. measured 
AKBR in 40 cadaveric donors and 13 living-related liver 
donors and found that grafts obtained from donors with 
AKBR below 0.7 have a significantly increased risk of 
PEGF [15]. The DCP assay offers an additional means 
for evaluating the quality of donor livers. DCP’ levels 
are easily and quickly measured, and results can be ob- 
tained within 4 h. This abnormal PT is a functional 
marker, undetectable in healthy individuals [4]. The 
presence of nonfunctional PT predicts a high risk of in- 
traoperative bleeding complications in recipients, 

as well as compromised early postoperative graft func- 
tion. 

The causes of increased DCP production in the do- 
nor need to be clarified. Since prolonged ICU stay re- 
sulting in malnutrition and an acquired defect in hepatic 
vitamin K-dependent carboxylation are likely explana- 
tions, the effect of preventive vitamin K administration 
in the donor on DCP levels also needs to be analyzed. 

Acknowledgements We are grateful to Eisai Co., Ltd., for supply- 
ing the DCP assay kits used in this study. 

References 
I .  Blanchard RA, Furie BC, Jorgensen M. 

Kruger SF, Furie B (1981) Acquired vi- 
tamin K-dependent carhoxylation defi- 
ciency in liver disease. N Engl J Med 
305: 141-248 

1. Emre S, Schwartz ME, Mor E, Kishika- 
wa K, Yagmur 0, Thiese N ,  Sheiner P, 
Jindal PM, Chiodini S. Miller CM 
(19Y.1) Obviation of preperfusion rins- 
ing and decrease in preservationireper- 
fusion injury in liver transplantation by 
portal blood flushing. Transplantation 
57: 7Y9-803 

Antolin M, Garcia-Valdecasas JC, Fus- 
ter J, Lacy AM, Cugat E, Visa J, Rodes 
J ( 1994) Predictive factors of early 
postoperative graft function in human 
liver transplantation. Hepatology 20: 

3. Hattori N, Ohmizo R, Unoura M, PIV- 
KA-I1 Collaborative Working Group 
(1988) Abnormal prothrombin mea- 
surements in hepatocellular carcinoma. 
J Tumor Marker Oncol3: 907-116 

5. Liebman HA, Furie BC, Tong MJ, 
Blanchard RA, Lo KJ, Lee SD, Cole- 
man MC, Furie B (1984) Des-gamma- 
carhoxy (abnormal) prothrombin as a 
serum marker of primary hepatocellu- 
lar carcinoma. N Engl J Med 310: 

3. Gonzalez FX, Rimola A, Grande L, 

565-573 

1437-1431 

6. Mor E, Klintmalm GB, Gonwa TA, 
Holman MJ, Gibbs JEWatemberg I, 
Goldstein RM, Husberg BS (1991) The 
use of marginal donors for liver trans- 
plantation. A retrospective study of 365 
liver donors. Transplantation 53: 
383-396 

7. Naraki T, Wataiiabe K, Shimosuru Y, 
Namba Y, Morimoto T( 1986) Develop- 
ment and evaluation of the EIA kit for 
the detection of PIVKA-I1 using double 
antibody sandwich system: monoclonal 
antibody to PIVKA-I1 and polyclonal 
antibody to prothrombin. Clin Immunol 
18: 479492 

8. Ploeg RJ, D’Alessandro AM, Knechtle 
SJ, Stegall MD, Pirsch JD, Hoffmann 
RM, Sasaki T, Sollinger HW, Belzer 
FO, Kalayoglu M (1993) Risk factors 
for primary dysfunction after liver 
transplantation - a multivariate analy- 
sis. Transplantation 55: 807-813 

9. Pruim J, Klompmaker IJ, Haagsma EB, 
Bijleveld CMA, Slooff MJH (1993) Se- 
lection criteria for liver donation: a re- 
view. Transpl Int 6: 216-235 

10. Shimada M, Yanaga K, Higashi H, 
Makowka L, Kakizoe S, Starzl TE 
(1991) Pretransplant assessment of hu- 
man liver grafts by plasma lecithin: 
cholesterol acyltransferase (LCAT) ac- 
tivity in multiple organ donors. Transpl 
Int 5: 27-30 

1 
11. Strasberg SM, Howard TK, Molmenti 

EP, Hertl M (1994) Selecting the donor 
liver: risk factors for poor function after 
orthotopic liver transplantation. Hepa- 
tology 20: 879438 

11. Suehiro T, Boros P, Emre S, Mor E, 
Sheiner P, Thung S, Schwartz ME, Mil- 
ler CM (1994) Increased des-gamma- 
carboxy prothrombin level is associated 
with severe rejection in liver transplant 
patients. Hepatology 20: 198A 

13. Suehiro T, Sugimachi K, Matsumata T, 
Itasaka H, Taketomi A, Maeda T (1994) 
Protein induced by vitamin K absence 
or antagonist I1 (PIVKA-11) as a prog- 
nostic marker in hepatocellular carci- 
noma: comparison with alpha-fetopro- 
tein. Cancer 73: 364-7471 

14. Wall WJ, Mimeault R, Grant DR, 
Bloch M (1990) The use of older donor 
livers for hepatic transplantation. 
Transplantation 49: 377-381 

15. Yamaoka Y. Washida M, Manaka D, 
Gubernatis G, Ringe B, Ozaki N, 
Yamaguchi T. Takada Y, Ollerich M, 
Ozawa K, Pichlmayr R (1993) Arterial 
ketone body ratio as a predictor of do- 
nor liver viability in human liver trans- 
plantation. Transplantation 55: 92-95 


