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Sir: Protein C(PC) is a major physio-
logical regulator of both coagulation
[4] and fibrinolysis [2, 11]. Itis a vit-
amin K-dependent glycoprotein cir-
culating in plasma as an inactive zy-
mogen. [tisconverted inits active
form after activation by thrombin-
thrombomodulin complex on the en-
dothelial cell: this activation requires
binding of Gla residues on mem-
brane phospholipids. Activation of
PC, together with its cofactor, free
protein S, results in inactivation of
factors Vaand VIIIa[9]. In vitro. it
has beensuggested that activated PC
(APC)couldincrease fibrinolysis by
inhibiting PAI; a specific inhibitor of
APC, belonging to the serpin family,
has been described [3]. Congenital
deficiencies canlead torecurrent
thrombosis, which occurs mainly on
the venousside. Itsrelationship to ar-
terial thrombosis still remains con-
troversial. The prophylaxis of throm-
botic events in patients with heredi-
tary PC deficiency hasrecently been
stressed [1]. However, the benefits
and risks of anticoagulant therapy
are difficult to establishin heterozy-
gotes, especially when surgeryisre-
quired. We consider the risk of
thrombosis to be maximal in a patient

with hereditary PC deficiency who
hasbeen on chronic hemodialysis
and for whom renal transplantation
hasbeen considered. Chronic uremia
and hemodialysis may alter coagula-
tion inhibition such as protein C, pro-
tein S, and antithrombin 111 [8, 10,
12], and heparinization either during
dialysis or in the perioperative period
can modify the chronometric meas-
urement of APC[13]. Consequently,
we have considered using highly puri-
fied human PC concentrate to com-
pensate familial PC deficiency, as it
has recently been proposed to treat
purpura fulminansin a homozygote
infant. We report on the use of highly
purified human PC concentrate in ad-
dition to anticoagulant therapy for
the prevention of thrombosisin the
perioperative period of renal trans-
plantation.

A male patient, bornin 1929, was
investigated for renal transplanta-
tion. Renal failure was due to reflux
nephropathy. There was no history of
smoking, severe hypertension, or
diabetes mellitus and there were no
lipid abnormalities. Hemodialysis
wasstartedin 1983 and six iterative
arteriovenous fistula thromboses oc-

curred until 1988, at which time acute
humeral artery obliteration resulted
in a switch over from hemodialysis to
chronic ambulatory peritoneal dia-
lysis (CAPD). After 3 months of
CAPD, acute mesenteric artery
thrombosis required right hemicolec-
tomy. The patient was put back on
hemodialysis. The hematocrit level
was (.27 without erythropoietin ther-
apy. At that time, the diagnosis of
familial type I1 PC deficiency was es-
tablished (PC antigenlevel 70 %, PC
amidolytic activity 50 % ; PC anti-
coagulant activity 40 % ). The patient
was treated with a 5000 TU daily in-
jection of low molecular weight heap-
rin (LMWH; Tedelparin, Kabi-
Vitrum). Two relatives free of any
thrombotic event were investi-

gated and found to also be PC-defi-

Fig.1 Follow-up of renal transplantation
in a patient with familial protein C (PC)
deficiency. Plasma PC activity is quoted as
percent amidolytic activity of normal con-
trol. Changes in PC activity are the conse-
quence of human highly purified PC con-
centrate given intravenously for a period of
a few days
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cient. Prior to transplantation, the pa-
tient received an intravenous infu-
sion of 50 IU/kg of highly purified
human PC concentrate, kindly pro-
vided by Dr. Burnouf (CRTS, Lille,
France). There were no clinical side
effects, no signs of intravascular
coagulation, norise in other vitamin
K-dependent factors, and no fibrino-
lytic activation as detected by the eu-
globulin lysis time, tPA activity, and
PAT activity.

A cadaver kidney transplantation
(three HLA mismatches) was per-
formed on 15 September 1989. Three
hours before surgery, human PC con-
centrate was administered in order to
reach anormalserumlevel. A dose of
50 IU/kg, twice daily, was given until
day 10,and then once daily for a
week. The initial immunosup-
pressive regimen combined cortico-
steroids and prophylactic antithymo-
cyte globulins. Azathioprine and cy-
closporin A were given as long-term
therapy. Anticoagulation using
LMWH was maintained. Asseenin
Fig.1, acute rejection occurring at
day 48 responded to increased corti-
costeroid therapy, whereas human
PC concentrate wasreintroduced ata
dose of 50 IU/kg per day for 5 days.
Despite daily administration of
LMWH, a posterior myocardial in-
farction occurred at 6 months;itre-
sponded well to symptomatic ther-
apy in combination with human PC
concentrate for 10 days. The patient
was subsequently put on LMWH and
aspirin, 500 mg per day. Itis of inter-
est to note that postinfarction coron-
ary angiography revealed normal co-
ronary vessels. Since that event no
venous or arterial thrombosis has oc-
curred. The patient is still on cyclo-
sporin A and his serum creatinine is
120 pmol/l.

This study indicates that human
PC concentrate can be used to com-
pensate PC deficiency without activa-
tion of fibrinolysis [7], as it has been

used to treat purpura fulminans [5].
The patient had amyocardial infarc-
tion 6 months after transplantation,
when he was not supplemented with
purified human PC, suggesting that
LMWH prophylaxis alone would
have been insufficient to prevent
thrombosis. By infusing human PC
concentrate we were unable to docu-
ment any blunting of PC activity due
to plasma inhibitors such as those re-
cently described [6]. We feel that nor-
malization of plasma PC activity
using human PC concentrate repre-
sents an objective goal in patients
with familiai PC deficiency who are
at high risk for vascular thrombosis in
the clinical setting of surgery, renal in-
sufficiency, and renal transplantation.
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