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Activation of cascade systems by hip arthroplasty

No difference between fixation with and without cement

The acrylic bone cement has been regarded as a very potent activator of the
hemostatic mechanisms. A battery of coagulation, fibrinolytic, and kallikrein
variables were studied perioperatively in 21 patients undergoing hip arthro-
plasty with fixation of the prosthesis either with (Charnley) or without
(HP-Garches) cement. Epidural analgesia was used and dextran 6 per cent as
thromboprophylaxis. The HP-Garches procedure was shorter and caused less
blood loss. No differences were found between the two surgical procedures
regarding the activation of the cascade systems. The coagulation and fibrino-
lytic systems were activated early, but a week postoperatively the latter seems
to predominate. A marked activation of the kallikrein system was apparent.

Our study shows that despite thromboprophylaxis a marked activation of
the coagulation, fibrinolytic, and kallikrein systems occurs in relation to hip
arthroplasty irrespective of the use or nonuse of cement and irrespective of
the volume of blood loss during surgery. It may be the reaming of the bone

Sixten Bredbacka

Magna Andreen
Margareta Blombéck!

Anders Wykman?

Departments of Anesthesia,

IClinical Chemistry and
Blood Coagulation, and

20Orthopedics, Karolinska
Hospital, S-10401 Stockholm,

Sweden

marrow that initiates the activation of the cascade systems.

Introduction

During total hip replacement by the Charnley
technique, the release of tissue-thromboplastic
products has been demonstrated to cause platelet
aggregation and fibrin deposition in the lung
(Modig et al. 1974). Furthermore, hip replace-
ment is followed by a high incidence of postoper-
ative deep venous thrombosis unless prophylactic
measures are taken (Modig et al. 1981, Thorburn
et al. 1980).

The acrylic bone cement may play a definite
role in the activation and release of thromboplas-
tic products because of thermal effects during the
polymerization of the cement and release of
residual monomers (Hallin et al. 1974). More-
over, bone cement causes an acute physicochemi-
cal trauma with severe localized microcirculatory
disturbances (Linder et al. 1976). To overcome
the problems of mechanical loosening of the
prostheses (Beckenbaugh & Ilstrup 1978, Gruen
et al. 1979, Hierton et al. 1983), fixation without
the use of cement has been introduced (Honnart
& Patel 1984)

We have studied coagulation and fibrinolysis
following hip replacement with cemented and
noncemented prostheses.

Materials and methods

Twenty-one patients scheduled for hip arthroplasty

were randomly allocated to either a Charnley group
(with cement) or a HP-Garches group (without cement)
(Table 1). All the patients were reasonably healthy -
which allowed an elective surgical procedure of this
magnitude — and were without a history of thrombotic
or bleeding disorders.

The investigation was approved by the Ethics Com-
mittee of the Karolinska Hospital, and all the patients
gave their informed consent.

Anesthesia. All the patients were operated on under
epidural anesthesia using 16-20 m! bupivacaine (5
mg/ml~1) with adrenaline (5 ug/mi~!). Postoperative

Table 1. Description of patients, time of surgery, blood loss,
hemoglobin change, and blood substitution therapy. Mean
values, 95 per cent confidence intervals and levels of signifi-
cance presented. For age, weight, and length, mean values and
range are given

! P-Garches Charnley
Sex (F+M) 7+5 5+4
Age (yrs) 66 (45-82) 65 (55—76) NS
Weight (kg) 69 (52-90) 79 (51-110) NS
Length (cm) 167 (150-178) 174 (157—-194) NS
Time of surgery
(min) 95£19 126215 P<0.01
Blood loss (mi)
Peroperatively 503£132 13561330 P<0.01
First postop. day 9524356 786+440 NS
Change in hamo-
globin conc. (gh) -28,7+8,3 -30+12,3 NS
Blood substitution
Perop. Ringer {ml) 13961281 22831492 P<0.01
Dexiran (ml) 40075 889+ 129 P<0.01
E-konc (mi) 4351204
Postop. E-kone (ml} 7461303 576+167 NS
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analgesia was achieved by i.m. injections of opiate
drugs. Blood loss during surgery was substituted pri-
marily with Ringer’s acetate and dextran 6 per cent
according to our routine regimen. Transfusion of red-
cell concentrates suspended in SAGM solution was
restricted until a certain degree of hemodilution corre-
sponding to a hematocrit of about 35 per cent was
obtained.

Thromboprophylaxis. Al the patients received 500 mi
dextran 6 per cent (Macrodex®) on the day of surgery
and on the first and third postoperative days.

Surgery. Hip replacement according to the Charnley
technique was performed through a lateral incision with
the patient in the supine position. The HP-Garches
procedure was performed through a posterior incision
with the patient in the lateral position. Reaming of the
femur and the acetabulum was performed in both types
of operations. Acrylic bone cement was used only with
the Charnley prosthesis. The femoral component of the
HP-Garches prosthesis has an irregular surface designed
to facilitate ingrowth of bone, and its acetabular com-
ponent is screwed into the reamed acetabulum. Peroper-
ative blood loss was estimated by measuring the blood
in the suction device and weighing the swabs and drapes
and postoperative blood loss by measuring blood collec-
ted in the drains. The HP-Garches procedure was
significantly shorter and caused less peroperative blood
loss. Thus, the Charnley group received more Ringer’s
acetate, Dextran, and also red-cell concentrates during
the operation. Postoperatively, the blood loss was about
the same in both groups. All the patients were transfu-
sed according to our blood substitution regimen, and the
hemoglobin change was the same in both groups. Noone
received plasma or albumin. No clinically overt throm-
boembolism occurred.

Blood sampling. Venous blood samples were collect-
ed by direct venipuncture of a cubital vein using a sharp
1.4 mm needle and without stasis on the forearm, as
earlier described (Bredbacka et al. 1986). The samples
were collected on the day before surgery (Day -1),
during surgery, i.e., 10 minutes after insertion of the
femoral component (Day 0), the first (Day 1), and the
sixth or seventh day after surgery. In some patients an
additional sample was collected 3 hours after surgery,
but the number of analyses turned out to be too small
for statistical evaluation, except for one fibrinolytic
variable (D-dimer).

Blood coagulation and fibrinolytic variables. Von
Willebrand factor antigen (VWF:Ag) was measured with
an electroimmunoassay and fibrinogen with a polymeri-
zation technique (Vermylen et al. 1973). Prekallikrein,
kallikrein inhibition activity, antithrombin, plasmino-
gen, alphaz-antiplasmin, and plasminogen activator in-
hibitor (PAI) were assayed with methods using chro-
mogenic peptide substrates (Hellgren et al. 1984,
Chmielewska et al. 1983). Fibrinopeptide A (FPA) was

measured by radioimmunoassay (Kockum & Frebelius
1980) and fibrin(ogen)olytic products (B-beta 15-42)
with another radioimmunoassay method (Kudryk et al.
1982). Fibrinolytic products (D-dimer) were also assay-
ed by a more specific method (Rylatt et al. 1983).

Statistics. The Student’s r-test and the Mann-Whitney
U-test were used where applicable, and analysis of
trends of variance elsewhere. Because the variations
were expected to be roughly proportional to the level
of measurement, the analyses were carried out in the
logarithmic scale. The results are presented as the
antilogarithmic values of the means with 95 per cent
confidence intervals.

Results

No difference between the two groups could be
found regarding the coagulation, fibrinolytic, and
kallikrein systems. In general, however, the
measured variables changed significantly with
time, indicating activation (Tables 2 and 3).

The vWF:Ag and fibrinogen levels decreased
slightly peroperatively in both groups and then
rose to a high level within a week. The main
thrombin inhibitor, antithrombin (ATIII), fell
peroperatively to about 65 per cent and then rose
gradually to a level around 120 per cent after a
week. Fibrinopeptide A (FPA), the first peptide
split from the fibrinogen A-alpha chain at throm-
bin action, was slightly above normal already
before the operation and increased during the
operation. After a week, the FPA had fallen,
though it was still above the initial levels. The
level of the fibrinolytic proenzyme plasminogen
and the inhibitor antiplasmin decreased during
the operation and were gradually restored post-
operatively. They showed an almost parallel pat-
tern with a somewhat less increase in plasminogen
postoperatively. Plasminogen activator inhibitor
(PAI) reached a peak twice that of the upper
normal level the day after surgery and was restor-
ed during the observation period. D-dimer, a split
product resulting from fibrinolysis, showed an
increase during the week, with a peak at 3 hours
postoperatively. Fibrin(ogen)olytic product (B-
beta 15-42), released from the B-beta chain of
fibrinogen by fibrinolysis or fibrinogenolysis, did
increase a little during the operation. After a week
a marked increase was recorded. The ratio FPA/
B-beta 1542 showed the same time pattern as
FPA. The prekallikrein level decreased during
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Table 2. Description of measured variables for the Garches group. Antilogarithms of the calculated mean and 95%
confidence intervals (in parentheses) of the logarithmic values are presented

Preop. day During op. 1 day postop. 1 week postop.
Fibrinogen (g/f) 4.1 (3.2-5.3) 2.7 (2.0-3.6) 4.9 (4.2-5.8) 8.7 (7.5-10.0)
VW:Ag (%) 121 (98—-150) 78 (47-127) 142 (111-183) 298 (227-390)
Antithrombin (%) 111 (97-126) 61 (48-79) 83 (76-90) 117 (106-130)
FPA {(nmol/l) 4.2(1.9-9.1) 10.3 (4.9-21.4) 10.4 (4.9-22.1) 7.4(4.5-12.3)
FPA/B-Beta 15-42 2.5(1.0-5.9) 4.8 (2.8-8.4) 4.4 (2.0-9.6) 0.8 (0.6-1.2)
Plasminogen (%) 97 (80-117) 60 (47-78) 70 (61-81) 117 (106~130)
Antiplasmin (%) 89 (69-114) 54 (41-71) 80 (71-81) 124 (115-134)
B-Beta 15-42 (nmol/l) 1.69 (1.24-2.3) 2.13(1.35-3.37) 260(2.10~3.19)  7.99 (6.50-9.80)
D-dimer {ng/ml) 371 (232-588) 413 (280-608) 434 (231-829) 1270 (977-1648)
PAI (U/ml) 2.0(1.1-2.9) 1.3 (0.4-2.2) 5.1 (3.6-6.7) 2.4 (1.5-3.3)
Prekallikrein (%) 86 (71-105) 57 (47-69) 58 (49-67) 69 (63-76)
Antikallikrein (%) 101 (82-123) 67 (55-82) 85 (77-93) 135 (125-146)

D-dimer at 3 hours postop.=984 (566-1710)

Table 3. Description of measured variables for the Charnley group. Antilogarithms of the calculated mean and 95%
confidence intervals (in parentheses) of the logarithmic values are presented

Preop. day During op. 1 day postop. 1 week postop.
Fibrinogen (g/1) 4.5(3.7-5.3) 2.8 (2.2-3.6) 4.9 (4.2-5.8) 7.5 (6.4-8.7)
VWF:Ag (%) 169 (138-207) 114 (92-141) 158 (124-201) 350 (246—497)
Antithrombin (%) 107 (99-116) 69 (61-78) 81 (73-89) 112 (104-120)
FPA (nmol/) 5.0 (1.9-12.9) 15.1 (8.1-28.4) 54 (3.4-84) 5.7 (2.8-11.4)
FPA/B-Beta 15-42 2.2(1.0-4.8) 4.1 (1.9-8.7) 2.0 (1.1-3.6) 0.7 (0.5-1.1)
Plasminogen (%) 101 (92-111) 63 (51-77) 67 (61-74) 109 (98-121)
Antiplasmin (%) 95 (84-107) 64 (55-75) 78 (69-87) 123 (107-141)
B-Beta 1542 (nmol/t) 223 (1.29-3.86) 4.01(2.13-7.54) 2.66(1.79-3.86) 7.87 (4.21-14.7)
D-dimer (ng/ml) 354 (213-588) 676 (416-1096) 758 (356-1614) 1122 (719-1749)
PAI (U/ml) 1.4 (0.3-2.5) 1.9 (0.8-3.0) 6.2 (3.5-8.9) 3.0 (1.4-4.5)
Prekallikrein (%) 100 (89-114) 65 (56-77) 59 (56-62) 74 (64-87)
Antikallikrein (%) 107 (100~115) 71 (60-83) 80 (74-86) 132 (112-155)

D-dimer at 3 hours postop.=1258 (948-1671)

surgery and remained low after a week, whereas
kallikrein inhibition activity, mainly representing
C-1-esterase inhibitor activity, initially decreased
followed by a gradual rise to above the control
level 1 week postoperatively.

Discussion

The two groups (Charnley and HP-Garches)
differed in two aspects: the HP-Garches pro-
cedure was shorter and caused less peroperative
blood loss. The reason for this may be the lateral
position of the patient, providing better venous
drainage from the wound and a lower perfusion
pressure (Enderby 1954).

The statistical analyses of the results did not
reveal any intergroup differences in the hemo-
static and kallikrein systems. They were, how-
ever, markedly activated regardless of whether

bone cement had been used or not and despite
thromboprophylaxis with dextran 6 per cent. The
thromboprophylactic effects of dextran 6 per cent
are due to several mechanisms, such as platelet
disaggregation and vWF:Ag inhibition (Aberg et
al. 1978, Aberg et al. 1979).

Epidural analgesia (EDA) lowers the incidence
of postoperative thrombosis (Modig et al. 1981)
and attenuates the Factor VIII-complex response
to surgical stress (Modig et al. 1983, Bredbacka
et al. 1986).

Apparently, the bone cement is not the main
etiologic factor in the activation of the hemostatic
system. Reaming of the medullary cavity itself
probably releases the tissue thromboplastic pro-
ducts.

The activation of the coagulation system was
reflected by peroperative decreases in fibrinogen,
antithrombmin, and vWF:Ag. The decreases can
partly be due to the dilution of the plasma proteins
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during blood loss replacement. However, since
there were no factor differences between the
groups in spite of differences in blood losses and
volume replacements, we are inclined to interpret
the results as mainly due to consumption. Anti-
thrombin levels as low as 70 per cent are con-
sidered to increase the risk of thrombosis many-
fold (Reeve 1980). Further, the decreases of
vWF:Ag, fibrinogen, and antithrombin levels
were accompanied by a threefold increase in FPA,
a peptide released when fibrinogen is activated to
fibrin. Also, the ratio FPA/B-beta 15-42 was high
in connection with the operation. This reflects
that coagulation activity is predominant.

Fibrinolytic activity was indicated by a decrease
or consumption of plasminogen and its main
inhibitor, antiplasmin. Moreover, D-dimer show-
ed a peak at 3 hours postoperatively. B-beta
15-42, a fibrino(geno)lytic product, was not
measured at this time, but it was slightly increased
peroperatively, probably because of fibrinolysis.

On the first postoperative day, a high level of
plasminogen activator inhibitor (PAI) was detect-
ed, probably due to release from the vessel walls;
it suppresses activation of fibrinolysis and a high
level has been found in connection with deep
venous thrombosis (Wiman et al. 1985).

A week postoperatively, the acute phase react-
ants fibrinogen and vWF:Ag reached values twice
the initial ones. There was a weak indication of
increased coagulation activity at this point, be-
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