
A Comparative Analysis of Warfarin and Low-dose
Heparin as Thromboembolism Prophylaxis in Total
Hip Replacement Patients

MERRILL A. RITTER, M.D., COLIN W. HAMILTON, M.D.

Warfarin, low-dose heparin, or a combination of low-dose hepa-
rin and hydrocortisone was administered to 300 patients undergo-
ing total hip replacement. The lowest incidence of thromboem-
bolic (5 per cent) was attained with Warfarin. Further investiga-
tion into the method of administration of low-dose heparin is
necessary before it can be used effectively as thromboembolism
prophylaxis in total hip replacement patients. The addition of
hydrocortisone was not found useful.

pULMONARY embolism has been long recognized
as a tragic complication of hospitalized patients.

Most often this complication presents without clinical
evidence of antecedent thrombophlebitis, and the
episode is unheralded by clinical signs and symptoms.
The introduction of modern reliable techniques which

detect the presence of almost all thromboses in the lower
extremities, including the "silent" ones, has com-
plemented the earlier necropsy work4'4346 Using the
"5I-labeled fibnnogen test, authors have determined the
incidence of deep vein thrombosis to be 24 per cent,34 in
their patients over 40 years old not prophylactically
treated, 31 per cent,38 41 per cent,50 42 per cent,18 44 per
cent'6 and 56 per cent29 following major abdominal
surgery. A higher incidence of thrombosis is generally
reported in elderly patients, in patients with a history of
thromboembolism, and in those patients undergoing ex-
tensive surgery.'6'26

125 I-labeled fibrinogen and venography techniques have
been used to establish the incidence of deep venous
thrombosis as greater than 45 per cent in patients who
have undergone fixation of fractures of the proximal
femur.7"14"19 However, clinically manifest thromboem-
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bolic complications in hip fracture surgery patients have
been reported to be considerably less frequent, ranging in
incidence from a low of 15 per cent48 to a high of 39.3 per
cent.42 Evarts and Feil'3 performed venograms on 56
postoperative elective hip surgery patients and found 54
per cent to be positive for thrombosis.
Some papers have presented large groups of hip ar-

throplasty patients who received no thromboembolism
prophylactic treatment, other than the usual conservative
measures (Table 1 and 2). Many authors have expressed
their dissatisfaction with the strictly clinical appraisal of
deep vein thrombosis, noting that the frequency of
thrombophlebitis found in a group of hospitalized pa-
tients is somewhat related to how vigorously this compli-
cation is sought. If we compare Table 1, hip arthroplasty
series in which no patients received thromboembolism
prophylaxis, with Table 2, controls in hip arthroplasty
series where thromboembolism prophylactic medications
were used, it is apparent that the series in Table 1 have a
much lower incidence of reported thromboembolic com-
plications than the series in Table 2. A possible explana-
tion for this fact may be that the authors in Table 2
followed their control patients for evidence of throm-
boembolic complications much more carefully than those
of Table 1, because they were interested in comparing
their control patients with patients undergoing throm-
boembolic prophylaxis. Therefore, we consider the inci-
dence of thrombophlebitis, as detected by clinical exami-
nation in untreated hip arthroplasty patients, is between 4
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TABLE 1. Hip Arthroplasty Series in Which There Was No Thromboembolism Prophylaxis Employed.

Johnston & Patterson & Evanski Langenskiold & Maczynski
Ring7 Larson25 Brown et al.'0 Paavilainen30 et al.32
1968 1969 1972 1973 1973 1973

Procedure THR THR THR THR THR THR
Total 128 543 368 102 116 216
% Phlebitis 2.3% 5.8% 6.0%o 2.9%o 0.9%o 3.7%
% PE 0.8% 3.69% 1.4% 1.4% 0.0% 4.6%

and 34 per cent and the incidence of pulmonary embolism
between 4 and 10 per cent.

Because deep venous thrombosis has been shown to be
such a common and often serious postoperative compli-
cation of hip arthroplasty patients, the total hip replace-
ment patients at the Indiana University Medical Center
were subjected to several methods of aggressive throm-
boembolism prophylaxis. The relative incidence of
thromboembolic disease with each form of prophylaxis
was then studied.

Materials and Methods
Three hundred eighty consecutive total hip replace-

ment arthroplasties of the McKee-Farrar, Muller and
Charnley design were carried out on 300 patients at the
Indiana University Medical Center. The 80 patients who
underwent bilateral replacements (26.7%) had both pro-

cedures performed concurrently. All operative proce-
dures were either performed by, or strictly supervised
by, a single physician (M.A.R.), who also directed their
postoperative care. A nearly identical pre-and postopera-
tive regimen was followed in each patient. The operative
procedure varied little, with transposition of the greater
trochanter and the use of two hemovac drains 24 to 48
hours postoperative in each case. The usual postopera-
tive measures to prevent venous stasis in the lower ex-

tremities were employed. At the conclusion of each oper-
ation, both lower extremities were wrapped with com-
pressive bandages from the toes to the hips, which were
replaced by thigh length antiembolic stockings within a
few days. During the first two postoperative days, the
patients were placed at bed rest in a mild Trendelenberg
position and function of their calf and thigh musculature
encouraged. On the third postoperative day, the vast
majority of patients were in acceptable medical condition
to be sent to the Physical Therapy Department for tilt-

table standing, progressing to ambulation with a walker
or crutches as quickly as possible. As may be expected,
the patients who underwent bilateral repiacement re-
quired more time for gait training in order to become
functionally ambulatory. Their average duration of hospi-
tal stay was 21 days compared to 14 days for the unilat-
eral replacement patients.

Four schemes of thromboembolism prophylaxis were
used consecutively in this series. The Group I patient
(108 cases) received 15 mg sodium Warfarin on the night
of surgery. No Warfarin was given on the first postopera-
tive day, but commencing on the second day, daily doses
were given, based on the results of the daily prothrombin
time test, with an effort to maintain the prothrombin time
at twice the control value in seconds. The anticoagulant
was continued throughout the duration of the hospitaliza-
tion and tapered off over a two to three day period prior
to discharge.
Group II patients (31 cases) received low-dose

("minidose") heparin as recommended by Kakkar et al.27
and others.11'34 The Group II patients received 5,000 in-
ternational units (IU) of sodium (lung),,heparin sub-
cutaneously two hours before surgery and then every 12
hours postoperatively, commencing 7 to 9 hours after
surgery. The differences in this regimen from that of
Kakkar was that these patients received their second
dose of minidose heparin 7 to 9 hours postoperatively,
instead of the 24 hours postoperatively, and they were
maintained on it until discharge, instead of only 5 days.
Because of excessive intraoperative and postoperative
hemorrhage in this group of patients, it was not consid-
ered reasonable to continue the series after 31 patients.
Group III patients (71 cases) were treated identically to

Group II patients with the exception that the minidose
heparin was administered 8 hours, instead of 2 hours,
preoperatively.

TABLE 2. The Control Series in Which Thromboembolism Prophylaxis Was Studied in Hip Arthroplasty Patients.

Harris Wilson Ruthermel Coventry LazanskP'
et al.20 et al." et al.39 et al.5
1967 1972 1973 1973

Procedure CUP THR THR THR THR
Total 67 49 60 58 81
% Phlebitis 34.3% 14.3% 10.0% 3.4% 3.7%
% PE 10.4% 4.1% 6.7% 5.2% 6.2%
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TABLE 3. The fractions represent the number of patients with that complicationlnumber of patients in the group. The columns marked "P.E.
andlor Phlebitis" represent the total number ofpatients in the group with thromboembolic complications and this number does not necessarily
equal the arithmetic sum ofpatients in the "P.E. " column and the "Phlebitis" column because some patients had both pulmonary embolism and

phlebitis. Groups II, III and IV used low-dose heparin (LDH) alone or with hydrocortisone (HC).

UNILATERAL BILATERAL ALL PATIENTS

P. E. Phlebitis P. E. &/or |E. Phlebitis P. E. &/or |E. Phlebitis P. E. &/or
___________________ ___________ Phlebitis Phlebitis _ _ _ _ __ _ _ _ _ __ Phlebitis

GROUPII 0/78 ( 0%) 1/78 ( 1.3%) 1/78 ( 1.3%) 1/30 ( 3.3%) 3/30 (10.0%) 4/30 (13.3%) 1/108 (0.9%) 4/108 (3.7%) 5/108 ( 4.6%)

GROUPrII 1/23 (4.3%) 3/23 (13.0%) 3/23 (13.0%) 1/8 (12.5%) 0/8 ( 0%) 1/8 (12.5%) 2/31 (6.5%) 3/31 (9.7%) 4/31 (12.9%)(LDH 2hpreop-31 pts)

GROUP HI
t 2/53 (3.8%e) 4/53 ( 7.5%) 4/53 ( 7.5%) 2/18 (11.1%)| 2/18 (11.1%) 3/18 (16.7%) 4/71 (5.6%) 6/71 (8.4%) 7/71 ( 9.9%})(LDH8hpreop-71 pts)

GROUP IV
(LDH8hpreop-90 pts) 0/66 (0%) 6/66 ( 9.1%r) 6/66 ( 9.1%*") 2/24 ( 8.3%'r) 2/24 ( 8.3%) 3/24 (12.5%) 2/90 (2.2%) 8/90 (8.9%) 9/90 (10.0%)
+ H.C. I_I__I__I_

Group IV (90 cases) was identical to Group III except
that in addition to minidose heparin, hydrocortisone
phosphate 100 mg was administered intramuscularly
three times daily one day preoperatively, on the day of
operation, and on the first postoperative day.

These four groups were considered quite similar, and,
therefore, comparable, as there was a nearly equal per-
centage of bilateral total hip replacement in each group,
with the smallest percentage of bilateral cases in Group
III (25%) and the largest in Group 1 (28%). Because of the
known high incidence of thromboembolic complications
in hip arthroplasty patients, it was not considered justifi-
able to include a control group of patients in this study
who received no thromboembolic prophylaxis.

In evaluating these patients, thrombophlebitis was de-
tected only by clinical means, and the classical signs of
calf tenderness, warmth, edema, Homan's sign, and
fever were sought. If a diagnosis of probable mild throm-
bophlebitis could be made with only one or two of the
above signs present for several days, the case was con-
sidered a thromboembolic complication. Therefore,
many of the cases of phlebitis reported here were quite
mild. Also included in the study were cases of throm-
bophlebitis discovered in outpatients 3 to 6 weeks post-
operatively. Pulmonary embolism was detected only
after clinical symptoms and signs such as tachycardia,
tachypnea, pleuritic chest pain, hemoptysis, and pleural
friction rub became evident. All patients suspected to
have sustained an embolism were subjected to routine
laboratory investigation including electrocardiogram,
chest roentgenogram, blood chemistry and enzyme de-
terminations, arterial blood gas determinations, and lung
scan to verify the diagnosis. In confirmed cases, appro-
priate treatment, usually consisting of anticoagulation
with intravenous heparin, was promptly initiated.
An attempt was made to compare the amount of blood

lost in the four groups of patients. The extensive labora-
tory work necessary to quantitate exactly the blood lost
by each patient was not performed. Instead the total
amount of blood transfused to each patient was tabu-
lated. Although this method of estimating blood loss was

rather imprecise, most patients were transfused to a
hematocrit of approximately 30 per cent, and the blood
given to those patients who had extensive postoperative
bleeding was included in the tabulation.

Results
A compilation of the thromboembolic complications in

each group appears in Table 3. The lowest incidence of
thromboembolic complications occurred in Group I with
an incidence of 4.6 per cent, considering unilaterally and
bilaterally operated patients together. The incidence of
both thrombophlebitis and pulmonary embolism was
lower in Group I than any other group. Although the
overall incidence of thromboembolic complications was
higher in Groups II, III and IV with rates of 12.0 per cent,
9.9 per cent, and 10 per cent respectively, only the pa-
tients in Group II had a higher than Group I incidence of
thromboembolic phenomena that was statistically sig-
nificant (P<0.05) higher frequency of thrombophlebitis
than the Group I patients.

In comparing bilaterally operated patients alone (only
80 patients), no significant difference was found in the
incidence of phlebitis or embolism in the four groups.
The frequency of thromboembolic complications in the

bilaterally operated patients was compared to the unilat-
erally operated patients in each group. The total inci-
dence of thromboembolism was greater in the bilaterally
operated patients in all groups except Group II. The
incidence of phlebitis and total thromboembolic compli-
cations was significantly greater (P<0.05) in the bilater-
ally operated patients of Group I only. The incidence of

TABLE 4. The Average Blood Replacement in Units (500 cc) Per Diffe-
rent Thromboembolic Prophylaxis.

Unilateral Bilateral

Group I (Warfarin) 2.5 5.7
Group II (LDH 2 h preop) 5.1 9.5
Group III (LDH 8 h preop) 3.0 6.7
Group IV (LDH 8 h preop)
+ H.C. 2.8 6.0
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TABLE 5. The Study Groups of Hip Arthroplasty Patients in Which Thromboembolism Prophylaxis was Employed.

Harris Harris Harris Wilson Coventry Evarts
et al.20 et al.2' et al.21 et al.5' et al.5 et al.12 Johnston'5 Lazanskil RothermeF9
1%7 1972 1972 1973 1973 1973 1973 1973 1973

Agent Warfarin Warfarin Dextran Warfarin "Delayed" Dextran Dextran Dextran Dextran
No. Cases 70 114 113 51 1,950 200 256 104 60
Phlebitis 7% 2.6% 6.2% o0 2.4%o 7.5% 0%o 6.7%
PE 0%o 5.3% 6.2% 0%0 1.1% 1.5% 2.3% 0%o 5%

pulmonary emboli in the bilaterally operated patients was
greater than twice that of the unilaterally operated pa-
tients in all groups. This was statistically significant in
Group IV only (P<0.05). Although statistical analysis
does not confirm a higher incidence of thromboembolism
in all groups, these data support the belief that bilateral
surgery exposes the patient to an increased risk of throm-
boembolism.
The only fatal case of pulmonary embolism occurred

in Group I. Two of the 4 cases of phlebitis in Group I
were first noted at the routine 6-week postoperative
visit. One of the 3 phlebitis cases in Group II was first
noted 3 weeks postoperative, while 5 of the 8 phlebitis
cases in Group IV were observed 3 to 6 weeks postoper-
atively. In Group III, all of the phlebitis cases were first
diagnosed while the patients were hospitalized. Eight
other patients in this study suffered severe arterial throm-
boembolic complications. In Group III, two patients suf-
fered cerebrovascular accidents while two others de-
veloped arterial emboli in their lower extremities. In
Group IV, there was one case of myocardial infarction,
one cerebrovascular accident, and two lower extremity
arterial emboli.
The average blood replacement in the four groups is

shown in Table 4. The average quantity of blood given
varied little between Groups I, III and IV. However, the
average blood replaced in Group II patients was signifi-
cantly greater than the patients of the other three groups.
Excessive hematoma formation and wound bleeding, as
well as intra-operative blood loss, was extremely common
in this group. In Group II, 57 per cent of the unilater-
ally operated patients were transfused more than 4 units
of whole blood, while 75 per cent of the bilateral cases
received more than 8 units of blood, in sharp contrast to
the other groups. Although the average amount of blood
given to the Warfarin treated Group I patients was rela-
tively small, these patients were noted to have a higher
incidence of postoperative wound hematoma formation
and larger hematomas than the Group III and IV patients.
However, the rate of blood loss in hematoma formation
was too gradual and the amount too small to result in an
increase in the number of transfusions.

Discussion
Several clinical studies have demonstrated the efficacy

of oral anticoagulants as thromboembolic prophylaxis in
patients who have suffered hip fractures and other or-

thopaedic injuries19'41'42'48 and similar success with War-
farin has also been demonstrated.2'33 Fortunately there
are several published series in which Warfarin has been
used prophylactically in hip arthroplasty patients, and
these series can be compared to our findings in Group I
patients. Harris et al.20 presented a controlled study of
the use of Warfarin in mold arthroplasty patients. In their
series, the treated patients had an incidence of throm-
bophlebitis of 7.1 per cent and of pulmonary embolism of
0 per cent compared to the control group in which the
incidences were 34.3 per cent and 10.4 per cent respec-
tively.
Low doses of heparin have been found to reduce

dramatically the incidence of deep vein thrombosis, as
detected by the 1251-tagged fibrinogen technique, in post-
operative patients. 17"1827'29'34'50 Several clinical trials have
demonstrated the efficacy of minidose heparin44-47 and an
excellent review of its use has recently been added to the
literature.49 Considering the evidence that many venous
thrombi form during surgery,15 low-dose heparin has a
theoretical advantage over conventional anticoagulation
in that it has been given preoperatively without hemor-
rhagic complications. Therefore, we thought this agent
could be useful in the prophylaxis of thromboembolism in
total hip patients. Unfortunately, low-dose heparin, as it
was administered in these patients, was not a remarkably
effective method of thromboembolism prophylaxis. In
our study, the incidence of thrombophlebitis in those
patients receiving low-dose heparin (Groups II, III and
IV) was approximately 9 per cent, an incidence above
that in the other series of prophylactically treated hip
arthroplasty patients reviewed (Table 5) and above that in
two other series5'3' of untreated control patients (Table
2). The incidence of pulmonary embolism in Groups II
and III of approximately 6 per cent is higher than that of
all the other series of treated groups except that of Harris
et al.21 and is not markedly less than that found in many
of the untreated series. A lower incidence of embolism
was noted in Group 5 (2%), but as explained previously,
we hesitate to consider this figure significant, considering
the approximately 9 per cent incidence of throm-
bophlebitis in this group. We must emphasize, however,
that it is extremely difficult to compare meaningfully
various series of patients because of their differences in
patient management and because of the possibilities of
observer bias. Two factors may contribute somewhat to a
higher incidence of thromboembolism in this series. In
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contrast perhaps to other series, an attempt was made to
include quite mild cases of phlebitis. Secondly, this series
contained a rather high percentage of bilateral operations
compared to other series. Several small series of total hip
replacement patients have been presented in which low-
dose heparin has been used. The results in each series
have been discouraging.4'11'28

Past reports on low-dose heparin provide information
that can be used to explain somewhat the poor results
found in the use of that agent in total hip replacement
patients. The mechanism of minidose heparin has been
established by Yin and Wessler,5254 who have shown
that very low levels of heparin, much lower than that
needed to block the thrombin-fibrinogen reaction, can
greatly augment the anticoagulation effect of the natur-
ally occurring activated factor X inhibitor. They believe
that administration of low-dose heparin preoperatively
can, by this newly discovered mechanism of action, pre-
vent the development of the "hypercoagulable state"
thought to develop early in the postoperative course.
Since minidose heparin does not usually affect the whole
blood clotting time, it has been used according to fixed
schedules by all investigators except Sharnoff,44-47 who
has used the Dale and Laidlow coagulometer to deter-
mine the dosage.

Recently, new sensitive assays have been developed,
making it possible to measure extremely low heparin
levels.9'28 Kakkar et al.28 demonstrated a precipitous
drop in the heparin level during surgery in patients who
were injected 5,000 units of heparin subcutaneously two
hours preoperatively, in sharp contrast to healthy non-

operated subjects, who attained a more sustained level
after the same injection. No good explanation is available
concerning the phenomenon, but Kakkar thought that
total hip patients had an increased requirement for hepa-
rin compared to other surgical patients and that perhaps
higher and more frequent doses were necessary. Gallus et
al.17 thought that three doses daily of 5,000 units of sub-

cutaneous heparin was perhaps the reason for his lower
rate of calf vein thrombosis in hip fracture and myocar-
dial infarction patients compared to other series.

None of the low-dose heparin groups of the present
study showed profound evidence of less thromboem-
bolism compared to other series of total hip patients.
Indeed the Group II patients demonstrated the hemor-
rhagic complications of administering 5,000 units two
hours preoperatively. Studies using periodic heparin as-

says in low-dose heparin treated total hip patients would
help determine the heparin dosage and interval preopera-
tively it should be given, as well as the most effective
dosage and frequency postoperatively, without causing
bleeding complications. It may well be advantageous to
administer preoperative heparin between the 8 hours
preoperatively of the Groups III and IV patients and the 2
hours preoperatively of the Group II patients. Low doses
of heparin also may be more effective if started sooner

postoperatively than the postoperative interval of 7 to 9
hours used in the present study. Furthermore, giving
heparin 3 or 4 times daily, rather than only 2 a day, may
be helpful.

In our experience, Warfarin was apparently more ef-
fective than any of the minidose heparin regimes
employed. However, the disadvantages of daily prot-
hrombin times, use perioperatively and wound
hematomas were encountered in the use of Warfarin. We
hope that after further investigation, a better regime of
minidose heparin administration may be established for
total hip patients so that these relatively high risk patients
may have the same low incidence of thrombosis found in
other types of heparin treated surgical patients, without
the need for daily laboratory work to avoid hemorrhagic
complications.

Anti-inflammatory agents, most notably phenyl-
butazone, have been used successfully in the treatment of
thrombophlebitis. The adrenal corticosteroids, long
known for their anti-inflammatory properties, have been
found to decrease thrombophlebitis as well as other
symptoms in patients with certain rather rare autoim-
mune diseases.6'8'40 Hydrocortisone was, therefore,
employed in addition to minidose heparin in the Group IV
patients to determine the efficacy of glucocorticoids in
the prophylaxis of thromboembolism. Steroids have been
investigated concerning their possible effect on the blood
fibrinolytic system. Although a decrease in the fibrinoly-
tic activity of the blood of patients treated with corticos-
teroids has been observed,23 contradictory work has
demonstrated an increase in activity,3 leaving us no con-
clusion presently as to the effect of steroids on the fib-
rinolytic system.
A study of the Group IV patients of the present study

appears to show that hydrocortisone was not efficacious
in the prevention of thrombophlebitis. Perhaps the best
explanation for this result is that, according to Hume,
Sevitt and Thomas,22 the process of formation of deep
venous thrombi is histologically noninflammatory.
Therefore, anti-inflammatory agents are probably of little
value in the prevention of venous thrombi, but are most
likely useful only during the stage of organization and
perivenous inflammation, long after the stage of throm-
bus formation. Further use of anti-inflammatory agents
as thromboembolism prophylaxis is not recommended.
We therefore, do not recommend the use of low-dose

heparmn or hydrocortisone in the prophylactic treatment
of thromboembolic disease associated with total hip ar-
throplasties.
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