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Abstract

“Anticoagulation for thromboprophylaxis after THA and TKA has not been confirmed
to diminish all-cause mortality. We determined whether the incidence of all-cause
mortality and pulmonary embolism in patients undergoing total joint arthroplasty
differs with currently used thromboprophylaxis protocols. We reviewed articles
published from 1998 to 2007 that included 6-week or 3 month incidence of all-cause
mortality and symptomatic, non-fatal pulmonary embolism .

| | Group A GroupB | GroupC
| Prophylaxis LMWH, or Pneumatic Warfarin
| Method ximelagatran, or compression,
fondaparinux, or aspirin and regional
rivaroxaban anaesthesia
 Patient Numbers | 15.839 193 B 5006
All-Cause 0.41% 0.19% 0.4%
Mortality B
Incidence of 0.6% 0.35% 1 0.52%
clinical, non-fatal
PE ;

“Clinical pulmonairy embolus occurs despite the use of anticoagulants. Group A
anticoagulants were associated with the highest all-cause mortality of the three
modalities studied”.

Conclusions

“The recommendations from the Chest Physicians Consensus Statement advocate
low-molecular-weight-heparin or warfarin for prophyiaxis after THA or TKA. These
recommendations often result in physicians feeling compelled to prescribe these
anticoagulants to avoid potential litigation. The increased risk of bleeding
complications has encouraged several experienced surgeons to emphasize caution in
the use of these anticoagulants. We believe that the American College of Chest
Physicians should reconsider their guidelines to reflect the fact that PE occurs despite
the use of potent anticoagulants and may, in fact, expose patients 10 increased
mortality after surgery "

Key Messages:

1. All-cause mortality is less using pneumatic compression than when using

pharmaceuticals.
o There is more than a twofold risk in all-cause mortality associated with

the use of LMWH or other pharmaceutical methods (Group A) than



multi-modal prophylaxis including the use of pneumatic compression
{Group B).

o A-V Impulse System has been shown to give equivatent DVT rates to
LMWH but without the blceding complications (Warwick 1998,
Warwick 2002, Pitto 2004).

o A-V Impulse System may be used as an alternative to LMWH.
reducing bleeding complications and all-cause mortality.

o A-V Impuise System may be used as an adjunct to LMWH to reduce
all-cause mortality by reducing venous stasis,

2. Clinical PE occurs despite the use of powerful anticoagulants.

o Sharrock (2008) shows that pharmaceutical methods of prophylaxis.
prescribed to reduce the risk of dying from PE after THA and TKA
may not reduce death rates from PE.

o The current low incidences of symptomatic and fatal PE raises the
guestion of whether potent anticoagulation is warranted because these
agents have potential side effects from bleeding,

o Sharrock (2008) indicates that it is possible that lower doses of
anticoagulation, combined with regional anacsthesia and pneumatic
compression could be efficacious.

o Where clinical PE is a concern, the addition of A-V Impulse System to
the pharmaceutical method used by the surgeon may be beneficial.
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Abstract  Anticoagulation for thromboprophylaxis after
THA and TKA has not been confirmed to diminish all-
cause monality. We determined whether the incidence of
all-cause mortality and pulmonary embolism in patients
undergoing lotal joint arthroplasty differs with currently
used thromboprophylaxis protocols. We reviewed articles
published from 1998 to 2007 that included 6H-week or
3-month incidence of ali-cause monality and symplomatic,
nopfalal pulmonary embolism. Twenty studies included
reported 15,839 patients receiving low-molecular-weight
neparin, ximelagatran, fondapuninux, er rnvaroxaban
{Group A), 7193 receiving regional anesthesia, pnesmatic
compression, and aspirin {(Group B); ard 5006 receiving
warfarin (Group C}. All-cause monality was higher in
CGroup A than in Group B (0.41% versus 0.19%) and the
incidence of clinical nonfatal pulmonary embolus was
higher in Group A than in Group B (0.60% versus 0.35%).
The incidences of all-cuuse monality and nonfatal pul-
monary embolis in Group C were simitar 10 those in
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Group A (0.4 and 0.52, respectively}. Clinical pulmonary
embolus occurs despite the use of anticoagulants. Group A
anticoaguiants were associated with the highest ail-cause
mortality of the three modalities siudied.

Level of Evidence: Level 111, therapeutic study. See the
Guidelines for Authors for a complete descriplion of levels
of evidence,

Introduction

Perioperative anticoagulalion is prescribed after THA and
TKA 10 reduce the risk of thromboembaolic disease, more
specifically the risk of dying [rom pulmonary embolism
{PE) (2, 20, 43, 50, 51, 58]. The incidence of fatal PE was
as high as 2.2% (26 of 1174) in the 19605 [27]. The use of
anticoagulation is believed to have reduced the incidence
of symptomatic and fatal PE in the early era of total joint
arthroplasty (10, 271,

During the last decade, in patient populations ranging
from 1947 10 130,000, the reported incidence of fatal
PE has decreased substantially to a male of 0% 10 0.2%
{16, 21, 39]. This is a result of advancements in anesthe-
sia, surgical technique, perioperative care and our better
understanding of the pathogenesis of thromboembolic
disease during and after surgery [HI, 24, 25, 56]. The
current Jow incidence of symptomatic and fatal PE raises
the question of whether potent anticoagulation is wamranted
because these agents have potential side effects from
bleeding (2, 7, 20, 42, 49, 58].

The numeraus current thromboprophylaxis protecols in
use can be classified into three groups: (1) those that refy on
the use of potent anticoagulants (low-melecular-weight
hepann, ximelagatran, fondaparinux, or rivaroxeban): (2)
those thal larget venous stasis, endothelial damage, and
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hypercoagulability {Yirchow's trind) during the period at
risk for thrombeembolism and rely on the use of epidural
anesthesia, pneumatic compression devices, and aspirin in
the majority of patienls without predisposing factors for PE,
the so-calied muliimodal prophylaxis [53]; and (3) those
that rely on slow-acting oral anticoagulants (warfasin).

Because of the low incidence of faal PE and the
availability of multiple prophylaxis regimens, a prospective
uni- or multicenter study evaluating the rate of fatal PE with
different forms of prophylaxis may not be feasible. More-
over, because anticoagulation cames a risk of fatal bleeding
complications {13, 22], all-cause martality appears a more
appropriate marker for comparison because morality
incorporates all cost-benefit effects of prophylaxis.

To overcome these limitalions, we conducted 4 Sys-
tematic review of all peer-reviewed publications in the
English language during the last 9 years to rzpresent
current surgical, anesthetic, and perioperative care. We
asked the following question: Do the rates of all-cause
monality and sympiomatic PE differ among the three
previously described thromboprophylaxis regimens?

Materials and Melhods

We conducted a review of all articles published in English
from 1998 to 2007 The articles were obtained using a
Medline Cvid search with the following strategy. Firsl, a
search was done based on the foilowing criteria: “throm-
boembolism/pe or venous thrombosis/pe or thromboprophy
laxis.mp.,” which yielded 7448 results. A second search
was done with the following criteriaz “(hip or knec).mp.
[mp=title, original title, abstract, name of substance word,
subject heading word]," which yielded 127,744 results.
Third, the first and second searches were combined result-
ing in 986 studies. Finally, these studies were filtered to
limit the search to publications between 1998 and 2007,
resulting in 618 publications. Blinded abstracts of all 618
artictes were reviewed by the senior author {NES)} to
determine whether 6-week or 3-month morality and the
form of thromboprophyiaxis were reporied. We included
series with elective unilateral or bilalera] THA and TKA, as
weil as revision arthroplasty. Series that siudied specific
cohorts, such as patients with cirrhosis, renal failure,
obesity, or exclusively bilateral joint arhroplasty, were
excluded. To capture scientifically rigorous data with a high
level of evidence, and relevant to the end points of our study,
we excluded personal communications, expert opinions, and
studies focusing only on deep venous thrombaosis as the end
point. Patients had to have been operated on during the last
15 years (199] onward} because we believe this represented
current praclice (including modern apesthesia, surgical and
rehabilitation techniques) and coineides with the introduciion

of low-molecular-weight heparins Lo clinical practice. Only
consccutive ¢ase series with documented patient followup
and rundamized trhals were included. We excluded series
in which 6-week or J-month ali-cause mortality was not
available. When 3-month montality was not reported but
appeared fikely to have been collected, the authors were
contacted to provide the information. The authors of [our
publications responded with the necessary information
[31,33,45, 571, and the remaining three studies [1, 4, 9] were
excluded {rom the analysis.

Using these inclusion and exclusion criteria, we identi-
fied 20 publications (Table 1} [3, 6-8, 12, 14, 15, 21, 22,
3i-34, 37, 18, 45, 49, 54, 59, 60] and divided them into
three categories according to the anlithromboembolic pro-
phylaxis repimen given: (1) low-molecular-weight heparin,
ximelagatran, fondaparinux, or rivaroxaban (Group A); (2)
a multimedal prophylaxis (Group B); or (3) warfarin
{Group C). All studies belonging to the three categories
were further divided into 6~week and 3-month followups.
Multimodal prophylaxis {(Group B) was defined as a pro-
wcal consisting of imention to use regional anesthesia
(epidural or spinal) with or without intraoperalive heparin
during surgery or pneumatic compression and aspirin after
surgery. These cohort studies also included use of warfarin
in 8% of the patients (570 of 7193} (those with 2 high risk of
Ihromboembolism or those who received anticoagulants for
medical reasons befere surgery) and inevitably regional
anesthesia was not feasible in all cases, so general anes-
thesiz was used in 6% of the patients {438 of 7193).
Pneumatic compression devices were used in all cases and
intraoperative heparin in one study for THA [21]. Patients
in Groups A {potent anticoagulants) and C (warfarin) did
not receive pneumatic compression or aspirin after susgery.
In five of the publications [8, 14, 34, 37, 49], the lype
of anesthetic was not specified for Group A (potent anii-
coagulanis) or C (warfarin). In publications in which
anesthesia was idemified, 36% (3785 of 10,437) of patients
in Group A (potent anticoagulants) and 29% (397 of 1342)
of patients in Group C (warfarin) received spinal or epidurai
anesthasia,

Statistical analysis focused on the pooling of results
from the included studies (Table 1). Fixed and random
effects are modeling techriques used in meta-analyses and
are estimates based on the assumption that (1) all pussible
studies are included in this analysis {fixed effects) and {2)
the stdies in this analysis represent o subset of a Jarger
pool of studies (random effects). Results from both are
presented to give & range of possible outcomes. The models
in this case were used to calculate estimated mortatity and
PE rues, as well as relative risk estimates for these rates.
Relative risks of these elfects were calculated along with
55% confidence intervals and p values. All analyses were
conducted using the SAS 9.0 for Windows (Cary. NC) and
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Comprehensive Meta-Analysis {Englewocd, NJ). A p value
of < 0.05 was considered significant.

Results

Al-cause mortatity was lower in patients receiving Group
B thromboprophylaxis (muitimodal; 14 of 7193 [(.19%])
than Group A {potent anticoagulants; &5 of 15,839
[0.41%]) or Group C (warfarin; 20 of 5006 (0.40%])
{Table 2), The ranges in all-cause monality in studies of
Groups A, B, and C were 0% to 0.62%, 0% 1o 0.29%, and
0.1% to 0.67%, respectively, The fixed and random effects
mode] estimales of pooled all-cause monality showed
similar patterns (Tablz 2). Relative risks and correspanding
95% confidence inlervels showed & more than twofeld
risk {fixed effects: A versus B, p = 0.01; B versus C, p =
0.04; random effecis: A versus B, p < 0.01; B versus C,
p = 0.03) of all-cause mortality for prophylaxis A or C
compared with prophylaxis B (Table 3). No difference was
seen for prophylaxis A versus C.

The rate of symptomatic nonfatal PE was higher
(p = 0.019) in Group A (94 of 15.83% patients [0.60%])
than in Group B (25 of 7193 [0.35%]) (Table 2). The rates
of nonfatal PE in Groups A, B, and C were 0% to 1.2%, 0%

to 0.62%, and 0.1% o 0.8%, respectively. The fixed and
random effects model estimates of pooled nonfatal PE had
simijar pattems (Table 2). Similar to all-cause mortatity,
relative risks and corresponding 95% confidence intervals
showed 2 60% to 70% increased risk (fixed effects:
p = 0.02; random effects: p = 0.04) of nonfatal PE com-
paring prophytaxis A with prophylaxis B (Table 3).
However, the relative risks were similar for prophylaxis B
compared with C and for A compared with C.

Discusston

The current low rate of symptomatic PE and all-cause
mortality afier THA and TKA questions the need for the
use of potent anlicoagulants for thromboprophylaxis, as
they cerry a risk for morbidity and monality associaled
with increased bleeding. In this siedy, we attempied 10
determine the incidence of all-cause mortality and symp-
tomatic, nonfatal PE after etective prmary THA and TKA,
focusing on three different thromboprophylaxis regimens
frequently used woridwide.

One of the limitations of our review was comparing
outcomes between trinls. The majority of the patiems
in Group A (potent anticoagulanis) were in o randomized

Tabie 2. Fined and random effect estimates for death and pulmonary embolism

Modality Number Events Fixed cffects Random effects
Rate per 100 95% Confidence interval Rate per 10¢ 95% Confidence interval
Death
A 15.838 65 0.410 0.300-0.52¢ 0.350 0.216-0.503
B 7193 14 0.195 0.073-0.316 0.145 0.041-0.249
C 5006 20 0.399 0.204-0.594 03 0.100-0.563
Pulmonary embolism
A 15838 94 0.593 0.465-0.721 0501 0.287-0.715
B 71893 25 G.347 01960499 0310 0.168-0.45]
C 3006 26 .59 Q.302-0.736 0.457 0.140-0.774
Table 3. Fixed and random elfect estimates for relative risk between modalities
Comparison Fixed cffecis Random effects
Relative risk 95% Conhdence interval p Value Relative sk 95% Confidence interval p Value
Death
A versus B 210 1LIB-3.74 0.1 248 1.28-4.32 « 0.0]
C versus B 205 1.03-405 0.4 233 1.06-4.96 033
A versus C 1.03 0.62-1.69 092 1.08 0.63-187 0.7
Pulmonary emboiism
A versus B 1.71 [.10-2.65 002 .62 1.01-2.58 0.4
Cvenus B 1.50 0.86-2.59 0.15 1.47 0.82-2.64 G619
A verses C P14 0.74-1.76 055 i.10 0.69-1.74 070
@ Springer
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(rial, whereas Group B (multimodal) consisted of cohort
studies. Group C (warfarin) had randomized and nomran-
domized studies (Table }). Although randomized trials
have a higher level of evidence than prospective cohons,
the listed randomized trials (Table |) were systematically
subject 1o exclusion of palients at high nsk of venous
thromboembolism, which could tend 1o reduce the maor-
tality rate and thereby underestimate the mortality in a
more representative population. On the other hand, the
consecutive cohart studics used in our analysis represent a
broader cross-section of patients and are likely sore rep-
resentative (Table 1) [47]. However, all-cause mortality is
a defined end point and unlikely to be underreported. In
addition, we do not report on the incidence of bleeding.
Major local and/or systemic bleeding is not uniformly
reported in the literature and therefore a uniform analysis
of major bleeding complications may not be feasible or
reliable. Instead, we focused on all-cause monality, a valid,
accepted surrogale o evaluale thromboprophylaxis. We
included patients undergoing THA and TKA, although the
pathogenesis of deep vein thrombosis is different between
surperies. In THA, venous stasis occurs intermistently and
procoagulants are forced into the venous system predomi-
nantly during the femoral work [56]. If a tourniquet is used
during TKA, venous stasis occurs throughout the proce-
dure. The roumniguet may be a risk lactor for thrombosis
by means of causing endothelial damage [40]. However,
these cases have a similar perioperative mortality rate (0%
0.67%) {Table 1) and the risk of bleeding from anticoag-
ulation exists for both procedures. Finally, we included
low-matecular weipht heparin, ximelagatran, fondapari-
nux, and rivaroxaban as one group. We believe this is
justifiable because the rates of nonfatal PE and mortality
were similar for all three drugs {Table 1} and the risks of
bleeding are common to ali five drugs.

In the English literature, Murray et al. [39) performed a
meta-analysis of all available studies of THA in which
information about overall death rate or fatal PE had been
included in studies published from the 1970s through the
19905, The studies were categorized sccording io the
pharmacologic prophylaxis {none, heparin, warfarin, aspi-
rin, and dextran). Patients receiving unfractionated and
fow-molecular-weight hepanin were combined. A total of
130,000 patients were included [3%). The fatal PE rate was
0.1% to 0.2% and the death rate was 0.3% 1o 0.4% irre-
spective of the pharmacologic prophylaxis. The siudy
concluded there is not enough evidence in the literature to
delermine il pharmacologic thromboprophylaxis decreases
the death rate afler THA.

Freedman et al. [18] published & meta-anaiysis of
thromboembolic  prophylaxis after elective THA thai
included mndomized, controlled trials published from 1966
o 1998, Fifly-two studies with 10,929 patients were

@ Springer

included. Placebo and five prophylactic agents were eval.
uated (low-molecular-weight heparin, warfarin, aspirin,
low-dose heparin, and pneumatic compression devices).
There were no differences in the rates of fata. PE or all-
cause mortality between the groups [18].

The previously discussed meta-analyses by Murray et zl.
[39] and Freedman et al. [!8] are subject to limitations,
They included patients who underwent THA over three
decades during which the rate of monality and fatal PE
changed substantinlly [35]. In the review by Mumay et al.
[39], mechanical compression devices were used infre-
guently and it now is known these devices subsiantially
diminish the rate of venous thromboembolism with or
wilhout adjuvant pharmacoprophylaxis [31, 41, 48], Our
review comprises THA and TKA studies published during
the last 9 years to capture arthroplasties performed with the
current anesthesia and surgical technique. We did not
include patients recejving postoperative unfractionated
heparin for prophylaxis because it has been associated with
a high rate of bleeding {26} and is used only rarely today,
being replaced by low-molecular-weight heparin and other
forms of prophylaxis.

We chserved Group A anticoagulanis are associated
with the highest monality and Group B thromboprophy-
laxis (multimodal) is associated with the lowest all-cause
mortality after total joint arthroplasty of the lower
extremity. The reasons for this difference cannot be
determined for certain, but a number of possibilities exist.
Regional anesthesia may confer a benefit by ilself.
Regional anesthesia was used in 36% of patients ir Group
A and in 94% of patients in Group B. In a meta-analysis of
anesthetic types, regional anesthesia was associated with o
30% reduction in mortality compared with general anes-
thesia in onthopaedic surgery (44}, However, this would not
appeur sufficient to explain the twofold difference. Peri-
aperative mortality also is related to the surpeon and the
case volume of each institution [28, 29]. All of the Group B
studies were perfarmed in high-volume centers, and some
of the Group A and Group C (warfarin) studies may have
been performed in low-volume centers, This might account
for some of the differences observed between groups.
Bleeding is more common with Group A anticoagulants,
Bleeding (5, 8, 17, 18, 23, 26, 41, 42, 52, 55, 61] can lead
to death from multiple causes, tncluding shock, renal fail-
ure, stroke, myocardial infarciion, infection, and sepsis. It
is likely complicalions of bleeding contribuied to the
increased mortality. Funhermore, bleeding end risk of
transfusion are less with regional compared with general
ancsthesia [46}), especinlly if hypotensive epidural anes-
thesia is used [21].

We show clinical PE occurs despite the use of powerful
anticoaguiants. The rate of 0.6% is comparable to the
rate of 1% previously described with warfarin [36] and
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low-molecular-weight heparin in cohart studics. This }ii-
erature cannot support the use of powerful amicoagulants
to preven! PE, although they clearly reduce the nsk of
venographically evident deep vein thrombosis {19].

We do nat define the ideal thromboprophylaxis regime;
rather, we show postoperative PE occurs despite the use of
Group A anticoagulamis and they may lead to higher
martality. [t is possible lower doses of Group A anticoag-
utants, combined with regional anesthesia and pneumatic
compression, could be efficacious. Neverheless, any
potential benefit must be balanced against the risk of
bieeding. Une potential benefit of Group A anticoagulants
is the possibility that by reducing deep vein thrombosis,
they may resudt in a lower risk of a subseyuent post-
phiebitic syndrome. This was not evalualed in any of these
studies and it is questionable whether the use of Group A
anticoagulants can be justified on this basis alone.

One of the criticisms of pneumatic compression has
been the poor compliance once pasients begin walking. All
of the studies we have included comprise patients operated
on in recent years with reduced lengths of hospilal stay in
which prneumatic compression probably was used no more
than 2 to 3 days [48]. It may be that pneumatic compres-
sion of shert duration is sufficient prophylaxis, bul this may
require further siudy.

The recommendations from the Chest Physicians Con-
sensus Statement advocate low-molecular-weight heparin
or warfarin for prophylaxis after THA and TKA [19]).
These recommendations often result in physicians feeling
compelled 0 prescribe these anticoagulants to aveid
potential litigation [30]. The increased risk of bleeding
complications has encouraged several experienced sur-
geons who perform joint arthroplasty to emphasize caution
in the use of these anticoagulants [5]. We believe the
American College of Chest Physicians should reconsider
their guidelines to reflect the fact that PE occurs despite the
use of potent anticoagulants and may, in fact, expose
patients to increased mortality after surgery,
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