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Perioperative complications following
preoperative cessation of antithrombotic
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Abstract
The number of elderly patients undergoing total knee arthroplasty (TKA) has steadily increased. Elderly patients undergoing TKA
usually have underlying diseases, and some of them take antithrombotic agents for the prevention or treatment of these co-
morbidities, including cardiovascular, cerebrovascular, or thromboembolic diseases. When these patients are scheduled to undergo
TKA, preoperative cessation of antithrombotic agents is considered on the basis of its risks and benefits. This study was aimed to
evaluate the impact of discontinuing antithrombotic agents for primary total knee arthroplasty (TKA) on perioperative complications.
Patients who underwent primary TKA between 2008 and 2012 were identified, and classified into two groups: group A, in whom

antithrombotic agents were ceased preoperatively, and group B, in which patients did not receive antithrombotic therapy. Patient
characteristics, history of antithrombotic therapy, intraoperative blood loss, perioperative blood transfusion, postoperative 30-day
complications, and postoperative hospital stay were recorded.
Of 885 patients undergoing primary TKA, 218 (24.6%) patients were included in group A, and 667 (75.4%) in group B. Group A

received transfusion more frequently than group B (P<0.001). However, there was no difference between the two groups in terms of
intraoperative blood loss, postoperative 30-day complications, and postoperative hospital stay.
Patients who discontinued antithrombotic drugs before primary TKA do not have a higher incidence of postoperative 30-day

complications, including cardiovascular, cerebrovascular, or thromboembolic events. Moreover, the estimated intraoperative blood
loss was not different compared with patients not receiving antithrombotic agents preoperatively. Larger prospective studies of this
issue are required.

Abbreviations: ASA = American Society of Anesthesiologists, BMI = body mass index, CI = confidence interval, IPTW = inverse
probability of treatment weighting, OR = odds ratio, SD = standard deviation, TKA = total knee arthroplasty.
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1. Introduction

As the elderly population has grown, the number of patients
undergoing total knee arthroplasty (TKA) has steadily in-
creased.[1] Elderly patients undergoing TKA usually have
underlying diseases, and some of them take antithrombotic
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agents for the prevention or treatment of these co-morbidities,
including cardiovascular, cerebrovascular, or thromboembolic
diseases. When these patients are scheduled to undergo TKA,
preoperative cessation of antithrombotic agents is considered on
the basis of risks and benefits to the patient.
Perioperative antithrombotic therapy can be associated with

bleeding-related complications. Furthermore, neuraxial anesthe-
sia is often preferred to general anesthesia in patients undergoing
TKA because major morbidity and mortality have been reported
to be lower with neuraxial anesthesia than with general
anesthesia.[2] Neuraxial anesthesia while on antithrombotic
therapy carries the risk of spinal epidural hematoma; thus,
administration of most anticoagulants or antiplatelet agents
should be stopped before neuraxial anesthesia. Preoperative
cessation of antithrombotic agents can reduce perioperative
bleeding and affect the type of anesthesia administered. However,
cessation can exacerbate the underlying comorbidity for the
patient taking the medication. Additionally, withholding antith-
rombotic agents carry the risk of rebound hypercoagulability,
and since surgery itself is associated with hypercoagulability, this
renders the patient potentially susceptible to thromboembolic
events.[3,4]

Currently, the effect of preoperative cessation of antithrom-
botic agents for TKA on perioperative complication rates is
unclear. Thus, we retrospectively evaluated the impact of
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discontinuing antithrombotic agents for primary TKA on
perioperative complication rates.
2. Methods

After obtaining the approval of the Institutional Review Board of
SMG-SNU (Seoul Metropolitan Government Seoul National
University) BoramaeMedical Center (No. 26–2013–64), patients
who underwent elective TKA from January 2008 to December
2012 were retrospectively identified using the electronic medical
records from our hospital. Patients with an incomplete medical
record were excluded.
Baseline characteristics included age, American Society of

Anesthesiologists (ASA) physical status, co-morbidities, history
of antithrombotic medication, and type of anesthesia. The
following procedure subtypes were also recorded: unilateral
TKA, staged bilateral TKA (different operations during the same
hospitalization), and simultaneous bilateral TKA (operation on
the same day). Perioperative data included intraoperative
estimated blood loss, blood transfusion, cardiovascular events
(angina, arrhythmia, andmyocardial infarction), cerebrovascular
events (transient ischemic attack and stroke), thromboembolic
events (deep vein thrombosis and pulmonary embolism), and
postoperative hospital stay. Postoperative 30-day complications
included postoperative bleeding, cardiovascular events (angina,
arrhythmia, and myocardial infarction), cerebrovascular events
(transient ischemic attack and stroke), thromboembolic events
(deep vein thrombosis and pulmonary embolism), respiratory
events (pneumonia and pulmonary aspiration), and gastrointes-
tinal events (ileus). The patients were classified into two groups:
group A, in whom antithrombotic agents were ceased preopera-
tively, and group B, wherein patients who had not taken
antithrombotic agents according to their recent medical history.
The standard practice for the management of antithrombotic

therapy in patients scheduled for TKA at our institution was to
cease aspirin or clopidogrel 7 days preoperatively, cilostazol 2
days preoperatively, warfarin or triflusal 5 days preoperatively,
limaprost or sarpogrelate 1 day preoperatively, and ticlopidine
10 days preoperatively. For patients who received antiplatelet
agents for cardiovascular reasons, such as a history of
percutaneous coronary intervention, the cessation of antiplatelet
agents was under supervision of cardiologists. Antithrombotic
therapy was restarted 2 days after surgery in patients who
stopped antithrombotic therapy preoperatively.
The primary outcome was the incidence of postoperative

30-day complications. Secondary outcome included intraoper-
ative estimated blood loss, perioperative blood transfusion,
and postoperative hospital stay. Continuous data are expressed
as means± standard deviation (SD), and categorical data as
frequencies (%).
Statistical analyses were performed using R, version 3.1.0

(Foundation for Statistical Computing, Vienna, Austria, http://
www.r-project.org/). Categorical variables were analyzed using
the chi-square or Fisher exact test, and continuous variables using
Student t-test. To reduce the impact of selection bias and potential
confounders in an observational study, rigorous adjustment for
significant differences in patient characteristics was performed
using a multivariable model with the inverse probability of
treatment weighting (IPTW).[5] With this method, weights for
patients who did not receive antithrombotic agents preoperative-
ly were the inverse of (1�propensity score) and weights for
patients who stopped antithrombotic medication preoperatively
were the inverse of the propensity score. Multiple logistic
2

regression analysis was performed to derive the propensity
scores. The following variables were included in the propensity
score model: sex, age, body mass index (BMI), presence of
underlying diseases (hypertension, diabetes, cardiovascular
disease, cerebrovascular disease, renal disease, and others),
and procedure subtype. The discrimination of propensity score
model was assessed by means of the concordance index. In
addition, for more rigorous adjustment to avoid selection bias
and confounding effects, the multiple linear or logistic regression
analysis was performed with IPTW as the weights and included
covariates such as preoperative antithrombotic medication,
American Society of Anesthesiologists (ASA) physical status,
type of anesthesia, and all pre-specified covariates. A P value less
than 0.05 was considered statistically significant.
3. Results

In total, 914 patients underwent primary TKA from January
2008 to December 2012. Twenty-nine patients were excluded
owing to an incomplete medical record. Of 885 patients who
underwent primary TKA, 218 (24.6%) patients discontinued
antithrombotic agents preoperatively (group A), and 667
(75.4%) patients did not receive antithrombotic therapy
preoperatively (group B). No patients underwent TKA while
maintaining antithrombotic therapy.
Baseline patient data are presented in Table 1. Patients in group

A were older (P<0.001), had higher incidences of hypertension
(P<0.001), cardiovascular diseases (P<0.001), and cerebrovas-
cular diseases (P<0.001), and presented with higher ASA
physical status (P<0.001) than patients in group B. After
adjustment by IPTW, there was no significant difference between
the two groups with the exception of ASA physical status (P<
0.001). The antithrombotic agents used preoperatively are shown
in Table 2.
The incidences of postoperative 30-day complications are

presented in Table 3. Postoperative cardiovascular complications
occurred more frequently in group A compared with group B
(P=0.035). However, after adjustment by IPTW, there was no
significant difference in the incidence of postoperative cardiovas-
cular complications (P=0.083). Furthermore, the overall inci-
dence of postoperative 30-day complications was not different
between the two groups (P=0.671). One patient in group B died
postoperatively owing to a gastrointestinal problem.
Clinical outcomes related to the preoperative use of antith-

rombotic agents are presented in Table 4. Intraoperative
estimated blood loss was similar between the two groups (P=
0.101); however, patients in group A received transfusions more
frequently than patients in group B did (P=0.003). Postoperative
hospital stay was similar between the two groups (group A vs.
Group B, 21.1±7.8 days vs. 20.9±7.5 days; P=0.654).
Additionally, multiple logistic regression analysis with propensity
score was performed to adjust for potential confounders
including ASA physical status and type of anesthesia in a
separate model. Patients in group A received transfusion more
frequently (odds ratio [OR], 1.567; 95% confidence interval [CI],
1.227–2.002; P<0.001), while there was no difference between
the two groups in the overall likelihood of postoperative 30-day
complications (OR, 0.940; 95% CI, 0.532–1.662; P=0.831).
Similarly, multiple linear regression analyses with adjustment for
all covariates and IPTW as a weight were performed to examine
the effect between the two groups. However, the use of
preoperative antithrombotic agents did not affect intraoperative
blood loss, or postoperative hospital stay.
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Table 1

Baseline characteristics of the patients.

Group A (n=218) Group B (n=667) P Adjusted by IPTW P value

Gender (male/female) 27 (12.39%) 79 (11.84%) 0.831 0.182
Age, y 72.32±6.85 69.89±7.67 <0.001 0.790
Height, cm 152.66±7.75 152.74±7.26 0.886 0.663
Weight, kg 63.12±10.42 61.32±9.99 0.022 0.916
BMI (kg/cm2) 27.04±3.74 26.24±3.63 0.005 0.681
Hypertension: yes 187 (85.78%) 409 (61.32%) <0.001 0.306
Diabetes: yes 57 (26.15%) 128 (19.19%) 0.028 0.798
Cardiovascular disease 38 (17.43%) 29 (4.35%) <0.001 0.863
Peripheral vascular disease 0 (0%) 2 (0.30%) 1.000 0.106
Cerebrovascular disease 31 (14.22%) 34 (5.10%) <0.001 0.839
Renal disease 5 (2.29%) 7 (1.05%) 0.181 0.385
Others 26 (11.93%) 88 (13.19%) 0.628 0.890
ASA physical status <0.001 <0.001
1 3 (1.38%) 157 (23.54%)
2 205 (94.04%) 504 (75.56%)
3 10 (4.59%) 6 (0.90%)

Type of anesthesia 0.138 0.051
Spinal 174 (79.82%) 562 (84.26%)
Spinal-epidural 2 (0.92%) 12 (1.80%)
General 42 (19.27%) 93 (13.94%)

Procedure subtypes 0.210 0.688
Unilateral 106 (48.62%) 331 (49.63%)
Staged bilateral 79 (36.24%) 264 (39.58%)
Simultaneous bilateral 33 (15.14%) 72 (10.79%)

Data are expressed as means±SD or numbers of patients (%).
ASA=American Society of Anesthesiologists, BMI=body mass index, Group A=patients who discontinued antithrombotic agents preoperatively, Group B=patients who were not receiving antithrombotic agents
preoperatively, IPTW= inverse probability of treatment weighting.

Table 2

Antithrombotic agents used preoperatively.

Patients (n)

Aspirin 135
Clopidogrel 20
Aspirin+clopidogrel 12
Warfarin 12
Aspirin+warfarin 2
Ticlopidine 1
Triflusal 13
Cilostazol 10
Aspirin+cilostazol 2
Sarpogrelate 8
Aspirin+sarpogrelate 1
Limaprost 2

Table 3

Postoperative 30-day complications.

Group A (n=218) Group

Cardiovascular 4 (1.83%)
Cerebrovascular (TIA/stroke) 3 (1.38%)
Thromboembolic (DVT/PE) 3 (1.38%)
Respiratory 1 (0.46%)
Postoperative bleeding 0 (0%)
Gastrointestinal problem 0 (0%)
Total 11 (5.05%) 1

DVT=deep vein thrombosis, Group A=patients who discontinued antithrombotic agents preoperatively
probability of treatment weighting, PE=pulmonary embolism, TIA= transient ischemic attack.
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4. Discussion

The present study shows that patients who discontinued
antithrombotic agents before primary TKA do not have a higher
incidence of postoperative 30-day complications, including
cardiovascular, cerebrovascular, or thromboembolic events,
compared with those who were not receiving any antithrombotic
agents preoperatively. Intraoperative estimated blood loss was
similar in patients who stopped antithrombotic agents preopera-
tively and those who were not receiving antithrombotic therapy
preoperatively. However, the incidence of perioperative transfu-
sion was higher in patients who stopped taking antithrombotic
agents preoperatively.
Owing to its significant benefits, TKA utilization has

increased over the last 2 to 3 decades.[1,6] Furthermore, as life
expectancy increases, the TKA utilization rate is expected to
increase continuously.[7] TKA is most commonly performed for
B (n=667) P Adjusted by IPTW P value

2 (0.30%) 0.035 0.083
2 (0.30%) 0.099 0.090
8 (1.20%) 0.737 0.499
3 (0.45%) 1.000 0.286
0 (0%) — —

2 (0.30%) 1.000 0.094
7 (2.55%) 0.067 0.671

, Group B=patients who were not receiving antithrombotic agents preoperatively, IPTW= inverse
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Table 4

Clinical outcomes according to the preoperative use of antithrombotic agents.

Group A vs. Group B

Adjusted by IPTW Adjusted by IPTW and covariates

Response variable Estimate (95% CI) P Estimate (95% CI) P

Postoperative 30-day complication
∗

1.043 (0.615, 1.769) 0.877 0.940 (0.532, 1.662) 0.831
Intraoperative EBL† 20.740 (�4.086, 45.566) 0.101 21.838 (�1.126, 44.803) 0.062
Perioperative transfusion

∗
1.359 (1.110, 1.666) 0.003 1.567 (1.227, 2.002) <0.001

Postoperative hospital day† �0.228 (�1.224, 0.769) 0.654 �0.158 (�1.074, 0.758) 0.735

CI= confidence interval, EBL= estimated blood loss, Group A=patients who discontinued antithrombotic agents preoperatively, Group B=patients who were not receiving antithrombotic agents preoperatively,
IPTW= inverse probability of treatment weighting.
∗
Estimate was odds ratio from the logistic regression.

† Estimate was coefficient from the linear regression.
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osteoarthritis, and for other knee diseases such as rheumatoid
arthritis and psoriatic arthritis. Thus, many elderly patients
undergo TKA, some of whom receive antithrombotic therapy
related to co-morbidities. In the present study, 218 of the 885
(24.6%) patients who underwent primary TKA received
antithrombotic agents for co-morbidities. When patients
receiving antithrombotic therapy are scheduled for TKA,
several factors must be considered, such as the risks associated
with cessation or continuation of antithrombotic agents and its
effect on the type of anesthesia administered. Neuraxial
anesthesia is associated with a lower incidence of perioperative
complications, blood transfusion, and mortality rate.[2,8,9] In
our institution, TKA is routinely performed as an elective
surgery under neuraxial anestheia, unless contraindications for
neuraxial anesthesia are present, such as coagulopathy or
patient refusal. Thus, 750 of the 885 (84.7%) patients
underwent TKA under neuraxial anesthesia. To perform
neuraxial anesthesia, cessation of most of the available
antithrombotic agents is mandatory to prevent spinal epidural
hematoma.[10] Moreover, perioperative antithrombotic therapy
can increase perioperative bleeding and transfusion rates.[11,12]

However, preoperative cessation of antithrombotic therapy can
cause exacerbation of underlying diseases, resulting in
thrombosis.[13–15] Currently, no clear guidelines exist regarding
the perioperative use of antithrombotic agents. As shown in our
data, patients receive antithrombotic agents owing to various
diseases. Thus, decision-making regarding preoperative cessa-
tion of antithrombotic therapy requires careful consideration of
the risks and benefits. Many elderly patients have multiple co-
morbidities; therefore, assessment of the risks and benefits in
such individuals is more challenging.
Our findings suggest that cessation of antithrombotic agents

before TKA may not alter the risk of perioperative complications
compared with the normal population. In principle, evaluating
the perioperative complications related to the cessation of
antithrombotic therapy requires inclusion of patients who
maintain perioperative antithrombotic therapy. However, in
our institution, TKA is routinely performed as an elective surgery
under neuraxial anesthesia after cessation of antithrombotic
therapy. Thus, it was not possible to compare perioperative
complication rates in patients who discontinued antithrombotic
agents preoperatively and those who did not. Thus, we compared
patients who stopped antithrombotic medications with those
who did not receive antithrombotic agents, specifically with
regards to perioperative complications, and performed a
statistical adjustment to reduce the effect of selection bias and
confounding variables.
4

Several studies evaluated the perioperative complications
according to whether antithrombotic agents were maintained
during the procedure. Jacob et al[16] retrospectively investigated
the effect of continuing clopidogrel during elective total hip and
knee arthroplasty on perioperative complications, and showed
that patients who continued clopidogrel were more likely to
receive a blood transfusion postoperatively. However, the
incidence of 30-day adverse cardiac events was not significantly
different compared with patients who discontinued clopidogrel
preoperatively. Manaqibwala et al[17] reported that patients on
clopidogrel who underwent hip fracture surgery were likely to
have significantly longer hospital stays; however, they had a
similar rate of bleeding complications compared with patients
who stopped clopidogrel preoperatively. In these two studies,
considerably fewer patients were on clopidogrel compared with
those who stopped clopidogrel preoperatively; however, no
statistical adjustment was performed. Furthermore, the type of
anesthesia that could also affect postoperative complications was
not described. The type of anesthesia used may differ depending
on whether clopidogrel was continued.
Guidelines regarding the perioperative management of antith-

rombotic therapy recommend cessation schedules or bridging
therapy owing to the risk of thromboembolism.[18–20] The
American Heart Association and American College of Cardiolo-
gy recommend cessation timing of antiplatelet agents related to
the risk of adverse cardiac events. Premature discontinuation of
dual antiplatelet therapy is associated with stent thrombosis,
myocardial infarction, and mortality in patients with coronary
stents. Thus, for patients with coronary stents, elective surgery
should be postponed for 4 to 6weeks (bare-metal stents) or 1 year
(drug-eluting stents) if dual antiplatelet therapy must be
discontinued.[18] When TKA is planned in patients at high risk
of thromboembolism or adverse cardiac events, bridging therapy
can be initiated.[19,20] TKA is generally performed as an elective
surgery and, as such, scheduling is flexible. The procedure can be
postponed until completion of stent endothelialization in patients
with coronary stents. In our study, the patients undergoing TKA
were in a stable cardiac condition. Thus, preoperative cessation
of antithrombotic agents may not have resulted in an increased
incidence of perioperative complications compared with the
normal population.
In the present study, the incidence of perioperative blood

transfusion was higher in patients who stopped antithrombotic
agents than in those with no history of antithrombotic therapy,
although the estimated intraoperative blood loss was similar.
This higher perioperative transfusion rate may be related to the
postoperative resumption of antithrombotic therapy.
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This study has several limitations. First, data were collected
from a single center; hence, the results can not be generalized for
other institutions. Furthermore, this study was of a retrospective
design, which has inherent weaknesses. Larger prospective
studies based on multicenter data are required. Additionally,
there was no transfusion protocol to ensure the consistency of
decision-making regarding blood transfusion. Thus, surgeons
decided the transfusion requirements of the patients on a case-by-
case basis. Finally, as only a few patients were receiving each
antithrombotic agent, with the exception of aspirin, no subgroup
analysis according to the type of antithrombotic agents was
performed. Perioperative outcomes following discontinuation of
each type of antithrombotic agent should be further evaluated.
In conclusion, patients who discontinued antithrombotic drugs

before primary TKA do not have a higher incidence of
postoperative 30-day complications, including cardiovascular,
cerebrovascular, or thromboembolic events. Moreover, the
estimated intraoperative blood loss was not different compared
with patients not receiving antithrombotic agents preoperatively.
However, larger prospective studies of this issue are required.
Acknowledgments

We thank the Electronic Medical Record team of our hospital for
supporting the data review.
References

[1] Centers for Disease Control, Prevention. Racial disparities in total knee
replacement amongMedicare enrollees-United States, 2000–2006.Morb
Mortal Wkly Rep 2009;58:133–8.

[2] Memtsoudis SG, Sun X, Chiu YL, et al. Perioperative comparative
effectiveness of anesthetic technique in orthopedic patients. Anesthesiol-
ogy 2013;118:1046–58.

[3] Genewein U, Haeberli A, Straub PW, et al. Rebound after cessation of
oral anticoagulant therapy: the biochemical evidence. Br J Haematol
1996;92:479–85.

[4] Collet JP, Montalescot G, Blanchet B, et al. Impact of prior use or recent
withdrawal of oral antiplatelet agents on acute coronary syndromes.
Circulation 2004;110:2361–7.

[5] Robins JM, Hernan MA, Brumback B. Marginal structural models and
causal inference in epidemiology. Epidemiology 2000;11:550–60.

[6] Robertsson O, Dunbar MJ, Knutson K, et al. Past incidence and future
demand for knee arthroplasty in Sweden: a report from the Swedish Knee
5

changes on the number of arthroplasties performed. Acta Orthop Scand
2000;71:376–80.

[7] Ethgen O, Bruyere O, Richy F, et al. Health-related quality of life in total
hip and total knee arthroplasty. A qualitative and systematic review of
the literature. J Bone Joint Surg Am 2004;86-A:963–74.

[8] Pugely AJ, Martin CT, Gao Y, et al. Differences in short-term
complications between spinal and general anesthesia for primary total
knee arthroplasty. J Bone Joint Surg Am 2013;95:193–9.

[9] Stundner O, Chiu YL, Sun X, et al. Comparative perioperative outcomes
associated with neuraxial versus general anesthesia for simultaneous
bilateral total knee arthroplasty. Reg Anesth PainMed 2012;37:638–44.

[10] Horlocker TT. Regional anaesthesia in the patient receiving antithrom-
botic and antiplatelet therapy. Br J Anaesth 2011;107(Suppl 1):i96–106.

[11] Thrombosis prevention trial: randomised trial of low-intensity oral
anticoagulation with warfarin and low-dose aspirin in the primary
prevention of ischaemic heart disease in men at increased risk. The
Medical Research Council’s general practice research framework. Lancet
1998;351:233–41.

[12] Anekstein Y, Tamir E, Halperin N, et al. Aspirin therapy and bleeding
during proximal femoral fracture surgery. Clin Orthop Relat Res
2004;418:205–8.

[13] Senior K. Aspirin withdrawal increases risk of heart problems. Lancet
2003;362:1558.

[14] Kovich O, Otley CC. Thrombotic complications related to discontinua-
tion of warfarin and aspirin therapy perioperatively for cutaneous
operation. J Am Acad Dermatol 2003;48:233–7.

[15] Macellari F, Paciaroni M, Agnelli G, et al. Perioperative stroke risk in
nonvascular surgery. Cerebrovasc Dis 2012;34:175–81.

[16] Jacob AK,Hurley SP, Loughran SM, et al. Continuing clopidogrel during
elective total hip and knee arthroplasty: assessment of bleeding risk and
adverse outcomes. J Arthroplasty 2014;29:325–8.

[17] Manaqibwala MI, Butler KA, Sagebien CA. Complications of hip
fracture surgery on patients receiving clopidogrel therapy. Arch
OrthopTrauma Surg 2014;134:747–53.

[18] Fleisher LA, Beckman JA, Brown KA, et al. ACC/AHA 2007 guidelines
on perioperative cardiovascular evaluation and care for noncardiac
surgery: executive summary: a report of the American College of
Cardiology/American Heart Association Task Force on Practice Guide-
lines (Writing Committee to Revise the 2002 Guidelines on Perioperative
Cardiovascular Evaluation for Noncardiac Surgery). Anesth Analg
2008;106:685–712.

[19] Douketis JD, Berger PB, Dunn AS, et al. The perioperative management
of antithrombotic therapy: American College of Chest Physicians
evidence-based clinical practice guidelines (8th Edition). Chest
2008;133:299S–339S.

[20] Furie KL, Kasner SE, Adams RJ, et al. Guidelines for the prevention of
stroke in patients with stroke or transient ischemic attack: a guideline for
healthcare professionals from the american heart association/american
stroke association. Stroke 2011;42:227–76.

http://www.md-journal.com

	Perioperative complications following preoperative cessation of antithrombotic agents for total knee arthroplasty
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	Acknowledgments
	References


