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Abstract

Background: The management of aspirin therapy before
an invasive procedure poses a frequent clinical dilemma due
to uncertainty regarding bleeding versus thromboembolic risks
associated with continuation or withdrawal of the drug. There are
no evidence-based data to refer to.
Objectives: To assess the opinions of internal medicine physicians
regarding aspirin therapy prior to an invasive procedure.
Methods: A questionnaire presenting nine hypothetical cases
with different combinations of bleeding and thromboembolic risk
was given to physicians in an internal medicine division during a
personal interview. For each case the participants had to choose
between withdrawal of aspirin prior to an invasive procedure,
continuation of aspirin, or substitution of low molecular weight
heparin for aspirin.
Results: Sixty-one physicians participated in the survey. For
a patient with low thromboembolic risk, 77% (95% confidence
interval 65.3–86.3%), 95% (87.2–98.7%) and 97% (89.6–99.5%) of
physicians elected to discontinue aspirin prior to a low, intermediate
or high bleeding risk procedure, respectively. For intermediate
risk patients, 23% (95% CI 13.7–34.7%), 59% (46.4–70.8%)
and 74% (61.7–83.6%) would discontinue aspirin prior to a low,
intermediate or high risk procedure, and 5% (95% CI 1.3–12.8%),
23% (13.7–34.7%) and 18% (9.9–29.2%) would substitute LMWH
for aspirin. For a patient with high thromboembolic risk, 1.6%
(95% CI 0.08–7.8%), 11.5% (5.2–21.4%) and 18% (9.9–29.2%)
recommended discontinuing aspirin prior to a low, intermediate or
high risk procedure, respectively. In these situations, 18% (95% CI
9.9–29.2%), 53% (40.0–64.7%) and 57% (44.8–69.3%), respectively,
would substitute LMWH for aspirin.
Conclusions: The results of the current investigation may
help practicing physicians to decide whether to discontinue aspirin
therapy prior to invasive procedures. The possible use of LMWH
to replace aspirin as suggested here should be further evaluated
in a controlled clinical study.
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Large-scale primary [1-5] and secondary [6-8] prevention studies
have established a clear benefit for aspirin use in coronary heart
disease prevention. Published clinical guidelines are accepted
worldwide [9-12]. However, many interventional medical procedures require discontinuation of aspirin in order to minimize
bleeding risk. A recent meta-analysis [13] suggested that the
use of aspirin during invasive procedures may indeed increase
the overall bleeding risk by 50%, but it does not directly influCI = confidence interval
LMWH = low molecular weight heparin
CHD = coronary heart disease
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ence treatment success or its related morbidity and mortality.
Exceptions to this conclusion include prostatectomy, tonsillectomy and neurosurgical procedures. On the other hand, aspirin
withdrawal may result in an increased risk for thrombosis.
Retrospective analyses show that discontinuation of aspirin may
result in a 2.3%–6% risk of thrombotic events, such as acute
coronary syndrome [14-17], cerebrovascular accident [18] or lower
extremity ischemia [19] within 3–12 days after cessation of the
drug. The overall risk for a major cardiovascular event in patients
who discontinue aspirin was recently estimated in a meta-analysis to be threefold higher than that in patients who continued
aspirin use [20]. Thus, the risk related to aspirin discontinuation
is not negligible, especially in CHD patients, but it cannot be
adequately assessed due to the lack of controlled clinical trials.
In this climate of uncertainty, physicians are faced with the difficult dilemma of aspirin continuation versus withdrawal prior to
invasive procedures.
The aim of our study was to obtain the opinions of practicing
physicians in an internal medicine division regarding aspirin
withdrawal prior to invasive procedures, in order to create a
practical tool for day-to-day decision making.

Methods
We developed a questionnaire presenting nine hypothetical cases
carrying three different levels of risk for thrombosis or bleeding,
in a three by three factorial design (see box). This questionnaire
was delivered during a personal interview (by A.S.) to medical
residents and senior physicians in the Division of Medicine at
the Hadassah-Hebrew University Medical Center (Ein Kerem
campus). The bleeding as well as the thrombotic risks related
to the procedures were evaluated and summarized, as presented
in the box. Each physician had to choose one of three management alternatives: continue aspirin, withdraw aspirin, or withdraw
aspirin and start low molecular weight heparin treatment.
Statistical analysis

The primary analysis included the entire group of physicians.
Results are presented as percentages with mid-P 95% confidence
intervals calculated using the PEPI software. For each category of
patients with thrombotic risk (low/intermediate/high), a pair-wise
comparison was done for each clinical choice (stop aspirin/stop
aspirin and start LMWH/continue aspirin) according to the bleeding risk of the procedure (low/intermediate/high) [Table 1]. The
McNemar test was used for statistical analysis. The P values
Aspirin Withdrawal Strategy
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Questionnaire delivered to internal medicine physicians during a personal interview
Nine different clinical scenarios were described to each participant. For each of the following three invasive procedures, there were three
different levels of cardiovascular risk (a 3 by 3 factorial design).
The invasive procedure:
a. Low bleeding risk (directly observed and superficial): Temporal artery biopsy.
b. Intermediate bleeding risk (directly observed but deep): Colonic polyp resection.
c. High bleeding risk (blind and deep): Ultrasound-guided liver biopsy.
The cardiovascular risk:
1. Low risk patient: treated with aspirin for primary prevention of CHD (man, 55 years old, with a 10% risk to develop a coronary event in 10
years, according to the Framingham risk score).
2. Intermediate risk patient: treated with aspirin for secondary prevention of CHD (previous CVA or ST elevation myocardial infarction [STEMI]
one year prior to the invasive procedure).
3. High risk patient: treated with aspirin for secondary prevention of CHD, one week after a major cardiovascular event (STEMI, treated with
angioplasty and stenting).

reported are Bonferroni-corrected. A separate post hoc analysis
was designed to determine differences in clinical choice based
on seniority. Comparisons between the choices of senior physicians and residents were made with Fisher’s exact test for 2 x 2
tables and with the chi-square test for 3 x 2 tables. The P values
obtained for the chi-square test were exact and not the routinely
reported asymptotic values.

Results
Of the 82 physicians registered in
our Internal Medicine Division, 61
were recruited. These included 35
residents or fellows and 26 attending physicians with more than 8
years of professional experience.
All participants answered all
nine questions. The remaining 21
physicians were not available at
the time the interviews were conducted. None declined to participate. The results of our survey are
summarized in Table 1 and Figure
1, which also present P values and
95% confidence intervals.
For the low risk patient who
receives aspirin for primary prevention of CHD, 77% of physicians
chose to stop aspirin treatment
prior to the procedure with the low
bleeding risk. For moderate and
high risk procedures, 95% and 97%
of physicians, respectively, chose
to withdraw aspirin. None chose to
replace aspirin with LMWH for the
low risk patient facing any bleeding risk procedure. This means that
23%, 4% and 3% would continue

CVA = cerebrovascular accident
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aspirin for a procedure with low, intermediate and high risk of
bleeding, respectively.
For the patient with an intermediate thromboembolic risk, only
23% of physicians chose to discontinue aspirin before the low
risk procedure. For the moderate and high risk procedures, 59%
and 74% of respondents, respectively, recommended cessation of
aspirin. Twenty-three percent would substitute LMWH for aspirin

Table 1. Participating physicians’ clinical choices in nine hypothetical clinical scenarios
Procedure with low
bleeding risk
Patients

N

%

Procedure with intermediate
bleeding risk

Procedure with high
bleeding risk

95% CI

N

%

95% CI

N

%

Significant
P values

95% CI

Stop aspirin

Low thrombotic risk

47 77

65.3–86.3

58

95.1

87.2–98.7

59 96.7 89.6–99.5 α = 0.01
β = 0.002

Intermediate thrombotic risk

14 23

13.7–34.7

36

59

46.4–70.8

45 73.8 61.7–83.6 α = 0.0001
β = 0.000001

High thrombotic risk

1

1.6 0.08–7.8

7

11.5

5.2–21.4

11 18.0 9.9–29.2

Low thrombotic risk

0

0

0

0

0–4.8

0

Intermediate thrombotic risk

3

4.9 1.3–12.8

14

23

13.7–34.7

11 18

High thrombotic risk

11 18

9.9–29.2

32

52.5

40.0–64.7

Low thrombotic risk

14 23

13.7–34.7

3

4.9

1.3–12.8

Intermediate thrombotic risk

44 72.1 59.9–82.3

11

18.7

9.9–19.2

High thrombotic risk

49 81.3 69.0–88.9

22

36.1

24.8–48.6

Stop aspirin and start LMWH

0–4.8

0

0–4.8

α = 0.003
β = 0.02
35 57.4 44.8–69.3 α = 0.000003
β = 0.00003
9.9–29.2

Continue aspirin

α = 0.01
β = 0.002
5 8.2 3.1–17.2 α = 0.0000003
β = 0.00000001
15 24.6 15.0–36.5 α = 0.000003
β = 0.0000003
2

3.3

0.6–10.4

For each category of thrombotic risk patients, a pair-wise comparison was performed regarding clinical choice according to the
bleeding risk stratum: α corresponds to the P value comparing this choice for a low bleeding risk procedure with the choice for an
intermediate risk procedure; β corresponds to the P value comparing the clinical choice for a low bleeding risk procedure with the
choice for a high bleeding risk procedure; and γ corresponds to the P value comparing the choice for an intermediate bleeding risk
procedure with the one for a high bleeding risk procedure. Only statistically significant P values (< 0.05) appear in the tables. Note
that γ was never significant. N is the number of physicians who chose any specific option presented in the table, and % represents
their proportion among the 61 participants. Note that for any bleeding risk procedure, the numbers in the three sections of the
table add up to 61.
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Low thrombotic risk

Intermediate
thrombotic risk

High thrombotic risk

Figure 1. Percentage of physicians who elected to withdraw aspirin
(solid lines) or to make a substitution of aspirin to LMWH (dashed
lines) according to the bleeding risk of the procedures (○ = low, □ =
intermediate, Δ = high) and the thrombotic risk of the patient.

prior to a moderate risk procedure, and 18% would offer this
substitution prior to a high risk procedure. Five percent would
make the substitution prior to a procedure with low bleeding
risk. The decision to continue aspirin was proposed in 72%, 18%
and 8% for a low, intermediate and high bleeding risk procedure,
respectively.
For the patient with a high thromboembolic risk, 1.6%, 11.5%
and 18% of physicians would stop aspirin prior to the procedure
with the low, moderate or high bleeding risk, respectively. For the
low risk procedure, 18% of physicians would recommend substitution of LMWH for aspirin. For the moderate risk procedure, this
increases to 52.5%, and for the high risk procedure it reaches
57.4%. Moreover, the proportions of recommendations to continue
aspirin were higher for a procedure with any bleeding risk than
for patients at lower risk of thromboembolic events: 81% in low
risk procedure, 36% in moderate risk procedure, 25% in high risk
procedure.
For most hypothetical scenarios, there was no statistically
significant difference in the responses of younger or senior physicians, the exception being in the case of the low thromboembolic
risk patient scheduled for a low bleeding risk procedure. In the
latter, more young physicians (who had less than 8 years of
clinical experience) suggested that aspirin be discontinued than
did seniors (88.9% vs. 60.0%, P = 0.01).

Discussion
The management of aspirin therapy prior to an invasive procedure presents a frequent clinical dilemma for which there is no
available evidence-based solution. Our survey of 61 practicing
internal medicine physicians may serve as a tool for decision
making in common clinical situations.
In our group, most respondents recommended discontinuing
aspirin in low thromboembolic risk patients prior to any procedure associated with the risk of bleeding, and to continue
aspirin in high thromboembolic risk patients prior to any such
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procedure. For intermediate thromboembolic risk patients, most
physicians suggested that aspirin be discontinued prior to high
risk procedures, but continued aspirin prior to low risk ones. For
the patient with intermediate risk scheduled for a moderate risk
procedure, there was no general agreement.
Pair-wise comparisons showed significant statistical differences only when comparing the clinical choice for procedures
with low versus intermediate or high bleeding risk [Table 1], in
each cardiovascular risk stratum. Physicians’ choices regarding
intermediate and high bleeding risk procedures tended to be
similar among any cardiovascular risk stratum. This may reflect
our small sample size.
Of note, we found in the literature that colonoscopic polyp
resection might be considered a procedure safely performed without discontinuation of aspirin therapy [13,21,22]. Similarly, several
studies suggest that no significant complications are associated
with aspirin therapy during transbronchial biopsy [13,23,24].
Our questionnaire included an option to substitute LMWH for
aspirin in any clinical scenario. This option is not supported by
any previously published research, but it mirrors a common ‘clinical hunch’, which aspires to minimize the time with the highest
risk for thromboembolic events. LMWH, although mechanistically
different from the antiplatelet drug aspirin, is attractive due to
its short duration of action which enables withdrawal of a single
dose prior to the procedure. The relatively high proportion of
physicians in our survey who chose this option (57% for a high
risk patient scheduled for a high risk procedure) indicates that
this is in fact a clinically plausible way of action. Moreover, since
we were seeking physicians’ best clinical judgment, these results
strongly suggest that this question requires formal research. The
idea of substituting LMWH for aspirin was also recommended as
an expert opinion in a recent meta-analysis of published data
regarding aspirin discontinuation and the associated cardiovascular risk [20].
Our study has several limitations. Being a small, single-center
study, it might reflect less variability in clinical judgment and
practice than would be expected from a larger, multicenter study
of physicians who are not in daily contact with one another.
We intend to widen the scope of our survey and to include
other internal medicine physicians in Israel. Our small sample
size also prevents a comparison between the clinical choices
of interventional internists (e.g., gastroenterologists) and noninterventional internists (e.g., endocrinologists). Again, this is an
issue we intend to explore in the future.
Nevertheless, based on the results of our survey, we suggest
the following recommendations for the management of aspirin
therapy prior to invasive procedures:
• •For a patient with low thromboembolic risk – discontinue
aspirin prior to any bleeding risk procedure, and resume
treatment once the bleeding risk has subsided.
• •For a patient with high thromboembolic risk – do not
withdraw aspirin prior to any bleeding risk procedure. For
intermediate and high bleeding risk procedures, consider
substituting LMWH for aspirin.
• •For a patient with intermediate thromboembolic risk – disAspirin Withdrawal Strategy
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continue aspirin prior to a procedure with high bleeding
risk and continue aspirin prior to one with low bleeding
risk. For such a patient scheduled for an intermediate risk
procedure – consider substituting LMWH for aspirin. These
patients probably present the most challenging dilemma
and should be more thoroughly evaluated.
Several critical issues require didactic assessment in prospective
clinical trials in order to enable rational clinical-decision making
regarding the discontinuation of aspirin prior to invasive procedures. These include, but are not restricted to, an assessment of
the relative efficacy of LMWH or aspirin prior to the procedure,
a definition of the best time to restart aspirin or LMWH after
an invasive procedure, and the risk of aspirin withdrawal in general and in several of the most common procedures in internal
medicine (e.g., transbronchial biopsy, endoscopic biopsy, polyp
resection, etc.). In the meantime, the decision to withdraw or
continue aspirin treatment, or to use LMWH, should be taken
after careful assessment of the patient's thromboembolic risk
and the bleeding risk associated with the specific procedure, and
according to best clinical judgment and experience. This may
also warrant a coordinated approach between the referring physicians and those who perform the procedures. A national survey
designed to assess physicians' opinions as well as the feasibility
of conducting a relevant prospective clinical trial is currently
underway. In our opinion, national guidelines for peri-procedural
aspirin withdrawal are essential.
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