Safety of coronary angiography and
percutaneous coronary infervention in
patients on uninterrupted warfarin
therapy: a meta-analysis

Objective: A systematic review of the literature was conducted relating to the continuation of warfarin
therapy at the time of coronary angiography, with or without percutaneous coronary intervention, to
determine the bleeding risk of these patients. Methods: A search of a major electronic database was
independently conducted by two reviewers from 1960 to December 2009. Studies were included if they
met the following criteria: were original; included patients who were undergoing coronary angiography/
catheterization with or without angioplasty/stent placement and were receiving uninterrupted warfarin
therapy throughout the periprocedural period; and reported the number of bleeding events and procedure
related complications. Based on the inclusion and exclusion criteria, a total of eight studies (one randomized,
four cohort and three case series) were included for analysis. Results: The pooled odds ratio (95% Cl) for
procedure-related complications in continued warfarin versus nonanticoagulated patients, in those studies
that had comparison groups, was 0.53 (0.29-0.94) and for combined major bleeding and procedure-related
complication was 1.01 (0.29-3.51). However, there was significant heterogeneity (p = 0.001; I? = 81%) in
retrospective studies and no heterogeneity in prospective studies (1> = 25%). The pooled incidence (95%
Cl) of major bleeding and periprocedural complications for all studies, including case series, was 0.037
(0.024-0.057). There was no significant heterogeneity (p = 0.32; I> = 14.1%). Discussion: Continuing
warfarin therapy during coronary angiography and percutaneous intervention appears to be safe, with
no increased incidence of major bleeding and periprocedural complications. However, the quality of
evidence is low due to several limitations of a number of the studies included in our article. A multicenter
randomized trial is necessary to determine the optimal periprocedral strategy for patients receiving
uninterrupted warfarin therapy undergoing coronary angiography and percutaneous coronary intervention.
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The optimal periprocedural management of
anticoagulation in patients on chronic warfa-
rin therapy undergoing coronary angiography
(CA) and percutaneous coronary intervention
(PCI) remains undetermined. Physicians must
balance the periprocedural risks of bleeding and
thromboembolism. Current practice involves
the discontinuation of warfarin therapy prior
to invasive cardiac procedures until the prepro-
cedural international normalized ratio (INR)
is less than 1.5 [1-3]. It has been demonstrated
that the incidence of thromboembolism was
higher in patients with prosthetic mechanical
heart valve(s) or atrial fibrillation with moder-
ate- or high-risk factors when oral anticoagu-
lation was discontinued (3.4]. Bridging therapy
with unfractionated heparin (UFH) or low-
molecular-weight heparin (LMWH) is often
administered to reduce thromboembolic risk
while oral anticoagulation is withheld. However,
the safety of bridging therapy has been recently
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questioned, as it may result in an increased inci-
dence of bleeding complications and prolonged
hospitalizations [s-7]. An alternative approach
for these patients, is to continue warfarin ther-
apy without interruption in the periprocedural
period. Current data regarding this approach are
limited. We conducted a systematic review of the
literature relating to continuation of warfarin
therapy at the time of CA and PCI, in order
to determine the bleeding risk of these patients.

Methods

B Literature search strategy

A search of a major electronic database was inde-
pendently conducted by two reviewers (Imdad
Ahmed and Chad M House). Reference lists
and abstracts were searched by one reviewer
(Imdad Ahmed). Medline (1950 to December
2009 week 4) and PubMed (1960 to December
2009 week 4) were searched using the follow-
ing MeSH terms: warfarin, anticoagulants,
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A total of 883 citations
retrieved from electronic
database

862 articles excluded based
on the title and abstract (not
relevant or not original article)

21 articles retrieved
for full text screening

13 articles excluded

— 8 papers warfarin was started
after the coronary angiography

— 2 papers warfarin was
discontinued prior to coronary
angiography in all patients

— 3 papers irrelevant

8 studies included in
the systematic review

Figure 1. Study selection (Quality of
Reporting of Meta-analysis
[QUORUM] flowchart).

coronary angiography, catheterization, bleeding,
perioperative anticoagulation, heparin, thrombo-
embolism, PTCA, coronary stenting and hema-
toma. Only English language literatures were
searched. The ‘related articles’ feature was also
used within PubMed to identify additional arti-
cles. Embase (19802009 week 4) was searched

Table 1. Characteristics of included studies with comparator groups.

using warfarin, anticoagulants, coronary angi-
ography, catheterization, bleeding, perioperative
anticoagulation, heparin, thromboembolism,
PTCA, coronary stenting and hematoma as
MeSH terms. A search of the Cochrane library
using ‘anticoagulants’ AND ‘angiography’/‘ca
theterizations’/ ‘stenting’ as keywords was per-
formed. ClinicalTrials.gov was searched using
‘anticoagulant’ as a keyword. Reference lists of
relevant articles were manually searched.

B Study eligibility
Studies were included if they met the following
criteria: were original articles; included patients
who were undergoing coronary angiography/
catheterization with or without angioplasty/stent
placement and were on uninterrupted warfarin
therapy throughout the periprocedural period;
and they reported the incidence of bleeding
events and procedure-related complications.
The aim of the meta-analysis was to assess
procedural-related complications, which are
defined as access site bleeding delaying dis-
charge, pseudoaneurysm, the need for correc-
tive surgery and transfusion of blood products
due to access site complications. We also evalu-
ated combined major bleeding from other sites
and procedural-related complications in all
patients. Studies were excluded if procedural-
related complications were not clearly described.
Studies were also excluded if warfarin therapy

Study Study design Periproedural Patients MeanINR  Approach Procedure- Major  Thrombo- Ref.
(year) anticoagulation (n) related bleeding embolic
complications (%) events
(%) (%)

Karjalainen Retrospective ~ A: OAC continued A: 241 A:22+05 Radialor A:5 A 1.2 A: 0.4 (10]
et al. (angiography  B: OAC interrupted B: 282 B:1.7+0.5 femoral B:11.4 B:4.9 B: 0.7
(2008) + PCl)
Lo et al. Prospective A: OAC continued A: 28 A:25+05 A:Radial 0 0 0 (11
(2006) observational ~ B: OAC interrupted B: 31 B:1.1+0.1 B: Femoral

(angiography)
El-Jack Randomized A: OAC continued A: 59° A= (2.4 £ 0.4; Femoral A: 6.8 0 0 Bl
et al. and B: OAC interrupted B: 31 2.3+0.3)* B:6.5
(2006) nonrandomized B=15+0.3

cohort

(angiography)
Annala Retrospective  A: OAC continued A: 178 A: 2.3 Radialor  A: 0 0 (12]
et al. (angiography)  B: OAC interrupted B: 338 B: 1.9 femoral B: 1.8
(2008)
ten Berg  Randomized A: OAC continued A: 530 A 2711 Femoral A: 1.9 A: 1.3 A: 3.4 (13]
etal. (angiography  B: OAC interrupted B: 528 B: not given B: 0.8 B: 0.2 B:6.4
(2000) + PCl)
*Randomized = 30, nonrandomized = 29.
*INR of randomized and nonrandomized sample respectively.
A: Warfarin continued; B: Warfarin discontinued, GPI: Glycoprotein lIb/llla inhibitor; INR: International normalized ratio; LMWH: Low-molecular-weight heparin;
OAC: Oral anticoagulation, PCI: Percutaneous cornary intervention, UFH: Unfractionated heparin.
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Study (year) Study design Periprocedural  Patients Mean INR Approach

anticoagulation (n)

(%)

Hildick-Smith  Prospective OAC continued 66 2.1-4.4 Radial 1.5
et al. (2003) (angiography)
Jessup et al. Prospective OAC continued 23 24 x£05 Femoral 0
(2003) (angiography)
Helft et al. Prospective OAC continued 50 22+0.6 Radial 0
(2009) (angiography + PCl)

Continuing warfarin during angiography

INR: International normalized ratio; OAC: Oral anticoagulation; PCl: Percutaneous coronary intervention.

was discontinued prior to the procedure or if
warfarin was started after the procedure in any
patients. Studies were excluded if complica-
tions between the continued warfarin groups
and control groups (nonanticoagulated) were
not clearly defined or distinctions were unclear.
Reviews, comments, surveys, clinical guide-
lines, single case reports and letters to the edi-
tor were also excluded. Case series which met
the above criteria, were included to calculate the
bleeding event.

Studies selected for a full test review were
evaluated by two independent reviewers (Imdad
Ahmed and Chad M House) with disagreements
resolved by consensus. A total of 883 citations
were retrieved with the aforementioned search
strategy. Based on the inclusion and exclusion
criteria, a total of eight studies (one randomized,
four cohort and three case series) were included
for analysis.

B Study outcomes

Odds ratio (OR) was the measured outcome
in studies with a comparison group and was
expressed with a 95% CI. An OR less than 1.0
favors the warfarin uninterrupted group and an
OR greater than 1.0 favors the control group.
In the case series, the outcomes were expressed
using a proportion with a 95% CI. An overall
bleeding event rate was calculated using the rates
from the warfarin groups from the cohort stud-
ies and the rates from case series. Although the
OR is a better estimate of the effect of contin-
ued warfarin among cohort studies, we calcu-
lated the overall bleeding rate to get an overall
estimate of bleeding event rate by including all
studies. A heterogeneity test was also performed.

B Study quality assessment

We performed a quality assessment using the
validated Newcastle—Ottawa Scale (NOS) for
cohort studies [8]. We used the NOS to perform
quality assessment of the study by El-Jack ez a/.,
as this study was partially randomized and

future science group

partially cohort (9. NOS for cohort studies was
also used to evaluate the quality of case series.
To evaluate the randomized study, we used
Cochrane Collaboration’s tool (Oxford, UK) for
assessing risk of bias [101]. Disagreements were
resolved through consensus.

B Data abstraction

Data abstraction was performed independently
by two reviewers (Imdad Ahmed and Chad M
House) using a standard form, with disagreement
being resolved through consensus.

B Statistical analyses

Statistical analyses were performed using
Review Manager 5.0 (Cochrane Collaboration)
and Comprehensive Meta-Analysis Version 2
(Biostat, NJ, USA). Statistical pooling of ORs
and proportions were calculated. Statistical
heterogeneity beyond chance was evaluated
using the I? value. The more conservative ran-
dom effects model was used for pooling of the
outcomes. Between-study heterogeneity was
analyzed by means of I? = ([Q — df] / Q) x
100%), where Q is the /2 statistic, and df repre-
sents its degrees of freedom. This describes the
percentage of the variability in effect estimates
that is due to heterogeneity rather than sampling
error (chance). A value greater than 50% may be
considered substantial heterogeneity.

Results

W Literature search

We searched Medline, PubMed, EMBASE,
ClinicalTrials.gov and the Cochrane library
and yielded a total of 883 results. Of the 883
results, 862 were excluded based on title and
abstract review. The remaining 21 articles
were retrieved for independent full review.
From these, eight were chosen to be included
in the final review. Fieure 1 shows the Quality of
Reporting of Meta-analysis (QUORUM) flow
chart, which provides a detailed description of
study screening and reasons for exclusions.
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(10]

9
[12]
(11]

B Study characteristics &

quality assessment

We found three studies with cohort design [10-12],
one study with a combination of randomized and
cohort design [9], and one study with randomized
design [13]. The remaining three studies were case
series without any comparative groups [14-16].

Ref.

(Maximum 8)

Total

Study details

Tasies 1 & 2 detail the studies included in the
review. El-Jack ez al. reported a randomized study
along with a concurrent, consecutive cohort of
nonrandomized patients who underwent coro-
N N N N nary angiography while receiving therapeutic
warfarin [9]. In those who were randomized, war-
farin was discontinued 48 h before angiography.
A total of 61 patients were randomized to include
30 in the continued-warfarin group and 31 in
the discontinued-warfarin group. There were a
total of 29 patients in the nonrandomized cohort
group in which warfarin was continued. A total
of 59 patients (randomized and nonrandomized)
were included for analysis in continued warfarin
group. All patients had a femoral approach. The
mean INR was 2.4 + 0.3 for the 59 patients who
underwent coronary angiography while main-
taining warfarin therapy. Three patients (10%)
in the randomized continued-warfarin group and
one patient (3%) in the nonrandomized cohort
in the warfarin-continued group developed access
site hematoma. Two patients (6%) in the war-
farin-discontinued group developed hematoma.
No major bleeding or thromboembolic events
were reported.

In a retrospective study, Karjalainen ez al. eval-
uated 523 patients on warfarin therapy under-
going coronary angiography and PCI (femoral
or radial approach) [10]. Warfarin was continued
in 241 patients and discontinued in 282 patients
prior to the procedure. The mean INR in the war-
farin-continuation group was 2.2 + 0.5 and in the
warfarin-discontinued group was 1.7 + 0.5. Major
bleeding occurred more often in the warfarin-
discontinued group compared with the warfarin-
continued group (5 vs 1.2%; p = 0.02). Access site
complications occurred more frequently in the
warfarin-discontinued group than the warfarin-
continued group (11.3 vs 5%; p = 0.01). In multi-
variate analysis, femoral access, closure device and
old age were the significant predictors for access
site complications.

Lo et al., in a prospective observational study,
recruited 59 patients of whom 28 were anticoagu-
lated and 31 were nonanticoagulated patients [11].
Anticoagulated patients had a radial approach and
control patients had a femoral approach. In the

Outcome
Assessment F/U duration F/U adequacy

factors (2 stars)

Comparability
Control for 1+

* %
* %
* %
* %

Exposure
ascertainment

Selection

representative
*
*
*
*

Control

representative
*
*
*
*

Cohort
Quality assessment was conducted using the validated Newcastle—Ottawa Scale for cohort studies, with (*) indicating score in each category.

F/U: Follow-up.
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(2008)
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Study (year) Allocation Allocation Binding Complete Objective Ref.

sequence concealed

ten Berg et al. Yes Yes No
(2000)

radial approach, the Seldinger technique was used
to puncture the radial artery at the anticubital fossa
and a 5-or 6-Fr sheath was inserted. The mean INR
was 2.5 + 0.5 for the warfarin-continued group
and 1.1 + 0.1 in the nonanticoagulated group.
No thromboembolic or bleeding complications
occurred in any of the cohorts.

Annala et al. retrospectively analyzed all con-
secutive patients (n = 258) on warfarin therapy
who underwent coronary angiography and com-
pared them with age- and gender-matched con-
trol groups (n = 258) [12]. The incidence of access
site complications was 1.7% in the warfarin-
continuation group and 2.5% in the warfarin-
discontinued group with or without bridging
therapy. There were 2% access site complications
in the control group. In multivariate analysis,
supratherapeutic INR (INR >3) remained the
only significant predictor for access site and
bleeding complications in the warfarin group.

ten Berg ez al. conducted a prospective study to
comparing the effects of aspirin alone and aspirin
plus warfarin started before angioplasty with a
target INR of 2.1-4.8 [13]. Major bleeding or false
aneurysm formation (access site complications)
within 30 days was reported in 3.2% of warfarin-
treated patients compared with only 1% in the
aspirin-only group. However, all patients were
given a high dose of heparin — 10,000 unit bolus
plus infusion — during angioplasties performed
via a femoral approach.

Helft ez al. conducted a prospective observa-
tional study of 50 patients receiving warfarin
who underwent PCI via right radial (94%) and
left radial (6%) access [14]. Procedures were per-
formed with an INR range of 1.4-3.4 with a
mean of 2.2 + 0.6. Dual antiplatelet pretreat-
ment was prescribed at the discretion of the
physician for 38 patients. In total, 10% of
the patients received either LMWH or UFH,
12% received a glycoprotein inhibitor and 3%
received both heparin and a GP inhibitor. No
hemorrhagic or thrombotic complications were
observed during hospitalization.

Hildick-Smith ez al. reviewed 66 patients who
underwent coronary angiography through radial
approach and were anticoagulated with an INR
greater than 2 and less than 4.5 [15]. One patient
had a mild post-procedural hemorrhage.

future science group

outcome and full
data reporting
Yes Yes [13]

Jessup ez al. included 23 fully anticoagulated
patients who underwent coronary angiography
using a femoral approach [16]. Mean INR prior to
the procedure was 2.4 + 0.5. No patient had any
occurrences of major or minor bleeding.

The three cohort studies were good quality,
with seven to eight of the NOS criteria being sat-
isfied. The study with the combined randomized
and cohort study was also of good quality, with
seven of the NOS criteria being satisfied. The
case series were of poor quality and satisfied only
four to five of the NOS criteria, as they lacked a
comparator group. Agreement between review-
ers regarding the NOS was moderate. The one
randomized trial was of high quality. Tastes 3-5
summarize the quality ratings for each study.

B Study outcomes

Agreement between the reviewers on the data
abstraction forms was excellent. As demon-
strated in Tasie 6, the pooled OR (95% CI) for
procedure related complications in continued
warfarin versus nonanticoagulated patients, in
those studies that had comparison groups, was
0.53 (0.29-0.94). There was no significant het-
erogeneity for this outcome across this subgroup
of included studies (I* = 0% p = 0.41). As dem-
onstrated in Tasie 7, the pooled OR (95% CI) for
combined major bleeding and procedure-related
complication was 1.01 (0.29-3.51). However,
there was significant heterogeneity (I* = 81%;
p = 0.001). To explore the heterogeneity pres-
ent among the studies, we conducted an analysis
between retrospective versus prospective studies,
which revealed that all heterogeneity was due to
retrospective studies, as prospective I* = 25%. In
Tasie 8, the pooled incidence (95% CI) of major
bleeding and periprocedural complications for
all studies was 0.037 (0.024—0.057). There was
no significant heterogeneity (I = 30%; p = 0.19)
for this outcome across all the studies.

Discussion

The main finding of our review is that uninter-
rupted warfarin therapy in patients undergoing
CA, with or without PCI, does not increase the
pooled incidence of major bleeding. Although the
incidence of major bleeding and periprocedural
complications was 1.7—6.8%), the majority of the

www.futuremedicine.com

105



Ahmed, Gertner, Nelson, House & Zhu

[15]
(16]
(14]

bleeding events were self-limiting without major
clinical consequences. We also analyzed the
bleeding risk across all the studies and found no
increased risk of bleeding events (OR: 0.037) in
patients who were receiving uninterrupted war-
farin therapy. Major bleeding events requiring
4 |< | blood transfusion were reported by Annala e al.
and ten Berg ez al. [12.13]. None of the bleeding
events were fatal. A supratherapeutic INR was
found to be a significant predictor of access site
bleeding complications in the study by Annala
et al., whereas Karjalainen ez 4/. did not find any
* * * association between access site complications
or major bleeding events with INR levels [10,12].
Femoral access, closure device and old age were
independent predictors of access site complica-
tions in this study. In the subgroup analysis,
*® Karjalainen er al. demonstrated that bridging
therapy with LMWH was a significant predictor
of access site complications [10]. All studies used
either a femoral or radial approach except two
case series by Helft ez 4/. and Hildick-Smith ez al.,
where only the radial approach was used [14.15].
Helft et al. and Hildick-Smith ez a/. showed that
transradial coronary angiography is feasible and
safe in fully anticoagulated patients [14.15]. In a
prospective study of 56 patients by Ziakas ez al.,
a radial approach was found to have fewer access
site complications in patients who underwent
PCI compared with femoral access [17). In this
study, when performing PCI, patients with an
INR of 1.8 or higher were found to have a lower
risk of access site complications with a radial
approach compared with a femoral approach.
However, the authors suggested that this finding
should be validated in large-scale trials.

It is estimated that 5% of patients undergoing
CA are on long-term warfarin therapy owing
to atrial fibrillation or mechanical heart valves
(18]. Interruption of warfarin therapy to perform
CA may increase the risk of thromboembolic
complications. Although bridging therapy is
the recommended strategy for these patients
(18], studies by MacDonald ez /. and Annala
et al. determined that bridging therapy was
associated with an increased incidence of bleed-
ing complications [12,19]. Morever, reinitiation
of warfarin after angiography may result in a
transient prothrombic state due to protein C and
S suppression leading to more thromboembolic
events [20].

We have performed a rigorous systematic
review with clear  priori definitions for study
eligibility, a validated quality assessment and a
standard data abstraction form. These measures
should reduce study selection bias and allow the

Ref.

Total

Outcome
Assessment F/U duration F/U adequacy (Maximum 8)

Comparability
factors (2 stars)

Control for 1+

Exposure
ascertainment

Selection
representative

Control

Cohort
representative

*
*
*
Quality assessment was conducted using the validated Newcastle—Ottawa Scale for cohort studies, with (*) indicating score in each category.

Study (year)
Hildick-Smith
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Table 6. Comparison of risk of periprocedural complications in anticoagulated versus nonanticoagulated

patients who had coronary angiography.

Weight (%)

17.3 0.95 (0.23-3.84)

11.0 1.05 (0.18-6.10)

717 0.41(0.210.81)
NE

100 0.53(0.29-0.94)

100 0.52 (0.29-092)

Odds ratio
MH, Random, 95% CI

r T
0.01 0.1 1

Favors
anticoagulation

Without a fixed effect model: heterogenetiy: Tau? = 0.00, ¥* = 1.80, df =2 (p = 0.41), P = 0%, test for overall effect: Z = 2.17 (p = 0.03).

Study Anticoagulation Control
subgroup Events Total Events Total
(year)

Annala etal. 3 178 6 338
(2008)

El-Jack etal. 4 59 2 31
(2006)

Karjalainen 12 241 32 282
et al. (2008)

Lo et al. 0 28 0 31
(2006)

Without fixed effect size

Total 19 506 40 682
With fixed effect size

Total 19 506 40 682
With a fixed effect model: heterogeneity: ¥> = 1.80, df =2 (p =
NE: Not estimable.

0.41), P = 0%, test for overall effect: Z=2.25 (p = 0.02).

1 1
10 100

Favors control

(10]

[11]

most precise estimate of any effect of peripro-
cedural continuation of oral anticoagulants on
major bleeding or procedure-related complica-
tions. All the studies included had bleeding as
an outcome event and, therefore, reporting bias
is unlikely.

We also acknowledge potential limitations of
our systematic review and meta-analysis. There
were very few relevant studies and the relative sam-
ple sizes were small. In addition, study outcomes
may have been affected by selection bias and from
center-specific surgical techniques. There was no

uniform definition of procedure-related compli-
cations in all of the studies. Bleeding events may
have been influenced by concurrent antithrom-
botic therapy (UFH or LMWH) and glycopro-
tein IIb/IIIa inhibitor, and also a compression
device. There are no randomized control trials
with a large-scale population.

Conclusion

Continuing warfarin therapy during CA and
PCI appears to be safe, with no increased inci-
dence for major bleeding and periprocedural

Table 7. Comparison of risk for major bleeding and periprocedural complications in anticoagulated versus

nonanticoagulated patients receiving coronary angiography.

Study Anticoagulation Control Weight (%) Odds ratio Ref.
subgroup Events Total Events Total MH, Random, 95% CI
(year)
Annalaetal. 3 178 6 338 23.1 0.95(0.23-3.84) [12]
(2008) L
El-Jack etal. 4 59 2 31 19.8 1.05 (0.18-6.10) [9]
(2006)
Karjalainen 15 241 46 282 30.2 0.41 (0.18-0.63) [10]
et al. (2008)
Lo et al. 0 28 0 31 NE [11]
(2006)
ten Berg etal. 17 530 5 528 26.9 3.47 (1.27-9.47) = [13]
(2000)
Total 39 1036 59 1210 100 1.01 (0.29-3.51) ?
f T t |
0.01 1 10 100
Favors
anticoagulation Favors control
Heterogenetiy: Tau? = 1.25, ¥ = 15.51, df = 32 (p = 0.001), P = 81%, test for overall effect: Z = 0.001 (p = 0.99).
NE: Not estimable.
future science group www.futuremedicine.com 107
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Table 8. Risk of major bleeding and periprocedural complications in anticoagulated patients receiving

coronary angiography.

Study subgroup (year) Statistics for each study Event rate and 95% Cl Ref.
Event Lower Upper Z-value p-value Total
rate limit limit
Jessup et al. (2003) 0.021 0.001 0.258 -2.694 0.007 0/23 — (16]
Hildick-Smith et al. (2003) 0.015 0.002 0.100 -4.143 0.000 1/65 - (15]
Helft et al. (2009) 0.010 0.001 0.136 -3.247 0.001 0/50 — (14]
Karjalainen et al. (2008) 0.052 0.038 0.101 -10.175 0.000 15/241 || [10]
Lo et al. (2006) 0.017 0.001 0.223 -2.834 0.005 0/29 — (11]
Annala et al. (2008) 0.068 0.026 0.167 -5.061 0.000 4/59 - (12]
El-Jack et al. (2006) 0.017 0.005 0.051 -8.983 0.000 3/178 [
ten Berg et al. (2000) 0.032 0.020 0.051 -13.021 0.000 17/530 (13]
Total 0.037 0.024 0.057 -14.056 0.000 - u
-1.00 -0.50 0.00 0.50 1.00
Favors treatment Favors control
Total events: 40, test for heterogeneity: y> = 9.9, df =7 (p = 0.19); P = 30%, test for overall effect size: Z = 14.06 (p < 0.0001).

complications. However, the quality of evi-
dence is low due to several limitations of the
studies included in our review. A multicenter
randomized trial is necessary to determine the
optimal periprocedral strategy for patients on

warfarin therapy undergoing CA and PCI.

Future perspective

Safety of coronary angiography with or without
PCI in orally anticoagulated patients needs to
be established in prospective randomized stud-
ies. Performing angiography in anticoagulated
patients will save healthcare costs related to
hospitalization and the administration of blood

products or reversal agents to correct the INR.
This will also prevent the delay in performing
coronary angiography in those patients.
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Executive summary

coronary angiography.

= Coronary angiography with or without percutaneous coronary intervention in orally anticoagulated
patients appears to be safe without increased risk for major bleeding.

= Transradial coronary angiography is feasible and safe in anticoagulated patients.

= Performing coronary angiography in anticoagulated patients may reduce healthcare costs related to
administration of blood products or reversal agents to correct international normalized ratio.

= A mutlicenter randomized study is necessary to determine the optimal periprocedural
anticoagulation management in patients on chronic warfarin therapy undergoing
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