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Abstract

Emerging evidence suggests the use of peri-procedural bridging during interruptions in warfarin therapy increases bleed risk
without reducing thromboembolic events. We implemented a peri-procedural anticoagulant management risk assessment tool
in a single, outpatient anticoagulation clinic within an academic teaching institution. In this retrospective, pre-post observa-
tional study, we evaluated adults who required an interruption in warfarin therapy for an invasive procedure. The primary
outcome was the proportion of patients who received bridging prior to and following implementation of the tool. Secondary
outcomes included major bleeding, clinically relevant non-major bleeding, thromboembolic events, and other surgical com-
plications within 30 days of the index procedure. In total, 149 patients were included. Bridging was recommended in 60%
of the pre-intervention group and in 39.3% of the post-intervention group (p =0.012). There were no significant differences
in the secondary outcomes between the groups. However, patients who received bridging had numerically more bleeding
events than patients who did not (12.3 vs. 3.9%, p=0.102), and patients who received therapeutic dose bridging had more
bleeding events than those who received modified dose bridging (10.9 vs. 1.4%, p=0.466). Following implementation of
the tool, there was a statistically significant decrease in the number of patients who received bridging without an increase in
thromboembolic events. There were numerically higher rates of bleeding in those who received bridging. Additional research
is needed to evaluate efficacy and safety of prophylactic versus treatment dose bridging and how implementation of peri-pro-
cedural antithrombotic tools reflecting the emerging evidence will affect patient outcomes, satisfaction and healthcare costs.
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been employed to prevent thromboembolic complications in
patients receiving warfarin who require temporary interrup-

Background

It is estimated that approximately 10% of patients on war-
farin therapy are evaluated annually for peri-procedural
antithrombotic management for an invasive procedure [1].
Peri-procedural bridging strategies have conventionally
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tion of their anticoagulant therapy for invasive procedures.
Bridging is defined as the implementation of a short-acting
parenteral anticoagulant (e.g., low molecular weight hepa-
rin) pre-and post-operatively during periods when warfarin
is held and/ or the international normalized ratio (INR) is
subtherapeutic [2]. This practice, intended to mitigate throm-
boembolic risk, has largely been based on expert consensus,
biologic rationale and pharmacokinetics of anticoagulants
rather than robust clinical trial data [3].

Prior to the Fall of 2015, the peri-procedural bridging
protocol at the University of New Mexico Hospital (UNMH)
mirrored the 3-tiered scheme previously proposed by the
American College of Chest Physicians (CHEST) [1] for
determining patients’ risk of perioperative thromboembo-
lism. In this guidance statement, patients are categorized
into high, moderate, or low risk stratifications, which assists
in determining whether bridging should be recommended. In
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general, bridging is recommended in all patients at high risk
and in some patients at moderate risk. However recent stud-
ies, including the prospective, randomized, double-blind,
placebo-controlled BRIDGE trial, are adding to a grow-
ing body of evidence suggesting that bridging significantly
increases the incidence of bleeding nearly threefold without
providing a reduction in thromboembolic events [3-5]. As a
result, clinical practice is shifting away from the use of peri-
procedural bridging in most patients who are not at high risk
for perioperative thromboembolism [2-5]. UNMH modified
its peri-procedural antithrombotic protocol in response to
this emerging clinical trial evidence and concomitant para-
digm shift in practice.

Following publication of the BRIDGE trial, UNMH
instituted a peri-procedural anticoagulant management risk
assessment tool (Fig. 1), which utilizes a combination of
procedural bleed risk and the patient’s thromboembolic risk
to assist in determining which patients should receive bridg-
ing therapy. This tool dichotomizes thromboembolic risk
into high and low risk stratifications, which differs from pre-
vious CHEST guideline recommendations [1]. The impact of
this change within our institution has not yet been formally
evaluated. Thus, the objective of this study was to evalu-
ate peri-procedural antithrombotic management strategies
before and after protocol changes were implemented at our
institution. We hypothesized that our modified practices
led to a decreased proportion of warfarin patients receiv-
ing bridging therapy. Additionally, we hypothesized this

would result in a decreased incidence of bleeding without
an increase in thromboembolic events in this population.

Methods
Study design

This was a single-center, retrospective, pre-post observa-
tional study conducted at UNMH, a 600 + bed academic
teaching institution with both inpatient and outpatient phar-
macist-driven anti-thrombosis services. Study approval was
obtained from the University of New Mexico Health Sci-
ences Center Human Research Review Committee. For this
type of study, formal consent is not required.

Patients

Potential patients were identified via the UNMH outpatient
Anticoagulation Clinic’s peri-procedural database. This
database, maintained by clinic staff, is used to track peri-
procedural bridging plans for patients requiring temporary
interruption of warfarin therapy for an invasive procedure.
Manual review of the electronic health records of all patients
meeting eligibility criteria was conducted to abstract study
data. Study data were collected and managed using REDCap
[6] electronic data capture tools hosted at the University of
New Mexico.

Fig.1 Peri-procedural anti-
coagulant management risk
assessment tool, developed

UNMH Peri-procedural Anticoagulant Management Risk Assessment Tool

and used at UNMH, utilizes Tool is used for general guidance only. Patient Thromboembolic Risk'
a combination of procedural Each peri-procedural plan should be
bleed risk and the patient’s tailored to the individual patient case. High” Low
thromboembolic risk to assist X . .
in determining the necessity for High Suggest bridging Suggest no bridging
bridging therapy P rocedu.rall Low Suggest bridging Suggest no bridging
Bleed Risk
Minimal Do not interrupt anticoagulation
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“High thromboembolic risk includes:

Mechanical heart valve patients:

*  Any mechanical mitral valve

*  Older caged ball or tilting disk valve in mitral/aortic position

*  Aortic mechanical valve in patients with additional stroke risk factors

*  Stroke or transient ischemic attack (TIA) in the past 6 months
Atrial fibrillation patients:

*  Valvular atrial fibrillation

*  With mechanical heart valve

*  Any cardioembolic event, including stroke or TIA, in the past 3 months
Venous thromboembolism patients:

*  Venous thromboembolism (VTE) in the past 3 months

*  History of VTE associated with a confirmed, severe thrombophilia
Other:

*  Mural thrombus or left atrial appendage clot within the past 1 month

*  History of venous or arterial thromboembolism while on therapeutic anticoagulation or during

temporary interruptions of anticoagulation
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Patients were included if they met the following crite-
ria: age > 18 years old, prescribed warfarin therapy for any
indication, and underwent an invasive procedure at UNMH
requiring temporary warfarin interruption during the pre-
intervention period (January 1, 2015-June 30, 2015) or
post-intervention period (January 1, 2016—-June 30, 2016).
A 6-month washout period was chosen to allow for gradual
adoption of the tool into clinical practice. Additionally, they
must have been followed by the UNMH outpatient Antico-
agulation Clinic for >3 months prior to and 30 days after
the index procedure. For patients who underwent more than
one invasive procedure in a single intervention period, data
was collected surrounding only the first procedure. Patients
were excluded if the procedure occurred at a facility outside
of UNMH or if they did not undergo the planned procedure.

The following demographic and baseline information was
collected for all patients: age, gender, race, weight, start date
of anticoagulation therapy, indication for anticoagulation,
CHADS, (congestive heart failure, hypertension, age > 75
years, diabetes mellitus, history of stroke/transient ischemic
attack) and CHA,DS,VASc scores (congestive heart fail-
ure, hypertension, age > 75 years, diabetes mellitus, history
of stroke/transient ischemic attack, vascular disease, age
65-74 years, sex category) for patients with atrial fibrilla-
tion, diagnosis of hypertension, smoking status, history of
(or current) ethanol abuse, documented diagnosis of liver or
renal disease, estimated renal function (based on Cockcroft-
Gault equation), malignancy (active or treated within last
6 months), history of stroke, history of bleeding event, and
concomitant antiplatelet therapy. Information was also col-
lected on: type of procedure, procedural setting, duration of
procedure, procedural bleed risk stratification, thrombotic
risk stratification as suggested by national guidelines and
expert opinion [1, 5], time in therapeutic range (TTR), use
of bridging versus no bridging, and the use of prophylactic
versus therapeutic doses of the parenteral anticoagulant.

For this study, bridging was defined as the receipt of pre-
and post-operative parenteral anticoagulation. Patients who
received bridging at prophylactic doses were categorized
into the modified dose group, while those who received
therapeutic doses were categorized into the treatment dose

group.
Study outcomes

The primary outcome was the proportion of patients who
received bridging therapy in the pre- and post-interven-
tion groups. Secondary outcomes included the incidence
of major and clinically relevant non-major bleeding
as defined by the International Society of Thrombosis
and Hemostasis (ISTH) [7, 8], as well as the incidence
of thromboembolic complications. All thromboem-
bolic complications, defined as stroke, systemic arterial

thromboembolism, transient ischemic attack, deep vein
thrombosis, or pulmonary embolism [4], were identified
via objective diagnostic confirmation. Additionally, sec-
ondary outcomes included the proportion of patients with
other complications, such as delayed procedures or need
for warfarin reversal prior to procedure. Secondary out-
comes were assessed up to 30 days following the index
procedure.

Statistical analyses

Baseline characteristics and outcomes were described
using descriptive statistics. The independent t-test was
used to compare results between groups for continuous
variables with normal distributions. For non-normally
distributed variables, the Mann—Whitney U test was
used. Categorical variables were compared using the Chi
square test, except for variables with expected values <5,
for which the Fisher’s exact test was used. REDCap and
IBM SPSS Statistical software, version 19, were used for
analyses.

Results
Patients

There were 282 patients in the UNMH peri-procedural data-
base with procedures scheduled during the specified inter-
vention periods (Fig. 2). Of these 282 patients, 149 met
inclusion criteria. There were 65 patients in the pre-interven-
tion period and 84 patients in the post-intervention period.
Patient characteristics of the two intervention periods were
similar at baseline (Table 1). Patients had a mean age of
61.52 years, 56.4% were female, and 79.9% were white. On
average, patients had been receiving anticoagulation therapy
for a mean of 5.45 years with the most common indication
being non-valvular atrial fibrillation/flutter. Notably, 26.2%
of patients had more than one indication for anticoagula-
tion. Of patients with atrial fibrillation, the mean CHADS,
score was 2.32, and the mean CHA,DS,VASc score was 3.6,
with a trend toward significance for higher CHA,DS,VASc
scores in the post-intervention group. Concomitant antiplate-
let use was seen in 29.5% of patients, with aspirin as the
most common agent used. History of bleed, either major or
clinically relevant non-major, was found in 9.4% of patients.
History of stroke or TIA was found in 14.8% of patients.
The post-intervention group had a significantly higher preva-
lence of patients who were former ethanol abusers as well as
patients who were former smokers (p=0.048 and p=0.035,
respectively).
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Fig.2 Patient selection diagram

UNMH peri-procedural database
within specified time periods

N=282

Excluded, n=133

Procedure outside of UNMH: n=40

Cancelled/postponed procedure:

n=40

= >1 procedure in a single
intervention period: n=28

= Warfarin therapy <3 months: n=13

= Warfarin therapy discontinued prior
to procedure or during follow up:
n=6

= Warfarin therapy not interrupted:
n=3

= Unable to locate in the EMR: n=2

Death: n=1

Included
N=149

Pre-intervention period
n=65

Procedures

Procedural characteristics were similar in both intervention
groups (Table 1). The most common procedures were colo-
noscopy at 36.9%, endoscopy at 22.8%, and biopsy at 14.8%.
Notably, 27.5% of patients had more than one procedure at
a time. This is a common practice, intended to minimize
the number of interruptions in a patient’s anticoagulation
therapy. Outpatient procedures accounted for 84.6% of the
total, with 73.8% lasting less than 45 min. On average, 6.0%
of patients had a high procedural bleed risk, and 22.1% of
patients had a high risk for thromboembolism. There were
no significant differences in the pre- and post-intervention
groups regarding the prevalence of procedures with high
bleed risk or patients with high risk of thromboembolism.

Outcomes

For the primary outcome, 60% of the patients in the pre-
intervention group received bridging compared to 39.3% of
the post-intervention group (p=0.012) (Fig. 3). When com-
paring intervention periods, the incidence of secondary out-
comes was similar (Table 2). In the pre-intervention group, all
bleeding events occurred in patients who received bridging
(1.5% vs. 0 for major bleeding, p=0.6; 7.7% vs. 0 for clinically
relevant non-major bleeding, p=0.08). There was no differ-
ence in thromboembolic events between intervention periods
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Post-intervention period
n=84

(0 pre-intervention vs. 1.2% post-intervention, p=0.607). A
single surgical complication was noted in the post-intervention
group in a patient who did not receive bridging. This patient’s
surgery was delayed by 1 day due to an elevated pre-procedure
INR. Rather than holding warfarin 5 days prior to the proce-
dure, as is most commonly recommended by the Anticoagu-
lation Clinic, this patient was instructed to hold warfarin for
2 days prior to the procedure per the surgeon’s request.

In comparing patients who received bridging to those
who did not (Table 3), major bleeding events occurred
only in patients who received therapeutic dose bridging
(p=0.238). Clinically relevant non-major bleeding events
occurred in patients who received bridging as well as in
those who did not (p=0.147). Although not statistically
significant, bleeding events were more common in patients
who received bridging (12.3 vs. 3.9%, p=0.102) and espe-
cially in patients who received therapeutic dosing rather than
modified dosing (10.9 vs. 1.4%, p=0.466). The difference in
thromboembolic events was not significant between patients
who were bridged and those who were not (p=0.510).

Discussion and conclusions

Emerging evidence suggesting peri-procedural bridging
increases bleed risk without reducing thromboembolic
events have prompted a paradigm shift in clinical practice.
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Table 1 Baseline characteristics of the study population
Characteristic Pre-intervention period Post-intervention period p-value
(n=65) (n=84)
Age, years (mean + SD) 60.09 (+11.12) 62.63 (+10.3) 0.152
Gender, n (%)
Female 35 (53.8%) 49 (58.3%) 0.584
Male 30 (46.2%) 35 (41.7%)
Race/ethnicity, n (%)
White 53 (81.5%) 66 (78.6%) 0.654
Black 3(4.6%) 3 (3.6%) 0.532
American Indian or Alaska Native 2 (3.1%) 0 0.189
Asian 0 4 (4.8%) 0.098
Native Hawaiian or Pacific Islander 0 1(1.2%) 0.564
Unknown 2 (3.1%) 1(1.2%) 0.404
Hispanic 21 (32.3%) 37 (44.0%) 0.145
Duration of anticoagulation therapy, years (mean +SD) 4.96 (+5.38) 5.83 (+7.08) 0.933
Duration of anticoagulation therapy, n (%)
3 months 1(1.5%) 2 (2.4%) 0.667
3-12 months 12 (18.5%) 20 (23.8%) 0.601
> 12 months 52 (80.0%) 62 (73.8%) 0.866
Indication for anticoagulation, n (%)
Non-valvular atrial fibrillation/atrial flutter 23 (35.4%) 31 (36.9%) 0.848
Valvular atrial fibrillation 2 (3.1%) 0 0.189
VTE (acute, chronic and recurrent) 32 (49.2%) 44 (52.4%) 0.703
Mechanical valve (aortic and mitral) 5 (7.7%) 9 (10.7%) 0.531
Stroke/systemic arterioembolism 5 (7.7%) 6 (7.1%) 0.570
Hypercoagulable condition (congenital or acquired) 10 (15.4%) 14 (16.7%) 0.833
Other 2 (3.1%) 1(1.2%) 0.220
> 1 indication, n (%) 17 (26.2%) 22 (26.2%) 0.996
For patients with atrial fibrillation n=23 n=30
CHADS, score, (mean + SD) 2.09 (£0.949) 2.5(x£0.974) 0.276
CHA,DS,-VASc score (mean + SD) 3.17 (= 1.154) 3.93 (x1.413) 0.071
Hypertension, n (%) 51 (78.5%) 65 (77.4%) 0.875
Ethanol abuse, n (%)
Current 0 2 (2.4%) 0.316
Former 5(7.7%) 16 (19%) 0.048
Smoking status, n (%)
Current 9 (13.8%) 11 (13.1%) 0.894
Former 17 (26.2%) 36 (42.9%) 0.035
Use of concomitant antiplatelet therapy, n (%) 15 (23.1%) 29 (34.5%) 0.129
Antiplatelet agent used, n (%)
Aspirin 15 (23.1%) 29 (34.5%) 0.129
Clopidogrel 0 1(1.2%) 0.564
Liver disease, n (%) 7 (10.8%) 10 (11.9%) 0.829
Malignancy, n (%) 5(7.7%) 8 (9.5%) 0.465
History of stroke or TIA, n (%) 7 (10.8%) 15 (17.9%) 0.226
History of bleed (major or clinically relevant non-major) 3 (4.6%) 11 (13.1%) 0.067
Renal disease, n (%) 11 (16.9%) 18 (21.4%) 0.491
Estimated creatinine clearance (mL/min), (mean +SD) 68.80 (£29.33) 64.57 (£22.67) 0.351
Procedure type, n (%)
Colonoscopy 24 (36.9%) 31 (36.9%) 0.998
Esophagogastroduodenoscop y (EGD) 15 (23.1%) 19 (22.6%) 0.947
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Table 1 (continued)

Characteristic Pre-intervention period Post-intervention period p-value
(n=65) (n=84)

Biopsy 7 (10.8%) 15 (17.9%) 0.226
Cardiac catheterization 2 (3.1%) 5 (6.0%) 0.339
Total knee arthroplasty 4(6.2%) 4 (4.8%) 0.491
Total hip arthroplasty 0 2 (2.4%) 0.316
Injection 3 (4.6%) 3 (3.6%) 0.532
Dialysis catheter placement/removal 0 2 (2.4%) 0.316
Port placement/removal 1(1.5%) 2 (2.4%) 0.596
Other 20 (30.8%) 13 (15.5%) 0.026

Procedure setting, n (%)
Inpatient 8 (12.3%) 15 (17.9%) 0.352
Outpatient 57 (87.7%) 69 (82.1%)

Procedure length, n (%)
<45 min 47 (72.3%) 63 (75.0%) 0.711
>45 min 18 (27.7%) 21 (25.0%)

Procedural bleed risk stratification, n (%)
High 4 (6.2%) 5(6.0%) 0.959
Low 61 (93.8%) 79 (94.0%)

Thrombotic Risk Stratification, n (%)
High 11 (16.9%) 22 (26.2%) 0.177
Not high 54 (83.1%) 62 (73.8%)

Time in therapeutic range (TTR) before procedure, (mean + SD) 62.41 (£29.31) 61.27 (£27.02) 0.806

Patients Receiving Bridging

p-value = 0.012

b [ i \
60
50
40
30
20
10

Percent (%) of patients

Pre-intervention Post-intervention

Fig.3 The rate of the primary outcome, proportion of patients receiv-
ing bridging, in both the pre- and post-intervention groups

Implementing a modified peri-procedural anticoagulant
management risk assessment tool within a large academic
teaching institution resulted in a statistically significant
decrease in the number of patients receiving peri-procedural
bridging without an increase in thromboembolic events.
Although we found no statistically significant differences
in bleeding, there were numerically higher rates of bleeding
in patients who received bridging, which is consistent with
recent evidence [2—4]. Overall low rates of bleeding across
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both groups may explain why no significant differences
were identified. Of those who received bridging, the major-
ity of the major and clinically relevant non-major bleeding
occurred in patients who received therapeutic dose bridging.
In a retrospective cohort study, conducted at Kaiser Per-
manente Colorado, evaluating bleeding rates and recurrent
venous thromboembolism (VTE) in warfarin patients with
prior history of VTE, they found no differences in recurrent
thromboembolic events regardless of receiving therapeutic
or prophylactic dose bridging [2]. Additional research into
the use of prophylactic dose bridging in patients at high peri-
operative thromboembolic risk may provide clarity regard-
ing its broader utility to further mitigate bleed risk.

This study has several limitations owing to its retro-
spective study design. First, although manual review of
all electronic health records (EHR) were completed to
ensure data were collected and categorized as accurately
as possible, it cannot be ruled out that some procedures
or outcomes were documented incorrectly in the EHR or
some patients were misclassified in bleeding and throm-
boembolic risk stratifications. Second, despite collecting
confounders for both bleeding and thromboembolic risk,
we cannot confirm all confounders were adjusted for in
our analyses. However, we had broad inclusion criteria
including all indications for anticoagulation and collected
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Table 2 The incidence of secondary outcomes among patients in the pre- and post-intervention groups and stratified according to whether they

were bridged or not bridged

Complication, within 30 days of index ~ Pre-intervention (n=65)

Post-intervention (n=_84) Overall p-value

procedure - - -
Bridged 39 (60%) Not p-value Bridged 33 (39.2%) Not bridged p-value

bridged 26 51 (60.7%)

(40%)
Major bleed, n (%) 1(1.5%) 0 0.600 1(1.2%) 0 0.393  0.684
Clinically relevant non-major bleed,n 5 (7.7%)* 0 0.08 2 (2.4%) 3 (3.6%) 0.657 0.459

(%)

Thromboembolic complication, n (%) 0 0 - 0 1(1.2%) 0.607  0.564
Surgical complications noted, n (%) 0 0 - 0 1(1.2%) 0.607 0.564

#One patient, who was recommended to receive no bridging by the Outpatient Anticoagulation clinic, actually received therapeutic dose bridging
following the index procedure. For purposes of categorization, that patient’s data is reported in the bridged group

Table 3 The incidence of secondary outcomes among all patients bridged versus those who were not bridged, regardless of intervention period

Complication, within 30 days of index procedure

All bridged patients (n=73)

All patients not Overall p-value

bridged (n=76)

Modified dose Treatment dose p-value
Major bleed, n (%) 0 2 (2.7%) 0.607 0 0.238
Clinically relevant non-major bleed, n (%) 1(1.4%) 6 (8.2%)* 0.519 3(3.9%) 0.147
Thromboembolic complication, n (%) 0 - 1(1.3%) 0.510
Surgical complications noted, n (%) 0 - 1(1.3%) 0.510

All bridged patients are stratified according to the bridging dose strategy

#One patient, who was recommended to receive no bridging by the Outpatient Anticoagulation clinic, actually received therapeutic dose bridging
following the index procedure. For purposes of categorization, that patient’s data is reported in the bridged group

numerous relevant patient characteristics. Finally, due to
our small sample size, overall low event rates, and inclu-
sion of only a single site within a single academic teach-
ing institution, there may be difficulty in detecting small,
statistically significant differences which may limit gen-
eralizability. However, this study does provide real-world
evidence that implementing a peri-procedural antithrom-
botic protocol recommending bridging for those only at
the highest peri-procedural thromboembolic risk can sig-
nificantly reduce the number of patients receiving bridg-
ing therapy, thereby perhaps reducing overall bleed risk.
This, in turn, contributes to the growing body of evidence
supporting change in clinical practice and may lead to
additional research evaluating patient outcomes, patient
satisfaction and overall reduced cost to the patient and
healthcare system.
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