ORIGINAL ARTICLE

Periprocedural Anticoagulation Management of Patients
With Nonvalvular Atrial Fibrillation

WaLbemAR E. Whsokinskl, MD; RoserT D. McBaN

E, MD; PauL R. DanieLs, MD; Scott C. Litin, MD;

Davip O. Hobcg, MS; NicoLe F. DowLing, PHD; anp JonN A. HeiT, MD

OBJECTIVE: To estimate the 3-month cumulative incidence of
thromboembolism (TE), bleeding, and death among consecutive
patients with nonvalvular atrial fibrillation (AF) who were receiving
long-term anticoagulation therapy and were referred to the Throm-
bophilia Center at Mayo Clinic for periprocedural anticoagulation
management.

PATIENTS AND METHODS: In a prospective cohort study of con-
secutive patients receiving long-term anticoagulation therapy who
were referred to the Thrombophilia Center for periprocedural anti-
coagulation management over the 7-year period, January 1, 1997,
to December 31, 2003, 345 patients with nonvalvular AF were
eligible for inclusion. Warfarin was stopped 4 to 5 days before and
was restarted after surgery as soon as hemostasis was assured.
The decision to provide bridging therapy with heparin was individu-
alized and based on the estimated risks of TE and bleeding.

RESULTS: The 345 patients with AF (mean + SD age, 74+9 years;
33% women) underwent 386 procedures. Warfarin administration
was not interrupted for 44 procedures. Periprocedural heparin was
provided for 204 procedures. Patients receiving heparin were
more likely to have prior TE (43% vs 24%; P<.001) and a higher
CHADS, (congestive heart failure, hypertension, age, diabetes,
stroke) score (2.2 vs 1.9; P=.06). Four patients had 6 episodes of
TE (3 strokes and 3 acute coronary episodes; TE rate, 1.1%; 95%
confidence interval, 0.0%-2.1%). Nine patients had 10 major
bleeding events (major bleeding rate, 2.7%; 95% confidence inter-
val, 1.0%-4.4%). There were no deaths. Neither bleeding nor TE
rates differed by anticoagulant management strategy.

CONCLUSION: The 3-month cumulative incidence of TE and bleed-
ing among patients with AF in whom anticoagulation was tempo-
rarily interrupted for an invasive procedure was low and was not
significantly influenced by bridging therapy.
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AF = atrial fibrillation; INR = international normalized ratio; LMWH = low-
molecular-weight heparin; TE = thromboembolism; TIA = transient is-
chemic attack

trial fibrillation (AF) is the most common cause of

arterial thromboembolism (TE) and is associated wit
a 5- to 6-fold increased risk of strokéLong-term oral
anticoagulation with warfarin reduces the risk of stroke
68% (range 45%-82%7}.Approximately two-thirds of pa-
tients with AF are at high risk of stroke and should b
treated with warfarif® Warfarin therapy can be tempo-
rarily interrupted so that patients may safely undergo
invasive procedure.Standardizing periprocedural anti-
coagulation management for patients with AF has be
difficult because annual thrombosis risk can vary eng
mously (0.5%-20%) depending on the presence of oth
risk factors'® Moreover, the procedure-specific bleeding

risk also varis widely. Several strategies have been pro-
posed, ranging from simple warfarin discontinuation 5
days before surgery with prompt reinitiation postopera-
tively, to bridging therapy with either
intravenous unfractionated heparin "Eor editorial
subcutaneous low-molecular-weight comment
heparin (LMWH)® In balancing the| see page 628
need for TE prophylaxis and adequate
hemostasis, the clinician should take the morbidity and
mortality associated with TE and the consequences of
postoperative bleeding into account. Although approxi-
mately 3% of major postopdnae bleeding episodes are
fatal, most patients make a full recovéhyin contrast,
AF-related stroke results in a major neurologic deficit or
death in 70% of patients:'°1Consequently, several au-
thorities and consensus groups advocate some form of
bridging therapy with a short-acting anticoagulant for
most patients with AF!22Even in the absence of antico-
agulation, invasive procedures can carry a risk of bleed-
ing for up to 1 weeR.Therefore, in high-risk patients
(particularly thosevith prior AF-related TE) or when a
seriesof procedures requires interruption of oral antico-
agulant therapfor longer than 1 week, the 2006 consen-
sus guidelines of the American College of Cardiology/
American Heart Association/European Society of Cardi-
ology Writing Committee recommend that either unfrac-
tionated heparin or LMWHHe administered intravenously
or subcutaneoushf.Data supporting these recommenda-
tions are limited>*® and study patients were not limited
to those with nonvalvular AF. To address these limita-
tions, we assessed consecutive patients with nonvalvular
h AF who were referred to the Thrombophilia Center at
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PERIPROCEDURAL ANTICOAGULATION IN ATRIAL FIBRILLATION

TABLE 1. Procedure-Specific Risk of Major Bleeding reviewed the complete inpatient and outpatient medical
Low risk (<1%) records for each patient. The study was approved by the
Outpatient dental procedures Mayo Clinic Institutional Review Board.

Cataract surgery
Other minor outpatient procedures

High risk (>3%) PERIPROCEDURAL ANTICOAGULATION MANAGEMENT
Open-heart surgery Patients typically were referred to the Thrombophilia Cen-
Qgﬂ%gﬁge‘@sc“'ar sHrgery ter for periprocedural anticoagulation management recom-
Major cancer surgery mendations 4 to 7 days before the anticipated procedure.
Urologic procedures Each patient was evaluated for the patient-specific risk of

TE and the procedure-specific risk of major bleeding
(Table 1). The decision to provide LMWH bridging ther-

Mayo Clinic for periprocedural anticoagulation manage- apy was individualized and undertaken at the discretion of
ment during a 7-yearepiod (Januaryd, 1997December  the thrombophilia consultant treating each patient. For pa-
31, 2003) to estimate the 3-month cumulative incidence oftients requiring outpatient dental or other minor procedures
TE, bleeding, and all-cause mortality. associated with either a low risk of bleeding or easy access
for physical hemostasis, warfarin anticoagulation was re-
duced to the lower limit of the therapeutic range (interna-
tional normalized ratio [INR], 2.0).
The Thrombophilia Clinic was established in 1997 to fa-  The risk of stroke was estimated on the basis of age,
cilitate the outpatient delivery of the then newly available presence of hypertension, congestive heart failure, prior
anticoagulant, LMWH. Consecutive patients referred to the stroke, transient ischemic attack (TIA) or other cardio-
Thrombophilia Center during the 7-year period, January 1,embolic event, or known intracardiac thrombus. For pa-
1998, to December 31, 1997, who were receiving long- tients deemed to be at low risk of stroke, warfarin was
term anticoagulation therapy and had nonvalvular AF were stopped 4 to 5 days before surgery and resumed as soon as
eligible for inclusion; 97% consented to participate. All possible after surgery, starting with the patient's usual
patients were monitored for 3 months from the date of thedaily warfarin dose and without loading doses.
Thrombophilia Center consultation. Patients (or family =~ When warfarin was stopped 4 to 5 days before surgery,
members for deceased patients) who did not return for apatients deemed to be at high risk of stroke were either
clinic visit were mailed a questionnaire or contacted by admitted to the hospital and treated with intravenous
telephone to determine vital status and to identify any unfractionated heparin or given bridge therapy with
symptoms or signs of TE or bleeding in the 3 months afterLMWH as outpatients when INR was expected to fall
the Thrombophilia Center consultation. below the lower limit of the therapeutic range. During the

The study end point adjudication committee reviewed 7-year period, 3 successive LMWHs were on the Mayo
the death certificates and autopsy reports for deceased palinic formulary and were used for periprocedural antico-
tients and local medical records of patients who reportedagulation therapy; the dose, schedules, and number of pro-
TE or bleeding. Two experienced study nurse abstractorscedures for each LMWH are shown in Table 2. To avoid
residual effect of heparin at the time of surgery when
bridge therapy with LMWH was usétlour standard treat-
ment required the last LMWH subcutaneous injection to be
given 24 hours before the procedure at 50% of the calcu-
lated daily dose. If LMWH therapy was restarted after the
procedure, administration of the first dose was usually
delayed for at least 24 hours and was delayed even longer if

PATIENTS AND METHODS

TABLE 2. Regimens for Bridging Therapy Using
Low-Molecular-Weight Heparin (LMWH)?

LMWH
(No. of procedure8) Regimen

Ardeparin sodium (n=69) 130 IU anti-Xa/kg subcutaneously every

12 if ) : S .
Dalteparinsodium (n=91) 100 IU anti-Xa/kg subcutaneously every  the period of high bleeding risk was prolonged. For patients
12 If or 200 1U anti-Xa/kg given bridge therapy with unfractionated heparin, the intra-
subcutaneously every 24 h venous infusion was stopped 6 to 8 hours before surgery
Enoxaparin sodium (n=33) 1 mg/kg subcutaneously every &2 h . . . ’
1.5 mg/kg subcutaneously every 24 h Warfarin was usually restarted immediately after the pro-
@No heparin formulations are approved by the Food and Drug Adminis- cedure. Warfarin a”fj LMWH therapy overlapped Tor_ at
tration for this indication. least 5 days and until the INR exceeded the lower limit of

® Although bridging therapy with LMWH was used for 173 procedures, the therapeutic range on at least 2 separate measurements

the total number of procedures in this table is 193 because 20 patient .. . - ~
were treated with 2 different kinds of LMWH for the same procedure. sperformed 24 hours apart. Aspirin and thienopyridine de

©| ast dose given on the morning of the day (eg, 24 h) before surgery. ~ fivative therapy was stopped 1 week before the procedure
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and restarted after the procedure when hemostasis was TABLE 3. Baseline Characteristics of 345 Patients
assured With Atrial Fibrillation?

No bridging Bridging P

DEFINITION OF OUTCOMES Characteristic Overall heparin heparin value

The primary efficacy end point was symptomatic arterial or No. of patient3 345 164 181

venous TE occurring from 5 days before (the day warfarin 43¢ ) (mean- SD) 112&?33) 75439(30) 7% (35) 2,
therapy was stopped) to 90 days after the procedure Omtrial fibrillation

surgery. Arterial TE was defined as ischemic stroke, TIA,  Persistent 271(79) 135(82) 136 (76)
amaurosis fugax, unstable angina, myocardial infarction,CHigrgﬁfdrgfl 4@y 20018 454 10
or other peripheral artery TE. Criteria for unstable angina,  cCongestive heart

myocardial infarction, stroke, and TIA were adapted from Hfailurte _ f&,@) fg«l(%é%) 15&5(%3&)3) -15}0
. ‘i g . ypertension .
those of the Americahleart Associatiorf Peripheral Age >75y 172(50) 84(51)  88(49) .62
artery TE was defined as acute ischemia of an extremity or  Diabetes mellitus 66 (19) 32 (20) 34 (19) .86
any organ other than the brain; arterial thromboembolus gtroke? IA/DTISED) lzli ﬁf) 1{&01(%4) 22 (213) 56001
. . . . - core (meag . . . . . . .
was confirmed by either embolectomy or direct imaging. ., ;o artery disease 131 (38) 46 (28) 85 (47) <001
Venous TE was defined as deep venous thrombosis Olactive cancer 52 (15) 25 (15) 27 (15) 91
pulmonary embolism as previously described. FBJGEfiIing h]i?_tqry ig 8)7) 351 ((;)9) 257((31)5) é372
. H H . H enal insuriciency .
Thg primary sqfety end point was major bleeding. Major Aspirin 63 (18) 28 (17) 35(19) .59
bleeding was defined as overt bleeding plus a hemoglobinTiclopidine/clopidogrel 5 (1) 3(2) 2 (1) 57
decrease of 2 g/dL or more after the procedure or transfuNSAID 7(2 0(0) 7(4) .02

Cyclooxygenase-2

sion of 2 units or more of packed red blood cells, or =7 (&~ 5 16 (5) 10 (6) 6(3) 2

intracranial, intraspinal, intraocular, retroperitoneal, peri- . p ber of patients ( . o
. . . . . ata are presented as number of patients (percentage of sample) except
cardial, or f_atal blee(_dlnﬁ.Mlnor blged!ng was (_jEfmed QS as noted. DTE = distal thromboembolism (thromboembolic complica-
overt bleeding that did not meet criteria for major bleeding. tions at locations other than central nervous system including left atrial
All events were judged using a priori study criteria by a thrombus; NSAID = nonsteroidal anti-inflammatory drug; TIA = tran-
committee composed of 4 Thrombophilia Center physi- , €7t ischemic attack.

) . ) . o To avoid double entry for patients undergoing multiple procedures, this
cians blinded to patient name and treating physician. figure represents the demographics for only the first encounter.

STATISTICAL ANALYSES

Continuous numerical variables were reported as mean prior TE and coronary artery disease was greater among
SD. Frequencies were reported when appropriate. Continupatients with AF receiving bridging heparin therapy. The
ous variables were compared between the groups treate€HADS, score (named for the components of the score:
and not treated with LMWH bridging therapy using the congestve heart failurehypertension [at least 160/90 mm
Wilcoxon rank sum test. Categorical factors were com- Hg, past or presentige [older than 75 yearg]iabetes, and
pared between these groups usingythtest for indepen-  stroke or TIA [past or present]), although slightly higher in
dence. The 3-month cumulative incidence rates for first this group, did not reach statistical significance. Active can-
events of TE, major bleeding, and minor bleeding were cer and bleeding history were similar in both groups. The
estimated using the Kaplan-Meier product-limit method. distribution of types of surgery and procedures is shown in
Table 4. Orthopedic, gastrointestinal, and urological surger-
ieswere the most common procedures.

The timing of warfarin cessation, reinitiation, and the
During the 7-year study period, 345 patients with non- mean duration of warfarin cessation, as well as the timing
valvular AF (33% women, mean SD age, 749 years) and duration of bridging heparin therapy are shown in
were referred to the Thrombophilia Center for peripro- Table 5. Warfarin therapy was continued for 44 proce-
cedural anticoagulation management of 386 proceduresdures, all either dental or ophthalmologic interventions.
Twenty-nine patients underwent 2 procedures, 3 patientsHowever, LMWH therapy was administered after 11
underwent 3 procedures, and 2 patients underwent 4 proceef these 44 procedures because of a subtherapeutic INR.
dures. Baseline patient characteristics are shown in Tabld~or the remaining 342 procedures, warfarin was stopped
3, both overall and by presence or absence of bridging5.3:3.0 days before surgery; the total time of warfarin
heparin therapy. Of the 345 patients, 271 (79%) had persisinterruption was 6:64.6 days. For 25% of patients, war-
tent AF, and 118 (34%) had prior TE (stroke, TIA, periph- farin reinitiation was delayed for more than 7 days. Of the
eral artery embolus, or left atrial thrombus). Prevalence oftotal 386 procedures, periprocedural anticoagulation was

RESULTS
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TABLE 4. Distribution of 386 Procedures or Surgeries? TABLE 5. Periprocedural Anticoagulation Management
of 386 Procedures?
Type of procedure or surgery No. ()
- Characteristic Result
Orthopedic 80 (21)
Total hip arthroplasty 34 Procedures with warfarin interruption 342 (89)
Total knee arthroplasty 29 Warfarin cessation before procedure (d) +3.8
Arthroscopic procedures 13 Warfarin cessation after procedure (d) +3.2
Other 4 Periprocedural heparin therapy total 204 (53)
Gastroenterologic 78 (20) Heparin administered only before procedure 84 (41)
Lower endoscopy with polypectomy or biopsy 49 Heparin administered only after procedure 32 (15)
Upper endoscopy with biopsy or stricture dilation 7 Heparin administered both before and
Liver or pancreas biopsy 6 after procedure 88 (44)
Bowel or colon resection 5 Heparin administered before procedure (d) +3.7
Exploratory laparotomy 4 Heparin administered after procedure (d) 8.9
Cholecystectomy 3 ag - -
Hiatal hernia repair 2 ategorical d_ata are presented as number of patients (percentage of
Bariatric surgery 2 sample). Continuous data are presented as m&ah
Urologic 68 (18)
Cystoscopy with biopsy or urethral stent 20
Prostate biopsy 11 the four patients received bridging LMWH therapy. No
gfopsr:;fgg’g"nﬁ';/cysmcwmy’ or nephrourectomy 8 9 significant differences in 3-month cumulative TE inci-
Lithotripsy 4 dence were noted in patients with AF who had prior vs
Penile prosthesis 4 no prior TE (Figure 1) and low vs high CHADSores
Bladder or sphincter repair 3 (Figure 2)
Other (open biopsies, ablations, brachytherapy) 9 ’ . . . .
Cardiovascular 54 (14) Of the 4 patients with TE, 1 had a right parasagittal
Cnlgiography with Orc\j/\litholllt angior;)lasw or stenting 9171 occipital infarct within 72 hours after stopping warfarin
alve surgery or cardiopulmonary bypass : P ;
Cardioversion, Maze procedure, AICD or pacemaker 6 and WIthO_Ut bridging heparin therapy. A transe_SOphageal
Ophthalmologic 20 (5) echocardiogram showed a large thrombus in the left
Cataract extraction 10 atrium. Three days later this patient also had an episode of
\T/fﬁggf;';‘;"g{g ery g unstable angina. The second patient had a history of stroke
Blepharoplasty 3 and therefore received bridging LMWH therapy for resec-
Sentall extraction 12&(55)) tion of a spinal cord tumor. Two weeks after surgery and
ascular ; ; ; ; ;
Abdominal aortic aneurysm repair 6 ywth an INR pf 3.2,. this patient deyeloped right msul.ar
Carotid endarterectomy 6 infarct. The third patient, who had a history of hypertension
Revascularization or distal bypass 5 and of coronary and peripheral artery disease, underwent
N eaﬁslr(')cg?ie vein resection o @ an above-knee amputation without bridging therapy, which
Laminectomy with or without tumor resection 6 was Compllcated by a non-ST-elevation myocardlal n-
Myelogram 5 farction. The fourth patient had a history of hypertension,
Gyrg:;ggic 3 70 coronary artery disease, and chronic heart failure and re-
Hysterectomy or sa|pingo.oophorectomy 4 Ceived bl’ldglng LMWH therapy aftel’ Warfal’in was Stopped
Vaginal surgeries 3 for an automatic intracardiac defibrillator device implanta-
Other 21 () tion. This patient developed a large hematoma at the site of

a AICD = automatic implantable cardioverter-defibrillator.
b percentages add to more than 100 because of rounding.
TABLE 6. Thromboembolism and Bleeding Complications
of 386 Procedures

managed with br|dg|ng heparin therapy (unfl’actionated hep- No heparin bridging Heparin bridging
arin, n=31; LMWH, n=173) for 204 procedures (53%), o therapy therapy
whereasl82 procedures were managed without bridging Complications (n=182), No. %) (n=204), No. (%)
heparin therapy. The mean total duration of bridging hep- Cerebral ischemia 1(0.6) 2(1.0)
arin therapy was 5:.9 days. g::euégirc]gronary syndrome 2(1.2) 1(0.5)
Major 4(2.3) 6 (3.0)
THROMBOEMBOLISM Minor 2(1.1) 9 (4.6)

All patients completed the 3-month follow-up for vital aThirty-three patients continued warfarin therapy throughout the proce-
status, bleeding, and symptoms of TE. Four patients had GDg?re or surgery. ) ued warfarin th during th J

] P Eleven patients who continued warfarin therapy during the procedure or
TE_ eventg af_ter 4 procedures (Table 6). The 3-month cumu intervention also had low-molecular-weight therapy after procedure be-
lative TE incidence was 1.1% (95% CI, 0%-2.1%). Two of  cause of subtherapeutic international normalized ratio.
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History of TE

*)

Heparin

+)
TE rate 1%

BL rate 3%
(n=87)

)
TE rate 0%

BL rate 0%
(n=43)

(n=109)
TE rate 1%

BL rate 3%

(n=129)
TE rate 1%

BL rate 3%

Heparin

)
TE rate 1%

)
TE rate 0%

(=3)
BL rate 3% BL rate 0%
(n=80) (n=51)
CHADS,
(n=116) (n=121)
TE rate 1% TE rate 1%
(<3)

BL rate 3%

BL rate 3%

FIGURE 1. Distribution of 3-month thromboembolism (TE) and
major bleeding (BL) rates by bridging heparin therapy and prior TE.
History of TE included stroke, transient ischemic attack, thrombo-
embolic complications of various location including left atrial
thrombus.

FIGURE 2. Distribution of 3-month thromboembolism (TE) and major
bleeding (BL) rates by bridging heparin therapy and CHADS, score.
CHADS, index is named for the components of the score: conges-
tive heart failure, hypertension (at least 160/790 mm Hg, past or
present), age (>75 y), diabetes, and stroke or transient ischemic

attack (past or present).

device implantation (classified as minor bleeding) and alsoLMWH and developed bleeding at the surgical site 7 days
was diagnosed at that time with a non—ST-elevation myo-after the procedure and 24 hours after the last LMWH dose.
cardial infarction. Because of the hematoma, both warfarinThe fourth patient received only preoperative LMWH and
and LMWH were stopped, but 5 days later the patient had adeveloped bleeding at the surgical site immediately after
stroke confirmed by magnetic resonance imaging. Thus, allsurgery, and the fifth patient received only preoperative
of the thromboembolic events occurred within 2 weeks of LMWH and developed bleeding 30 days after surgery.
warfarin discontinuation. Eleven patients developed 11 minor bleeding events
after 11 procedures; the 3-month cumulative minor bleed-
BLEEDING ing incidence was 3.0% (95% ClI, 1.2%-4.7%). Of these 11
Nine patients who underwent 10 procedures (1 patient hadatients, 10 received bridging LMWH therapy, yet only 5
rectal polypectomy and several dental extractions in 1 day)events occurred in the setting of LMWH.
experienced 10 major bleeding events (Table 6). The 3- Of the total cohort, 71 patients (21%) were taking aspirin,
month cumulative major bleeding incidence rate was 2.7%nonsteroidal anti-inflammatory drugs, thienopyridine de-
(95% Cl, 1.0%-4.4%). Six major bleeding events involved rivatives, or a combination of these drugs. Periprocedural
gastrointestinal bleeding, whereas 5 major bleeding eventsiosing of these medications was managed by surgical ser-
occurred at the surgical site. Two patients had both gaswices and primary physicians. Aspirin and thienopyridine deri-
trointestinal hemorrhage and bleeding at the surgical sitevative therapy was stopped 1 week before the procedure and
one had profuse bleeding during gastrointestinal surgery. restarted after the procedure when hemostasis was assured.
Five of the 9 patients received bridging LMWH heparin ~ The rates of TE and bleeding did not differ significantly
therapy. Of the 5 patients who received bridging LMWH, among those taking 1 or more of these drugs compared
1 had 2 major bleeding events after inguinal herniorrhaphy,with those not receiving such drugs.
including a large hematoma at the surgical wound site
and hematochezia due to sigmoid diverticula occurring 2
weeks later. This patient received only preoperative bridg-
ing LMWH. The second of the 5 patients, who received both The major finding of this study is that the 3-month cumula-
preoperative and postoperative LMWH, developed gas-tive incidence of TE among patients with nonvalvular AF
trointestinal bleeding 5 days after the last LMWH dose andwho required temporary interruption of long-term warfarin
when the INR was supratherapeutic (INR=10.3); the bleed-therapy for an invasive procedure is quite low. Given the
ing source was gastropathy confirmed by upper endoscopyannual risk of stroke in patients with AF who are receiving
and induced by nonsteroidal anti-inflammatory drugs. The warfarin prophylaxis, the anticipated daily risk of stroke
third patient received both preop#ive and postoperative ranges from 0.001% to 0.023% (3-month risk, 0.09%-

DISCUSSION
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2.07%)* The observed cumulative TE incidence in our protocol. Third, we used standardized a priori definitions of
study was 1.1% (95% CI, 0%-2.1%), well within the antici- TE and bleeding, and all potential outcomes were centrally
pated range. The mean duration of warfarin cessation wasdjudicated by a committee blinded to patient name and
6.6 days for our cohort. Yet all of the observed thrombotic treating physician.
events occurred within 2 weeks of warfarin discontinua-  Several limitations of this study should be noted. First,
tion. Of the 6 TE events, 3 were acute coronary syndromethe delivery of LMWH was not assigned randomly. Careful
events in patients with known coronary artery disease.patient stratification on the basis of perceived risks and
Although we cannot exclude a cardioembolic cause for benefits of LMWH by attending physicians could have
these coronary artery evefitdhe more likely etiology is  contributed to the low rate of both bleeding and throm-
either thrombosis in situ or ischemia caused by low coro- boembolic complications observed. Moreover, as this was
nary flow due to systemic hypotension. Excluding these not designed as an intention-to-treat trial, patient prefer-
acute coronary events, the 3-month cumulative incidenceences could have also contributed to these outcomes, both
of TE would be 0.8% (95% CI, 0%-1.7%). The TE rates did favorably and unfavorably. Second, although referral to the
not differ significantly between those who received bridg- Thrombophilia Center was open to all patients with AF, we
ing heparin compared with those who did not. The group cannot exclude the possibility of referral bias. For example,
receiving bridging heparin had significantly higher preva- patients with AF and a perceived high or low risk of TE
lence of prior TE and coronary artery disease, as well as anight not have been referred to our center, which could
marginally higher CHADSscore. Despite not receiving have caused an underestimation of the true TE rate or
bridging heparin therapy, no patient with prior TE (n=43, overestimation of the bleeding rate.
Figure 1) or a high CHADSscore (iez3; n=51; Figure 2) At the inception of our cohort study in 1997, LMWH
developed postoperative TE. had only recently been marketed in the United States, and
Of the 10 episodes of major bleeding, 6 occurred in 5there were no studies of bridging heparin therapy for
patients given bridge therapy with LMWH. The observed periprocedural management of nonvalvular patients with
3-month cumulative major bleeding incidence of 2.7% AF using long-term anticoagulation. Most such patients
(95% ClI, 1.0%-4.4%) is comparable to rates previously judged to be at high risk of TE or bleeding were admitted to
reported?® Five episodes occurred either intraoperatively the hospital for intravenous unfractionated heparin therapy
or soon after surgery and before LMWH therapy was re- while warfarin anticoagulation was alternately withdrawn
stated. Becauséht last preoperative dose of LMWH was and restarted. @en that LMWH and warfarin were effec-
reduced to half of the usual daily dose and was given attive as both primary prophylaxis and therapy for venous
least 24 hours before surgery, it is unlikely that bridging TE, we postulated that they would have similar efficacy
therapy contributed to these bleeding episdtiémly 1 and safety as bridging therapy for periprocedural antico-
of these patients had marginal renal function (creatinineagulation management for patients with nonvalvular AF.
1.8 mg/dL) as a potential contributing factor. If these 5 Consequently, our initial aim was to estimate the TE and
bleeding events are excluded, then major bleeding potenbleeding rates to design a subsequent clinical trial. Al-
tially related to bridging LMWH is 1.4% (95% CI, 0.2%- though we have faithfully reported all TE and bleeding
2.6%). events and the clinical circumstances around those events
This study has several strengths. First, unlike other stud-so that readers can make their own judgment regarding
ies, we reported outcomes from a cohort that was limited tothe likelihood that the event was related to the peri-
consecutive patients with nonvalvular AF who were re- procedural management, we think the true TE and major
ceiving long-term anticoagulation therapy while undergo- bleeding rates are closer to 0.8% and 1.4%, respectively.
ing an invasive diagnostic or therapeutic procedure or sur-The observed TE rate is sufficiently low as to render a
gery. Although otherbave reported combined outcomes randomized controlled trial impractical. A very large
from cohorts of patients with AF, mechanical heart valves, sample would be required to show a clinically important
or venous TE who received long-term anticoagulant reduction in rate.
therapy?* the risk of TE and bleeding likely is not uniform
across these 3 patient populations. Second, we report fol-
low-up for a full 3 months from the date of the procedure,
whereas other cohort studies usually reported follow-up for Our current clinical practice in the Mayo Clinic Thrombo-
only 2 to 4 weeks. We chose to expand observation to 3philia Center is to provide LMWH bridging therapy only
months because the risk of TE and bleeding is substantiallyfor those patients at the highest risk of TE (prior stroke;
longer than 2 weeks, and we sought to capture the full CHADS, score =4), while taking into account the proce-
effect of our periprocedural anticoagulation managementdure-associated risk of bleeding.

CONCLUSION
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