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Abstract Patients with mechanical heart valves (MHV)

undergoing invasive procedures often receive periprocedu-

ral bridging with low-molecular-weight heparin (LMWH).

The bridging strategies used in real-life and the predictors

for bleeding and thrombosis are not well studied. We ret-

rospectively assessed patients with MHV that underwent

invasive procedures requiring vitamin K antagonist inter-

ruption and LMWH bridging. Thromboembolic and bleed-

ing events occurring up to 30 days after the procedures were

recorded. Predictors of major bleeding events (MBEs) were

analyzed with logistic regression.We evaluated 547 patients

withMHVwho underwent 275 procedures during a 6.5-year

period. Bridging with LMWHwas used in 185 procedures in

a total of 117 patients. Combined pre- and post-operative

bridging was the most frequently employed (63 %). Doses

of LMWHwere prophylactic in 96 (52 %) of the procedures

and therapeutic in 89 (48 %). The procedure-related

bleeding risk was evaluated as high in 70 (38 %) and low in

115 (62 %) of the procedures. There was a trend to more

frequent use of prophylactic doses (61 %) in high-risk sur-

gery, and more therapeutic doses (53 %) in low-risk ones.

There were 36 bleeding episodes, 21 (11 % of procedures)

of which were classified as MBEs, but there were no

thromboembolic events. Most MBEs (n = 14; 67 %) oc-

curred in surgeries with high bleeding risk. In the multi-

variate analysis, the bleeding risk of the surgery itself was

the only independent predictor for MBEs. For patients with

MHV receiving perioperative bridging with LMWH, the

major predictor for MBE is the bleeding risk of the surgery.

Keywords Low-molecular-weight heparin � Mechanical

heart valves � Bridging � Surgery � Bleeding

Introduction

More than 4 million patients worldwide have undergone

valve replacement surgery for valvular heart disease [1].

Patients with mechanical heart valves (MHV) are treated

indefinitely with vitamin K antagonists (VKA), such as

warfarin, due to an increased risk of thromboembolism.

This risk is further augmented in patients with a history of

stroke, atrial fibrillation, and previous thromboembolic

events [2]. When patients with MHV subsequently undergo

an invasive procedure, their oral anticoagulation treatment

is in most cases temporarily withheld to avoid an increased

risk of bleeding. As a result, these patients might be at an

increased risk of valve thrombosis and cerebral or systemic

embolism during this interruption, and require therefore

‘‘bridging’’ with a short-acting anticoagulant [3]. The most

common options used are subcutaneous low-molecular-

weight heparin (LMWH) and intravenous unfractionated

heparin. LMWH is advantageous as it can be self-admin-

istered at home with a fixed, weight-based dose and is less

costly and time-consuming [4–6]. Furthermore, intra-

venous unfractionated heparin is associated with a higher
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frequency of thrombocytopenia [7]. Thus, LMWH is

commonly used in periprocedural anticoagulation therapy

as an alternative to VKA treatment [8, 9].

Few studies to date with large cohorts of MHV patients

have assessed the use of LMWH for periprocedural

bridging and the associated bleeding risk [3–5, 8–10].

Furthermore, it is unclear whether bridging should be used

at all during invasive procedures, as its risks might out-

weigh its benefits [10, 11]. Currently, management of an-

ticoagulation during invasive procedures varies widely as

the evidence for recommendations in international guide-

lines are weak, requiring each patient to be evaluated in-

dividually [5, 12, 13].

We performed a retrospective study to review all pa-

tients in Stockholm City County with MHV and the peri-

operative bridging regimen used. In particular, we aimed to

assess the outcomes of the periprocedural bridging regi-

mens in terms of perioperative bleeding and thromboem-

bolic events, as well as the associated risk factors.

Materials and methods

The study design was a retrospective assessment of all

patients with MHV that underwent an invasive procedure

requiring interruption of VKA treatment in combination

with bridging therapy at 5 hospitals in the Stockholm area

(Karolinska University Hospital in Solna and Huddinge,

Danderyd Hospital, Södersjukhuset, and Södertälje

Hospital), a catchment area of 2 million people, between

January 1, 2007 and September 15, 2013. The local ethics

board of Karolinska University Hospital approved the

study and waived the requirement for informed consent.

We included patients older than18 years with a MHV and

undergoing an invasive procedure that required interrup-

tion of VKA, and receiving LMWH at any dose as bridging

therapy before and/or after the procedure. For each patient,

all medical records were searched for invasive procedures,

and we recorded all thromboembolic and bleeding events

within 30 days after the procedure. Patients excluded from

the study were those who did not receive perioperative

bridging at all and those who underwent emergent

surgeries.

Three different LMWHs were used (dalteparin, enoxa-

parin, and tinzaparin) and at varying doses. We defined

prophylactic dose as B100 IU/kg/day for dalteparin and

tinzaparin, and B1 mg/kg/day for enoxaparin; therapeutic

dose was defined as any dose higher than the upper limit of

the prophylactic dose. The classification of bleeding risk

associated with the procedure was adapted from Spy-

ropoulos et al., modified so that hip and knee replacement

surgeries were defined as high bleeding risk [14]. More-

over, experienced surgeons specialized in the respective

fields were consulted for the classification of the procedural

bleeding risk of surgeries not listed in the above study [14].

A thromboembolic event was defined as the occurrence

of symptomatic, objectively verified arterial or venous

thromboembolism, or cardiac valve thrombosis, as regis-

tered in the medical records of the patient. A major

bleeding event was defined as recommended by the Inter-

national Society on Thrombosis and Haemostasis [15]. The

outcomes were adjudicated by two of the authors (A.Å. and

A.M.), who were blinded to the bridging regimen used.

Statistical analysis

Continuous variables with skewed distribution are pre-

sented as medians and inter-quartile ranges (IQR). Uni-

variate analysis was done with Chi square or Fisher’s exact

test for categorical data, and Mann–Whitney test for con-

tinuous variables with skewed distribution.

A logistic regression model was fitted for the dichoto-

mous outcome of post-operative bleeding. The model was

adjusted for age, sex, body weight, renal function (ex-

pressed as the creatinine clearance according to the

Cockcroft–Gault formula), international normalized ratio

(INR) on the day of intervention, the bleeding risk of the

surgery, concomitant treatment with platelet inhibitors, and

the bridging strategy used. Bridging with LMWH was di-

vided into six categories depending on the timing of ad-

ministration of LMWH (pre-operatively, post-operatively,

or both) and the doses of LMWH used (prophylactic or

therapeutic). A further sensitivity analysis was done with

the total dose of LMWH administered or with the dose of

LMWH expressed as IU/kg/day. Model fitness was asses-

sed with the Hosmer–Lemeshow test. A p value\0.05 was

considered to be statistically significant in a two-sided test.

Statistical analyses were performed with the SAS� soft-

ware version 9.4 (Cary, NC).

Results

Study population

We screened the medical records of 547 patients with

MHVs, of whom 175 (32 %) underwent a total of 275

invasive procedures during the study period. Ninety (33 %)

procedures were excluded from further analysis, as no

perioperative bridging was given (emergency surgery in

74, and planned surgery with VKA discontinuation alone in

16 patients). The remaining 185 procedures in 117 patients

constituted the basis for our study.

The baseline characteristics of the study population are

presented in Table 1. The median age of the cohort was 62
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(IQR 52–86) years and most of the patients were men

(n = 72, 62 %). The majority of the patients had MHV in

the aortic position (n = 86, 74 %), followed by the mitral

(n = 17, 15 %), and both the aortic and mitral positions

(n = 10, 9 %). The remaining 4 (3 %) had tricuspid me-

chanical valves. Atrial fibrillation was present in 39

(33 %), and previous stroke in 16 (14 %) patients. Eight

(7 %) had concomitant treatment with an antiplatelet agent

at the time of surgery.

Invasive procedures and bridging

VKA treatment was discontinued at a median (IQR) of 3

(2–4) days before surgery, resulting in a median (IQR) INR

on the day of surgery of 1.4 (1.3–1.6). Combined pre- and

post-operative bridging with LMWH was the most fre-

quently utilized strategy (63 %), followed by post-

operative bridging only (35 %), and then bridging before

surgery only in 2 %. In a slightly larger proportion of

surgeries, prophylactic rather than therapeutic doses of

LMWH (52 vs. 48 %, respectively) were used for bridging.

The details of the bridging strategies used perioperatively

according to the type of surgery are listed in Table 2.

Patients with mechanical mitral valves were more fre-

quently bridged with therapeutic doses of LMWH (55 %),

and they received more frequently bridging pre-operatively

(70 %) as compared to those with mechanical aortic valves

(44 and 62 %, respectively). These differences were,

however, not statistically significant (p value 0.33 and 0.32,

respectively). The utilization of the different bridging

strategies according to the type of MHV, listed from the

strategies presumed to be associated with the lowest to

highest bleeding risk, is presented in Table 3.

Endoscopy was the most common type of intervention

requiring bridging (21 %), followed by vascular surgery

and minor surgeries (20 and 18 %, respectively).

Depending on the type of surgery, the risk of perioperative

bleeding was judged to be high in 70 (38 %) and low in

115 (62 %). There was a trend toward a more frequent

utilization of prophylactic LMWH doses in high bleeding

Table 1 Basic characteristics

of the study population

according to major bleeding

events

Covariate Patients with major bleeding events p valuea

No (n = 104) Yes (n = 13)

Age, median (IQR) 60 (16.0) 66 (13.0) 0.15

Sex, male [n (%)] 62 (59.6) 10 (76.9) 0.37

Weight, median (IQR) 76 (20.0) 75 (25.0) 0.69

eGFR [mL/min (%)] 0.94

C80 63 (60.6) 8 (61.5)

50–80 30 (28.9) 5 (38.5)

30–50 6 (5.8) 0

\30 5 (4.8) 0

MHV [n (%)] 0.04

Aortic 80 (76.9) 6 (46.2)

Aortic ? Mitral 7 (6.7) 3 (23.1)

Mitral 14 (13.5) 3 (23.1)

Tricuspid 3 (2.9) 1 (7.7)

Co-morbidities [n (%)]

Diabetes 17 (16.4) 2 (15.4) 1.00

Hypertension 49 (47.1) 5 (38.5) 0.77

Heart failure 31 (29.8) 5 (38.5) 0.54

Previous stroke 16 (15.4) 0 (0.0) 0.21

Concomitant medication [n (%)]

Antiplatelet agents 7 (6.7) 1 (7.7) 1.00

NSAID 5 (4.8) 0 (0.0) 1.00

INR pre-op, median (IQR) 1.4 (1.3–1.6) 1.6 (1.3–1.7) 0.27

eGFR Estimated glomerular filtration rate, MHV mechanical heart valve, NSAID non-steroidal anti-

inflammatory drug, INR international normalized ratio, IQR inter-quartile range
a Calculated with Chi square or Fisher’s exact test for categorical data, and Mann–Whitney for continuous

variables with skewed distribution
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risk surgery (n = 43, 61 %), and therapeutic doses in low

risk ones (n = 61, 53 %) (p = 0.06). Bridging was started

pre-operatively in a significantly higher proportion of

procedures with low bleeding risk as compared to high risk

ones (67 vs. 51 %, p = 0.026).

Bleeding

There were a total of 36 bleeding events in 22 patients who

received bridging therapy with LMWH, and 21 events (in

11 % of all procedures) were judged as MBEs. Two-thirds

of all MBEs (n = 14; 67 %) occurred in surgery classified

as having high bleeding risk. About one-third of all MBEs

(n = 8, 38 %) occurred in conjunction with major vascular

surgery. The assessed bleeding risk of the invasive proce-

dures/surgeries was the only significant predictor of major

bleeding (14 of 70 high-risk procedures = 20 % vs. 7 of

108 low-risk procedures = 6.5 %) in univariate analysis

(logrank p = 0.009) (Fig. 1).

Most MBEs occurred in patients receiving pre- and post-

operative bridging (62 %), followed by those receiving post-

operative bridging only (33 %), while 5 % of all MBEs oc-

curred in patients that received pre-operative bridging only

(p = 0.59). There was a trend to higher rate of MBEs in

patients receiving prophylactic doses of LMWH (71 %)

compared to those on therapeutic doses (29 %, p = 0.06).

In the multivariate analysis with logistic regression, the

bleeding risk of the surgery was the only significant

Table 2 Bridging strategies for the different surgery categories

Surgery Prophylactic LMWH doses Therapeutic LMWH doses Total

Bridging

pre-op

Bridging

post-op

Bridging pre-

and post-op

Bridging

pre-op

Bridging

post-op

Bridging pre-

and post-op

Biopsy 0 2 3 0 1 2 8

Mastectomy 0 0 2 0 1 0 3

CNS surgery 0 0 0 0 0 1 1

ENT surgery 0 3 0 0 1 0 4

Endoscopy 0 2 8 1 3 25 39

Endovascular surgery 0 1 0 0 1 3 5

Laparotomy 0 0 1 0 0 0 1

Major urological 0 1 0 0 0 1 2

TURP 0 0 3 0 0 1 4

Major gynecological 0 0 4 0 0 1 5

Minor gynecological 0 1 3 0 0 1 5

Major orthopedic 0 1 8 0 0 2 11

Minor orthopedic 0 3 3 1 3 2 12

Minor surgery 1 9 8 0 7 9 34

Minor abdominal 0 2 3 0 0 2 7

Pacemaker implantation 0 1 1 0 0 0 2

Paracentesis 0 1 1 0 0 3 5

Vascular 1 12 8 0 8 8 37

Total 2 39 56 2 25 61 185

LMWH Low-molecular-weight heparin, CNS central nervous system, ENT ear, nose and throat, TURP trans-urethral resection of the prostate

Table 3 Bridging strategy

according to the type of

mechanical heart valve

Bridging Aortic ? Mitral Mitral Aortic Tricuspid Total

Pre-op, prophylactic doses [n (%)] 0 (0) 0 (0) 1 (1) 1 (14) 2 (1)

Post-op, prophylactic doses [n (%)] 2 (10) 8 (24) 28 (23) 1 (14) 39(21)

Pre-op, Therapeutic doses [n (%)] 1 (5) 1 (3) 0 (0) 0 (0) 2 (1)

Pre- and post-op, prophylactic doses [n (%)] 9 (43) 7 (21) 40 (32) 0 (0) 56 (30)

Post-op, therapeutic doses [n (%)] 3 (14) 2 (6) 19 (15) 1 (14) 25 (14)

Pre- and post-op, therapeutic doses [n (%)] 6 (29) 15 (45) 36 (29) 4 (57) 61 (33)

Total 21 33 124 7 185
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predictor of the development of MBE during perioperative

bridging with LMWH [odds ratio (OR) for MBE in high

versus low bleeding risk surgery = 4.5; 95 % confidence

interval (CI) 1.5–13.4]. The dose (therapeutic or prophy-

lactic) and the timing of administration (before, before and

after, or only after surgery) of LMWH were not significant

predictors of MBE in the model. Other variables in the

regression model, including age, sex, weight, renal func-

tion, pre-operative INR, concomitant treatment with an-

tiplatelet agents or non-steroidal anti-inflammatory agents,

or renal function were not significantly associated with the

development of MBE. In a further sensitivity analysis, the

dose of LMWH, expressed as total units or as units per

kilogram body weight, was not associated with the risk of

perioperative MBE (data not shown).

Since the recommended INR for patients requiring VKA

interruption for major procedures is\1.5 [14], the analysis

was adjusted to include only patients whose INR was\1.5

pre-operatively. Even when the analysis was limited to

patients with a pre-operative INR\ 1.5 (n = 99, 8 MBE in

total), the results of the adjusted analysis did not change,

with procedural bleeding risk being the only significant

predictor of major bleeding (OR 12.0, 95 % CI 1.4–108.8,

p value 0.02).

During the study period, a recommended standard pro-

tocol for bridging with LMWH existed at Karolinska

University Hospital. Altogether only 12 patients were

managed according to this protocol. No further statistical

analysis was done on this population due to its small size.

Thromboembolic events

There were no cardiac valvular, arterial, or venous

thromboembolic events registered during 30 days after the

invasive procedure/surgery in any of the patients.

Discussion

This retrospective real-life study investigated patients with

MHV, admitted to five different hospitals in the Stockholm

area. One hundred and seventeen of these patients under-

went 185 invasive procedures with warfarin interruption

and bridging with LMWH. There were 21 MBEs (11 % of

procedures) in this population, but no thromboembolic

complications. The major predictor for MBE was the

bleeding risk of the surgery. The dose and timing of

LMWH administration were not significantly associated

with the development of MBE. We had rather similar

numbers of patients bridged with prophylactic versus

therapeutic doses of LMWH. Despite prophylactic doses

trending to be more frequently used in high bleeding risk

surgery than in low bleeding risk procedures, the number of

bleeding complications were higher in the former group.

This was confirmed by the adjusted analysis, and our in-

terpretation is therefore that the dose of LMWH plays only

a minor role, if any, in this clinical setting. Furthermore,

even if patients with major bleeding had a higher (though

non-significant) INR preoperatively, this INR did not have

a significant impact on the risk of post-operative bleeding

in the adjusted analysis. The pre-operative median INR

values listed in Table 1 are those on the day of interven-

tion. At this point in time, VKA had already been inter-

rupted, and LMWH bridging had most likely already been

initiated in these patients.

While many studies [3, 8, 16] have found periprocedural

bridging with LMWH to be an effective means of pre-

venting thromboembolic events in patients with MHV,

several studies report significant bleeding events associated

with LMWH bridging [10, 12, 13]. Therefore, the benefit

of thromboembolism prevention must be weighed against

the increased risk of bleeding, and each patient needs to be

evaluated individually before selecting the best periproce-

dural anticoagulation regimen. A large randomized clinical

trial (BRIDGE, ClinicalTrials.gov NCT00786474) is in

fact currently evaluating whether bridging anticoagulation

in patients with atrial fibrillation causes more bleeding than

protects against cardioembolism. Some studies also suggest

that the incidence of hemorrhage increases with extended

duration of LMWH treatment, and that post-procedural

heparin use should be reserved for patients with the highest

thromboembolic risk (patients with mitral MHV, multiple

MHVs, prior stroke or atrial fibrillation) [4, 16]. In con-

trast, our results propose that the risk of bleeding is more

dependent on the type of procedure performed, rather than

on the regimen of LMWH bridging. A study by Beyer-

Westendorf et al. that investigated periprocedural bridging

with discontinuation of novel oral anticoagulants supported

this finding [17].

Fig. 1 Survival without major bleeding according to bleeding risk of

procedure
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There are several aspects of the study that support the

validity of the results obtained. First, this investigation was

a real-life study with a patient registry that included con-

secutive patients in a defined geographical area. This cre-

ates a more representative sample, reduces the risk of

selection bias, and increases the external validity of the

results. Second, the medical records of all patients were

scrutinized for LMWH regimen, INR and hemoglobin

level, type of invasive procedures, bleeding complications,

transfusion therapy, and thromboembolic events, which

enhances the reliability of the results obtained compared to

a registry study only. Third, the invasive procedures in-

cluded in this study varied greatly in their nature, resulting

in inclusion of most of the common surgical procedures.

This increases the generalizability of our results and further

strengthens the external validity of the study.

Several limitations of this study also need to be ac-

knowledged. First of all, the retrospective design of the

study may increase the risk of selection bias and an un-

balanced exposure of the various groups to different risk

factors. However, due to the inclusion of all patients from

the Stockholm area and the absence of any loss-to-follow-

up in our data, the risk of selection bias is diminished.

Furthermore, the use of adjusted analysis with regression

analysis minimises the impact of imbalance of risk factors

in the various groups. While we were able to include

consecutive patients in Stockholm in our registry, we rec-

ognize that there might have been patients that underwent

invasive procedures outside of Stockholm and were thus

unknown to us. This would mainly apply to emergency

procedures, which we anyhow excluded from our analysis.

Furthermore, patients may not have reported a minor

bleeding or thromboembolic event that occurred after the

discharge from the hospital, or they may have presented to

a hospital outside of our registry if they were visiting an-

other city at the time. As a result, our findings may un-

derestimate the risk of bleeding and thromboembolic

events. As well, our study did not evaluate a standard

protocol with weight-based doses of LMWH for bridging

therapy. Even though such a protocol existed, it was not

widely distributed or used. The responsible physician or

surgeon therefore managed each patient individually. Our

study did not include a control group, and therefore we

cannot compare our periprocedural bridging regimen with

other methods that do not employ bridging. Additional

studies, such as randomized clinical trials that compare one

bridging strategy with regimens that utilize alternative

doses of LMWH, other anticoagulants, or no periproce-

dural bridging, are thus needed to identify the optimal

management. Another limitation of the study is the large

number of surgical procedures that were included, making

it impossible to draw conclusions about any single one of

those. Finally, the number of patients is limited and we

may therefore have failed to identify some risk factors for

major bleeding.

We conclude that for patients with MHV on long-term

VKA receiving perioperative bridging with LMWH, the

major predictor for MBE is the bleeding risk of the surgery

itself. Other variables, including age, sex, weight, renal

function, pre-operative INR, concomitant treatment with

antiplatelet agents or NSAIDs, and dose and timing of

LMWH administration are not significantly associated with

the development of MBE in the population we analyzed.

Additional studies are needed to strengthen these results

and further investigate perioperative anticoagulation man-

agement in patients with MHV.
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