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A B STRA C T

K E Y W ORDS

Background: Perioperative bridging with low-molecularweight heparins (LMWH) is applied to minimise the
risk of thromboembolism (TE). Guidelines characterise
patients at risk and strategies to be followed. We assessed
guideline adherence in bridging episodes and identified
possible risk factors for bleeding in a retrospective cohort
study.
Methods: We searched the electronic patient data system
of the Maastricht anticoagulation service, the Netherlands.
We identified 181 patients on chronic anticoagulation who
underwent surgery (222 procedures) and were bridged
with LMWH. Guideline adherence was defined in terms
of the relation between TE risk and the dose of LMWH
administered, the bleeding risk of the procedure and the
duration of postprocedural administration of LMWH.
Logistic regression was used to identify risk factors for
bleeding.
Results: Of all low TE risk patients (n=102), 84.3% were
treated with therapeutic doses of LMWH. The median
duration of postprocedural LMWH administration was
eight days. The 30-day incidence of major bleeding
in the entire group (n=222) was 11.3%. Two patients
(0.90%) experienced a deep venous thrombosis.
Creatinine clearance ≤40 ml/min (odds ratio (OR)
5.03, 95% confidence interval (CI) 1.25 to 20.26) and
dental procedures (OR 3.32, 95% CI 1.22 to 9.04) were
independent predictors for total bleeding.
Conclusion: Guideline adherence was low, leading to
prolonged bridging procedures, excess treatment of
patients and high bleeding rates. The majority of patients
had a low thromboembolic risk profile or underwent
low-risk procedures. For patients with decreased creatinine
clearance, reduced doses of LMWH should be considered
to reduce bleeding risk.

Guideline adherence, bleeding, thrombosis, anticoagulants,
risk factors for bleeding

INTROD U C TION
Perioperative interruption of chronic anticoagulation
harbours the risk of thromboembolism (TE). To minimise
the risk of TE during the anticoagulant-free interval,
bridging therapy with low-molecular-weight heparins
(LMWH) is applied. This introduces the risk of bleeding.
Vitamin K antagonists (VKA) are administered to patients
at increased risk of a venous or arterial TE due to, for
instance, venous thromboembolism, atrial fibrillation,
mechanical heart valves, or stroke. According to current
guidelines, LMWH or unfractionated heparin (UFH) in
therapeutic dosages is the preferred anticoagulant for high
TE risk patients undergoing high bleeding risk surgery.
For patients with an intermediate TE risk profile two
options are available: therapeutic or prophylactic dosages
of LMWH. For patients at low TE risk again two options
are available: prophylactic dosages or interruption of VKA
without LMWH or UFH. In low bleeding risk procedures
VKA should not be interrupted. The perioperative
administration of UFH or LMWH as a part of bridging
therapy possibly leads to increased bleeding risk associated
with sometimes severe consequences such as intracranial
bleeding with major disability or even death as a result.1-4
Although guidelines characterise patients at risk and
advise on strategies to be followed, the application of
bridging therapy is often guideline discordant. Literature
reveals that a wide range of approaches to bridging
anticoagulation are in use, possibly due to unfamiliarity
with the current guidelines and the weak evidence on
which they are based.5,6 Evidence from randomised trials
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is lacking, probably because ethical issues might arise
during the design of such a study; available evidence is
therefore mainly based on observational studies. The
incidence of postoperative total bleeding ranges from
4.1 to 25% in populations subject to diverse bridging
regimes undergoing different surgical interventions. 4,7-9
The incidence of TE ranges from 0 to 2.6% in different
studies.3,4,10-13 Apart from improvement of adherence
to guidelines there is a need for defining patient and
procedure-related characteristics which might fine-tune
the bridging strategy and thereby decrease the incidence
of periprocedural bleeding and TE. Until now, renal
insufficiency,1,14 CHADS2 (a composite score of congestive
heart failure, hypertension, age, diabetes and stroke),8,9,13
mitral valve replacement, 4,15,16 thrombocytopenia, 8,16
LMWH administration within 24 hours after the
procedure,16,17 increasing age,7,13 and total duration of
periprocedural heparin use18 are the only consistent risk
factors for bleeding. Baseline INR in bridging groups is
not associated with postoperative bleeding in different
studies.7,19 It is still unclear if the application of bridging
therapy results in decreased TE risk when compared with
VKA cessation alone or VKA continuation without the
administration of LMWH.20
Our primary goal was to delineate the features of bridging
strategies applied in the region around Maastricht, the
Netherlands. We intended to assess guideline adherence
and to document the incidence of bridging-related bleeding
and TE. The secondary goal was to identify possible
risk factors for bleeding during bridging therapy, both
patient-related risk factors and risk factors associated with
the bridging strategy itself.

criteria were determined: 1) participants were bridged
as defined above and 2) were on chronic VKA treatment,
initiated more than three months ago. Participants, who
had 1) additional surgery within 30 days, 2) underwent
an emergency procedure, or 3) yielded inconsistent data,
(i.e. contradictory information was found in the different
databases) were excluded. We sought to report our study
according to the recommendations for reporting studies
in periprocedural antithrombotic and bridging therapy
issued by the ISTH.21
Guideline adherence
We determined guideline adherence of bridging episodes;
we ascertained the proportion of patients bridged
according to the ACCP guidelines for perioperative
management of antithrombotic therapy 2008.22 These
guidelines are officially adopted and propagated in the
MUMC+. For surgical bleeding risk classification we
made use of a two-tier distribution in our descriptive
analyses; dental procedures, (extraction of 1-3 teeth,
implant placement, surgical extraction of wisdom teeth,
surgical root canal treatment, incision of an abscess,
and dental hygiene treatment), cataract surgery, small
dermatological interventions, and all other procedures with
local anticoagulant options were considered low bleeding
risk procedures making it possible to continue VKA
treatment. All other procedures were qualified as high
bleeding risk procedures and therefore warranted bridging
anticoagulation according to ACCP guidelines, providing
elevated TE risk was established in the patient. Arterial
and venous TE risks were defined as low, intermediate, or
high. TE risk in general was defined as a composite score
of venous and arterial TE risk. A low, intermediate, or high
arterial/venous TE risk was defined as a low, intermediate,
or high composite risk respectively; in case of exposure to
both an arterial and venous risk the highest score on either
risk was expressed as the TE risk. The variable TE risk in
general was composed to be able to estimate the combined
effect of arterial and venous TE risk on the physician’s
decision to administer therapeutic doses of LMWH and on
bleeding risk in our univariable and multivariable analyses.
Guideline adherence was defined as low TE risk patients
receiving prophylactic doses of LMWH postprocedurally
and intermediate to high TE risk patients receiving
prophylactic or therapeutic doses postprocedurally. Patients
without prior surgical bleeding undergoing low-risk dental,
cataract, or dermatological procedures should not be
bridged; continuation of VKA is the preferred option, but
for patients who have experienced prior surgical bleeding,
bridging is indicated for these low-risk procedures. The
period of postoperative administration of LMWH should
not exceed seven days. We determined the proportion of all
patients on long-term acenocoumarol or phenprocoumon
therapy, treated within our institution, who received

M ET H ODS
Cohort
To determine guideline adherence and identify risk
factors for major and total bleeding, we retrospectively
searched the electronic patient data system of the
Maastricht anticoagulation service for the interval of
September 2010 until June 2012. This database contains
data of approximately 4200 patients in relation to VKA
therapy and bleeding complications. Additional medical
information for these patients was retrieved from the
patient database of the Maastricht University Medical
Centre (MUMC+). Institutional review board approval was
obtained (METC 11-4-140).
We identified 181 patients (222 procedures) on chronic
anticoagulation who received bridging therapy. A broad
definition of bridging therapy was used: any period
of periprocedural cessation of VKA including the day
of the intervention and administration of any dose of
periprocedural LMWH or UFH. The following inclusion
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postprocedural therapeutic doses of LMWH. In the
literature this proportion ranges from 22 to 85% and is
associated with major bleeding.6

models with both total bleeding and major bleeding as
outcomes, we selected the established risk factors age
(years),7,13 total duration of periprocedural heparin use
(days),18 and the variables associated in univariable analysis
(p<0.10) with total bleeding: dental procedures (yes/no), TE
risk (low, intermediate or high), and creatinine clearance
(ml/min). In the univariable and multivariable analyses
missing values were imputed; we opted for multiple
imputations. Besides the original dataset five additional
datasets were created using the Markov chain Monte Carlo
method. The results of these six datasets were pooled. To
assess the fitting of different models, Hosmer-Lemeshov
and model chi-square statistic tests were performed.
Risks are expressed as odds ratios (OR) and p-values for
linear trends are presented. A two-sided p-value <0.05 was
considered statistically significant. Data were analysed with
SPSS version 19.0.0.

Complications
We documented the incidence of perioperative total
bleeding, major bleeding and TE from three days prior
to until 30 days after the procedure. Major bleeding was
defined according to the criteria used by the Federation
of Dutch Thrombosis Services (FNT) as any bleeding
resulting in death, any intracranial bleeding, and any
bleeding that leads to transfusion of packed red cells
and/or treatment in a hospital or joint bleeds; all other
bleeding including haematomas is qualified as minor
bleeding. Thromboembolic complications are defined as
any objectively confirmed TE, and death caused by TE;
myocardial infarction and acute coronary syndrome were
excluded due to the difficulty of attributing these events to
cardioembolism in the perioperative setting.21

RES U LTS
Risk factors for bleeding
Primary outcomes were total and major bleeding. Due to
the low number of cases we were unable to identify patient
characteristics associated with the risk of TE. To assess
bleeding risk of the procedure we used, in addition to the
ACCP risk classification (low, high), the five-point scale as
proposed by Jaffer et al. ranging from minimal bleeding
risk (score 1) to critical risk (score 5).6 This five-point scale
was used in our univariable and multivariable analyses
as an independent variable. Creatinine clearance was
divided into three categories: >60, 41-60, and ≤40 ml/
min for reasons of an approximate equal distribution of the
obtained values among the categories. The postprocedural
restart time of LMWH was estimated and rounded
to 0.5 days (12 hours). The total duration of LMWH
administration was calculated taking into account the
intermediate period that the patient did not receive LMWH
including the day of the intervention.

We were unable to classify 12 participants (12 procedures)
in any TE risk category. According to the ACCP guidelines
these patients were not indicated for VKA use; conditions
such as thrombophilia without previous venous
thromboembolism (VTE) and cardiomyopathy are not
mentioned in the risk scheme.
Baseline characteristics
Baseline clinical characteristics are detailed in table 1.
The average age was 70.3 years (standard deviation (SD)
11.4) and 59.0% were male. Arterial TE risk was the
indication for VKA use in 190 patients (85.6%); low-risk
atrial fibrillation (AF) with CHADS2 scores 0-1 was the
most prevalent condition in 67/190 patients (35.3%). VTE
risk was present in 42 patients (18.9%); the most prevalent
condition was VTE more than six months ago: 32/42
(76.2%). Ten patients had both an arterial and venous
indication for VKA therapy. Creatinine clearance was
decreased (≤60 ml/min) in 62/222 (27.9%) of the patients
and in 62/126 (49.2%) of the measurements performed. In
96 (43.2%) patients no periprocedural creatinine clearance
was determined.

Statistical analysis
Descriptive statistics were used to determine patient
and procedure characteristics. Continuous variables are
reported as means, their standard deviations (SD), and
median values; categorical data are presented as counts
and percentages. To assess whether the bleeding risk of the
intervention (score 1-5), TE risk (low, intermediate, or high),
creatinine clearance (ml/min), or age (years) influenced
the physician’s decision to administer therapeutic dosages
of LMWH postprocedurally, univariable and multivariable
logistic regression were performed with therapeutic dosage
of postprocedural LMWH as the outcome.
In order to identify risk factors for total and major
bleeding, first univariable and subsequently multivariable
logistic regression was applied. For our multivariable

Procedure characteristics
Procedure characteristics are detailed in table 1; 222
procedures were performed in 181 patients. In 62 (27.9%)
of all cases, bridging therapy was applied for a procedure
for which bridging was not indicated; all were low-risk
dental, cataract, or dermatological interventions. A variety
of inpatient and outpatient procedures were performed:
dental procedures, gastroscopies, and colonoscopies were
the most prevalent interventions (table 2). The majority
(143, 64.4%) of all procedures were classified as minimal
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Table 1. Baseline and procedure characteristics,
anticoagulation and complications
Baseline characteristics
Men
Age (years)
Arterial TE risk (n=190) High
Intermediate
Low
Not mentioned in
ACCP/CBO guidelines
Venous TE risk (n=42) High
Intermediate
Low
Creatinine clearance
>60 ml/min
(n=222)
41-60 ml/min
≤40 ml/min
No measurement
performed
Procedure characteristics
Bleeding risk proceHigh
dures ACCP (n=222)
High bleeding risk
procedure
Bleeding previous
surgery
Low
Low bleeding risk
procedure
Bleeding risk 5-point
Score 1
scale (n=222)
Score 2
Score 3
Score 4
Score 5
Anticoagulation characteristics
VKA (n=222)
Acenocoumarol
Phenprocoumon
Vitamin K
Acenocoumarol
preprocedural (n=6)
Phenprocoumon
LMWH postprocedural Prophylactic
(n=222)
Therapeutic
Stop time VKA (days) Acenocoumarol
Phenprocoumon

Restart time VKA
postprocedural (days)

Acenocoumarol
Phenprocoumon

Start time LMWH pre- Acenocoumarol
procedural (days)
Phenprocoumon

Stop time LMWH preprocedural (days)

Acenocoumarol
Phenprocoumon

Restart time LMWH
Acenocoumarol
postprocedural (hours) Phenprocoumon

Anticoagulation characteristics
Stop time LMWH
Acenocoumarol
postprocedural (days) Phenprocoumon

131 (59.0%)
70.3±11.4
42 (27.4%)
56 (29.5%)
80 (42.1%)
12 (6.3%)

Total duration LMWH
(days)

Acenocoumarol
Phenprocoumon

INR day intervention

Acenocoumarol
Phenprocoumon
Acenocoumarol
Phenprocoumon

Time INR>2 (days)

9 (21.4%)
1 (2.4%)
32 (76.2%)
64 (28.8%)

9.6±6.0
Median: 8.0
13.9±11.9
Median: 10.0
11.2±6.2
Median: 8.5
17.6±13.8
Median: 13.0
1.1±0.1
1.2±0.2
8.7±6.9
Median: 7.0
11.8±10.5
Median: 8.0

Low TE risk and postprocedural LMWH dosage
Low TE risk (n=102)
16 (15.7%)
and prophylactic dose
Low TE risk (n=102)
86 (84.3%)
and therapeutic dose

42 (18.9%)
20 (9.0%)
96 (43.2%)

Complications
Bleeding (n=44)

160 (72.1%)
TE (n=2)

157 (70.7%)

Transfusion
Hospital treatment
Minor

4 (1.8%)
21 (9.5%)
19 (8.6%)
2 (0.9%)

ACCP = American College of Chest Physicians; AF = atrial fibrillation; CBO = Centraal BegeleidingsOrgaan voor de intercollegiale
toetsing; CHADS2 = congestive heart failure, hypertension, age,
diabetes and stroke(2); INR = international normalised ratio; LMWH
= low-molecular-weight heparin; MHV = mechanical heart valve; TE
= thromboembolism; VKA = vitamin K antagonist; VTE = venous
thromboembolism.

3 (1.4%)
62 (27.9%)
62 (27.9%)
143 (64.4%)
33 (14.9%)
39 (17.6%)
7 (3.2%)
0 (0.0%)

bleeding risk procedures according to the Jaffer scale (score
1); no procedures were classified as critical risk (score 5),
and only seven (3.2%) procedures were assessed as major
bleeding risk (score 4). Of the participants, 17 underwent
two procedures, seven participants underwent three, and
two participants underwent four procedures.

200 (90.1%)
22 (9.9%)
0 (0.0%)
6 (100%)
23 (10.4%)

Anticoagulation
Anticoagulation characteristics are detailed in table 1.
The majority of the patients used acenocoumarol as oral
anticoagulant: 200 (90.1 %), the remaining 22 (9.9%)
used phenprocoumon. The median preoperative stop time
of VKA was day -3 (mean -3.4, SD 1.6) and day -5 (mean
-5.3, SD 3.6) for acenocoumarol and phenprocoumon,
respectively. Vitamin K was used to reverse anticoagulation
only in six patients (2.7%); all used phenprocoumon, a
VKA with a relatively long half-life of 120-200 hours.
Acenocoumarol was resumed after a median of 0 days
(mean 1.4, SD 1.6); phenprocoumon was resumed after
a median of 0 days (mean 2.1, SD 8.0). LMWH was
used as bridging agent of first choice in all patients.
The proportion of patients at low TE risk (n=102) treated
with therapeutic doses of LMWH postprocedurally was
84.3% (n=86). We also explored periprocedural timing of
LMWH administration; LMWH therapy was initiated at

199 (89.6%)
-3.4±1.6
Median: -3.0
-5.3±3.6
Median: -5.0
1.4±3.3
Median: 0.0
2.1±8.0
Median: 0.0
-3.2±1.7
Median: -3.0
-6.3±5.1
Median: -4.0
-0.9±0.5
Median: -1.0
-1.3±0.6
Median: -1.0
19.3±9.9
Median: 24.0
19.3±9.5
Median: 12.0
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Table 2. Procedures performed (n=222)
Gastrointestinal
Endoscopy colon/duodenum with or without
biopsy
Cholecystectomy
Abdominal surgery
Haemorrhoids
Colon polyp removal
Orthopaedic
Total hip arthroplasty
Total knee arthroplasty
Intra-articular injections
Elbow/foot/shoulder surgery
Other

a median of 3 days (mean 3.2, SD 1.7) and a median of 4
days (mean 6.3, SD 5.1) before and stopped a median of 1
(mean 0.9, SD 0.5 and mean 1.3, SD 0.6) day prior to the
planned procedure in acenocoumarol and phenprocoumon
users, respectively. The median time of postoperative
restart of LMWH therapy was 24 hours (mean 19.3, SD
9.9) and 12 hours (mean 19.3, SD 9.5) in acenocoumarol
and phenprocoumon users, respectively. The median
duration of postoperative LMWH administration was 8
days (mean 11.2, SD 6.2) and 13 days (mean: 17.6, SD 13.8)
in acenocoumarol and phenprocoumon users, respectively.
Of all patients undergoing bridging therapy, 199 (89.6%)
were treated with therapeutic dosages of LMWH after the
procedure.
Univariable logistic regression with postprocedural
therapeutic dosage of LMWH as the outcome resulted in
non-significant effects for all variables. No proof was found
that the prescribing physician’s decision to administer
therapeutic dosages of LMWHs was influenced by age,
TE risk, surgical bleeding risk, or creatinine clearance.
Patients at high TE risk compared with low-risk patients
had a non-significant higher risk of exposure to therapeutic
doses (OR 4.22, 95% CI 0.93 to 19.24), p for linear
trend=0.06. Patients with a creatinine clearance within
the range of 41-60 ml/min compared with a clearance
>60 ml/min had a non-significant lower risk of exposure
to therapeutic doses (OR 0.43, 95% CI 0.10 to 1.82), p for
linear trend=0.88. A high bleeding risk procedure (score
4) on the Jaffer scale compared with a procedure score of
1 resulted in a non-significant decreased risk of exposure
to therapeutic doses of LMWH (OR 0.24, 95% CI 0.04
to 1.36), p for linear trend=0.11. Multivariable analyses
including the aforementioned variables resulted in overall
non-significant results. Patients at high TE risk compared
with low risk had a borderline non-significant higher risk
of exposure to therapeutic dosages after their intervention
(OR 4.96, 95% CI 0.97 to 25.26), p for linear trend=0.05.
Patients with a creatinine clearance within the range of
41-60 ml/min compared with clearance >60 ml/min had a
non-significant lower risk of exposure to therapeutic doses
(OR 0.38, 95% CI 0.08 to 1.81), p for trend=0.73. Finally,
a bleeding risk score 4 compared with score 1 resulted in
a non-significant decreased risk (OR 0.27, 95% CI 0.04 to
1.86), p for linear trend=0.23. The goodness of fit of the
model was assessed, resulting in a p-value of 0.77 on the
Hosmer-Lemeshov test and the model chi-square statistic
resulted in a p-value of 0.75.

26
2
7
3
1
5
4
3
3
8

Urology
Prostate biopsy
TUR prostate
Bladder cancer surgery
Brachytherapy
Kidney scope procedure
Cystoscopy with or without biopsy
Other

7
4
3
2
5
2
7

Dental
Extractions
Implants
Dental hygiene treatment

37
10
1

Neurosurgical
Surgery for spinal disc herniation
Lumbar puncture

5
1

Vascular
Varices
Angioplasty/stent placement
Bypass surgery

2
2
1

Plastic
Hand surgery
Dermatological procedure
Entropion surgery
Other

6
8
3
3

Interventional radiology
Heart biopsy
Cardiac catheterisation
Other

2
9
2

Other
ENT surgery
Neurolysis
Cataract
Umbilical or inguinal hernia
Breast cancer
Breast biopsy
Bronchoscopy with or without biopsy
Other

2
11
2
4
4
6
4
5

Complications
The 30-day incidence of total bleeding in the entire group
of procedures performed was 44 (19.8%), the incidence
of major bleeding 25 (11.3%); there were no deaths, no
intracranial bleeding, four patients required a transfusion,

ENT = ear, nose and throat; TUR = transurethral resection of the
prostate.
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and 21 had to be treated in a hospital due to postoperative
bleeding. Two patients (0.9%) experienced a deep venous
thrombosis and recovered (table 1).

found high rates of total and major bleeding.6,9,23,24 We were
unable to find an association of this observed aggressive
treatment with anticoagulants and the high bleeding rates,
possibly due a lack of contrast in our population. Studies
performed by Jaffer et al. and Robinson et al. identified
postprocedural therapeutic doses of LMWH as a risk
factor for bleeding.6,11 In general, bridging therapy exposes
the patient to additional risks, also including a risk of
heparin-induced thrombocytopenia (HIT).25 Interventions
for which no bridging anticoagulation is indicated and
VKA administration can simply be continued represented
27.9% of the total number of procedures performed in
our cohort; a fairly high proportion. Possibly due to the
fact that the majority of the participants were outpatients,
the period of exposure to LMWH was much longer than
necessary according to the ACCP guidelines; in outpatients
rigidly performed INR testing is often not feasible.26
Furthermore, due to a change in the anticoagulant regime
in the outpatient setting the patient’s compliance might be
at risk; this might introduce an additional risk factor for
bleeding or TE. Another possible explanation for prolonged
LMWH administration might be the use of too low restart
doses of VKA (i.e. the maintenance dose) instead of 1.5 to 2
times higher doses of acenocoumarol and phenprocoumon
as advised in guidelines issued by the FNT.27 Overall TE
incidence was low and in concordance with some other
studies;6,9,23,24 no arterial TE occurred. We conclude that
individual clinicians often do not act according to the
current bridging guidelines; in the observed cohort the
decision to administer therapeutic dosages of LMWH
was not or barely influenced by surgical bleeding risk, TE
risk, or renal insufficiency. Krahn et al. and Skolarus et al.
report similar findings;5,28 Gerson et al. on the other hand
concluded that most people receiving bridging therapy
were managed according to current society guidelines.29
Possible explanations for non-adherence are the lack of
familiarity with these guidelines, lack of awareness of the
significance of consistent bridging practices, disagreement
with the guidelines, and resistance to change.30 It is also
conceivable that physicians tend to over-treat patients
because the threat of a TE is considered more severe than
the threat of bleeding.5
Renal insufficiency appeared an independent predictor for
total bleeding. Other studies support this finding;1,14 the
clearance of LMWH is primarily renal, the plasma half-life
increases in patients with renal failure and dose reduction
is advised in these patients following the Cockroft-Gault
formula.8,31 As far as we know only one study performed
by Hammerstingl reported high TE risk as a risk factor for
perioperative bleeding.8 Possibly confounding biased this
finding since in our analysis increasing TE risk was only
found to be a risk factor for total bleeding in univariable
analyses. An unexpected, novel finding is that dental

Risk factors for bleeding
Univariable logistic regression analysis revealed high
versus low TE risk (OR 2.59, 95% CI 1.11 to 6.04), p for
linear trend=0.03 and dental procedures (OR 2.98, 95%
CI 1.45 to 6.13) as risk factors for total bleeding; all other
results are non-significant. Creatinine clearance ≤40
versus >60 ml/min and intermediate versus low TE risk
resulted in non-significant elevated risks: OR 2.35, 95%
(CI 0.93 to 5.90), p for linear trend=0.07 and OR 1.83,
95% CI 0.77 to 4.33, respectively. To minimise the risk
of reversed causality we excluded 18 cases in which VKA
were stopped and LMWH administration due to total
bleeding was prolonged; the initial significantly increased
risk caused by the total duration of LMWH administration
(result not shown) disappeared: (OR 0.94, 95% CI 0.86
to 1.03). After exclusion of the aforementioned 18 cases,
dental procedures (OR 3.32, 95% CI 1.22 to 9.04) and
creatinine clearance ≤40 versus >60 ml/min (OR 5.03,
95% CI 1.25 to 20.26), p for linear trend=0.02 were
identified as independent predictors of total bleeding
in a model completed with the variables age, duration
of periprocedural use of LMWH, and TE risk. The
Hosmer-Lemeshov test resulted in a p-value of 0.47 and
the model chi-square statistic yielded a significant result:
p=0.01.
Finally, we explored major bleeding. Univariable logistic
regression revealed intermediate versus low TE risk as
a risk factor (OR 3.40, 95% CI 1.17 to 9.93), p for linear
trend=0.11. No further risk factors were identified. Our
dataset contained only three high TE risk patients due to
mitral valve replacements of which one experienced major
bleeding; hospital treatment was necessary (OR 4.06, 95%
CI 0.36 to 46.50). In multivariable analysis, using the same
model, we again excluded the aforementioned 18 cases
to avoid differential misclassification and no significant
risk factors were identified. The model as a whole scored
a p-value of 0.83 on the Hosmer-Lemeshov test with a
p-value of 0.50 on the model chi-square statistic.

DIS C U SSION
In our study we found that guideline adherence in bridging
therapy in the region around Maastricht, the Netherlands
is not optimal. The most striking finding is that 84.3%
of all low TE risk patients were bridged with therapeutic
doses of LMWH. Low TE risk does not warrant bridging
therapy and certainly not with therapeutic doses of
LMWH.22 Furthermore, compared with other studies, we
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treatment inflicts a very high bleeding risk on patients.
Most dental treatments do not warrant bridging therapy;
instead, VKA continuation in combination with the oral
administration of antifibrinolytic agents such as tranexamic
acid is advised.22 Several studies report that restarting
LMWH in close proximity to the intervention might induce
bleeding.16,17 Our study does not support these findings; the
observed high rate (28.8%) of missing values concerning
this variable might have diluted this effect.
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