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Background: Whether the benefits of early prophylactic anticoagulation by low molecular weight heparin
(LMWH) would outweigh its possible harms in patients after minimally invasive cardiac surgery (MICS)
remains contentious. The aims of this study were to define the incidence of venous thromboembolism (VTE)
and to assess whether early prophylactic anticoagulation by LMWH postoperatively was indeed effective in
reducing VTE without increasing risk of complications after MICS.

Methods: This investigation was a single-center, retrospective, propensity score-matched analysis study.
A total of 473 patients underwent MICS, of whom 257 received prophylactic anticoagulation with LMWH
(LMWH group) in the early postoperative period and 216 were not treated with LMWH (Control group).
The main outcome measurements included the incidence of embolism events and major bleeding events,
the volume of erythrocyte transfusion, the volume of drainage and the duration of drainage after MICS.
In addition, the incidence of poor wound healing, the mechanical ventilation time, ICU stay time and
postoperative hospitalization time were also documented.

Results: There were fewer embolic events (P=1.000) and a higher rate of major bleeding events (P=0.008)
in the LMWH group than the Control group, and their magnitude and significance were maintained in the
propensity matched analysis. In the matched cohorts, there was no significant difference in the total volume
of red blood cell transfusion (P=0.552), assisted mechanical ventilation time (P=0.542), and the ICU stay
time (P=0.166) between the two groups; while the volume of drainage (P<0.001) and the duration of drainage
(P<0.001) in the LMWH group were significantly more than the Control group, and the incidence of poor
wound healing (P=0.009) and the postoperative hospitalization time (P<0.001) were significantly increased in
the LMWH group.

Conclusions: Early prophylactic anticoagulation with LMWH could not reduce the incidence of
embolism events after MICS. Instead, it might increase postoperative major bleeding events and prolong

drainage tube indwelling time and the length of hospital stay.
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Introduction

Heart valve disease remains a significant contributor to
cardiac morbidity and mortality (1). Surgical correction with
either repair or replacement is recommended for patients
with low risk for surgery (2). In recent years, minimally
invasive cardiac surgery (MICS) has evolved significantly
in major cardiac centers worldwide, which has potential
advantages such as less blood loss, lower complication
rates, faster recovery and better cosmetic results (3-5). One
of the most characteristic technical strategies in MICS
is to establish extracorporeal circulation via peripheral
arterial-venous cannulation. In the absence of significant
aortoiliac disease, femoral arterial and venous cannulation
is the preferred choice of many cardiac surgeons for
MICS procedures (6). It offers convenience and maximal
utilization of space provided by using smaller incisions (7).
However, incision or percutaneous femoral vein cannulation
may cause venous endothelial injury and abnormal blood
stasis. According to Virchow’s triad (8), endothelial injury
and abnormal blood stasis are initiating factors of deep
venous thrombosis (DV'T). In addition, some other factors
may increase the risk of DV'T in patients underwent cardiac
surgery including older age, postoperative complications,
prolonged preoperative hospitalization or postoperative
recovery (9), and so on. However, the occurrence of
venous thromboembolism (VTE) after cardiac surgery
cannot be prevented by intraoperative anticoagulation
(10,11), especially for MICS via peripheral arterial-venous
cannulation.

The practice of early pharmacological VTE
prophylaxis after cardiac surgery is controversial (12).
Some recommended prophylactic anticoagulation should
commence on the first postoperative day (13), while others
suggested prescribing low molecular weight heparin
(LMWH) or low-dose unfractionated heparin to prolonged
hospitalization patients with non-bleeding complications,
due to the evidence-based clinical practice guidelines on
antithrombotic therapy and prevention of thrombosis,
that classified most patients undergoing cardiac surgery as
being at moderate risk for VIT'E and at high risk for major
bleeding complications (14), which may increase the risk of
massive bleeding and pericardial tamponade (15).
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LMWH is a heparin fragment with a low molecular
weight (average molecular weight of 4,000-6,000 D)
degraded from unfractionated heparin, which is widely
recommended for prevention and treatment of pulmonary
embolism (PE) as well as DVT and recurrence (16,17),
due to its better bioavailability, more easily absorbed
by subcutaneous injection, longer half-life, less adverse
reactions, and better predictability of clinical effects (18,19).

However, there are only few studies revealed whether the
benefits of early postoperative prophylactic anticoagulation
with LMWH outweighed the potential harms for patients
undergoing MICS. This study aimed to define the incidence
of VTE including DVT and PE, and to assess whether early
prophylactic anticoagulation with LMWH postoperatively
increased risk of complications after MICS.

Methods
Patient selection and data collection

The study was a retrospective cohort study. Data of
patients underwent MICS between January 2012 and
December 2016 at Department of Cardiothoracic Surgery,
Changzheng Hospital, Second Military Medical University
were collected. The study protocol was approved by
Committee on Ethic of Biomedicine Research, Second
Military Medical University (No. 2011SL.037), and met
the ethical and legal requirements. All subjects have signed
informed consent for surgery, perioperative therapy and
related medical research. MICS patients with complete
medical records were enrolled. Patients with infective
endocarditis, a history of severe coagulopathy, active
bleeding after surgery and bleeding-prone organ damage
were excluded. Detailed medical information of enrolled
patients was obtained from our hospital database. Among
473 enrolled patients, 257 patients (54.3%) received
LMWH (LMWH group) in the early postoperative period
and the rest were not treated with LMWH (Control group).

Definition

Preoperative comorbidities were defined according to the
Euro SCORE risk stratification model (20). Postoperative
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DVT referred to a new blood clot or thrombus that occurs
postoperatively in the venous system, and the diagnosis was
based on highly suspicious clinical presentations and was
identified by Doppler ultrasonography. The diagnosis of
postoperative PE was based on highly suspicious clinical
presentations and was identified by chest computed
tomography. Major bleeding event was defined as any of the
following: proved fatal bleeding, intracranial hemorrhage
(based on highly suspicious clinical presentations and
identified by cerebral computed tomography or magnetic
resonance scan), bleeding requiring an intervention
(hemopericardium requiring re-exploration or catheter
drainage, hemothorax requiring thoracotomy or chest tube,
gastrointestinal bleeding requiring surgery or endoscopic
treatment, wound bleeding requiring reoperation). The
volume of red blood cell transfusion and the volume of
drainage were respectively defined as the total volume of
red blood cell transfusion, pericardial drainage and pleural
drainage from the 6 hours after surgery. Postoperative
drainage tube indwelling time referred to the time between
drainage tube insertion and extubation. Impaired wound
healing referred to wound infection or subcutaneous fat
liquefaction requiring non-pharmacological intervention.

Anestbesia, operation and postoperative management

Superior partial median sternotomy or right anterior mini-
thoracotomy incision was performed in isolated aortic
valve replacement; right anterolateral mini-thoracotomy or
inferior partial median sternotomy incision was applied in
isolated mitral valve repair/replacement, isolated tricuspid
valve repair, or mitral valve repair/replacement concomitant
with tricuspid valve repair. Choices of surgical approach
were decided by the surgeons. Systemic heparinization
was performed according to adjusted calculation model of
heparin doses as described previously (21). Extracorporeal
circulation was established via femoral arterial-venous
cannulation. Myocardial protection was performed by
aortic root antegrade perfusion and/or coronary sinus
retrograde perfusion. One milligram of protamine was used
to neutralize 100U of heparin at the end of extracorporeal
circulation, and was added according to activated clotting
time. All patients in the LMWH group received a
subcutaneous injection of 40 mg of enoxaparin (Clexane,
SANOFI WINTHROP INDUSTRIE, France) once daily,
the initial dose of which was generally administered 6 hours
postoperatively. Warfarin anticoagulation was initiated
after removal of the chest tube in patients undergoing
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valve replacement surgery. For patients receiving warfarin,
enoxaparin was continued to be applied until meeting
international normalized ratio target value. For patients
who did not receive warfarin, enoxaparin was applied up to
the start of ambulation. Postoperative transfusion triggers
were hemoglobin <7 g/dL and/or hematocrit <28%. The
chest tube could be removed as the 24-hour total drainage
volume was less than 150 mL.

Statistical analysis

All continuous variables were expressed as mean = standard
deviation and count variables were expressed as frequency
(percentage). Pearson’s Chi-square or Fisher’s exact Chi-
square tests were used to compare count variables between
the two groups. Unpaired Student’s # test was used for
normally distributed continuous variables and Mann-
Whitney U test was used for non-normally distributed
continuous variables. All tests were two-tailed. A P value
<0.05 was considered statistically significant.

Propensity-score matching (PSM) was used to compare
matched study cohorts between the LMWH group and the
control group in order to reduce the impact of selection
bias and potential confounders (22). A multivariate logistic
regression analysis was used to determine the propensity
of MICS patients’ postoperative LMWH application.
Propensity score representing the likelihood of receiving
LMWH treatment was calculated by the logistic equation.
A 1:1 nearest neighbor matching (with a caliper width of
0.2) was used to generate study cohorts with equal sample
sizes. Statistical analysis was performed on IBM SPSS
Statistics, version 22.0 (SPSS, Inc., Armonk, NY, USA) and
R statistical software, version 2.15.1 (The R Foundation:
http://www.R-project.org).

Results

In the matched cohorts, no significant covariate difference
was found between the two groups (Table 1).

Before PSM, there were fewer embolic events in the
LMWH group, though the difference was not statistically
significant (0.4% vs. 1.4%, P=1.000). There were only 1
embolic event (DVT) in the LMWH group and 3 embolic
events (1 shock and 2 DVT) in the Control group. There
was a significant higher rate of major bleeding events in
the LMWH group than in the Control group (16.0% vs.
7.9%, P=0.008). There were 41 major bleeding events (14
hemopericardium and 27 hemothorax) in the LMWH
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Table 1 Patient characteristics before and after propensity score matching
Before matching After matching
Variable
LMWH (n=257) Control (n=216) P value LMWH (n=110) Control (n=110) P value

Age (y) 43.4+15.1 53.0+13.8 0.010 51.5+13.0 52.4+14.3 0.823
Male sex 191 (74.3) 107 (49.5) <0.001 79 (71.8) 77 (70.0) 0.767
Weight (kg) 59.2+9.5 57.1+8.2 0.222 57.2+9.1 56.6+6.8 0.778
Height (cm) 163.8+6.8 164.1+6.4 0.831 162.8+6.8 163.5+6.2 0.683
BMI (kg/m?) 22.0+2.7 21.2+2.5 0.101 21.5+2.6 21.1£2.2 0.597
Smoking 113 (44.0) 98 (45.4) 0.760 54 (49.1) 58 (52.7) 0.590
Alcohol drinking 93 (36.2) 89 (41.2) 0.264 46 (41.8) 42 (38.2) 0.582
Major surgery 62 (24.1) 36 (16.7) 0.046 24 (21.8) 24 (21.8) 1
Hypertension 49 (19.1) 70 (32.4) 0.001 23 (20.9) 20 (18.2) 0.610
Diabetes mellitus 32 (12.5) 69 (31.9) <0.001 13 (11.8) 16 (14.5) 0.550
COPD 30 (11.7) 41 (19.0) 0.027 12 (10.9) 9(8.2) 0.491
Atrial fibrillation 199 (77.4) 178 (82.4) 0.180 89 (80.9) 93 (84.5) 0.476
Functional class by NYHA 0.297 0.718

I 33 (12.8) 35 (16.2) 10 (9.1) 8(7.3)

Il 98 (38.1) 89 (41.2) 30 (27.3) 24 (21.8)

1] 103 (40.1) 69 (31.9) 59 (53.6) 65 (59.1)

\% 23 (9.0) 23 (10.6) 11 (10.0) 13 (11.8)
LVEF (%) 62.8+7.4 62.8+6.6 0.967 63.0+7.9 63.8+6.4 0.685
EuroSCORE Il (%) 1.9+1.4 1.5+1.1 0.097 1.6+1.0 1.6+1.3 0.947
Surgical access 0.783 0.351

Superior partial median sternotomy 57 (22.2) 49 (22.7) 42 (38.2) 32 (29.1)

Inferior partial median sternotomy 17 (6.6) 11 (6.1) 7 (6.4) 9(8.2)

Right anterolateral mini-thoracotomy 183 (71.2) 156 (72.2) 61 (65.5) 69 (62.7)
Mechanical vale implantation 106 (41.2) 85 (39.4) 0.676 47 (42.7) 43 (39.1) 0.583
CPB (min) 163.4+68.2 139.6+98.8 0.126 141.8+63.5 124.5+49.2 0.260
Postoperative APTT (s) 34.1+10.7 30.3+5.0 0.030 31.7+4.7 31.2+5.7 0.725
Postoperative PT (s) 13.3+1.6 13.0+£2.2 0.284 13.0£1.5 13.4+£2.6 0.435
Postoperative TT (s) 22.1+10.9 19.5+2.1 0.118 19.4+2.7 19.9+2.4 0.458
Postoperative PLT (x10° 132.1+78.7 130.1+61.8 0.883 134.0+36.1 133.0+45.9 0.928
Postoperative RBC (x10'%) 3.2:0.4 3.4+0.5 0.097 2.9+0.2 2.8+0.2 0.416
Postoperative HB (g/L) 98.4+13.2 102.9+13.2 0.075 92.1+8.5 91.9+9.2 0.928
Postoperative Hct (%) 28.1+3.6 29.7+3.9 0.027 26.2+2.0 26.7+1.5 0.350

In the matched cohorts, no significant covariate difference was found between the two groups. BMI, body mass index; COPD, chronic
obstructive pulmonary disease; NYHA, New York Heart Association; LVEF, left ventricular ejection fractions; EuroSCORE II, European
system for cardiac operative risk evaluation Il; CPB, cardiopulmonary bypass; APTT, activated partial thromboplastin time; PT, prothrombin
time; TT, thrombin time; PLT, platelet counts; RBC, red blood cell counts; HB, hemoglobin; Hct, hematocrit.
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group and 17 major bleeding events (5 hemopericardium
and 12 hemothorax) in the Control group (Table 2).

After matching, no embolism event was observed in either
group, while there was a significant higher rate of major
bleeding events in the LMWH group than in the Control
group (14.5% vs. 5.5%, P=0.025). There were 16 major

Table 2 Embolism events and major bleeding events before
propensity score matching

Variable LMWH (n=257) Control (n=216) P value
Embolic events (%) 1(0.4) 3(1.4) 1.000
DVT 1 1
Shock 0 2
Major bleeding events (%) 41 (16.0) 17 (7.9) 0.008
Hemopericardium 14 5
Hemothorax 27 12

Before PSM, there were fewer embolic events in both groups
though the difference was not statistically significant, and
there was a significant higher rate of major bleeding events in
the LMWH group than in the Control group. DVT, deep vein
thrombosis.

Table 3 Short term outcome after propensity score matching

bleeding events (7 hemopericardium and 9 hemothorax)
in the LMWH group and 6 major bleeding events
(2 hemopericardium and 4 hemothorax) in the Control
group. There was no significant difference in the total
volume of red blood cell transfusion between the two groups
(400.9£295.7 vs. 378.2£270.0 mL, P=0.552). Postoperative
drainage tube indwelling time in LMWH group was
significantly longer than that in Control group (3.9+1.0
vs. 2.5+0.6 days, P<0.001). Postoperative total volume of
drainage was significantly increasing in the LMWH group
(680.2+89.8 vs. 302.5+£79.9 mL, P<0.001). There was no
significant difference in assisted mechanical ventilation time
(8.7+4.8 vs. 8.4£3.5 hours, P=0.542) and ICU stay time
(2.4+1.0 vs. 2.2+0.9 days, P=0.166) between the two groups.
However, the hospital stay time of the LMWH group was
significantly longer (9.5+1.8 vs. 7.0+1.6 days, P<0.001). The
LMWH group also had significantly higher incidence of
impaired wound healing (16.4% vs. 5.5%, P=0.009) (Table 3).

Discussion

MICS surgery represents technical innovations within the
field of cardiac surgery (23). Peripheral cardiopulmonary

Variable LMWH (n=110) Control (n=110) P value
Postoperative transfusion of red blood cell (mL) 400.9+295.7 378.2+270.0 0.552
Duration of chest tube placement (days) 3.9+1.0 2.5+0.6 <0.001
The total volume of postoperative drainage (mL) 680.2+89.8 302.5+79.9 <0.001
Ventilation time (hours) 8.7+4.8 8.4+3.5 0.542
Intensive care unit stay (days) 2.4+1.0 2.2+0.9 0.166
Postoperative hospital stay (days) 9.5+1.8 7.0£1.6 <0.001
Embolic events 0 0 N/A
DVT 0 0
Shock 0 0
Major bleeding events (%) 16 (14.5) 6 (5.5) 0.025
Hemopericardium 7 2
Hemothorax 9 4
Poor wound healing (%) 18 (16.4) 6 (5.5) 0.009

After matching, no embolism event was observed in either group, while there was a significant higher rate of major bleeding events in the
LMWH group than in the Control group. Postoperative drainage tube indwelling time in LMWH group was significantly longer than that in
Control group. Postoperative total volume of drainage was significantly increasing in the LMWH group. The postoperative hospital stay
time of the LMWH group was significantly longer. The LMWH group had significantly higher incidence of impaired wound healing. DVT,

deep vein thrombosis.

© Journal of Thoracic Disease. All rights reserved.
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bypass with femoral cannulation is currently the most
commonly used method in MICS (24). Although it offers
many advantages over conventional surgery (3-5), there
are few studies reporting the complications associate with
these procedures (25), there were no study research whether
it would increase the risk of VTE and there has been no
consensus about whether to apply with LMWH for early
prophylactic anticoagulation among MICS patients (9). To
our knowledge, this is the first report using retrospective
PSM cohorts to assess the benefits and possible harms of
early prophylactic LMWH postoperatively in patients
underwent MICS.

Aziz and colleague report incidence of DVT after cardiac
surgery was 2.07% (10). Our research results are no higher
than theirs, which may mean that MICS is not a risk factor
for venous thromboembolism. There is evidence that a
prothrombotic state is common after cardiac surgery (26).
According to the European Association for Cardiothoracic
Surgery guidelines, prophylactic anti-coagulation for VTE
should be commenced from the first postoperative day (13).
LMWH seems to offer effective and stable anticoagulation
and has been used in observational series (27-30). This
study demonstrated that early prophylactic anticoagulation
with LMWH did not significantly reduce the incidence of
embolism events, while increased the incidence of bleeding
events. The early postoperative use of LMWH increased
the total volume of drainage, thereby delaying the removal
of chest tube, and early postoperative use of LMWH did
not benefit MICS patients at clinical endpoints, even if most
patients were at high risk of thrombosis [Caprini Score (31)
greater than 5 points]. The injury of venous endothelial
during MICS did not increase the incidence of DVT, we
assumed it had been compensated by early ambulant after
MICS although many patients had a high Caprini Score.
In addition, some researches showed that the Chinese
population had lower risk of thrombotic events but higher
risk of bleeding events compared with western populations
(32-34). Our findings revealed that early use of LMWH for
anticoagulation might increase the total volume of drainage
and chest tube indwelling time.

Moreover, early use of LMWH for anticoagulation
might increase the incidence of pericardial effusion and
pleural effusion, comparing to control group, the incidence
of delayed postoperative hemopericardium and hemothorax
is significantly higher in LMWH group, which might
lead to longer hospitalization. Besides, higher incidence
of impaired wound healing in LMWH group might be
contributed by to heparin-related subcutaneous bleeding.
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Limitations

Our retrospective study presents several limitations. First,
this was a single-center study with a relatively small sample
size, which resulted in low incidence of embolic events.
Second, all enrolled patients in this study underwent valve
surgery, and valvular heart disease usually had a long history
and congestive heart failure, that often led to underlying
preoperative liver dysfunction, which cause these patients
had higher risk of bleeding than embolism events, and that
could be one reason for little benefit of early postoperative
administration of LMWH in MICS patients. Due to few
patients suffered from coronary heart disease undergoing
minimally invasive bypass surgery in our hospital, whether
postoperative injection of LMWH could benefit these
patients remained unknown.

Conclusions

Early prophylactic anticoagulation with LMWH could
not reduce the incidence of embolism events after MICS.
Instead, it might increase postoperative bleeding events
and extend drainage tube indwelling time and the length of
hospital stay. We need more evidence to support the use of

LMWH for VTE prophylaxis in patients underwent MICS.
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