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Abstract. The aim of this prospective study was to determine the effect of
antithrombotic agents in preventing thrombosis after head and neck reconstructive
surgery. A randomized clinical trial of referred patients undergoing free flap surgery
between February 2015 and July 2017 was conducted. Four hundred and fifty-four
patients were randomly assigned to group A (n = 153), administered aspirin and low
molecular weight dextran; group B (n = 150), administered low molecular weight
heparin; and group C (n = 151), not administered any antithrombotic agent. Patient
demographic characteristics, donor site, thrombosis, haematoma, and flap failure
were recorded. Coagulation values including platelet count, prothrombin time, and
activated partial thromboplastin time were measured during the perioperative
period. Repeated-measures ANOVA and the x2 test were used for data
comparisons. No significant inter-group differences were observed for
postoperative microvascular thrombosis (P = 0.536) or flap failure (P = 0.615)
among the three groups. There were more postoperative haematoma revisions in
group B than in groups A and C (P = 0.032). It is concluded that postoperative
antithrombotic agents neither provide a significant improvement in the free flap
success rate nor decrease the risk of thrombosis and may increase the risk of
haematoma.
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The concept of vascular free tissue transfer
was introduced in 1959, and the first vas-
cular free tissue transfer surgery was per-
formed in 19721,2. With the improvement
of microsurgery techniques, free tissue
transfer has become the most reliable
treatment in plastic and reconstructive
surgery of the head and neck. Flap success
rates have improved immensely, with
rates of between 90% and 99% reported
in the literature3–6. Although the failure
rate of microvascular free tissue surgery is
low, flap failure is devastating for both the
patient and the surgeon when this occurs.
Thrombosis is the leading cause of free

flap failure7,8. To reduce the possibility of
thrombotic occlusion after free flap trans-
fer, surgeons performing reconstructive
procedures routinely administer antith-
rombotic agents. Of these, therapies with
aspirin (acetylsalicylic acid), low molecu-
lar weight dextran (LMWD), and low
molecular weight heparin (LMWH) play
a major role in the prevention of thrombo-
sis. Several studies have examined differ-
ent methods of preventing thrombosis and
flap failure; however, clear evidence for
ons. Published by Elsevier Ltd. All rights reserved.
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the clinical benefit of antithrombotic
agents has not yet been established9–13.
This prospective study was performed

to estimate and compare the outcomes and
complications of free flap transfer surgery
in patients who did or did not receive
antithrombotic agents postoperatively.

Patients and methods

Study design

A double-blind, controlled, randomized
clinical trial was designed and implemen-
ted. This prospective randomized clinical
trial was approved by the Ethics Commit-
tee for Human Experiments at the Peking
University School and Hospital of Stoma-
tology. All patients included were aware
of the study aims and provided informed
consent for participation.

Study sample

The study sample was derived from the
population of patients who underwent
free tissue transfer surgery at the Depart-
ment of Oral and Maxillofacial Surgery,
Peking University School and Hospital of
Stomatology, between February 2015 and
July 2017. The inclusion criteria were as
follows: (1) use of vascular free tissue
reconstruction to repair head and neck
defects, (2) normal status in the function
of anticoagulation, and (3) no medication
history with anticoagulant agents.
Patients were excluded from the study
if they had significantly abnormal labora-
tory values or confirmed haemorrhagic
tendencies.
Fig. 1. CONSORT diagram showing the flow o
Sample size calculation

The expected postoperative thrombosis
rate was 2–7%, based on the published
literature. It was expected that the rate of
thrombosis formation in each group would
be the same or less than before. With a
two-sided a = 0.05 and a power of 90%, it
was calculated that at least 135 patients
were required for each group. A total of
484 patients were invited to participate in
this study. Patient participation and the
reasons for withdrawal are summarized
in Fig. 1. Finally, the statistical analysis
was done for 454 patients. The Consoli-
dated Standards of Reporting Trials
(CONSORT) flow diagram is given in
Fig. 1.

Randomization and antithrombotic agent

application

The 454 patients were divided into three
groups using a table of random computer-
generated numbers. Group A patients
(n = 153) received 40 mg oral aspirin
and 500 ml intravenous injection of dex-
tran-40 (total dose 30 g) once daily for
5 days postoperatively. Group B patients
(n = 150) were administered postoperative
anticoagulation with subcutaneous injec-
tion of 4100 U LMWH once daily for 5
days. Group C patients (n = 151) received
no anticoagulant. All patients underwent
anticoagulation with intraoperative topical
irrigation of the donor and recipient ves-
sels using heparinized saline solution and
were primarily anastomosed in an end-to-
end fashion. All procedures were per-
formed at Peking University School and
Hospital of Stomatology by the same chief
f study participants.
surgeon (X.P.). There was no change in
the anastomotic technique throughout the
duration of the study.

Study variables

The free flap outcomes of all patients were
recorded. Patient demographic character-
istics (including age and sex), clinical
information, and data on postoperative
complications (including haematoma and
thrombosis) were collected. For all
patients, the three indices of blood coagu-
lation – platelet count, prothrombin time
(PT), and activated partial thromboplastin
time (APTT) – were measured preopera-
tively and at 24 h, 48 h, and 120 h post-
operatively.

Data analyses

The x2 test or Fisher’s exact test was
performed to identify differences in pa-
tient demographics, donor site, haema-
toma, microvascular thrombosis, and
flap loss between the two groups. Repeat-
ed-measures analysis of variance
(ANOVA) was used for inter-group and
intra-group comparisons with respect to
coagulation values, including the platelet
count, PT, and APTT, during the periop-
erative period. All measured data were
analyzed using IBM SPSS Statistics ver-
sion 20.0 software (IBM Corp., Armonk,
NY, USA). P < 0.05 was considered sta-
tistically significant.

Results

This prospective study involved 454
consecutive patients (287 male and 167
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Table 1. Characteristics and donor sites of the study patientsa.

Group A
(Aspirin + LMWD)

Group B
(LMWH)

Group C
(No agent)

Sample size 153 150 151
Age, years (continuous) 49.05 � 13.60 49.42 � 14.76 48.89 � 15.51
Sex (binary), male 91 90 106
Donor site (categorical)
Fibula flap 86 89 101
ALTF 32 35 25
RFFF 32 22 22
Iliac crest flap 2 3 3
Submental free flap 1 1 0

ALTF, anterolateral thigh flap; LMWD, low molecular weight dextran; LMWH, low molecular
weight heparin; RFFF, radial forearm free flap.

a Results are presented as the number (n), or as the mean � standard deviation.
female) with a mean age of 49.1 years
(range 18–78 years), who underwent free
tissue transfer surgery in the head and
neck region. The free flaps used for recon-
struction included 276 fibula flaps, 92
anterolateral thigh flaps, 76 radial forearm
free flaps, eight iliac crest free flaps, and
two submental free flaps (Table 1).
Five cases (3.3%) of microvascular

thrombosis occurred in group A (aspirin
+ LMWD), two (1.3%) in group B
(LMWH), and four (2.6%) in group C
(no agent). No statistically significant in-
ter-group difference was observed with
respect to postoperative microvascular
thrombosis (P = 0.536).
There were four cases (2.6%) of haema-

toma in group A, 10 (6.7%) in group B, and
two (1.3%) in group C. The incidence of
haematomawassignificantlyhigher ingroup
B (6.7%) than in groups A and C (2.6% and
1.3%, respectively) (P = 0.032). In all hae-
matomacases,noobvioussourceofbleeding
was found upon re-exploration. All flaps for
which haematoma was explored survived.
The free flap success rate was 98.0%,

99.3%, and 98.7% in group A, group B,
Table 2. Outcomes and complications in the stu

Group A
(Aspirin + LMWD)

Sample size (n) 153 

Thrombosis 5 

Haematoma 4 

Flap failure 3 

LMWD, low molecular weight dextran; LMWH
*P < 0.05.

Table 3. Patient platelet counts ( � 109/l) durin

Group A (Aspirin + LMWD) 

Preoperative 235.14 � 62.12 

Postoperative
24 h 209.93 � 62.74 

48 h 210.71 � 65.27 

120 h 260.16 � 80.30 

P-value P = 0.172

LMWD, low molecular weight dextran; LMWH
and group C, respectively. No statistically
significant inter-group difference was not-
ed with respect to flap failure (P = 0.615)
(Table 2).
Coagulation values (platelet count, PT,

and APTT) during the perioperative peri-
od were measured to investigate the
change in coagulation function. The
platelet count showed a significant de-
creasing trend on day 1 postoperative
and a returning trend on day 5 postopera-
tive in all three groups. The PT and APTT
showed a significant increasing trend on
day 1 postoperative and a returning trend
on day 5 postoperative in all three groups.
The platelet count, PT, and APTT were
found to change significantly during the
perioperative period in each group
(repeated-measures ANOVA, P < 0.05).
Significant inter-group differences were
observed for the change tendency of PT
and APTT in group B compared to group
A and group C (P < 0.05). No significant
difference between the groups was ob-
served for the change tendency of the
platelet count (P = 0.172) (Tables 3–5,
Figs. 2–4).
dy patient groups.

Group B
(LMWH)

Group C
(No agent) P-value

150 151
2 4 0.536
10 2 0.032*

1 2 0.615

, low molecular weight heparin.

g the perioperative period.

Group B (LMWH) Group C (No agent)

249.47 � 69.77 254.07 � 84.59

220.34 � 64.51 226.31 � 78.22
210.43 � 63.69 221.85 � 74.07
266.87 � 76.22 271.73 � 90.14

, low molecular weight heparin.
Discussio

Antithrombotic agents have been used for
decades as a regular treatment to decrease
thrombosis in microsurgery. At present,
most centres performing microsurgery fol-
low their own antithrombotic regimen,
based on a combination of aspirin,
LMWD, and LMWH. Although the effi-
cacy of postoperative antithrombotic
agents in free flap survival is well demon-
strated in animal studies, the literature in
this regard remains inconsistent14,15. Thus
far, there is no consensus regarding the
standard protocol for preventing thrombo-
sis after head and neck reconstructive
surgery. Microsurgeons all over the world
have tried different protocols, with differ-
ent drugs or different dosage regimens, to
identify the most effective way to prevent
thrombosis after vessel anastomosis in
head and neck reconstructive surgery.
Aspirin acts as an antiplatelet agent by

irreversibly blocking the enzyme cycloox-
ygenase on either platelets or endotheli-
um. This decreases the products of
arachidonic acid metabolism involved in
platelet aggregator and vasoconstrictor9.
Although the use of aspirin is relatively
safe, side effects including bleeding, gas-
tritis, allergic reactions, and nephrotoxici-
ty have been reported16. The dosage of
aspirin used for the prevention of throm-
bosis, as reported in the literature, ranges
from 81 mg to 325 mg12,17,18. Although
the dose–effect relationship has been
proved in animal trials, the clinical liter-
ature demonstrating the relationship be-
tween the dosage and effectiveness of
aspirin is scarce.
Dextran�40 is a complex polysaccha-

ride made of many glucose molecules and
is composed of chains of varying lengths.
It is used as an antithrombotic agent to
reduce blood viscosity and as a volume
expander in anaemia. Risks associated
with the use of dextran�40, such as un-
wanted bleeding, pulmonary oedema, al-
lergic reactions, and acute renal failure,
have been reported19. These side effects
have limited the use of LMWD in the USA
and other countries.
In China, low-dose aspirin (40 mg/day)

and dextran-40 (30 g/day) are recom-
mended in a textbook and administered
in most institutions20. Mao et al.21

reviewed 3140 cases of free flap transfer
in the head and neck region performed
between May 1999 and May 2015. They
used aspirin (40 mg/day) and LMWD (30
g/day) as the prophylactic antithrombotic
agents to prevent microvascular thrombo-
sis. An overall free flap success rate of
98.5% was reported, with no general side
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Table 4. Patient prothrombin times (PT, s) during the perioperative period.

Group A (Aspirin + LMWD) Group B (LMWH) Group C (No agent)

Preoperative 10.98 � 0.79 11.11 � 0.76 11.17 � 0.78
Postoperative
24 h 11.43 � 0.92 11.80 � 1.04 11.59 � 1.22
48 h 11.08 � 0.95 11.59 � 1.39 11.27 � 0.96
120 h 10.96 � 0.77 11.33 � 1.19 11.06 � 1.05

P-value
Group A vs. B 0.015*

Group A vs. C 0.744
Group B vs. C 0.013*

LMWD, low molecular weight dextran; LMWH, low molecular weight heparin.
*P < 0.05.

Table 5. Patient activated partial thromboplastin times (APTT, s) during the perioperative
period.

Group A (Aspirin + LMWD) Group B (LMWH) Group C (No agent)

Preoperative 28.47 � 3.56 28.85 � 4.04 28.91 � 4.41
Postoperative
24 h 29.94 � 4.34 33.05 � 5.89 30.31 � 5.22
48 h 30.03 � 4.91 34.14 � 6.16 29.91 � 5.23
120 h 26.61 � 4.61 29.21 � 5.78 26.46 � 4.51

P-value
Group A vs. B <0.001*
Group A vs. C 0.348
Group B vs. C <0.001*

LMWD, low molecular weight dextran; LMWH, low molecular weight heparin.
*P < 0.05.

Fig. 2. Platelet counts in the three groups during the perioperative period.
effects, such as pulmonary oedema, gas-
tritis, and allergic reactions, occurring
with the use of the combination of aspirin
and LMWD. Therefore, the Chinese tradi-
tional antithrombotic strategy based on the
literature reviews was used in the present
study, with low-dose aspirin (40 mg/day)
and LMWD (30 g/day) as the antithrom-
botic agents in group A; again, no general
side effects, such as pulmonary oedema,
gastritis, and allergic reactions, occurred
with the use of this combination. Five
cases (3.3%) of venous anastomotic
thrombosis occurred postoperatively in
patients administered aspirin and LMWD,
which resulted in a free flap success rate of
98.0%.
LMWH is the most common regimen

used for the prevention of thrombosis. This
is a derivative of unfractionated heparin that
is prepared through the deaminative hydro-
lysis of standard heparin into short polysac-
charide fragments. These molecules are
known to have the same inhibitory effect
on active factor X but have a weaker anti-
thrombin (factor II) activity. LMWH has
higher bioavailability, a longer plasma half-
life, and a steady dose–response relation-
ship when compared to unfractionated hep-
arin. In China, patients undergoing thoracic
and abdominal surgery normally receive
low-dose LMWH based on their weight
(100 IU/kg) to prevent deep vein thrombo-
sis (DVT) and pulmonary embolism (PE).
However, most patients who undergo free
flap transfer surgery in the head and neck
region are actually encouraged to perform
early active movement, so the incidence of
DVT/PE in patients who have undergone
free flap transfer surgery is fairly low.
Therefore, LMWH is not regularly used
to prevent DVT/PE in these patients. The
different anticoagulant treatments used for
patients in this study were not to prevent
DVT/PE but to prevent thrombosis of the
vessel anastomosis.
A brief review of the literature revealed

a scarcity of studies on the change in
coagulant function following the use of
antithrombotic agents in patients undergo-
ing head and neck microvascular surgery.
In the present study, the three coagulant
indices were measured at 24 h, 48 h, and
120 h postoperative, for the following rea-
sons: (1) the previous literature has indi-
cated that the risk of thrombosis is highest
during the first 48 h after surgery (80%)
and then decreases to 10% after 72 h22; (2)
the administration of antithrombotic
agents was stopped at 120 h postoperative-
ly. The platelet count showed a significant
decreasing trend on day 1 postoperative
and a returning trend on day 5 postopera-
tive in all three groups. The PT and APTT
showed an increasing trend on day 1 post-
operative and a returning trend on day 5
postoperative in all three groups. Al-
though the mechanism of this phenome-
non is not entirely clear, it is thought that it
is likely associated with the activation of
some self-regulatory mechanism or be-
cause of the effect of intravenous fluid
administration. The significant inter-group
differences observed for the change ten-
dency of PT and APTT in group B com-
pared to group A indicate that LMWH is
more effective than the other antithrom-
botic agents for the prevention of throm-
bosis.
Haematoma and thrombocytopenia are

known complications associated with hep-
arin use23. In this study, 10 cases (9.9%) of
haematoma occurred postoperatively in
patients administered LMWH. A signifi-
cant difference with respect to postopera-
tive haematoma was found for patients
administered LMWH (P = 0.032). The
authors believe that, among common
antithrombotic agents, LMWH is the most
effective but may increase the risk of
haematoma formation at the same time.
Several microsurgeons have reported

that the outcomes of anticoagulant use
versus non-use are the same, with respect
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Fig. 3. Prothrombin times in the three groups during the perioperative period.

Fig. 4. Activated partial thromboplastin times in the three groups during the perioperative
period.
to a variety of anticoagulants. Lighthall
et al.22 reviewed 184 cases in which no
anticoagulant agent was used, for which
the flap success rate was 94.6%. They
concluded that postoperative thrombopro-
phylaxis with aspirin after microvascular
free tissue transfer does not provide an
improvement in free flap survival. Riva
et al.24 reviewed 836 cases in which no
antithrombotic agent was used. Thrombo-
sis occurred in 27 flaps (9.5%) in the
dextran-40 group and 74 flaps (8.9%) in
the no antithrombotic group. Furthermore,
the overall flap loss rate was 6.0% in the
dextran-40 group and 5% in the no antith-
rombotic group. According to their results,
antithrombotic therapy with dextran-40
does not have any statistically significant
influence on the outcome of free tissue
transfer in routine head and neck recon-
structive surgery. In the present study,
there were seven cases of venous anasto-
motic thrombosis that occurred postoper-
atively in patients who were administered
antithrombotic agents, eventually leading
to a free flap success rate of 98.7%. There
were no significant inter-group differences
with regard to thrombosis and the flap
success rate (P = 0.536 and P = 0.615,
respectively). The authors believe that
the use of antithrombotic agents does
not decrease the risk of thrombosis or flap
failure.
Thus, the important question remains as

to the reason each group shared the same
free flap outcome. In other words, are
antithrombotic agents indeed necessary
for head and neck microvascular surgery?
Firstly, in the early stages, the majority

of microsurgery procedures were per-
formed in hand surgery. Hence, it is safe
to assume that the use of antithrombotic
therapy was initiated and performed by
hand microsurgeons. With the improve-
ments made in microsurgery techniques,
free flap surgeries became popular and
reliable, and antithrombotic therapy fol-
lowed the protocols used in hand micro-
surgery. The flaps most commonly used
for reconstruction in the head and neck
region are the fibula flap, anterolateral
thigh flap, and radial forearm flap. The
arteries of these flaps measure 1.5–
2.5 mm, 2–2.5 mm, and 2.5–3.5 mm,
respectively, and the veins of these flaps
measure 2–4 mm, 1.8–3.3 mm, and
2.5–4 mm, respectively25. The most com-
mon recipient vessels used for anastomo-
sis are the facial artery, superior thyroid
artery, external jugular vein, and branch of
the internal jugular vein. The diameters of
these vessels normally range from 1.5 mm
to 5 mm. In contrast, the diameter of ves-
sels that need to be anastomosed in hand
surgeries normally range from 0.2 mm to
1.0 mm. It is clear that the diameters of
anastomosed vessels in hand versus head
and neck microsurgery are not the same. It
is generally believed that the larger the
vessel diameter, the lesser is the vessel
crisis. In the present study, the low throm-
bosis rate indicates that the non-use of
antithrombotic agents did not lead to more
thrombosis events.
Secondly, surgeon experience has been

reported to be one of the most important
factors associated with flap survival.
When free flap transfer surgery was in-
troduced at Peking University School and
Hospital of Stomatology, the risk of post-
operative complications was relatively
high, even with the use of postoperative
anticoagulants. With the improvements in
surgeon skill, the free flap failure rate
decreased gradually. Now, emphasis is
placed on the importance of exercise of
vascular anastomotic suturing and avoid-
ing pedicle compression, kinking, and
twisting during the surgery, rather than
the use of postoperative anticoagulants.
For patients with preoperative hyperco-
agulability or a history of irradiation to
the head and neck, the use of LMWH as a
prophylactic measure is also recom-
mended. Thus far, the clinical data in
most reports published in the literature
have been derived from multi-centre
studies or studies involving different
microsurgeons at one institution, which
may have affected the investigation of the
precise effect of antithrombotic agents.
For this reason, all procedures in the
present study were performed at Peking
University School and Hospital of
Stomatology by the same chief surgeon
(X.P.). There was no change in the anas-
tomotic technique throughout the
duration of the study.
Lastly, excepting intraoperative injury

to the vessel epithelium, individual related
factors including smoking, previous radi-
ation, hypertension, diabetes, and increas-
ing age may also influence the occurrence
of thrombosis in the pedicle of the free
vascularized transplant during or after mi-
crosurgery. It is recommended that post-
operative anticoagulation is administered
based on an individual risk assessment.
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In conclusion, the use of antithrombotic
agents in head and neck microvascular sur-
gery does not decrease the risk of thrombo-
sis formation and may increase the risk of
haematoma formation. It is recommended
that postoperative antithrombotic agents
should not be used routinely, but instead
based on an individual risk assessment.
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