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Head and neck patients undergoing microvascular reconstruction are at high risk for
thromboembolism. While the prevention of thromboembolism has become an
essential aspect of care, within the ﬁeld of microsurgery, concern for anastomotic
complications have hindered the creation of an accepted regimen. The aim of this
review was to evaluate the risks and beneﬁts of prophylactic agents for thromboprophylaxis. A literature search was conducted in MEDLINE, Cochrane Library, and
PubMed/NCBI databases. Articles discussing thromboprophylaxis in otolaryngology,
head and neck surgery, or microvascular reconstruction were considered in the review
from the past 30 years. The majority of patients undergoing microvascular surgery
have multiple risk factors for thrombus formation. Several consensus guidelines exist
for the prophylaxis in patients who are critically ill, undergoing surgery, or with
malignancy. Signiﬁcant evidence supports the routine use of mechanical means, such
as early mobilization and pneumatic compression along with subcutaneous heparin.
Low-molecular-weight heparin is also frequently utilized, although results are largely
divided. Data on aspirin remain equivocal. Studies on microvascular failure and ﬂap loss
have demonstrated little to no association with chemoprophylaxis. The evidence for
postoperative thromboprophylaxis regimens in patients undergoing head and neck
free tissue transfer is variable. Multiple studies have supported the use of unfractionated heparin or low-molecular-weight heparin. There appears to be an expert
consensus for the combined use of mechanical prophylactic methods and chemical
prophylaxis. Prospective randomized trials are required to validate the most effective
combination of chemoprophylaxis agents.

Postsurgical head and neck cancer (HNC) patients are at
increased risk of venous thromboembolism (VTE) and its
sequelae, pulmonary embolism (PE).1 These patients exhibit
many of the major risk factors for VTE, including advanced

age, obesity, pulmonary disease, immobility, malignancy,
and smoking, and alcohol use.2 The incidence of deep vein
thrombosis (DVT) in patients with HNC following surgery
ranges from 0.07 to 26.3%, although these rates are derived
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from retrospective studies and may underestimate true
values.3–9 In patients undergoing microvascular reconstructive surgery, the risk of VTE is further compounded.
The role of chemoprophylaxis with anticoagulants in
patients undergoing microvascular reconstruction is widely
debated, as bleeding complications can lead to failure of
microvascular reconstruction. Other possible adverse sequelae include airway compromise and wound complications.10
These risks, along with the perception of low DVT incidence
in this population, have been identiﬁed as factors contributing to the controversy of routine chemoprophylaxis following microvascular reconstruction of the head and neck.
The prophylactic treatment of DVT and PE has received
sparse attention in the otolaryngology literature. There is a
paucity of randomized data to guide a standard approach to
DVT prophylaxis in patients undergoing free tissue transfer, and
management varies widely across institutions and surgeons.
This report is the ﬁrst critical review of the utility of
thromboprophylaxis options in head and neck microvascular
reconstruction, in an attempt to develop evidence-based
recommendations for thromboprophylaxis. A thorough review of the utility of each agent with respect to thromboprophylaxis and ﬂap survival is presented, followed by
suggested recommendations derived from the authors’ ﬁndings (►Table 1).

Methods
We aimed to identify all full-text, peer-reviewed publications
pertaining to DVT prophylaxis in otolaryngology or head and
neck surgery. The searches were conducted in the Ovid MEDLINE, Cochrane Library, and Google Scholar databases with no
language or regional restrictions. The following keywords
were used: venous thrombosis, pulmonary embolism, thromboprophylaxis, mechanical, pneumatic compression, ambulation,
mobilization, aspirin, heparin, low-molecular-weight heparin,
dextran, and warfarin. Results were combined with the terms
otolaryngology and head and neck to retrieve articles. All
articles addressing thromboprophylaxis in otolaryngology or
head and neck surgery were included in the review. The
reference lists of these articles were then inspected and any
other pertinent publications were added. Where applicable, a
search strategy was employed to identify articles discussing
thromboprophylaxis in other subspecialties, such as plastic
surgery and orthopaedic surgery.

Results

to retrospective and descriptive reviews that do not critically
analyze outcomes in microvascular reconstruction.
In an extensive series of systematic reviews addressing
thromboprophylaxis in surgical patients, Roderick et al16
determined that mechanical methods reduced the risk of
DVT by approximately 50% and the risk of PE by 40%. In a
recent survey of head and neck cancer surgeons by Garritano
and Andrews,12 IPC was reported as the most common form
of prophylaxis in all settings (preoperatively, intraoperatively, and postoperatively). IPC has been shown to decrease
the incidence of DVT in patients undergoing head and neck
surgical procedures by 60 to 75%.8,17 In a retrospective
analysis of 12,805 head and neck operations, Moreano
et al8 identiﬁed IPC as one of only two statistically signiﬁcant
independent risk factors for the prevention of DVT. Of note,
there were no instances of DVT in patients undergoing
microvascular reconstruction in this study. Chen et al4 revealed similarly low rates of DVT in their study; all patients
had preoperative and postoperative IPC until ambulation and
received postoperative anticoagulation with aspirin and
LMWH. Another retrospective cohort study of 134 patients
who underwent head and neck microvascular reconstruction, however, showed no association between the use of IPC
after surgery and reduced risk of DVT.9 Importantly, professional groups such as the American College of Chest Physicians (ACCP) and American Society of Clinical Oncology have
made ofﬁcial recommendations for DVT prophylaxis that
include mechanical therapy. For patients with cancer and an
additional risk for DVT, the standard is LMWH in conjunction
with mechanical measures.11
While data on postoperative mobilization in patients undergoing major head and neck resection with microvascular
reconstruction are limited, the expert consensus is that early
monitored mobilization, unless contraindicated (i.e., ﬁbular
free ﬂap), should be a key component in a comprehensive
thromboprophylactic protocol. Traditionally, concern over vessel thrombosis from vessel kinking due to neck movement
resulted in delayed patient mobilization, but there has been no
evidence to support or disprove the theory that postoperative
mobility affects ﬂap outcomes.18 A single retrospective cohort
study of patients undergoing microvascular reconstruction19
found that earlier ambulation did not increase ﬂap failure rates
and was associated with fewer pulmonary complications.
Several authors recommend mobilizing the patient as early
as the second postoperative day.3,7,8 No studies, however, have
shown that time to ambulation predicts the presence of DVT.5,9

Aspirin

Mechanical Methods
Mechanical methods for thromboprophylaxis include intermittent pneumatic compression (IPC), graduated compression stockings, and venous foot pumps, which have all been
demonstrated as safe and effective.11 These devices counteract stasis, one of the three components of Virchow’s triad.
While multiple authors recommend mechanical means as
part of a larger prophylaxis protocol when a patient is at
increased risk or as single modality when a patient is
considered low risk,3,4,6,8,9,12–15 these studies are limited
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The primary role of aspirin in hemostasis is to impair platelet
aggregation through the inhibition of thromboxane A2
synthesis and reduce thrombus formation on the surface of
a damaged arterial wall.20 Aspirin’s effect on venous thrombosis is secondary, as the ﬁbrin-rich red clot formation in
venous thrombosis is thought to be driven by the clotting
pathway.21 However, there is growing evidence that aspirin
exerts other antithrombotic effects, including decreasing
thrombin generation, attenuating thrombin-mediated coagulant reactions, and increasing ﬁbrin clot permeability and
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2005
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2003

2013

Chen et al4

Chien et al33

Clayburgh
et al5

Disa64

Eley et al51

2016

2b

2014

Bahl et al29

Karimi et al58

3b

2007

Ashjian et al31

2b

3b

3b

3b

3b

2b

3b

2015

Ali et al3

OCEBM
LOE

Year

Author

100 mg aspirin daily  5 d þ 40 mg
subcutaneous enoxaparin daily  3 d

7: Dalteparin 2,500 daily
109: Dalteparin 5,000 daily
37: Dalteparin 5,000 BID
20: Dalteparin 7,500 or more daily

35: dextran 20 mL/h, 48
32: dextran 20 mL/h, 120 h
27: aspirin 325 mg/d, 120 h

No routine chemoprophylaxis
Post-op days 2–3 clinical exam and
lower extremity ultrasound

Regimen of 5,000 U HSQ BID þ 325 mg
aspirin daily

SCDs þ LMWH þ aspirin

2,016: SCDs
1,482: HSQ 5,000 U Q8H(97%)/or
LMWH

260: post-op aspirin therapy. 325 mg
for 5 d
245: post-op LMWH therapy.
5,000 U daily until ambulating

SCDs and BID HSQ

VTE prophylactic regimen

Interventional
prospective
study

Retrospective
cohort study

Prospective
randomized
study

Prospective
study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Prospective
database review

Retrospective
cohort study

Study type

Flap success rate was 100%.
Reexploration in 3 patients
(Continued)

Distribution of unexplained hematoma
was similar for all doses
Dose increase does not increase risk for
bleeding

Incidence of systemic complications
(CHF, MI, pulmonary edema, pleural
effusion, pneumonia)
Dextran 48: 29%
Dextran 120: 51%
Aspirin: 7%
No difference in ﬂap outcome

Incidence of VTE.
13% (7 DVTs and 1 PE)

Complications
Flap failures: 6 (2.8%)
Venous congestion requiring
reexploration: 6 (2.8%)
Hematomas: 12 (5.8%)

VTE incidence in H&N vs. other areas
DVT: 5 HN patients (0.31%). PE: 7 HN
(0.44%).
H&N patients at increased risk

Among free tissue transfer patients
VTE incidence with chemoppx: 2.1%,
bleeding: 11.9%
VTE incidence with only SCDs: 7.7%,
bleeding: 4.5%

No signiﬁcant difference between two
groups.
Outcomes: ﬂap thrombosis, ﬂap loss,
hematoma, DVT, PE, and death

12 patients developed VTE
(all underwent reconstruction)
DVT: 3/12 (0.72%)
PE: 9/12(2.17%) (3/9 were mortalities)

Outcomes
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30 patients underwent microvascular
tissue transfer 100 mg/d ASA for 5 d and
enoxaparin 40 mg/d SC for 3 d

152 patients
173 microvascular tissue transfers

100 patients underwent microvascular
tissue transfer

100 H&N cancer patients
80% of patients underwent
microvascular tissue transfer

261 microvascular tissue transfer
Regimen of 5,000 U HSQ SC BID and ASA
325 qd

1,591 patients underwent
reconstruction
402 H&N microvascular tissue transfer

3,498 post-op otolaryngology patients

470 patients
505 microvascular tissue transfers

413 patients undergoing H&N surgery
194 underwent reconstruction

Patient total cohort breakdown

Table 1 Included relevant studies with varied prophylactic regimen
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2012

2013

Shuman et al84

No. 2/2018

Thai et al9

3b

3b

3b

134 patients underwent microvascular
reconstruction

2,016 patients

137 microvascular tissue transfers

12,805 operations

390 microvascular tissue transfers

133 patients
81 underwent microvascular tissue
transfer

Patient total cohort breakdown

No chemoppx þ SCDs

Low thrombosis risk: 20 mg enoxaparin
daily
Medium/high thrombosis risk: 40 mg
enoxaparin daily

Prospective
database
review

184: SCDs þ early ambulation
142: aspirin
25: low-molecular-weight heparin
16: heparin gtt
23: aspirin þ LMWH

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Study type

No chemoppx
Bilateral venous duplex ultrasound,
post-op day 2

VTE prophylactic regimen

End point of conﬁrmed/suspicious VTE
within 30 d post-op
2 (1.4%)
1 PE/1 DVT conﬁrmed VTE
6 (4.4%) suspicious VTE
(acute respiratory failure, sudden)

30 d VTE 1.3%.
Caprini score:
<7 ¼ 0.5%
7/8 ¼ 2.4%
>8 ¼ 18.3%
Mean score for patients with VTE (7.4)
signiﬁcantly higher than no VTE (4.8)

Overall ﬂap survival was 97.1%

34 patients with post-op DVT (0.3%).
24/34 had PE (0.2%)
12: no ppx
22: SCDs

No difference in complications
(ﬂap loss, infection, seroma, ﬁstula,
hematoma) aspiring vs. no
anticoagulation

Incidence of VTE: 26.3%
DVT alone: 24%
DVT þ PE: 2.3%

Outcomes
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Abbreviations: ASA, acetylsalicylic acid; BID, twice a day; chemoppx, chemoprophylaxis; CHF, congestive heart failure; DVT, deep vein thrombosis; H&N, head and neck; HSQ, subcutaneous heparin; MI, myocardial infarction;
OCEBM LOE, Oxford Centre for Evidence-Based Medicine levels of evidence; PE, pulmonary embolism; ppx, prophylaxis; qd, every day; SCDs, sequential compression device; VTE, venous thromboembolism.

2012

1998

Moreano et al8

Reiter et al59

2b

2013

Lighthall
et al15

3b

3b

2016

Kakei et al7

OCEBM
LOE

Year

Author

Table 1 (Continued)
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Unfractionated Heparin Formulations
UFH is a polyglycosaminoglycan that inhibits the coagulation
cascade by inactivating downstream coagulation factors and
platelet aggregation, primarily through increased antithrombin III antiprotease activity. Its effect is measured clini-

89

cally with activated partial thromboplastin time, but the
dose–response relationship can be unpredictable, requiring
high-dose titration.35,36

Subcutaneous Heparin
Recent departmental surveys in otolaryngology have demonstrated that 26.5% of surgeons use heparin, typically
postoperatively in the subcutaneous form.27 In other ﬁelds of
microsurgery, subcutaneous heparin (HSQ) is the most
commonly used anticoagulant in clinical practice.37
Similar to studies conducted on other anticoagulants, the
otolaryngology literature focuses on ﬂap survival and
hematoma rather than DVT prevention.38 Motakef et al38
concluded that the use of HSQ is an efﬁcacious option for
thromboprophylaxis in microsurgery, and a range of doses
have been proven safe (5,000 U once, twice, or three times
daily), although there is no true consensus on dose, duration,
or initiation of therapy.33,39 Stockmans et al demonstrated
that higher doses of HSQ can be more effective in preventing
VTE but may come with an increased incidence of bleeding.37
Most of the existing literature demonstrate that HSQ is not
associated with an increase in adverse ﬂap outcomes.30,31,40,41
The landmark multicenter prospective study on head and neck
microsurgery by Khouri et al, one of the only level-I evidence
studies addressing anticoagulation protocols, demonstrated
that only HSQ had a signiﬁcant protective effect on ﬂap
thrombosis.25 A recent review by Fan et al concluded that
there are insufﬁcient data to refute this evidence.42 A recent
meta-analysis evaluating the efﬁcacy of thromboprophylactic
agents used in microsurgery concluded that HSQ reduced the
risk of ﬂap loss by 35% but raised the risk of hematoma, though
these differences were signiﬁcant.30 In a retrospective review
of 470 patients undergoing free tissue transfer, HSQ was found
to be a safe agent that did not increase the risk of postoperative
bleeding, hematoma, or ﬂap failure.31 A meta-analysis conducted by Pan et al analyzing large-scale retrospective studies
of anticoagulation regimens in microvascular reconstruction
demonstrated that the ﬂap loss rate is similar when heparin or
aspirin is used.41 A review of the free ﬂap literature from 1996
to 2005 recommended that anticoagulation, preferably with
heparin, was a required part of postoperative management.40
Recently, a Cochrane review was conducted comparing
LMWH to HSQ for perioperative thromboprophylaxis for
patients with cancer and found no signiﬁcant difference in
outcomes between the agents.43 In their retrospective cohort
study, Bahl et al44 showed that patients undergoing free
tissue transfer reduced their incidence of DVT from 7.7 to
2.1% but increased their bleeding complications from 4.5 to
11.9% when receiving chemoprophylaxis consisting of either
HSQ or LMWH. Importantly, increased bleeding was associated with concomitant usage of antiplatelet medications
and anticoagulants. This study, however, did not evaluate the
difference in effect between HSQ and LMWH, and patients
were also treated with various antiplatelet and perioperative
chemoprophylactic agents, thus making results difﬁcult to
interpret.44
HSQ is an efﬁcacious option for perioperative DVT prophylaxis that is widely used, and no prospective or large-scale
Craniomaxillofacial Trauma and Reconstruction
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enhanced clot lysis.20 Murine models have also shown that
platelets may be an important component of early DVT. Two
trials, the Warfarin and Aspirin (WARFASA) study22 and the
Aspirin to Prevent Recurrent Venous Thromboembolism
(ASPIRE) study,23 found a decrease in recurrent VTE with a
low risk of major bleeding in patients with idiopathic VTE.21
Despite this, few studies have evaluated the direct impact
of aspirin on DVT outcomes in patients undergoing head and
neck reconstruction. Authors more frequently describe its
utilization in preventing microvascular thrombosis. Studies
have shown that a platelet thrombus can occlude even a
technically perfect anastomosis,24 and thus antiplatelet therapy may play a preventive role.25,26
In a survey of academic otolaryngology departments,
Spiegel and Polat27 reported that 76.5% of microvascular
surgeons were using aspirin, although no delineation was
made whether prevention of anastomotic thrombosis or VTE
was the goal. In a prospective study of 115 patients undergoing head and neck microvascular reconstruction, Blackwell reported no incidence of DVT or PE with the use of
mechanical thromboprophylaxis and postoperative lowdose aspirin as the only chemoprophylactic agent.28 However, the ACCP does not recommend using aspirin alone as
thromboprophylaxis against DVT in any patient population,
primarily because more effective agents are available, such
as unfractionated heparin (UFH) and LMWH.2
Both a recent meta-analysis of the efﬁcacy of antithrombotic regimens in microsurgery and a retrospective study of
3,498 patients undergoing otolaryngologic surgery concluded
that aspirin increases the risk of hematoma signiﬁcantly.29,30
Other studies have demonstrated no such increase15,28,31
when comparing aspirin to no prophylaxis.22,32 Chien et al33
found similar hematoma rates between the use of aspirin and
HSQ and other anticoagulation agents in a retrospective chart
review of 261 patients undergoing free tissue transfer,
although this comparison was not made with an internal
arm. In a retrospective study of 470 microvascular patients,
Ashjian et al31 found no difference in complication rates,
including DVT and microvascular thrombosis, between patients treated with postoperative aspirin and those treated
with LMWH. The concurrent use of aspirin and another anticoagulant has been found to be signiﬁcantly associated with
increased bleeding complications, potentially due to the
simultaneous blockage of both the cellular, platelet-mediated
clotting mechanism and the humoral clotting cascade.10,29,32
Importantly, aspirin has not been shown to be superior to
other regimens or effective as a single prophylaxis drug for
ﬂap survival.15,33 One study evaluating microvascular reconstructive surgery without antithrombotic agents showed
no ﬂap failure secondary to thrombosis and concluded that
the use of chemoprophylaxis alone does not seem to signiﬁcantly affect the patency of microvascular structures.34
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studies have demonstrated a detrimental effect of heparin
compared with other agents regarding ﬂap survival.

Intravenous Heparin
Intravenous (IV) heparin is the primary treatment for active
VTE. No trials or reviews exist demonstrating the use of a
heparin infusion for VTE prevention in head and neck
surgery. However, its role in ﬂap thromboprophylaxis is
better described. Several studies have shown that patients
treated with heparin drips following free tissue transfer
surgery had signiﬁcantly increased complications, including
ﬂap loss and hematoma/hemorrhage, compared with those
who did not receive prophylaxis.15 Kroll et al described the
use of a continuous heparin infusion and concluded that
doses above 500 U/hour increase signiﬁcantly the risk of
hematoma.45 Nelson et al compared the use of an intraoperative heparin bolus and postoperative heparin infusion to
HSQ in 23 hypercoagulable patients undergoing microsurgery. The cohort treated with IV heparin had clinically lower
rates of VTE and ﬂap loss but an increased risk for postoperative bleeding, hematoma, and anemia.46

Low-Molecular-Weight Heparins
LMWH is a fragmented heparin derivative with a more
speciﬁc inhibitory effect on factor X and a less systemic
effect on antithrombin activity.
Within the DVT literature, there have been multiple studies
demonstrating LMWH to be at least as effective as UFH for
thromboprophylaxis.43 This, along with a favorable risk proﬁle
initially demonstrated by Malm et al47 in an animal model
study on surgical bleeding rates, has made LMWH a practicechanging treatment strategy. LMWH has a more predictable
dose–response relationship, greater bioavailability, and
longer-half life and is thus preferable for high-risk patients.48,49
The ACCP recommends either LMWH or low-dose UFH for
high-risk patients undergoing general surgery and LMWH only
for patients undergoing high-risk orthopaedic surgery.11 Increased dosing of LMWH in patients who are at high risk, such
as those with malignancy or undergoing microvascular reconstruction, has also been recommended.50
Currently, factor Xa levels are being used to modulate
therapy. Eley et al51 concluded that there was a high incidence
of subtherapeutic anti-Xa levels in response to standard
prophylactic doses of dalteparin in 153 head and neck microvascular patients but showed success in dose adjustment of
LMWH by using anti-Xa concentrations to titrate a standard
2,500 U dose to therapeutic concentrations. However, the
accuracy of such measurements may be variable, as levels
must be drawn exactly after LMWH is administered.51 There
also exist multiple formulations of LMWH in the market,
making standardization more difﬁcult.52,53
Similar to other agents, there are no studies designed
speciﬁcally to evaluate DVT outcomes in free tissue transfer
patients treated with LMWH. The orthopaedic literature cites
several trials demonstrating that LMWH reduces the incidence
of DVT in hip replacement surgery by 31 to 79% compared with
placebo and is as effective or more effective than HSQ.54,55 One
randomized controlled trial of 665 patients undergoing hip
Craniomaxillofacial Trauma and Reconstruction
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replacement showed fewer bleeding events in patients given
LMWH (30 mg twice daily) compared with HSQ (7,500 U twice
daily) and no difference compared with placebo.56 In a randomized prospective study of critical patients undergoing major
surgery, LMWH (40 mg once daily) and HSQ (5,000 U twice
daily) were found to be equivalent as prophylaxis against DVT;
UFH did result in a greater risk of hematoma.49 A meta-analysis
of general surgery patients treated with LMWH showed a
lesser incidence of PE but a trend toward an increase in
bleeding complications.48 In a study of 225 patients following
breast microvascular reconstruction, Lemaine et al showed a
3.4% incidence of clinically silent DVT and a 1.9% rate of ﬂap
loss with LMWH.57
Multiple studies have addressed the effect of LMWH on
ﬂap outcomes. In a study of 30 head and neck microvascular
patients, Karimi et al demonstrated the utility of a combination protocol of aspirin and enoxaparin for 5 and 3 days,
respectively, for ﬂap survival, with no incidence of ﬂap loss
or hematoma.58 A retrospective study of 137 microvascular
reconstruction patients demonstrated that LMWH is an
effective standalone antithrombotic, with outcomes comparable to those of HSQ and aspirin studies and a ﬂap survival
rate of 97.1%.59 In a study of 153 microvascular head and neck
patients receiving prophylactic doses of dalteparin with or
without aspirin, there were six events of hematoma, and this
risk was not inﬂuenced by the dose of dalteparin or addition
of aspirin.51 In a systematic review by Pršić et al,60 attention
is drawn to the conﬂicting results of studies on LMWH for
ﬂap thrombosis, with some demonstrating equal if not better
outcomes than HSQ, such as decreased rate of bleeding, and
others showing it to be signiﬁcantly inferior.
To date, there is an ongoing debate in the literature regarding LMWH, but an improved risk proﬁle and the potential of
decreased bleeding compared with UFH make this agent a
viable thromboprophylactic option in head and neck microvascular surgery, particularly for patients in whom HSQ is
contraindicated or who possess high-risk factors requiring a
more aggressive thromboprophylactic regimen.

Dextran
While no data have been reported on the use of dextran for
systemic DVT, multiple studies have focused on microvascular thromboprophylaxis.
Dextran, by impairing platelet function, prolonging bleeding time, and destabilizing ﬁbrin polymerization, has been
shown to reduce the incidence of microanastomotic thrombosis in multiple animal models.61–63 However, results from
clinical studies have largely suggested that dextran has no
bearing on the success rates of free tissue transfer in head and
neck reconstruction64–68 and may even increase ﬂap loss.45 A
recent large study by Riva et al,67 comparing three groups of
patients in which prostaglandin-E1, dextran 40, and no
prophylaxis were given, concluded that neither PGE1 nor
dextran beneﬁts ﬂap survival. In a prospective randomized
trial, Disa et al64 determined that there was no difference in
overall ﬂap survival between dextran and aspirin use.
Serious complications of dextran have been reported in
the literature, such as bleeding diatheses in children, osmotic
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complications, pulmonary edema, cerebral edema, nephrotoxicity, and fatal anaphylaxis.69–73 Disa et al64 concluded
that patients receiving dextran had up to a 7.2 greater
relative risk of developing an adverse cardiac or pulmonary
event, especially acute respiratory distress syndrome, when
compared with patients receiving aspirin. The frequency of
systemic complications was also shown to correlate positively with the duration of dextran use. Jayaprasad et al65
reported a statistically signiﬁcant increase in postoperative
atelectasis but no other local or systemic complications. Fan
et al identiﬁed level-I evidence showing dextran to increase
systemic complications.42 Despite this, a questionnaire
conducted in 2007 among head and neck surgeons in the
United Kingdom demonstrated that 45% of respondents use
dextran routinely and nearly 20% combine it with other
antithrombotic agents such as aspirin and heparin.66
Studies assessing the efﬁcacy of dextran as DVT prophylaxis
in orthopaedic procedures can also inform its potential utility
in head and neck microvascular reconstructive surgery. In their
systematic review evaluating various methods of thromboprophylaxis, Roderick et al16 ascertained that dextran decreases
the risk of DVT by approximately 50% regardless of the type of
surgery, but no reliable conclusions could be drawn regarding
PE. Dextran appeared to be less effective in preventing DVT
than the heparin regimens employed in the included studies.74–76 Dextran was also associated with an increased risk
of bleeding. One study conducted in geriatric hip fracture
patients showed that aspirin and dextran are equally effective
thromboembolic prophylactic agents.77

Warfarin
The use of warfarin as DVT prophylaxis is not described in
any study. It is a mainstay of treatment only once DVT is
established.

Inferior Vena Cava Filter
No literature exists on the use of inferior vena cava (IVC)
ﬁlters for VTE prophylaxis in head and neck surgery. IVC
ﬁlters are indicated in patients with proven thromboembolic
disease and with contraindications to anticoagulation, complications of anticoagulation, or recurrent VTE.78

Discussion
A majority of otolaryngology patients undergoing microvascular reconstruction possess all three cardinal factors of Virchow’s triad—venous stasis secondary to prolonged operations
especially when involving free tissue transfer, hypercoagulability as a result of malignancy, and endothelial damage from
tumor resection and tissue harvesting.79 The exact occurrence
of DVT in these patients has, however, been debated and
inadequately addressed. A retrospective study of 1,018 patients
who underwent HNC surgery reported no VTE events and 12
bleeding complications, 11 of which occurred in patients who
received chemoprophylaxis, and concluded that chemoprophylaxis should not be routinely used.80 A recent systematic
review of 23 articles encompassing 618,264 otolaryngology
surgery patients showed a VTE incidence of 0.4% and concluded
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that chemoprophylaxis did not decrease the risk of VTE but
increased the risk of bleeding.81 On the other hand, the greatest
incidence of DVT has been shown to occur in patients undergoing comprehensive resection with reconstruction.3,5,7 One
study demonstrated a fourfold increase in DVT in patients
undergoing head and neck reconstruction.4
The role of chemoprophylaxis with anticoagulants in
patients undergoing microvascular reconstruction is particularly challenging, given the potential failure of microvascular reconstruction from bleeding or hematoma. Other
possible adverse sequelae include airway compromise and
wound complications.10 These risks, along with the perception of low DVT incidence in this population, have been
identiﬁed as factors contributing to the controversy of
routine chemoprophylaxis following microvascular reconstruction of the head and neck. Ah-See et al82 reported in
1997 that a majority of otolaryngologists do not employ any
form of DVT prophylaxis, although more recent studies have
shown an increase in the practice.
VTE thromboprophylaxis protocols in head and neck microvascular reconstruction have received sparse attention in the
otolaryngology literature. Many studies13 focus only on the
effects of chemoprophylaxis on outcomes of free tissue transfer,
and there are no long-term studies addressing the incidence of
DVT. However, a recent systematic review and meta-analysis
opined that no postoperative antithrombotic regimen has
shown signiﬁcant beneﬁts for ﬂap survival.30 Therefore, there
is a need to shift focus to VTE prevention. If an effective VTE
prophylactic regimen demonstrates typical ﬂap survival, it
should be adopted as a standard of care.
Microvascular surgeons have experimented with various
regimens, many of which are a combination of the methods
used in previous randomized controlled trials in other patient
populations and expert opinion. The armamentarium encompasses IPC, early ambulation, aspirin, HSQ, LMWH, systemic
anticoagulation, dextran, and IVC ﬁlters. Agents used in chemoprophylaxis target the coagulation cascade primarily
(►Fig. 1). The coagulation cascade has two pathways, intrinsic
and extrinsic, that are a series of reactions in which an inactive
serine protease and its glycoprotein cofactor are activated and
subsequently catalyze the next reaction in the cascade, ultimately leading to cross-linked ﬁbrin.83
The importance of developing a reliable tool for stratifying
DVT risk cannot be overemphasized, as it can guide subsequent aggressiveness of postoperative thromboprophylaxis.
One method for stratifying the risk of DVT that is often
described in the literature is the Caprini risk assessment
model,9,44,84 which uses a point scoring system for approximately 40 risk factors. The Caprini risk assessment tool has
been validated in both retrospective and prospective studies
for patients undergoing elective general surgery and modiﬁed for use in plastic surgery patients.44,85 Studies have
consistently shown that patients with a high Caprini risk
score have a higher rate of DVT.5,7,44,84 Two studies have also
demonstrated its effectiveness for identifying patients with
low, moderate, and high risk for DVT within 30 days after
surgery.44,84 However, results often did not reach statistical
signiﬁcance.5,9,44
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Fig. 1 Schematic of the coagulation cascade and target areas of chemoprophylactic agents. (We thank Jill Gregory for providing this artwork.
This piece has been used with permission from the Mount Sinai Health System).

There are caveats to the routine use of early ambulation
and mechanical methods such as IPC. Speciﬁcally, patients
undergoing ﬁbula tissue transfer are likely to be immobilized
for a period of time following surgery. In addition, IPC is
contraindicated on the donor limb. Other adjunct therapies
may thus be warranted in these patients who are at higher
risk for DVT. When anticoagulation is precluded, such as in
patients with bleeding diathesis, hemorrhagic stroke, or
complications of anticoagulation, an IVC ﬁlter may play an
important role.86
There is a lack of substantial evidence to show that drugs
used to primarily treat local thrombosis (aspirin, dextran)
are also able to reduce the risk of DVT/PE as effectively as
other thromboprophylactic medications (HSQ, LMWH),
especially when utilized in single pharmacotherapy regimens. However, several studies have concluded that a combination of aspirin and a systemic anticoagulant, while
effective in DVT prevention, may increase the rate of hematoma. Thus, the combined use of aspirin and an anticoagulant
must be approached cautiously. Analysis of the current
studies that exist in the microvascular, head and neck, and
otolaryngology literature shows most evidence for the use of
HSQ and mechanical prophylaxis, with at least equivalent
ﬂap survival rates compared with no chemoprophylaxis.
Meta-analyses comparing UFH and LMWH have shown
both agents to be effective as primary VTE prophylaxis.87
Both the ACCP and the American Society of Clinical Oncology
endorse routine chemoprophylaxis with LMWH in cancer
Craniomaxillofacial Trauma and Reconstruction
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patients undergoing surgery, who are at increased risk for
VTE.88 Studies are currently focusing on the superiority of
LMWH over UFH for general thromboprophylaxis.89 In addition, new clinical studies have proposed continuation of
LMWH thromboprophylaxis for up to 3 weeks after discharge,
which may reduce the rate of late DVT by 60%.87 There may also
be a unique role for LMWH in patients with no risk factors for
bleeding, a history of heparin-induced thrombocytopenia, or
active VTE. However, more studies speciﬁc to head and neck
microvascular reconstruction need to be conducted before
ofﬁcial recommendations are made regarding LMWH.
Novel agents are being presented regularly to improve
both ﬂap survival and patient outcomes in microvascular
surgery. Pršić et al supported the use of statins as part of the
perioperative regimen for patients undergoing microvascular reconstruction.60 Wikner et al studied the role of thromboelastometry in microsurgery.90 Thromboelastometry is a
viscoelastic hemostatic assay that provides a graphical evaluation of the kinetics of clot formation, ideally allowing
distinction between a surgical etiology of bleeding and
coagulopathy, diagnosis of the type of coagulopathy, and
guidance in treatment.91–93 Both of these examples suggest
how perioperative free ﬂap management protocols may
evolve in the future.
The ideal study of randomizing patients to different anticoagulation regimens and analyzing VTE and free tissue transfer
survival outcomes has yet to be performed. Thus, this assessment is based on the most meaningful conclusions drawn from
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Conclusion
There is a clear need for a consistent chemoprophylaxis
protocol for patients undergoing microvascular reconstruction. While many agree therapy should be tailored to the
individual patient, the establishment of consensus guidelines similar to those recommended by the ACCP among
those specializing in the ﬁeld would improve patient management. As microvascular reconstruction is becoming a
more successful and common procedure, evidence must
now be applied to the art.
Most data in the literature support the routine use of HSQ
and mechanical methods as VTE prophylaxis. HSQ and
aspirin are commonly used in tandem, but there is evidence
that combining antithrombotic agents increases the rate of
complications and aspirin alone does not increase ﬂap
survival. There have been recent studies demonstrating the
efﬁcacy, safety, and decreased risk of bleeding with LMWH,
which may have a role in more vulnerable populations, but
the literature is insufﬁcient to recommend its use across all
head and neck microvascular reconstructive surgery. Multiinstitutional, randomized clinical trials with controls must
be conducted to corroborate the conclusions presented in
this review article.
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