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Abstract

Objectives—The goal of this study was to review the feasibility of local bivalirudin injection for
adjunct treatment of venous congestion of head and neck reconstructive flaps.

Methods—A retrospective chart review of patients who underwent bivalirudin treatment for
venous congestion of head and neck reconstructive flaps in a single institution from September 1,
2012 to September 1, 2015 was undertaken. Individuals were treated with variable number of
intradermal injections directly into the flap followed by a small skin incision to allow extended
passive bleeding. The main outcome measure was improvement of flap congestion.

Results—Ten patients with free flap reconstruction (4 anterolateral thigh flaps, 2 pectoralis
major flaps, 2 fibula osseocutaneous flaps, 1 supraclavicular flap, and 1 radial forearm free flap) of
various head and neck defects underwent treatment with bivalirudin. Bivalirudin injections were
utilized as adjunct therapy in 6 patients. Two individuals underwent alternate therapy for venous
congestion immediately following injection and therefore the efficacy could not be assessed. Of
the 8 remaining flaps, 4 developed partial necrosis, and 1 developed complete necrosis requiring
additional reconstruction. Two individuals required blood transfusions during bivalirudin
treatment.

Conclusions—Bivalirudin is a safe and feasible adjunct therapy for treatment of flap
congestion. It may serve as a useful alternative to traditional leech therapy, as bivalirudin negates
the need for antibiotic prophylaxis, eliminates the psychological aversion associated with leech
therapy, and avoids the potential for leech migration. Further work to determine the efficacy of
bivalirudin to standard leech therapy is warranted.
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INTRODUCTION

Flap surgery is commonly used for the complex reconstruction of head and neck defects of
the oral cavity, pharynx, face, and skull base. Free flaps, specifically, have permitted
increasingly aggressive ablative surgery with single stage reconstruction, with flap survival
rates reported greater than 95%.1.2 Flap compromise, however, can be devastating to the
patient, family and care-providers, and there are significant costs associated with the
subsequent interventions.3 One of the primary reasons for failure is vascular compromise,*
with some studies reporting a compromise rate of around 15%.1

First-line management of vascular compromise includes surgical re-exploration, which is
critical for evaluation of the vascular pedicle in cases of arterial or venous clot, hematoma,
or torsion of the pedicle itself.2 Often times, one can differentiate between arterial and
venous insufficiency based on the examination of the flap, which helps direct subsequent
intervention. Venous congestion occurs more commonly due to slower flow, more
compressible vessels, and lower pressure of blood flow compared to the artery. Flaps may
become venously engorged secondary to a number of processes including problems with the
pedicle and anastomosis, large flap size, poor perforators, excessive fluid administration,
dependency, and lymphedema.1® Some cases of venous congestion have been successfully
managed using adjuvant leech therapy.® Leeches release many active salivary products
including hirudin, a tremendously potent natural anticoagulant, thereby promoting bleeding
and the relief of venous congestion.® Leech therapy, however, is associated with an increased
risk of blood transfusions,’ infection,’2 and leech migration,® as well as psychological
aversion on behalf of the patient.8:10

Recombinant hirudin derivatives, such as bivalirudin, act in a similar fashion to their parent
compound and are used for anticoagulation during coronary angiogplastyl! and for
prophylaxis against deep vein thrombosis.1? Bivalirudin is a direct inhibitor of thrombin
(which activates both platelets and other clotting factors), thereby leading to an inhibition of
the clotting cascade.1! Additionally, local injection of natural or recombinant hirudin
directly into congested flaps have revealed evidence of improved flap survival in rat,3
rabbit,14 and pig models.1516 The extent to which recombinant hirudin, such as bivalirudin,
may aid in relief of venous congestion in head and neck reconstructive flaps in patients has
not previously been studied.

In this study, we review the feasibility of the use of local injection of bivalirudin into flaps
used for head and neck reconstruction with venous congestion. We hypothesized that
bivalirudin will be safe and easy to administer to reduce venous congestion and may be an
acceptable alternative adjunct therapy. To our knowledge, this represents the first evaluation
of the potential use of bivalirudin for venous congestion of reconstructive flaps in humans.
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PATIENTS AND METHODS

A retrospective chart review was conducted for patients who underwent bivalirudin (The
Medicines Company, Parsippany, NJ) treatment for venous congestion of flaps used in head
and neck reconstruction from September 1, 2012 to September 1, 2015 in the Department of
Otolaryngology-Head and Neck Surgery at the Johns Hopkins Hospital. These patients were
the first 10 patients with venous compromise at our institution after adoption of the
bivalirudin injection protocol. All cases included in this study had documented flap venous
congestion in their medical record and at least 3 months of post-operative follow-up. Patients
were excluded if their follow-up was less than 3 months and if they were treated with
bivalirudin for any indication other than flap venous congestion. The hospital institutional
review board approved this study and all research was done in accordance with the
Standards of the Committee on Human Experimentation of our institution.

Bivalirudin Treatment

Bivalirudin was injected intradermally at a dose of 0.3 milligrams per kilogram directly into
the reconstructive flap by a member of the surgical team, and a small 1 cm bleb was raised
(Figure 1A). A #15 blade was then used to make a cruciate cut over the bleb to allow for
passive bleeding from the incision (Figure 1B). Anywhere from 1 to 4 areas of the flap were
injected at a time depending on the size of the flap and areas of venous congestion. Gauze
dressing was usually placed over the bleeding sites to collect the blood and prevent drainage
into the pharynx or tracheostoma. A data sheet was placed at bedside to record the
frequency, number, and duration of injections.

The duration of passive bleeding and the presence of signs of venous congestion of the flap
determined the frequency of bivalirudin doses. The maximum frequency of bivalirudin
administration was every six hours. The dose was selected based upon previously published
success when used for deep vein thrombosis prophylaxis.12 Given its anticoagulant
properties, 1! all patients had a baseline complete blood count (CBC) and coagulation profile
before administration. Also, given that bivalirudin is cleared by the kidneys, all patients
had a baseline basic metabolic panel to evaluate for renal function. Throughout the duration
of the treatment, all patients underwent routine laboratory evaluation: activated partial
thromboplastin time (aPTT) every 6 hours and daily CBC. All patients provided informed
consent before receiving their first dose.

Medical records were reviewed to extract demographic information including age and
gender. Indication for and type of head and neck reconstructive flap was documented. Signs
and symptoms of venous congestion were collected, as well as number and duration of
bivalirudin injections. A bivalirudin treatment was defined as a single dose administered to
the patient. The pre- and post-bivalirudin injection course was documented. Improvement in
flap congestion was defined as improvement in color, temperature, capillary refill, and
bleeding time with pinprick. Early improvement in venous congestion was defined as
improvement in the first 48 hours.

The main outcome of interest was improvement in flap congestion, leading to at least partial
flap salvage. Complications during treatment of bivalirudin were also reported.
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Characteristics of the patient population are provided including patient age, gender, and
indication for head and neck reconstruction. Flap congestion course is described including
time and duration of congestion, bivalirudin therapy, and post-injection course.

There were 10 individuals who underwent bivalirudin injection therapy for venous
congestion. The mean age of the population was 63.3 years (range 35-81 years). Fifty
percent of the population was male. Four patients underwent reconstruction with an
anterolateral thigh free flap for their initial defect. Two patients underwent a fibula
osteocutaneous free flap and two individuals underwent a pectoralis major regional flap. A
radial forearm free flap and a supraclavicular island flap were performed in one individual
each. The mean number of bivalirudin treatments was 5.4 (range 1-12 treatments), and each
treatment was administered over an average of 2.4 injection areas of the flap (range 1-4
injections). The mean duration of therapy was 2.1 days (range 1 to 4 days). Bivalirudin
injections were utilized as adjunct therapy for venous congestion in 6 patients (5 patients
received bivalirudin after operative removal of an arterial or venous clot, and 1 individual
was treated with one day of standard leech therapy prior to injections).

The description of the bivalirudin cases is presented in Table 1. Two individuals underwent
alternate therapy for venous congestion immediately after injection due to surgeon
preference, and therefore the efficacy of bivalirudin could not be assessed (one patient
underwent surgical exploration of the flap vascular pedicle and one patient underwent
standard leech therapy). The remaining 8 individuals developed improvement of their
venous congestion (6 cases in the first 48 hours after initiation of bivalirudin therapy). Of
these 8 congested flaps, 3 (37.5%) had complete flap salvage and 4 (50%) eventually
developed partial necrosis requiring local wound care. One flap developed complete necrosis
requiring additional surgical intervention and reconstruction.

All of the cases with complete flap salvage underwent surgical exploration prior to initiation
of bivalirudin injections; whereas, only one of the flaps that were partially salvaged
underwent exploration in the operating room. Two of the individuals with partial flap
salvage had a history of cardiovascular disease.

Two individuals with partial flap salvage required blood transfusions during bivalirudin
treatment when their hemoglobin dropped below 8.0 grams/deciliter. Additionally, two
patients developed a drop in their creatinine clearance (CrCl) below 60 milliliters/minute
(ml/min) after bivalirudin treatment. One individual had a history of chronic kidney disease
and a CrCI<60 ml/min at baseline. The second individual was evaluated by nephrology, and
it was believed that the decline in kidney function was likely secondary to the use of
vancomycin. These individuals did not have a corresponding rise in their aPTT compared to
those with normal kidney function.

DISCUSSION

Venous congestion remains one of the most common major complications in head and neck
flap reconstruction. Despite early surgical intervention with correction of unfavorable factors
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(e.g. anastomotic thrombosis, kinking, excessive tension, etc.), venous congestion may
persist and presents a challenging clinical problem. In this initial report of the use of
intradermal injection of bivalirudin, we found that bivalirudin is feasible and safe to
administer as an adjunct therapy for venous congestion of head and neck reconstruction
flaps. Additional research into bivalirudin efficacy as a potential alternative to standard leech
therapy for treatment of venous congestion is therefore warranted.

First-line management of flap vascular compromise remains surgical exploration of the flap
pedicle, as expeditious relief of venous congestion leads to increased flap salvage.* Flap
failure can have a profound effect on the patient and providers, as it may lead to prolonged
hospital stays, delay in oncologic and other treatments, as well as significantly increased
costs.3 In some cases, venous congestion may be treated with multimodal therapy. In
additional to surgical management, adjunct or salvage techniques may be administered to
help improve survival, including hyperbaric oxygen therapy and exsanguination techniques,
such as leech therapy.18

The use of leeches to address a wide range of ailments from infectious to neurologic
diseases dates back centuries.19 Treatment of venous congestion in cutaneous flaps by
leeches was first described by Derganc et al. over 50 years ago,20 and they were approved by
the Federal Drug Administration as a medical device in 2004.21 Leech therapy is now
commonly used to help alleviate flap venous congestion.®7 In addition to actively removing
blood volume by ingestion, leeches release many salivary byproducts that lead to protein
breakdown, vasodilation, and decreased platelet aggregation, all of which promote passive
bleeding which may last for hours after the leech has engorged and unlatched.® Nonetheless
leech therapy may have several drawbacks, such as psychological aversionl® and risk of
infection,”-® which has led investigators to search for alternate therapies.

Several alternatives to medicinal leeching for the treatment of venous congestion have been
proposed.22-26 pharmacologic leeching with the delivery of nitrous oxide to flap tissue, for
instance, has shown improvement of flap perfusion and survival in rats.2> So-called
mechanical leech devices have also been developed. Hartig et al.23 described a small glass
suction device that can be placed over compromised flap tissue. The device is then coupled
to a heparin-impregnated subcutaneous disk and can be manually turned to allow for
mechanical anticoagulation, and a continuous heparin irrigation system promotes passive
bleeding. It was found to have similar efficacy as leech therapy in improving perfusion in
venous compromised flaps in a porcine model.22 The use of mechanical leech devices has
also been described in rats.2% The effect that such devices may help in compromised
reconstruction flaps in patients, however, is not known. The use of local heparin
administration has been described to treat venous congestion in re-implanted digits with
some success.?4. The distal tip of digits, for instance, may have a tenuous blood supply given
the small size and distribution of vessels.2” Therefore, local delivery of anticoagulants, such
as bivalirudin, may provide relief of venous congestion caused by decreased venous outflow.

Previous work reports the use of recombinant or natural hirudin in the treatment of venous
congestion in animal models.13-16 Ying-Xin et al. reported increased survival in
compromised free flaps in rats after subdermal injections of both natural or recombinant
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hirudin compared to controls injected with saline.13 Similarly, increased survival of surface
area of compromised random pattern skin flaps after local subdermal injection of natural
hirudin compared to controls have been reported in the porcine models.2>16 Furthermore,
intravenous injection of recombinant hirudin in regional flaps in rabbits has been reported to
increase surface area survival compared with injection of low molecular weight heparin or
no injection.1® Our current report builds on this preclinical experience and, to our
knowledge, is the first case series to describe the use of bivalirudin in humans in the
management of flap venous congestion.

Bivalirudin treatment for an adjunct treatment of venous congestion in head and neck
reconstructive flaps may have several advantages over standard leech therapy. For instance,
leech therapy requires the use of prophylactic antibiotics in order to protect against infection.
7.9 Nonetheless, infection may occur despite the use of antibiotics. In one systematic review
of leech therapy in reconstructive flaps, a pooled infection rate of 14.4% was reported and
was associated with decreased flap survival.” The majority of these cases were found to
harbor Aeromonas hydrophila, a common leech pathogen.8 Moreover, infections acquired
during leech therapy may be secondary to an increase in drug resistance.? The use of
bivalirudin negates the need for prophylactic antibiotics and may decrease the risk of
surgical site infection.

There are other advantages of avoiding the use of live leeches. Leech migration has been
reported?8 and is a very real concern for intraoral flaps. One technique to avoid this is to
place a suture (“leash”) through the leech’s tail and tape it to the neck or chest. Leeches that
migrate and are “lost” require an intensive and expensive work-up to confirm that they have
not latched-on in the pharynx, esophagus or trachea as this could result in potential
obstruction of the airway or continued blood loss.® Psychological aversion with the use of
leeches has also been reported.10 We have appreciated this in patients, family members, and
nurses who handle the leeches, especially when placed intraorally. Bivalirudin, therapy,
therefore, may eliminate these difficulties if utilized as an alternative.

We found that bivalirudin was safe to administer to our patient population. As is customary
for any patient intentionally treated with blood-letting, meticulous attention to fluid shifts,
red blood cell counts, and electrolytes is mandatory. Reports have shown the need for blood
transfusion with live leech therapy may occur in up to 100% of the patients.1? Only two of
the participants in our current series required blood transfusions during therapy. Although
we were not able to measure objective blood loss in this study, this may indicate that our
group experienced less blood loss than occurs with traditional leech therapy. Whether this is
a reflection of the lack of the active component of leech therapy with bivalirudin injection or
reflects a less aggressive treatment protocol in our institution in the nascent phase of this
novel treatment is unknown at this point.

Our overall flap salvage rate (80% with at least partial salvage) is similar to what has been
previously reported in the literature for standard leech therapy. A systematic review for the
efficacy of leeches in improving venous congestion for plastic reconstructive flaps or re-
implantation surgery reported the overall success rate for at least partial survival of the
reconstructive site at 79%.” It is unclear, however, to what extent our flap salvage was based
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solely on bivalirudin treatment, as the majority of our injections were used as adjunct
therapy with other routine flap salvage techniques and our patient population was not treated
in a standard manner. As we continue to investigate bivalirudin’s potential role, its efficacy
on improving venous congestion in heterogenous patient populations will need to be
determined. The ease of administration and tolerability of the therapy in comparison to
leeching make it an attractive alternative.

One primary deterrent from using bivalirudin injection is its expense. Based upon 2016
average wholesale price (AWP), one day of bivalirudin therapy is approximately 610 USD
(cost estimation based upon the AWP of one vial from which four doses could be provided).
29 The cost of one day of leech therapy is estimated at approximately 190 USD (cost
estimation includes application of one leech every two hours—12 leeches—and standard
antimicrobial prophylaxis with trimethoprim/sulfamethoxazole at a dose of 160 milligrams
enterally twice daily).2%30 Cost-effectiveness studies comparing leech therapy versus
bivalirudin for the treatment of venous congestion are warranted.

The current report does have several limitations. First, a retrospective review is limited to
what is available in the patients’ medical records, which may be inaccurate and poorly
documented although we did attempt to use a standardized data form for all patients. Also,
our small sample size, and lack of control group does not allow us to compare bivalirudin
treatment to standard leech therapy or to no therapy at all. We could not control for
confounding variables (such as age, co-morbidities, etc.) and patients were not treated in a
standard fashion. We present a heterogeneous patient population, reconstructed with various
head and neck flaps, which limits generalizability of our results. Therefore, the incremental
gain of bivalirudin injection to flap salvage remains unknown. A randomized controlled trial
comparing bivalirudin to other treatment methods of venous congestion is needed to further
determine its potential role but admittedly would be very difficult to perform given the rarity
of the situation and heterogeneous patient group. Additionally, bivalirudin for the adjunct
treatment of venous congestion is an off-label use of the medication, and therefore all
patients should be informed about its risks and benefits and provide consent before its use.
Alternative administrative routes and doses for bivalirudin (e.g. intravenous delivery)
methods should be studied as these may improve flap salvage rates. Furthermore, we
emphasize that first-line management of vascular compromise still remains surgical
exploration of the flap pedicle. Bivalirudin, conversely, may be considered in addition to
operative and other treatments to address persistent venous congestion, particularly in a
subset of patients with psychological aversion and with intraoral flaps in which leech
therapy may be difficult to administer. However, more investigation beyond this initial report
is needed to understand its efficacy.

CONCLUSIONS

In summary, we describe the feasibility of the use of bivalirudin injection as an alternative
adjunct therapy for the treatment of venous congestion in head and neck reconstructive flaps.
It may have several benefits over standard leech therapy and therefore its use warrants
further investigation.
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Figure 1.
A: Intradermal injection of bivalirudin into reconstructive flap. B: Cruciate cut over the

injection bleb.
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