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Abstract Background Polycythemia vera (PV) is a myeloproliferative disease with overproduc-
tion of erythrocytes, leukocytes, and platelets causing an increased risk of both
thrombosis and hemorrhage. There are limited reports and no established guidelines
for managing such patients undergoing reconstructive surgery.
Methods We present four patients with PV and head and neck cancer who required
reconstruction after resection and provide a review of the current literature.
Results Preoperatively, patients on cytoreductive therapy continued with their
treatment throughout their hospital course and had hematologic parameters normal-
ized with phlebotomy or transfusions if needed. Two patients who underwent free flap
surgery (cases 1 and 2) had postoperative courses complicated by hematoma forma-
tion and persistent anemia, requiring multiple transfusions. Cases 3 and 4 (JAK2þ PV
and JAK2� PV, respectively) underwent locoregional flap without postoperative
complications.
Conclusion Concomitant presentation of PV and head and neck cancer is uncommon
and presents unique challenges for the reconstructive surgeon. Overall, we recom-
mend that patients should have hematologic parameters optimized prior to surgery,
continue ruxolitinib or hydroxyurea, and hold antiplatelet/anticoagulation per estab-
lished department protocols. It is essential to engage amultidisciplinary team involving
hematology, head and neck and reconstructive surgery, anesthesia, and critical care to
develop a standardized approach for managing this unique subset of patients.
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Introduction

Polycythemia vera (PV) is a myeloproliferative disease with
overproduction of erythrocytes, leukocytes, and platelets
(PLTs) causing an increased risk of both thrombosis and
hemorrhage. There are two types of PV: primary PV, which
is due to intrinsic mutations within hematopoietic cell lines,
mostcommonlyvia JAK2mutation, andsecondaryPV,which is
due to chronic hypoxic conditions or mutations that cause the
overproductionoferythropoietin,which isnot seen inprimary
PV.1,2 Thromboses, both arterial and venous, are the most
lethal complications of PV. Up to 39% of patients present with
major thrombotic events at the time of diagnosis.2

There are limited studies regarding surgical management
among these patients and even fewer regarding reconstruc-
tive surgery and the challenges in perioperative manage-
ment. We report our experience from a single academic
institution for patients (n¼4) with a diagnosis of PV (n¼3
with JAK2þ PV; n¼1 with JAK2� PV) who underwent head
and neck reconstructive surgery. We also present a review of
the literature regarding surgical management in PV. Addi-
tionally, we provide perioperative recommendations for
patients with PV undergoing reconstructive surgery.

Methods

This study was approved by the Institutional Review Board
within our institution. We performed a retrospective review
of PV patients who required defect reconstruction for the
head and neck with either a locoregional flap and/or micro-
vascular free flap. Data were abstracted from medical charts
at a single institution over a 1-year period from2019 to 2020.
Patients were identified by Current Procedural Terminology
and International Classification of Diseases (ICD) codes (ICD-
9: 238.4, ICD-10: D45) (►Table 1).

We have a standard head and neck reconstructive surgery
protocol within our institution. For preoperative management,
patients are optimized for surgery with regard to chronic con-
ditions. If patients are on anticoagulation (e.g., apixaban), these
are typically withheld for a few days before surgery. Intraoper-
atively, 150mg of aspirin is given at the end of the surgery, and

81mg thereafter for 30 days, startingonpostoperative day (POD)
1. Perioperative antibiotic prophylaxis with cefazolin andmetro-
nidazole are given for 24hours. Venous thromboembolism (VTE)
prophylaxis is started on POD1 with subcutaneous enoxaparin,
30mg BID. Flap monitoring is done using a combination of
physical examination and Doppler ultrasound probes, both im-
plantable and/or handheld. Flaps checks for implantable Doppler
signals, color, turgor, capillary refill, andoverall appearanceoccur
every hour (Q1h) for thefirst 24hours, Q2honPOD2 to 3, Q4hon
POD4, and Q8h from POD5 until discharge.

A systematic review was performed following the guide-
lines of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (►Fig. 1). Articles in English using the
PubMed database for the keywords “reconstructive surgery,
head and neck surgery, microvascular surgery, and PV”were
selected for full article review after screening for relevance
based on title and abstract by two authors (S.D. and R.T.).

Case Presentations

Case 1
A 66-year-old man with JAK2þ PV on chronic ruxolitinib,
chronic obstructive pulmonary disease, alcohol and tobacco
use presented with squamous cell carcinoma (SCC) of the
mandible (pT4aN3b) and bilateral cervical metastases. He
underwent an anterior composite mandible resection, bilat-
eral neck dissection, and two freeflap reconstructions—right
fibula and right anterolateral thigh. His preoperative labora-
tories are presented in ►Table 2. Aspirin was held and the
patient was transfused with 1 unit (U) of PLTs due to
thrombocytopenia. His operative course was complicated
by blood loss requiring multiple blood transfusions.

Table 1 CPT codes used to study the database

15732 Muscle, myocutaneous, or fasciocutaneous flap;
head and neck or trunk

15756 Free muscle or myocutaneous flap with
microvascular anastomosis

15757 Free skin flap with microvascular anastomosis

15758 Free fascial flap with microvascular anastomosis

20955 Bone graft with microvascular anastomosis;
fibula

20956 Bone graft with microvascular anastomosis;
iliac crest

20962 Bone graft with microvascular anastomosis;
other than fibula, iliac crest, or metatarsal

Abbreviation: CPT, Current Procedural Terminology.

Fig. 1 Flow diagram of systematic literature review.
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On POD1, he was started on VTE prophylactic dosing of
enoxaparin at 30mg twice daily but stopped on POD8 due to
bleeding complications. Aspirin was not restarted due to
persistent postoperative thrombocytopenia. Ruxolitinib was
continued for the entirety of hospitalization. Donor-site
hematoma was developed on POD5 and was evacuated;
prothrombin time (PT) and partial thromboplastin time
(PTT) were within normal limits at the time. Poor wound
healing and neck flap dehiscence were noted on POD11
which required return to the operating room (OR) for wash-
out and partial reconstruction with a pectoralis flap on
POD12. He was discharged on POD23 with no further com-
plications on follow-up a week later (►Fig. 2).

Case 2
A71-year-oldmanwith JAK2þ PVon ruxolitinib and historyof
pulmonary embolism (PE) on apixaban presentedwith a large,
painful arteriovenous malformation (AVM, pT1) of the left
temple and cheek. AVM embolization was performed 2 days
before resection and anteromedial thigh free flap reconstruc-
tion (►Table 2;►Figs. 3 and 4). He received 325mg of aspirin

after AVM embolization. Apixaban was held 2 days prior to
surgery. His preoperative and postoperative PT/PTT were
elevated. He remained on ruxolitinib throughout his hospitali-
zation. After surgery, he received VTE prophylaxis with enox-
aparin 30mg twice daily and was started on aspirin 81mg on
POD2. However, on POD5, he developed left scalp and thigh
hematomas, causing acute anemia fromahemoglobin (Hgb)of
7.2 to 6.6 g/dL, and PT/PTTwas 15.4/41.8 seconds. He required
1Uofpacked redbloodcell (pRBC) transfusionand returned to
theORforawashoutandflapexploration.Anticoagulationwas
held for 3 days following his return from the OR and he was
started on a heparin drip 4 days later due to a history of PE.
Heparin was bridged to apixaban on the day before discharge
(POD12). On follow-up10days afterdischarge, thepatientwas
doing well without complications (►Fig. 5).

Case 3
An 82-year-old womanwith JAK2þ PV and essential thrombo-
cythemia on hydroxyurea presented with a large SCC originat-
ing from the left floor of the mouth. Surgery was performed
23 days after the initial presentation. She underwent a segmen-
tal mandibulectomy with a left supraclavicular island flap
(►Table 2, ►Fig. 6). Preoperatively, she had moderate anemia
and thrombocytosis. She remained on hydroxyurea and aspirin
throughout the perioperative period. EBL was 50mL. Postoper-
atively, her anemia worsened but did not require immediate
transfusion and her PLT count normalized. She was started on
VTE prophylaxis with enoxaparin at 30mg daily on POD1 and
aspirin81mgonPOD2. She received1UofpRBConPOD2dueto
a Hgb drop from 8.1 to 6.9 g/dL without signs of bleeding. Her
postoperative coursewasotherwiseunremarkable, and shewas
discharged home on POD6. On follow-up 8 days after discharge,
she was doing well without complications.

Case 4
A 64-year-old manwith JAK2� PVmanaged by serial phlebot-
omies, atrial fibrillation on apixaban, and coronary artery
disease on dual antiplatelet therapy (aspirin, clopidogrel)

Fig. 3 AVM seen on computed tomography angiogram of the head.
Case 2: 71-year-old man JAK2þ PV on ruxolitinib who presented with
AVM of temporal region requiring microvascular free flap recon-
struction with anteromedial thigh free flap. AVM, arteriovenous
malformation; PV, polycythemia vera.

Fig. 2 Hematocrit trends throughout hospital courses. Case 1: 66-
year-old man JAK2þ PV on ruxolitinib. Case 2: 71-year-old man JAK2þ
PV on ruxolitinib. Case 3: 82-year-old woman JAK2þ PV on hydroxy-
urea. Case 4: 64-year-old man JAK2 PV with serial phlebotomies. PV,
polycythemia vera. Fig. 4 AVM resection with anteromedial thigh free flap reconstruc-

tion. Case 2: 71-year-old man JAK2þ PV on ruxolitinib who presented
with AVM of temporal region requiring microvascular free flap
reconstruction with anteromedial thigh free flap. AVM, arteriovenous
malformation; PV, polycythemia vera.
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presented with SCC (pT3N0) of the left auricle and cartilagi-
nous ear canal. Surgery was delayed from initial presentation
due to need for cardiac catheterization and dual antiplatelet
therapy for at least 30 days. He underwent left temporal bone
resection with partial auriculectomy, parotidectomy, and left
neck dissection and locoregional reconstruction with left
sternocleidomastoid and left temporalis muscle and split-
thickness skin graft (►Table 2). He required preoperative
phlebotomies for polycythemia. Aspirin, clopidogrel, and apix-
abanwere held themorning of surgery. EBLwas 100mL. POD1
laboratories revealednormal RBC and PLT counts. OnPOD3, he
restarted daily 81mg aspirin. Due to hematuria, apixabanwas
not restarted until POD6. His postoperative course was un-
complicated, and hewas discharged home on POD7. However,
he returned to the emergency department 2 days later due to
bleeding around his neck drain which resolved with suture
reinforcement. He recovered without complications.

Discussion

PV is a myeloproliferative disease with overproduction of
erythrocytes, leukocytes, and PLTs causing an increased risk

of both thrombosis and hemorrhage. Up to 39% of patients
present with major thrombotic events at the time of diagno-
sis.2 As a result, PV presents a unique challenge for head and
neck reconstruction as the increased risk of bleeding and/or
thrombosis may lead to flap failure and wound complica-
tions. In patients with PV, malignancy and thrombotic com-
plications are the leading causes of death, and median
survival is 19 years after diagnosis.3 There are limited studies
on surgicalmanagement in this population and few that have
specifically focused on head and neck reconstructive surgery
and associated challenges in perioperative management. We
present four cases of head and neck reconstruction after
tumor resection highlighting the risk of postoperative com-
plications in PV patients. Moreover, we discuss the lessons
learned inmedical management before and after major head
and neck surgery.

To the best of our knowledge, there are only two previ-
ously reported cases of patients with PV who have under-
gone successful microvascular free flap surgery, summarized
in ►Table 2. One reported a mandibulectomy followed by
free flap transfer for oral SCC.4 The other reported a micro-
vascular free flap with bisphosphonate-induced mandibular
osteonecrosis.5 In our case series, two patients underwent
microvascular reconstructionwith one patient requiring two
free flaps. With no evidence of intraoperative or postopera-
tive microvascular thrombosis in our patients nor in previ-
ously published reports, we would recommend
microvascular reconstruction as a safe option in patients
with PV. The two patients with regional flap reconstruction
did well postoperatively without wound dehiscence or par-
tial flap necrosis. In case 3, the patient was offered both free
tissue reconstruction and regional flap reconstruction with
the patient ultimately deciding to pursue regional recon-
struction. It is our recommendation that all surgical recon-
structive options should be available to patients with a final
reconstructive plan made from joint decision-making be-
tween the surgeon and patient. All patients with PV required
extensive discussions with hematology teams before under-
going head and neck reconstruction.

Cytoreductive therapy remains the mainstay for treat-
ment of high-risk PV with goals of hematocrit (Hct) less than
45% in men and less than 42% in women.6,7 In untreated
patients, risk of arterial thrombosis (hazard ratio [HR]: 2.0)
and venous thrombosis (HR: 4.7) is elevated.6,7 Low-risk
patients (age<60 years without a history of thrombosis)
can be treated with phlebotomy alone, while high-risk
patients (age � 60 years with or without a history of
thrombosis) are also treated with cytoreductive agents.6,7

Fig. 5 Case 2 approximately 1 year after free flap reconstruction.

Fig. 6 Case 3: 82-year-old woman with JAK2þ PV and essential
thrombocythemia on hydroxyurea and aspirin who underwent a
locoregional flap.
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The recommended first-line cytoreductive agent is hydroxy-
urea. Patients refractory to hydroxyurea are often treated
with ruxolitinib, a tyrosine kinase inhibitor. Although several
studies suggest that cytoreductive therapy improves throm-
bosis-related outcomes, these patients remain at an in-
creased risk for adverse events despite controlled disease
and anticoagulation.

The National Comprehensive Cancer Network (NCCN)
recommends that cytoreductive therapy should be contin-
ued throughout the perioperative period, but that dose
adjustments may be required before and after surgery.8

We recommend goal Hct levels of less than 42% (women)
and 45% (men) based on cytoreductive therapy goals and
NCCN recommendations.8 These levels are associated with
lower risks of cardiovascular death9 and thrombotic events.8

The NCCN also recommends control of Hct for 3 months
before elective surgery; however, this time is not always
available based on the patient’s disease.8 A previous study on
PLT thresholds in microvascular surgeries showed that
patients who experienced venous thrombosis had higher
preoperative PLTvalues as comparedwith thosewith arterial
thrombosis.10 Moreover, PLT levels of 200,000/μL or less
were associated with higher salvage success rates.10 Cho
et al reported an increased risk of flap thrombosis in trauma
patients with PLT levels more than 361,000/μL.11 Similarly,
Tarabishy et al reported an increased risk for blood transfu-
sion in patients with preoperative thrombocytosis (>
450,000/μL).12 Therefore, based on available evidence and
a lackof literature on the current population, we recommend
PLT levels to be maintained above the lower limit of normal
and below 361,000/μL with a goal of approximately 200,000/
μL to optimize postoperative outcomes.

Aspirin should be held 7 days before surgery when feasi-
ble and restarted 24hours after surgerywhen bleeding risk is
acceptable.8 Careful discussions should be had with the
hematology team regarding dose adjustments of cytoreduc-
tive agents especially with ruxolitinib. Surgery should be
postponed to achieve optimal cell count levels but should not
significantly interferewith timely oncologic care in head and
neck cancer patients.

Our two patients requiring microvascular reconstruction
were both on ruxolitinib, a scenario not previously reported
upon in head and neck reconstruction. Though neither
patient had microvascular compromise nor free flap failure,
they both developed hematomas requiring surgical inter-
vention and blood transfusions. Review of these cases leads
us to conclude that, though cytoreductive agents are vital to
treatment of PV, aggressive treatment can also lead to
anemia, thrombocytopenia, and risk of bleeding. Patient 1
presented to surgery with adequate Hct levels but also had
significant thrombocytopenia due to ruxolitinib. Patient 2
presented with a low Hct of 35 and developed a hematoma
requiring blood transfusions. Both cases exemplify the need
to create better thresholds for hematologic parameters pre-
operatively so that a careful balance can be maintained
between reducing thrombotic risk and bleeding risk.

Whenpatients present with a high riskof VTE, the surgical
and hematology teams must decide the appropriate timing

for cessation and initiation of anticoagulation. Patients may
be already at risk of bleeding complications due to throm-
bocytopenia combined with the risk of major head and neck
surgery. In case 2, the patient had a history of PE and
apixabanwas held prior to surgery. Afterward, he developed
a hematoma after starting prophylactic anticoagulation.
Ultimately, after surgical control of bleeding, the patient
was placed on a heparin drip and bridged to apixaban. The
patient in case 4 had a history of atrial fibrillation and his
apixaban was also held before surgery. His anticoagulation
was restartedwhen his bleeding risk was acceptable, on POD
3, and he did not have any bleeding events. In those patients
undergoing free flap reconstruction, when bleeding risk is
high, we recommend consideration of heparin bridging
therapy before restarting preoperative anticoagulation regi-
men. Otherwise, prophylactic or therapeutic anticoagulation
should be restarted as soon as the surgeon feels it is safe.

Several other factors should be considered with head and
neck reconstruction in PV patients. Chronic hydroxyurea
therapy can cause nonhealing ulcers, typically perimalleo-
lar.13–16 The mechanism is unclear but appears to be related
to cutaneous atrophy and poor wound healing frommegalo-
blastic erythrocytes poorly perfusing small capillary beds.17

Ulcers typically resolve within weeks after discontinuing
hydroxyurea.15,17 Ruxolitinib also has immunosuppressive
effects and increases risk for both bacterial and viral infec-
tions; therefore, patients should be monitored closely for
postoperative infection.7,18 In our case series, we have found
that routine postsurgical antibiotic prophylaxis to be ade-
quate. Poor wound healing and infection were noted in our
patient in case 1 who was on ruxolitinib, but he eventually
was able to heal with a secondary regional flap. Finally, it
should be noted that PV naturally predisposes an increased
risk toward splenomegaly,3 which is a marker of response to
therapy, and should be assessed prior to placement of a
gastronomy tube (G-tube). We have provided a summary of
our recommendations based on the discussed literature and
experiences within our institution ►Fig. 7.

Conclusion

Concomitant presentation of PV and head and neck cancer is
uncommon and presents unique challenges for the recon-
structive surgeon. These patients have complex hematologic
issues with increased thrombotic and bleeding complica-
tions which are both part of the disease and treatment. We
report four patients with PV who successfully underwent
head and neck reconstruction. Though these patients did not
experience flap failure, complications included persistent
preoperative and postoperative cytopenias requiring trans-
fusions, hematoma formation, and wound dehiscence. Qual-
ity improvement initiatives for the care of these patients
should include multidisciplinary collaboration with the
patients’ hematologists as soon as the decision to pursue
surgery is made. Per NCCN recommendations, cell counts
should be optimized 3 months prior to surgery; however,
thismay not be possible due to the aggressive nature of some
cancers. We recommend maintaining preoperative Hct less
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than 42% (women) and less than 45% (men) and PLT counts
around 200,000/μL (with high risk for thrombosis above
360,000/μL). Careful examination for splenomegaly should
occur before G-tube placement. Patients with medication-
induced cytopenias before surgery may need dosing adjust-
ments. Hematology inpatient consultation is recommended
to guide the use of cytoreductive agents, antiplatelet thera-
pies, and anticoagulation. The microvascular surgeon should
also be aware of cytoreductive therapy side effects including
wound healing, infection, and cytopenias in these patients.
Based on our experiences, the presence of PV does not
preclude successful flap reconstruction.
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