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The forearm is frequently involved in extremity amputation.
In cases of extremity amputation, treatment strategy
includes considerations regarding the general condition of
the patient, the site of the injury and severity of the tissue
loss, functional prognosis, and social background.

Functional free muscle transfer is a valuable tool to recon-
struct the upper extremity and is indicated for late reconstruc-
tion of brachial plexus injuries, traumatic muscle loss,
Volkmann ischemic contracture, and loss resulting fromonco-
logic resection.1,2 The gracilis muscle is one of the most
commonly used donormuscles for functional muscle transfer,
and is ideal for the reconstruction of the flexor group.1–4

Perioperative deep venous thrombosis (DVT) is a potentially
fatal complication due to the risk of pulmonary embolism
(PE).5,6 There are several reports describing temporary inferior
vena cava (IVC)filter placement preoperatively toprevent PE.7–9

However, standardperioperativemanagementofDVTisunclear.
There are many factors that could lead to or exacerbate

DVT/PE during free flap transfer, including the length of the
operation, intraoperative position changes, and periopera-
tive suspension of anticoagulants. We report our manage-
ment strategy for a case of free gracilis muscle flap transfer
for functional forearm reconstruction after traumatic ampu-
tation and reimplantation in a patient with a known DVT.
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Abstract Background Free muscle transfer is the gold standard procedure for functional upper
extremity reconstruction. The gracilis muscle is one of the most commonly used donor
muscles due to the reduced morbidity of its harvest.
Case We performed a free gracilis muscle flap transfer for functional reconstruction
of a forearm after reimplantation in a 62-year-old man with a known deep venous
thrombosis (DVT).
Result Perioperative DVT is a potentially fatal complication due to the risk of
pulmonary embolism. There were many risk factors in this case for venous throm-
boembolism around the time of free flap transfer including the length of the operation,
intraoperative position changes, and perioperative suspension of anticoagulants. We
divided the operation into two stages to reduce operative times, chose a donor site that
did not require intraoperative position changes, placed an indwelling temporary filter
in the inferior vena cava preoperatively, and continued administration of anticoagulant
intraoperatively.
Conclusion With these measures, we safely and successfully performed free gracilis
muscle transfer in a patient with DVT.
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Case Presentation

A 62-year-old man suffered blunt amputation of the right
forearm, right elbow dislocation, and hip fracture with
dislocation after a stirringmachine accident. Hewas brought
by ambulance to our hospital (►Fig. 1). Poor prognosis of his
right arm in regard to function was predicted because his
forearm was heavily crushed. Reimplantation of the ampu-
tated forearm was performed immediately after informed
consent. First, the free bone fragments of the radius and ulna
werefixed byorthopedic surgeons. Next, the radial and ulnar
arteries were anastomosed using greater saphenous vein
(GSV) conduit. The cephalic vein was reconstructed using

interposition GSV conduit. While the median nerve could be
directly repaired and the ulnar nerve repaired using a nerve
regeneration-induced tube (Nerbridge, TOYOBO, Osaka,
Japan), the radial nerve could not be repaired secondary to
the length of the defect. Because the soft tissue defect was
large and the bones could not be covered, an abdominal flap
was harvested to cover the exposed bones, and artificial
dermis (INTERGRA, CenturyMedical, Tokyo, Japan) was used
to cover the exposed vessels (►Fig. 2). The reimplanted
forearm almost completely survived. Although 10,000 units
of heparin were injected daily for prophylaxis of DVT after
reimplantation, D-dimer elevation was observed on post-
operative day 20, and computed tomography revealed a DVT

Fig. 1 Preoperative photographs and X-ray images. Right forearm with complete amputation with right elbow dislocation.

Fig. 2 Reimplantation operation. (A) Bony fixation using wires and external fixator. (B) Soft tissues were reimplanted. (C) Because the soft tissue
defect was large, an abdominal flap was harvested to cover the exposed bone, and artificial dermis was used to cover the exposed vessels.
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and an asymptomatic PE. Heparin was, thereafter, increased
to 15,000 units daily (►Fig. 3). On postoperative day 21, the
delayed abdominal flapwas debrided under local anesthesia.
Almost all tendons and muscles of the flexor and extensor
compartments, as well as the median nerve, were necrotic.
To prevent osteomyelitis and to achieve a functional forearm,
we gave priority to reconstruction of the flexor muscle
group.

A free functional gracilis muscle flap transfer was thus
chosen for the reconstruction of the flexor muscle group.
A two-staged operation was performed to avoid a long
operative time. On the 35th day after reimplantation, deb-
ridement of necrotic tissue and marking of the recipient
vessels andmotor nerves of theflexor groupwere performed
with heparin using axillary block anesthesia. The operation
time was 2 hours 46 minutes and the bleeding volume was
330 mL. Anticoagulation therapy was administered for the
PE, but the DVT persisted. A temporary IVC filter was thus
implanted on the 39th day after reimplantation (the day
before the second operation). On the 40th day, a free gracilis
muscle transfer was performed using heparin. We harvested
a gracilis muscle flap under general anesthesia, and a sural
nerve graft was performed for the reconstruction of the
median nerve simultaneously (►Fig. 4). The operation
time was 9 hours 45 minutes and the bleeding volume was
645 mL. Two units of red cell concentrates were transfused.
The muscle survived and autokinesis of the transferred
gracilis muscle was recognized 9 months postoperatively.
One year later, the patient suffered from osteomyelitis, and
vascularized fibula transplantation was performed for the
reconstruction of the radius (►Fig. 5). In the near future,
tendon exfoliation is planned for the flexor side of the digits.

Discussion

Free muscle transfer is the gold standard procedure for the
reconstruction of a functional upper extremity. A neurovas-

cular anatomical structure that allows for transplantation,
adequate length and excursion, and acceptable donor-site
morbidity is necessary for donor muscles. The gracilis,
latissimus dorsi, tensor fasciae latae, and medial gastrocne-
mius, and others can be used as donor muscles.1–4 Of these,
the gracilis muscle is one of the most commonly used for the
reconstruction of the flexor group because the gracilis
muscle has a parallel muscle configuration, adequate excur-
sion, a reliable pedicle, and less donor-site morbidity.1–4

Fig. 3 Computed tomography revealed a nonocclusive thrombus in
the left pulmonary artery.

Fig. 4 Free gracilis muscle transfer operation. (A) 7 � 23 cm flap was
designed inside the thigh and harvested. (B) Harvesting the fat flap to
divide the grafted abdominal flap and cover the exposed bone with a
fat flap. The median nerve was reconstructed using a cabled sural
nerve graft. The distal end of the gracilis muscle was sutured to the
flexor digitorum tendon. End to side anastomosis was performed
between the flap artery and the radial artery. The vein was anasto-
mosed to the companion vein. The motor nerve of the gracilis muscle
was sutured to a branch of the median nerve. (C) Postoperative view.

Fig. 5 Nine months after fibular flap reconstruction and X-ray image.
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One of the most important points in the present case is
that free gracilis muscle transfer was performed in a patient
with known DVT. Because DVT can lead to fatal complica-
tions including PE, thoughtful perioperative management is
necessary for patients at high risk.6 Risk factors for DVT/PE
include aging, trauma, malignancy, obesity, orthopedic or
abdominal surgery, and prolonged bed rest.5 With the pre-
sence of lower extremity trauma, including hip fracture as in
this case, the risk of developing of DVT/PE becomes very
high.10 McNamara et al reported that the incidence of
symptomatic venous thromboembolism after hip fracture
is 2.2%.10 Depending on the risk level, DVT prophylaxis
includes early ambulation, elastic compression stockings,
intermittent pneumatic compression, and chemical prophy-
laxis.5 Regarding the treatment of DVT, it is important to
select appropriate medical therapy, catheter-based treat-
ment, or surgical thrombectomy, with careful consideration
of the clinical severity and the patient’s comorbidities. In this
case, while 10,000 units of heparin daily had been adminis-
tered for chemoprophylaxis after forearm reimplantation,
both DVT and PE developed. The heparin dose was thus
presumed to be insufficient and was therefore increased
before muscle transfer. A more effective strategy may have
been to adjust the heparin dose more strictly from the
beginning according to the activated partial thromboplastin
time value.

Although there are reports of temporary IVC filter place-
ment as a preoperative strategy to manage DVT, there are
no clear guidelines.7–9 There are many risk factors for
venous thromboembolism in free flap operations, including
(1) long operative times, (2) positional changes for flap
harvest, and (3) suspension of anticoagulant to avoid peri-
operative bleeding. Even though anticoagulation for DVT/PE
was initiated, complete resolution of the thrombus takes
time, as it sometimes becomes organized and persists
despite therapy. In this case, waiting for the thrombus to
resolve on anticoagulation and delaying gracilis transfer
could have led to a bad functional outcome for the patient.
For that reason, we implemented a treatment strategy to
proceed safely with surgery in the presence of a known
DVT/PE. Importantly, we divided the surgery into two
stages. If an additional surgical team can participate in
the surgery, the surgery can safely and expeditiously be
performed in a single stage, as the first surgeon can perform
preparation of the recipient, while the second surgeon is
simultaneously harvesting the muscle. Unfortunately, we
could not employ this strategy. Temporary IVC filter was
placed preoperatively and anticoagulation therapy (intra-
venous administration of heparin) was continued intrao-
peratively as deemed safe. Although the risk of bleeding
increased with the continuation of anticoagulation therapy,

the use of a tourniquet and suspension of anticoagulation
therapy while harvesting the myocutaneous flap minimized
blood loss. Using these measures, we were able to success-
fully complete the free flap reconstruction without a fatal
PE or development of a new DVT.

Conclusion

Lower extremity fracture is a major risk factor for DVT/PE.
Despite chemoprophylaxis with heparin, DVT/PE occurred in
the present case. There are no established guidelines for
reconstructive surgery including free flap in the presence of
known DVT/PE. Thoughtful perioperative management to
reduce risk factors that exacerbate or incite DVT/PE can help
with the safe completion of reconstructive surgery in cases
with known venous thromboembolism.
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