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INTRODUCTION

Microvascular free flap transfer has become a standard proce-
dure in the management of complex bony and soft tissue de-
fects, with overall success rates of 95% to 99% [1,2]. Flap failure 
is often due to microvascular or peri-anastomotic thrombosis 
that can cause substantial and irreversible damage to the micro-
circulation.Therefore, the high success rates for free flap transfer 
have contributed to the development of techniques for meticu-
lous dissection of flap elevation, anastomosis, and postoperative 
monitoring and management [1,2]. Some factors have been 

named as progenitors in the development of microvascular 
thrombosis. Mechanical stress at the anastomotic junction and 
vasospasm caused by hypothermia and hypotension cause the 
incidence to increase [3]. Although microvascular thrombosis 
takes place in a small number of patients, early monitoring and 
prompt intervention can usually salvage a compromised flap, 
thereby preventing flap loss [1,2].

Since pharmacological thrombolysis was first used in the 1960s 
for intravenous treatment of pulmonary embolism, thrombolytic 
therapy has become the treatment of choice for thrombus in 
coronary, pulmonary, peripheral, and visceral arteries. Pharma-
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intraoperative arterial thrombosis.
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cological thrombolysis was first used in microvascular free-tissue 
transfer in 1987, when Schubert et al. [4] and Lipton and Jupiter 
[5] reported on the salvage of two free flaps with streptokinase. 
Since then, the use of thrombolytic agents such as recombinant 
tissue plasminogen activator (rt-PA), urokinase, streptokinase, 
and anisoylated plasminogen-streptokinase-activator complex 
has been shown to be an effective adjunctive measure for salvage 
of microvascular thrombosis in animal studies [6,7]. However, 
few case reports have substantiated their use in humans. We 
present the case of urokinase administration for clinically suspi-
cious emergency intraoperative arterial thrombosis. We were 
able to applying thrombolytic therapy as reported in previous 
papers to salvage our case.

CASE

A 57-year-old male patient came to our attention for squamous 
cell carcinoma on his mouth floor with cervical and mandibular 
metastases. Wide glossectomy with intergonial mandibular os-
tectomy, and sequential reconstruction using fibular osteomyo-

cutaneous free flap were planned. Initially, extended radical neck 
dissection was performed by head and neck surgeons. When the 
patient’s tongue and mandible were completely exposed, severe 
dysmorphism and adhesion were observed in the surrounding 
soft tissue (Fig. 1).

The left fibular osteomyocutaneous free flap was elevated, 
which included the part of the fibular bone for mandibular 
reconstruction and a skin paddle measuring 8 cm × 18 cm for 
reconstructing the floor of the mouth (Fig. 2A). Three osteosep-
tocutaneous perforators, which were identified by Doppler 
preoperatively, supplying the skin paddle and the lateral part of 
the soleus muscle, were included in the elevated flap. Before the 
fibular free flap was transferred, an ostectomy of the fibular bone 
to the neo-mandible was carried out using a reciprocating saw 
and reconstruction plate (Fig. 2B). The peroneal artery, with a 
diameter of 1.5 mm, was anastomosed in an end-to-end fashion 
to the well-matched right lingual artery. The warm ischemic 
time from flap division to initial arteriorrhaphy was 1 hour. After 
the arteriorrhaphy, the flap was pale, and neither color improve-
ment nor venous return was observed after the completion of 

A B

Fig. 1. Squamous cell carcinoma on the lower face

(A) Intraoperative photograph demon­
strating dysmorphism of the mandible 
and surrounding soft tissue. (B) Gross 
specimen of total tongue mass excised 
with intergonial mandibular bone.

A B

Fig. 2. Flap elevation and fabrication

Fibular osteomyocutaneous free flap and mandibular reconstruction were performed. (A) The completed flap elevation. Note the part of the fibular 
bone for mandibular reconstruction and the skin paddle measuring 8 cm×18 cm for reconstruction of the floor of the mouth. (B) Appearances after 
osteotomy of the fibular bone.
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the anastomosis. A localized exploration of the anastomoses 
was initially performed, showing that the anastomotic junction 
was patent. Although a topical application of papaverine and 
lidocaine was done, the blood supply was not recovered. Warm 
saline irrigation for more than 30 minutes was also useless. To 
seek a solution, an arterial re-anastomosis was performed, fol-
lowed by repeated applications of these anti-spasmodic agents, 
which still gave a negative result. Assessment of vessel patency 
by Doppler and a milking test was performed, and the arterial 
anastomotic junction was carefully observed. Thrombectomy 
and systemic heparin administration were not performed be-
cause simple clot or small amounts of clot were absolutely not 

encountered by the milking test. Although the pedicle had suffi-
cient arterial filling, the flap was still pale with no recovery of ve-
nous return within the surgical field. We confirmed there was no 
technical error. As the arterial anastomosis was definitely patent, 
microvascular thromboses of the donor vessels under nonvisible 
area were clinically suspected (Fig. 3). As the ischemic time was 
becoming prolonged, a subjective test such as intraoperative 
angiography could not be carried out. After ruling out many 
possible causes of flap ischemia, the decision was made to use a 
thrombolytic agent as the last resort.

Two stitches at the arterial anastomotic site were released, and 
a bolus of 100,000 units of urokinase was infused once antero-
gradely through a 26-gauge angiocatheter. Within one minute 
after the application of urokinase, the arterial flow and venous 
return were restored. Improvement of the flap’s color was noted 
and the urokinase solution gushed out through the flap vena 
comitans (Fig. 4). Arterial blood reperfusion was performed 
for over 2 hours. Finally, venorrhaphy was performed with a 
peroneal vein and right thyroidal vein. There were no further 
problems nor systemic effects of the thrombolysis and no other 
treatment was required. The flap survived with a follow-up of 11 
months (Fig. 5). We have concluded that vibrating injuries of 
the reciprocating saw during flap fabrication and insetting might 
have been the cause of the microvascular thromboses.

DISCUSSION

Microvascular free tissue transfer is a reliable, established tech-
nique in reconstructive surgery. Even at centers with very high 
free flap success rates, vascular complications of arterial and/
or venous pedicle thrombosis can occur in up to 10% to 15% of 
cases [1,2]. Pedicle thrombosis remains a challenge for the mi-
crovascular surgeon. Arterial thrombosis typically occurs early 
in the intraoperative and postoperative course, while venous 
thrombosis can present with more temporal variability because 
of the slower flow rate. Management to prevent this pedicle 

Fig. 3. Microvascular free flap salvage process

Our microvascular free flap salvage process for vascular thrombosis.

Clinical evidence of vascular compremise
1. Decreased turgor
2. No capillary bleeding
3. Pale color
4. Cool in temperature

Re-exploration & careful inspection of anastomotic vessels

Topical application of papaverine and lidocaine over 30 minutes

Flushing with heparinized saline over 30 minutes

Arterial anastomotic revision

Confirmation of absence of technical errors and vascular spasms, 
suspicious arterial microthrombus

100,000 IU Urokinase injection via arterial anastomotic 
juction, reestablish the flow

Fig. 4. Intraoperative view after flap revascularization

Appearance after flap transfer 
and neomandible recreation. 
Microvascular anastomoses 
were performed with the left 
peroneal artery/concomitant 
vein and right lingual artery/
right thyroidal vein. Imme­
diately after the application 
of urokinase, arterial flow was 
restored and improvement of 
the flap’s color was observed. A B

Fig. 5. Postoperative views

(A) Endoscopic view of the mouth 11 months after the surgery. (B) 
Clinical photo 11 months after the surgery.
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thrombosis include careful patient selection, careful recipi-
ent vessel selection, pharmacological prophylaxis, meticulous 
surgical technique in flap harvesting, vessel preparation and 
microsurgical anastomosis, and careful postoperative manage-
ment to prevent all maneuvers and events (e.g., external vessel 
compression or avulsion, hematoma, or seroma formation) 
that could compromise flow through the anastomosed vessel 
[8]. Although most complications in microsurgery are caused 
by technical errors and can be avoided by careful manipulation 
during operations [9], skill and experience are not sufficient to 
prevent thrombosis.

Tissue injury and vascular endothelial damage are the first 
steps toward thrombosis and hemostasis activation. These in-
juries expose tissue factor (TF) from the subendothelium and 
surrounding layers of the vessel. TF triggers the coagulation 
cascade via activation of factor VII, and this activation results in 
the formation of a local fibrin clot and subsequent platelet acti-
vation and aggregation [10].

The majority of compromised free flaps can be salvaged if the 
complication is recognized early enough and appropriate surgi-
cal interventions are made promptly. In the case of suspicious 
arterial or venous thrombosis, prompt intervention must be 
advocated to avoid irreversible tissue damage by immediately 
reestablishing vascularization of the pedicles [1,2]. For instance, 
Kroll et al. [1] examined the timing of free flap vascular compli-
cations and observed that about 80% of thromboses occurred 
within the first 2 postoperative days. A number of authors have 
suggested that a 2-day postoperative window is the ‘’golden pe-
riod’’ for potential salvage of free flaps compromised by pedicle 
thrombosis [1,6,11]. If pharmacological thrombolysis has to 
be performed, it would be more effective than time-consuming 
procedures such as thrombectomy or re-anastomosis.

Although there are abundant animal data demonstrating the 
benefit of thrombolytic therapy in compromised flaps [6,7], 
pharmacological fibrinolysis has been overlooked by many 
reconstructive microsurgeons because of a fear of systemic com-
plications such as hypertension or bleeding tendency. However, 
Lipton and Jupiter [5] first reported the use of streptokinase for 
successful salvage of an osteocutaneous fibular free flap that had 
suffered venous thrombosis. Subsequently, several studies have 
demonstrated a role for thrombolysis in flap salvage [8,12].

Major contraindications to pharmacological fibrinolytics, to 
be considered only when systemic circulation of the drug is al-
lowed, are recent stroke or malignancy (particularly if brain me-
tastases are likely), renal insufficiency, allergy, cardiac thrombus, 
diabetic retinopathy, and coagulopathy [8]. If the veins of a free 
flap are released and the fibrinolytics are injected directly into 
the flap’s circulation, these contraindications do not exist [10]. 

Furthermore, urokinase is inactivated after 15 minutes. Hence, 
if the venous anastomosis is performed after at least 15 minutes, 
various risks of systemic complications are evitable [8].

Thrombolytic agents act directly by local binding to fibrin, 
which activates plasmin, and activated plasmin then cleaves 
the fibrin within the thrombus [10]. There are three common 
thrombolytic drugs used in microvascular surgery—streptoki-
nase, urokinase, and rt-PA. Group C β-hemolytic streptococcus 
produces streptokinase. It has been widely used in the treatment 
of myocardial infarction, pulmonary embolus, deep vein throm-
bosis, and acute limb ischemia. Streptokinase has an anaphylaxis 
rate of approximately 0.1% and induces antibody production. An 
effective dose of streptokinase in the blood is between 1,000 and 
3,000 units/mL [9,13]. Urokinase is derived from human fetal 
kidney cells. It is capable of direct activation of plasminogen to 
plasmin, but has a short half-life of 15 minutes. The advantages 
of urokinase over streptokinase include: 1) less antigenicity; 2) 
direct plasminogen activation, allowing use in a high concen-
tration as distinguished from streptokinase; and 3) decreased 
systemic effects reported clinically [9,13]. Rt-PA is a second 
generation thrombolytic agent produced by vascular endothelial 
cells and is a direct activator of plasminogen. Theoretically, rt-
PA results in less systemic bleeding complications; however, this 
has not been shown to be clinically significant [9,13]. Urokinase 
and rt-PA are theoretically more effective than streptokinase for 
dissolving an occluding thrombus.

Unfortunately, the urokinase dose adequate for safe and effec-
tive flap salvage has not been established. Anavekar et al. [14] 
described two cases of late vascular thrombosis in free flap, 
using a single bolus of 100,000 units of urokinase. In many 
articles different from our case, thrombolytic therapy was suc-
cessfully administrated for venous and late-onset thromboses, 
and these applications have been mentioned above. We believe 
that thrombolytic therapy such as urokinase is a safe, useful, ef-
fective, and innovative tool for many cases of free flap salvage. 
However, microvascular surgeons must keep in mind that 
thrombolytic therapy neither resolves the causes for thrombosis 
nor eliminates the risk of re-thrombosis. Thus, eventual extrinsic 
or intrinsic causes for thrombosis must be removed.

The use of urokinase may provide a viable option for the treat-
ment of suspicious intraoperative arterial thrombosis. Other 
fibrinolytic agents may also represent a valuable addition to the 
armamentarium of the microvascular surgeon. Proper technique 
and maximized drug delivery can help avoid systemic spread 
and subsequent complications. The effective dose of urokinase 
must be established in the near future.
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