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Primary thrombolysis for free flap surgery in head
and neck reconstruction: a case report and review
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The use of free flaps is an essential and reliable method of reconstruction in complex head
and neck defects. Flap failure remains the most feared complication, the most common cause
being pedicle thrombosis. Among other measures, thrombolysis is useful when manual
thrombectomy has failed to restore flap perfusion, in the setting of late or established throm-
bosis, or in arterial thrombosis with distal clot propagation. We report a case of pedicle arte-
rial thrombosis with distal clot propagation which occurred during reconstruction of a maxil-
lectomy defect, and was successfully treated with thrombolysis using recombinant tissue
plasminogen activator. We also review the literature regarding the use of thrombolysis in free
flap surgery, and propose an algorithm for the salvage of free flaps in head and neck recon-
struction.
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INTRODUCTION

Microvascular free tissue transfer has become an essential tool
in the reconstruction of complex head and neck defects follow-
ing cancer extirpation [1]. Flap failure remains the most feared
complication, with an incidence of about 2% to 5% [2]. The
most common cause is anastomotic complications, which occur
most frequently in the early postoperative period and necessi-
tate urgent flap re-exploration [3]. Re-exploration rates range
from 6% to 14%, the most common cause being pedicle throm-
bosis [1,2].

Management of suspected flap compromise involves prompt
re-exploration and addressing the underlying cause-revision of
anastomoses if it is a technical issue, repositioning or untwisting
of vessels if there is kinking or compression, evacuation of com-

pressing hematomas, or use of vein grafts if there is excessive

tension [4]. If the cause is pedicle thrombosis, intraluminal
thrombi should be removed, by milking the vessels or with the
aid of Fogarty catheters (i.e., Fogarty thrombectomy) [1].
‘When such measures fail to restore flow; or in the setting of ex-
tensive and established thrombosis, thrombolysis should be
considered [1,5], and has been shown to improve salvage rates
[S].

Occasionally, pedicle thrombosis may occur during the prima-
ry surgery itself as opposed to the postoperative period. This
may be due to technical issues, or predisposing “vasculopathy”
factors such as smoking, diabetes mellitus, and cancer. While
there have been numerous reviews on the use of thrombolysis
in flap re-exploration, a review of the literature did not reveal
any published reports on its use in primary surgery. We report a
case of pedicle arterial thrombosis with distal clot propagation
which occurred during free flap reconstruction of a maxillecto-
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my defect, and was successfully treated with thrombolysis using
recombinant tissue plasminogen activator (‘TPA). We also re-
view the literature regarding the use of thrombolysis in free flap
surgery, and propose an algorithm for the salvage of free flaps in
head and neck reconstruction. Informed consent was obtained
from the patient for the use of his imaging records in this case

report.

CASE

A 73-year-old man with a 20 pack-year history of cigarette
smoking presented with a painless lump over the palate (Fig. 1).
Biopsy confirmed a diagnosis of carcinoma with clear cell fea-
tures. Staging scans did not reveal evidence of nodal involve-
ment or distant metastases. Following right subtotal maxillecto-
my and selective neck dissection (Fig. 2), reconstruction was
performed with a free anterolateral thigh musculocutaneous

flap (Fig. 3).

Fig. 1. Clinical photograph of palatal tumor.

Fig. 2. Post-maxillectomy defect.
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End-to-end microvascular anastomosis was performed with
Ethilon 9-0 sutures. The flap artery and two veins (descending
branch of the lateral circumflex femoral artery and paired venae
comitantes) were anastomosed to the right superior thyroid ar-
tery, a branch of the internal jugular vein, and a branch of the ex-
ternal jugular vein, respectively (Fig. 4). The flap was bleeding
well after anastomosis, and inset was performed.

Thirty minutes later, bleeding from the flap was noted to have
stopped, and inspection revealed an intraluminal thrombus at
the arterial anastomosis. Milking of the thrombus was attempt-
ed but there was no improvement in flap perfusion. The flap
and all anastomoses were taken down, and thrombi were noted
distally within the branches of the flap artery (muscle branches
and perforators). The vessels were milked from as distally as is
possible along the main pedicle. However, attempts at flushing
with heparinized saline were still met with high resistance, indi-
cating that there was thrombosis further distally where muscle
and musculocutaneous perforators entered the flap. Hence a de-

astomosis to
LSTA, %

. Venauis. - 7 % = Venous

anastomases to. anastomos
ElV =

Fig. 4. Microvascular anastomosis (blue arrows are venous anasto-
moses and white arrow is arterial anastomosis). EJV, external jugular
vein; 1)V, internal jugular vein; STA, superior thyroid artery.
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cision was made for flap thrombolysis.

Both veins were clamped, and 10 mg of rTPA was injected
through the artery, which was then clamped as well (Fig. 5). Af-
ter 10 minutes, all clamps were released, and 30 mL of heparin-
ized saline was injected through the artery to flush out the 'TPA.
This process was repeated, providing a total of 20 mg of rTPA

Fig. 5. Flap following instillation of recombinant tissue plasminogen
activator.

Table 1. Characteristics and findings of studies on flap thrombolysis
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instillation. Five thousand units of intravenous heparin were
given. Microvascular anastomosis was then repeated, and the
flap was noted to be bleeding well. Flap inset was completed
and the skin was closed over suction drains.

Postoperatively, the flap was monitored as per routine protocol
and remained viable. The patient developed mild right perior-

Fig. 6. Mild right periorbital hematoma.

Efficacy (with

T g No. of free flaps/  No. of re- No. of No. of
Author (year) Dose of rTPA Indication thmmﬁ!ﬁ)s VS patients explorations  thrombosis  thrombolysis
Bui et al. (2007) 1] 5-20 mg (dilution 1. Late thrombosis (established ~ 65% vs. 61% 1,193 Free flaps/ 71 38 20
1 mg/mL) (leave in for clot) (P>0.05) 1,179 patients

10-20 min) 2. Poor venous return after re-

establishment of arterial inflow

Casey et al. (2007) [8] 2 mg (dilution 1 mg/mL)  Extensive venous thrombosis

over 1 min

2.5 mg (if not restored
after 10—15 min,
another 2.5 mg)

NA (urokinase)

Rinker et al. (2007) [5] Failure of mechanical

thrombectomy to restore flow

Panchapakesan et al.
(2003) [7]
Bonde et al. (2004) [8]

Failure to establish satisfactory
venous outflow

50 mg over 15 min (then Failure of mechanical
50 mg systemic over
45 min) flow

Yii et al. (2001) [9] 15mg Late thrombosis

Serletti et al. (1998) [10] NA (urokinase) Venous thrombosis

Chang et al. (2011) [11] 2.5 mg (average)
distal clot propagation
2. Post-arterial and venous

thrombectomy, following arterial

revision
3. Post-venous thrombectomy

thrombectomy to restore venous

1. Post-arterial thrombectomy with 84.8% vs. 92.7%

NA (11/11, but no 122 Free flaps Not indicated 12 11
comparison)

67% vs. 29% 275 Free flaps/ 27 22 15
(P=0.17) 259 patients

30% vs. 54% 590 Free flaps 71 44 20
(P>0.05)

NA (2/2,butno 2 Free flaps 2 2 2
comparison)

75% vs. 67% 1,733 Free flaps 59 41 8
(P>0.05)

NA (5/5, but no >600 Free flaps  Not indicated 8 5
comparison)

Not indicated Not indicated 74 &

(P>0.05)

rTPA, recombinant tissue plasminogen activator; NA, not applicable.
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| Clinical evidence of vascular compromise |

v

Immediate re-exploration

No thrombosis /

y

Address underlying causes
-Kink/external compression: reposition vessels

Arterial thrombosis

Venous thrombosis

Arterial and venous thrombosis

Y

-Hematoma/seroma: drainage

-Excessive tension: revise with vein graft

-Vasospasm: warm saline, increase operating
theater temperature, lidocaine and
papaverine

-Arteriotomy

-Clear thrombus with Jeweler's forceps, or
-Trim edges/excise thrombotic segment

-Arteriotomy and venotomy
-Clear thrombi with Jeweler's forceps, or
-Trim edges/excise thrombotic segments

-Flush with heparinized saline

-Venotomy
-Clear thrombus with Jeweler's forceps, or
-Trim edges/excise thrombotic segment

Thrombus cleared?

Applies to both re-exploration and primary surgery.
If flap salvage fails despite above measures:

Fogarty thrombectomy
Vital structures exposed? |

Intraoral defect? Distal clot propagation?

Late thrombosis?
No i LYes
No

Delayed
reconstruction

Medically stable?
Recipient vessels available?
No local options?

No Yes

| Locoregional flap | |2nd free flap|

No Yes

y

Revise arterial anastomosis
IV heparin

Flush with heparinized
saline
High resistance?

Thrombus cleared? Thrombus cleared?

Fogarty thrombectomy Fogarty thrombectomy

Distal clot propagation?
Late thrombosis?

No
Venous outflow restored?

Flush with heparinized
saline
High resistance?

No Yes

y

Revise arterial anastomosis
IV heparin

| Revise venous anastomosis

Fig. 7. Proposed algorithm for flap salvage in head and neck reconstruction. rTPA, recombinant tissue plasminogen activator; IV, intravenous.

bital bruising from postoperative day 1 (Fig. 6), which was self-
limiting and resolved. He was discharged and remained well on

follow-up.

DISCUSSION

The use of thrombolysis in free flap surgery is not new. Follow-
ing successful reports in animal studies, Lipton and Jupiter [6]
first described the use of streptokinase to salvage a free osteocu-
taneous fibula flap with venous pedicle thrombosis. Since then,
the use of thrombolytic agents has been published in other stud-
ies, and become part of routine flap salvage protocol in numer-
ous centers (Table 1). However, it has only been described in re-
exploration, with no reports of its use in primary surgery to date.
Although the principles of management are presumably similar,
our case provides a useful opportunity to review and rationalize
the indications, route, dose, and efficacy of flap thrombolysis, of
which there remains no universally accepted consensus [S]. We
also propose our algorithm for the salvage of free flaps in head
and neck reconstruction (Fig. 7).

Indication
The indications for flap thrombolysis vary in the literature (Ta-
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ble 1). Panchapakesan et al. [7] proposed that the criterion for
using thrombolytic therapy was failure to re-establish satisfacto-
ry venous outflow despite restoring good arterial inflow. This is
logical as it suggests the presence of significant intra-flap throm-
bosis obstructing venous outflow [1], and is adopted by other
authors including Bui et al. [1], Rinker et al. [S], and Bonde et
al. [8]. Other authors recognize late-explored flaps as an indica-
tion. Yii et al. [9] suggested that whereas thrombosis that is rec-
ognized early is often treated successfully with anastomotic revi-
sion alone, cases recognized or re-explored late (with a longer
warm ischemic time) tend to have increased thrombus forma-
tion and “no-reflow phenomenon,” requiring additional inter-
vention such as thrombolysis. Similarly, Bui et al. [1] also recog-
nized late thrombosis, as evidenced by extensive, established
clots (usually white), as an indication. Venous thrombosis (as
opposed to arterial) has also been identified as an indication, as
proposed by Serletti et al. [10] and Casey et al. [3]. Serletti et al.
suggest that this might be because venous thrombosis tends to
be detected later, resulting in microcirculatory changes and a
poorer response to anastomotic revision alone. Based on the
same rationale, Chang et al. [11] routinely perform thromboly-
sis for all cases of venous thrombosis; in addition, they also per-

form thrombolysis for isolated arterial thrombosis if there is vi-
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sualized distal clot propagation from the perianastomotic area
into the flap.

In our case, pedicle thrombosis was limited to the artery, and
the cause was likely a technical issue resulting in thrombus for-
mation at the anastomosis. This was dislodged distally by at-
tempts at milking, into the branches of the flap artery (muscle
branches and perforators), making the thrombi difficult to re-
trieve by Fogarty thrombectomy. Fogarty thrombectomy is in-
dicated in extensive pedicle thrombosis which cannot be re-
moved through simple extraction at the anastomotic site [12],
but without propagation into the perforators of the flap, as
thrombosis at this level is too distal for mechanical retrieval.
Distal clot propagation (as described by Chang et al.) was the
main indication for thrombolytic therapy [11]. Without throm-
bolysis, the revision of the arterial anastomosis alone would un-
likely be successful as the clots would continue to obstruct vas-
cular inflow, or propagate further distally and result in intra-flap
thrombosis.

Hence, we suggest that the main indications for thrombolysis
are (1) arterial thrombosis with evidence of distal clot propaga-
tion (as described by Chang et al.), (2) venous thrombosis with
failure to restore venous outflow despite thrombectomy and re-
establishment of arterial inflow (as this suggests the presence of
intra-flap thrombosis), and (3) late thrombosis (as evidenced
by extensive clots, usually white.) This is illustrated in our pro-
posed algorithm (Fig. 7), which may be applied to both revision
cases as well as primary surgery. This case also demonstrates
that milking an arterial anastomosis (empty-refill test) to check
for its patency should be avoided; instead, the arterial anasto-
mosis may be partially opened and the clot removed by gentle

manual extraction or Fogarty catheter if it is more distal [4].

Route of administration

Intra-arterial injection of thrombolytic agent remains the most
common route of administration. This may be performed
through a small arteriotomy in the main pedicle, through a side
branch of the artery, or at the site of original arterial anastomosis
[1,7]. Either way, the recipient artery (proximal to the injection
site) and the draining vein(s) are clamped prior to injection, to
allow the thrombolytic agent to remain in the flap circulation
[1]. The agent is then allowed to drain through an open flap
vein, to prevent its flow into the systemic circulation. In cases of
end-to-side arterial anastomosis, the recipient artery distal to
the anastomosis should also be clamped prior to injection to
prevent systemic absorption [10]. In our case, injection was
performed at the site of the original arterial anastomosis as this
had already been taken down and provided an open lumen for
easy access, avoiding the need for additional arteriotomy or side
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branch dissection.

The temporal order of thrombolysis versus revision of anasto-
mosis also deserves discussion. In our case, injection was per-
formed prior to revision of anastomosis; this is similar to the
protocol suggested by Chang et al. [11] for arterial thrombosis
with distal clot propagation. The presumable advantage is that
thrombolysis begins earlier, giving the thrombus less time to ex-
pand or propagate. The reverse order has also been used, where
the arterial anastomosis is first revised prior to thrombolysis
[4,5,8]. This allows for easier assessment of flap perfusion fol-
lowing thrombolysis. Nonetheless, it is still possible to assess for
response to treatment prior to re-establishing arterial inflow, by
gauging the resistance to injection caused by the presence of
thrombi. Serletti et al. [10] described their observation that a
moderate amount of manual pressure was required on begin-
ning the infusion of thrombolytic agent, but this gradually less-
ened and reached normal pressures as flap and venous blood
color improved. A similar gradual reduction of injection pres-
sures was also noted in our case, reflecting the successful remov-

al of obstructing thrombi within the flap.

Dose

There remains no consensus as to the optimal dose of rTPA for
flap thrombolysis, with varying practices ranging from as low as
2 mg to as high as S0 mg (Table 1). We adopt an initial dose of
10 mg for multiple reasons: (1) this dose is similar to that used
by Bui et al. (5-20 mg) and Yii et al. (15 mg), which are two of
the largest cohorts studied to date (Table 1); (2) we believe that
using a higher dose would be more effective in achieving suc-
cessful thrombolysis than repeated lower doses of 2-2.5 mg;
and (3) a dose of 10 mg is an easy number to remember in a
stressful situation of flap compromise. In our case, as resistance
to injection of heparinized saline remained high after the first
dose, we repeated a second dose of 10 mg, which resulted in re-
duction of resistance to injection.

The risk of systemic absorption and bleeding is also very low at
such a dose. For comparison, the usual total dosage of 'TPA to
treat myocardial infarction is 100 mg given intravenously; a dose
of 150 mg is associated with increased risk of intracranial bleeding
[4]. In flap thrombolysis, most of the rTPA is flushed out through
the open flap vein prior to venous anastomosis, and only a small
proportion will end up in the systemic circulation. In addition,
the half-life of rTPA is only S minutes, which means that there is
only a very short time window in which there is an increased
bleeding risk. While our patient did develop mild periorbital
bruising on postoperative day 1, this was likely due to the admin-
istration of intravenous heparin rather than intra-flap rTPA.
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Efficacy

Evidence supporting the use of flap thrombolysis in improving
salvage rates remains limited (Table 1). Casey et al. [3] and Ser-
letti et al. [10] reported excellent salvage rates of 100%, though
their sample size was small (11 and § patients, respectively),
limited to use in venous thrombosis only, and there was no con-
trol group (without thrombolysis) for comparison. Rinker et al.
[S] reported higher salvage rates in flaps receiving thrombolysis
compared to those without (67% vs. 29%, respectively), al-
though this was not statistically significant. Other retrospective
reviews also failed to demonstrate any statistically significant
difference in salvage rates, with some reporting an even lower
salvage rate with thrombolysis [7]. This could be explained by
the fact that flaps requiring thrombolysis tend to be explored
later and have more extensive thrombosis [7]. Further studies
adjusting for time to exploration would be useful for more accu-
rate analysis of efficacy. In our case, the flap was successfully
“salvaged” with thrombolysis. Given the presence of multiple ir-
retrievable thrombi within the flap, revision of arterial anasto-
mosis alone would have been unlikely to achieve the same out-
come, as it would only push the clots further distally and com-
promise flap perfusion. Successful salvage in our case was also
likely contributed by the fact that thrombolysis was performed
early, and so it is easier to dissolve the clot.

In conclusion, this case illustrates the successful use of rTPA in
treating flap thrombosis during primary free flap reconstruction
of a head and neck defect. It is important to regularly check flap
perfusion even though it may be patent immediately following
microvascular anastomosis, as pedicle thrombosis may occur
most frequently in the first 24 hours and even intraoperatively.
Intraoperative detection and anastomotic revision provide a
better chance at flap salvage. If an arterial thrombus is identified,
attempts at milking should be avoided to prevent distal clot
propagation towards the flap. If there is propagation of clots into
the flap, thrombolysis is indicated to restore perfusion and im-
prove the chance of successful flap salvage.
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