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Objective: Investigate current practice patterns of head and neck microvascular reconstructive surgeons when removing
an implantable Doppler after free flap surgery.

Study Design: Cross-sectional survey study.
Methods: Survey distributed to head and neck microvascular reconstructive surgeons. Data regarding years performing

free tissue transfer, case numbers, management of implantable Doppler wire, and complications were collected.
Results: Eighty-five responses were analyzed (38,000 cases). Sixty-six responders (77.6%) use an implantable Doppler

for postoperative monitoring, with 97% using the Cook-Swartz Doppler Flow Monitoring System. Among this group, 65.2% pull
the wire after monitoring was complete, 3% cut the wire, and 31.8% have both cut and pulled the wire. Of those who have cut
and pulled the wire, 48% report cutting and pulling the wire with equal frequency, 43% formerly pulled the wire and now cut
the wire, and 9% previously cut the wire but now pull the wire. Of those who pull the wire, there were two injuries to the ped-
icle requiring return to the operating for flap salvage, and one acute venous congestion. Of the nine who previously pulled the
wire, six (67%) cited concerns with major bleeding/flap compromise as the reason for cutting the wire.

Conclusion: In this study, most surgeons use an implantable Doppler for monitoring of free flaps postoperatively. In
extremely rare instances, pulling the implantable Doppler wire has resulted in flap compromise necessitating revision of the
vascular anastomosis. Cutting the wire and leaving the proximal portion in the surgical site has been adopted as a management
option.
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INTRODUCTION
Microvascular free tissue transfer has become the

standard in reconstruction of defects after major head
and neck ablative surgery with a success rate of over
95%.1,2 In the remainder of cases, flap compromise occurs
secondary to failure at the vascular pedicle within the
first 24 to 48 hours, most commonly the result of throm-
bosis at the microvascular anastomosis.3 The early identi-
fication and re-exploration of a compromised flap can
result in successful salvage in approximately 70% to 80%
of cases, thus, there has been significant interest in find-
ing the optimal method for flap monitoring to ensure
timely intervention.3,4

Traditionally, free flaps have been monitored clini-
cally by examination for capillary refill, skin turgor, tem-
perature, and/or identification of bright red blood after a
scratch or pinprick test, and is typically performed by
both nurses and other medical staff. This is often accom-
panied by examination with a handheld Doppler probe to
assess flap viability. In the era of restricted resident
work hours, nursing examination and the introduction of
new flap monitoring technology has become critical for
free flap monitoring.5,6 The desire to find a more sensi-
tive and specific monitoring technique has led to the
development of an implantable Doppler with the poten-
tial for earlier detection of flap compromise compared to
clinical assessments.7,8 The implantable Doppler is able
to provide objective measures of flap viability while simul-
taneously requiring less experience in order to identify flap
compromise.

The Cook-Swartz Doppler Flow Monitoring System
(Cook Vascular Inc, Vandergrift, PA) has been shown to
provide direct, continuous real-time changes in vascular
flow and allows rapid identification of incipient flap com-
promise.9,10 It is a 20-Mhz ultrasonic probe attached to a
silicone cuff which is wrapped around the vascular pedi-
cle. After completion of flap monitoring, it is designed to
be removed by applying traction force to the external
component which disengages the wire from the cuff for
complete removal of the wire. Rarely, pulling the implant-
able Doppler wire can result in anastomotic disruption,
and may ultimately lead to flap compromise.11,12 This has
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led to some microvascular surgeons to cut the wire and
leave the proximal portion in the surgical site to avoid
this complication. The purpose of this study is to investi-
gate the practice patterns of head and neck microvascular
reconstructive surgeons after completion of flap monitoring
with an implantable Doppler.

MATERIALS AND METHODS
This study was approved by the University at Buffalo Insti-

tutional Review Board. An anonymous electronic survey was
designed to query head and neck microvascular surgeons on their
experience with implantable Dopplers and upon their removal in
the post-monitoring period. The survey consisted of a combination
of forced response questions as well as open-ended questions all-
owing respondents to provide nuanced qualitative and detailed
information. The survey was then distributed to a listserv of head
and neck microvascular reconstructive surgeons (otolaryngolo-
gists who have completed training in head and neck oncologic
and microvascular surgery or facial plastic and microvascular
reconstructive surgery), and consists of approximately 180 mem-
bers. Microvascular surgeons were queried on the number of
years performing free flaps, estimated number of free flaps per-
formed to date, and use of an implantable Doppler for postopera-
tive monitoring of free tissue transfer. Surgeons were then asked
their management of the implantable Doppler after completion of
free tissue transfer monitoring when applicable; this included
pulling the wire, cutting the wire at the level of the skin, or per-
forming both. Further details were assessed with regard to post-
operative date of removal, complications, and reasons for shifts in
their practice patterns. The number of flaps monitored with an
implantable Doppler was estimated by dividing the total cases of
free tissue transfer by number of years performing free tissue
transfer and multiplying by the number of years using implant-
able Dopplers. Statistical analysis was limited to descriptive
statistics given the nature of the survey questions.

RESULTS
There was a total of 96 respondents; 11 responses

were duplicates and removed, leaving 85 responses
included for final analysis and represents a response rate
of 47.2%. Sixty-six respondents (77.6%) stated using an
implantable Doppler for postoperative monitoring of free
tissue transfer cases, with the majority (97%) using the
Cook-Schwartz Doppler Flow Monitoring System. Respon-
dent experience with free tissue transfer and the implant-
able Doppler is summarized in Table I. Of the respondents
who use an implantable Doppler in practice, the majority
pulled the wire (65.2%), whereas the rest cut the wire at

the level of the skin (3%) or have both cut and pulled the
wire in the past (31.8%).

Of those who use an implantable Doppler in their
practice, respondents who pull the wire postoperatively
represented the majority (65.2%), with an estimated 19,477
cases of free tissue transfer performed. Estimated number
of flaps monitored with implantable Doppler was 16,355.
Those who pull the wire reported securing the Doppler cuff
using a microclip in the majority of cases (n = 40, 93%),
with the remainder reporting use of 9–0 suture (n = 1),
wrapping the cuff only (n = 1) and “not applicable” as the
respondent uses a flow coupler (n = 1). Figure 1 shows the
postoperative date of removal of the wire. If resistance was
met when pulling the wire, management were as follows:
pulling harder, cutting the wire, either pulling harder or
cutting the wire, or no personal experience with this
scenario (Fig. 2). Six respondents reported complications:
two respondents reported injury to the vascular anastomo-
sis necessitating return to the operating room for revision
and flap salvage, one respondent reported acute venous

TABLE I.
Respondent Experience With Free Tissue Transfer.

All Respondents (n = 85) Implantable Doppler Users (n = 66) Implantable Doppler Non-users (n = 19)

Total cases of free tissue transfer 38,454 28,573 9,881

Years performing free tissue transfer* 8.8 � 6.2 yr 6.6 � 4.3 yr 11.4 � 7.6 yr

Number of cases performed† 300 (20–3,200) 260 (22–3,200) 412 (20–2,178)

*Represents mean � standard deviation.
†Represents median (range).

Fig. 1. Estimated postoperative date of wire removal. Abbreviation:
POD, postoperative day. [Color figure can be viewed in the online
issue, which is available at www.laryngoscope.com.]
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congestion of the flap after Doppler removal with no fur-
ther comment on operative intervention, and three respon-
dents reported wire breakage resulting in unintended
retention of the wire. Of those that reported injury to the
vascular anastomosis and acute venous congestion after
wire removal (n = 3), respondents stated no identifiable
causes to predispose the vascular anastomosis to injury
compared to other cases of wire removal with no vascular
injury. The rate of vascular pedicle injury upon wire
removal (two events of pedicle injuries and one event of
acute venous congestion) are estimated to be 1 in 5,333
cases of free tissue transfer (0.02%).

Two respondents reported primarily cutting the wire
at the level of the skin, representing 350 cases of free tis-
sue transfer and approximately 320 cases of free flaps
monitored with the implantable Doppler. Those who cut
the wire reported no complications with retention of the
cuff or the wire, and stated that the retained wire had
not been commented on radiographically on postoperative
imaging.

Twenty-one respondents (31.8%) stated having both
pulled the wire and cut the wire at the level of the skin in
the past, and represented an estimated 8,866 total cases
of free tissue transfer. Figure 3 represents the respon-
dents’ current management of the implantable Doppler.
Two respondents who used to cut the wire at the skin
level but now pull the wire stated concerns with MRI com-
patibility of the retained wire. Of the nine respondents
who pulled the wire in the past but now cut the wire, the
majority (66.7%) reported concerns of potential major
hemorrhage and flap compromise with the remainder
(33.3%) citing discomfort of the microvascular service

(either resident physicians or physician assistants) of
pulling the wire when meeting resistance. Of the
remaining respondents (n = 10) who reported both pulling
and cutting the wire equally, management were reported
as follows: pulling the wire primarily, and if resistance is

Fig. 2. Management of the wire if resistance is met during removal. [Color figure can be viewed in the online issue, which is available at www.
laryngoscope.com.]

Fig. 3. Current management of the wire in respondents who have
both cut and pulled the wire in the past. [Color figure can be viewed
in the online issue, which is available at www.laryngoscope.com.]
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met, the wire is cut at the level of the skin (70%), primar-
ily cutting the wire at the level of the skin (10%), and no
specific factors reported (20%).

DISCUSSION
The introduction of an implantable Doppler for free

flap monitoring has shown great promise for early detec-
tion of flap compromise.9,10,13,14 After completion of flap
monitoring, current manufacturer recommendations call
for removal of the wire by applying gentle traction on the
skin until the wire is completely withdrawn; however, in
rarely cases, upon removal of the wire, injury the vascu-
lar pedicle may occur.15 This study reveals the current
practice patterns of head and neck microvascular sur-
geons when removing an implantable Doppler and sug-
gests that concerns for vascular anastomotic injury upon
pulling the wire and potential flap loss have influenced
the management of implantable Doppler removal.

The implantable Doppler has been described as a
safe and effective monitoring technique for free flap sur-
gery. Guillemaud described the use of the implantable
Cook-Swartz Doppler Flow Monitoring System for the
postoperative monitoring in head and neck free flap recon-
struction in 351 patients undergoing 384 free flaps, and
found the implantable Doppler useful in recognizing early
vascular compromise with a 92% salvage rate.16 Wax
reported on 1,142 patients undergoing head and neck free
flap reconstruction and monitored with the implantable
Doppler.10 He showed that the intraoperative and postop-
erative use of an implantable Doppler increases the detec-
tion of immediate/incipient vascular problems in free flap
surgery, showing a high sensitivity (87%) and specificity
(99%) of detecting vascular compromise. In a consecutive
series of 547 free flaps, Rozen et al. showed a potential for
improved salvage rate when using an implantable Dopp-
ler.17 The authors briefly discuss the potential complica-
tions of implantable Dopplers, but did not encounter any
complications in their series.

In the current study, the majority (77.6%) of micro-
vascular surgeons surveyed have incorporated the
implantable Doppler in their practice. Of those who use
implantable Dopplers in practice, most surgeons reported
pulling the implantable Doppler for removal. However,
two respondents who pull the wire experienced disruption
of the vascular anastomosis requiring return to the oper-
ating room for pedicle revision and one respondent expe-
rienced immediate acute venous congestion upon removal
of the implantable Doppler but did not comment on oper-
ative intervention. In addition, six respondents have
shifted their practice to cutting the wire after anecdotal
reports of vascular injury after pulling the wire from col-
leagues. This complication has prompted characterization
of the unique rare complications of this new technology.

Review of the literature has shown only rare reports
of vascular pedicle injury after removal of the implant-
able Doppler wire. Anctil et al. described a case report of
a patient undergoing scapula tip osseous free flap recon-
struction which was monitored with the Cook-Swartz
Doppler probe in a case of osteoradionecrosis of the man-
dible.11 The wire was removed on postoperative day

7, and the patient developed a neck hematoma prompting
return to the operating room, which revealed a leak from
the arterial anastomosis. The authors hypothesized that
vascular injury may have occurred due to substantial cou-
pling between the wire and the silastic cuff requiring
excessive traction for wire removal leading to disruption
of the anastomotic suture lines. To minimize this anasto-
motic rupture, the authors suggested placement of the
cuff at least 3 cm away from the vascular anastomosis,
and if the wire does not pull easily, then the wire can be
cut with the proximal portion left in the surgical site.

Hayler et al. evaluated their experience with 100 con-
secutive free flaps monitored with an implantable Dopp-
ler.18 They reported on a patient who experienced neck
swelling 6 hours after removal of the Doppler wire, under-
went immediate exploration in the operating room, and
was found to have a laceration of the venous pedicle. The
authors postulated that a loop of wire may have been cau-
ght behind the pedicle, and upon removal, may have cau-
sed a laceration. Pier et al. reviewed the U.S. Food and
Drug Administration’s (FDA) Manufacturer and User
Facility Device Experience (MAUDE) database for adverse
events after use of implantable Dopplers and found three
cases of anastomotic disruption due to wire removal fail-
ure. Due to the nature of the study, the authors were not
able to estimate the incidence of vascular disruption due
to wire removal. With only three reported cases of anasto-
motic disruption due to wire removal failure in the FDA
MAUDE database and an estimated incidence of 1 in
5,333 free flap cases in this series, pulling the implantable
Doppler wire remains safe with judicious placement of the
cuff and wires intraoperatively and careful extrication;
however, microvascular surgeons must be aware that
there is a rare risk of injury to the vascular pedicle. There
should be a low threshold for operative re-exploration if
there are concerns of vascular anastomotic injury after
wire removal which may present itself even 6 hours after
wire removal.18

The alternative to pulling the implantable Doppler
wire is to cut the wire and leave the proximal portion of
wire in situ. In this study, two respondents stated only
cutting the wire in their practice. Seven respondents who
reported both cutting and pulling the wire in their cur-
rent practice will primarily pull the wire, but if any resis-
tance is met, the wire is cut. More than one-third of
respondents who primarily pull the wire stated they
would cut the wire if significant resistance is met.

Current manufacturer recommendations advocate
complete removal of the implantable Doppler wire and
state that the device is not MRI compatible.15 In our
study, two respondents reported pulling the wire now due
to concerns with the MRI compatibility on postoperative
imaging. Hayler et al. reported one case of the wire snap-
ping during removal on postoperative day 10.18 X-ray
showed a small segment of the wire in the surgical site,
and after informing the patient, the wire was left in place.
Kreutz-Rodrigues retrospectively reviewed 323 patients
who underwent free flap surgery which were monitored
with an implantable Doppler, and found a retained wire
rate of 5.6%.19 Only one device-related complication
(draining sinus) was found over a mean of 34.4 months of
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follow-up. Six patients with retained wires underwent
32 MRI studies of the surgical site. There were no MRI-
related complications, and review of the imaging showed
no significant degradation of image quality. The authors
recommended that those with known retained wires
undergoing MRI scans should be awake and communica-
tive in case of potential heating effects. In this series, the
respondents who primarily cut the wire had not experi-
enced any known adverse events due to the retained wire,
and radiographically, the wire had not been commented
on. If any resistance is met with removal the wire, it is a
reasonable option to cut the wire to avoid injury to the
vascular pedicle; however, surgeons must be aware that
presence of the wire may affect postoperative imaging and
may cause reluctance in obtaining MRI scans. Further
study is needed to determine the rate of retained wires,
further characterization of complications, and its effect of
on follow-up computed tomography or MRI imaging.

There are several limitations in the current study.
Due to the open-response nature of the survey, there is a
potential for response bias; however, this type of ques-
tionnaire is advantageous in providing survey responders
the opportunity to answer questions freely and to include
more information than forced response questions espe-
cially when determining practice patterns of a wide range
of head and neck microvascular surgeons. The listserv
consists of otolaryngologists with advanced training in
microvascular free tissue transfer, and this study did not
query plastic and reconstructive surgeons; additionally,
prior discussion amongst the listserv on the management
of the implantable Doppler may have influenced the
responses obtained in this survey study. We did not ask if
survey responses represented individual surgeons or
institutional results, and we were unable to identify
whether respondents were primarily located at academic
centers. As this survey asked respondents on their prior
experience with use of implantable Dopplers in free tis-
sue, there may be recall bias present in identifying flap
outcomes in cases when the wire was cut or pulled.
Another limitation of this study is that we did not asses
the role of implantable Dopplers on free flap monitoring
and rate of salvage. One respondent reported a case of
acute venous congestion upon wire removal, however did
not comment on whether that required operative inter-
vention. In addition, confounding factors for potential flap
compromise surrounding removal of the implantable
Doppler wire, such as the presence of a surgical site infec-
tion or salivary leak, were not specifically queried in this
study; however, three respondents who reported vascular
injury after pulling the wire did not report atypical post-
operative course in these cases. Furthermore, the number
of flaps monitored with an implantable Doppler may be
overestimated in this cohort as not all surgeons may have
used an implantable Doppler in all cases of free tissue
transfer, and may limit its use to select cases (e.g., buried
flaps). Consequently, this contributes to the lack of ability
to define a true incidence of vascular injury after pulling
the wire and that the rate of vascular injury after
pulling the wire may be overestimated as well. Finally,
the number of respondents who primarily cut the wire
was small. While neither respondent reported the

radiographic comment on the retained wire, recall bias
may be present especially if comment is made buried
within the body of the radiographic report. Although one-
third of respondents who pull the wire and meet resis-
tance will cut the wire, this cohort was not queried on
their experience with the retained wire and follow-up
imaging and we were unable to determine if the retained
wire affected the imaging quality or resulted in MRI-
related adverse patient outcomes.

CONCLUSION
In this study, a majority of head and neck microvas-

cular surgeons use an implantable Doppler for monitoring
of free tissue transfer postoperatively. Although extremely
rare, flap compromise necessitating revision of the vascu-
lar anastomosis was reported after pulling the implant-
able Doppler. Possible vascular disruption was reported
as a factor in the decision to cut the wire and leave the
proximal end in the surgical site. Further study is needed
to determine the rate of retained wires and its impact on
follow-up imaging.
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