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Abstract Background In recent years, there has been a shift toward nipple-sparing mastecto-
my (NSM) techniques which often negates the need for reconstruction with exposed
cutaneous donor flap tissues. Although techniques for the monitoring of buried flaps
have been proposed, none have been able to provide the benefits that come with
cutaneous monitoring via near-infrared spectroscopy (NIRS). Therefore, we herein
propose a novel method for monitoring deepithelialized flap tissues deep to the
mastectomy flaps using NIRS technology.
Methods An NSMwith free flap reconstruction was performed. The flap was designed
with a skin island for placement of a cutaneous NIRS probe. Next, a silicone NIRS probe
was placed on a deepithelialized portion of the flap under the mastectomy flap. The
readings from this tunneled device were then compared to the control measurements
obtained from the cutaneous NIRS monitor. This procedure was performed on three
consecutive patients. The changes in StO2 recorded from both devices were compared
using a paired, two-tailed Student’s t-test.
Results During flap monitoring, there were no issues with probe dislodgement and
signal quality averaged greater than 90. Furthermore, probe removal was easily
accomplished at bedside. There was no harm to the mastectomy skin flaps by affixing
the probe and the pocket which contained the probe quickly closed down after
removal. Using the Student’s t-test, a p-value of 0.995 was calculated indicating no
statistically significant difference between the StO2 readings from the cutaneous and
the tunneled probes.
Conclusion By using this novel method, NIRS technology can reliably be applied to
themonitoring of buried free flap tissues. The proposed technique could be applied to a
variety of flaps beyond the realm of breast reconstruction and may prove to be
particularly useful in the setting of head and neck reconstruction. The results of this
study suggest that high quality postoperative flap monitoring is possible without
compromising the aesthetic result.
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The postoperative monitoring of microvascular free
flaps has become the standard of care, with tissue oximetry
(T.Ox) via near-infrared spectroscopy (NIRS) well accepted
as an ideal monitoring system for cutaneous flaps.1–4 NIRS
probes provide continuous T.Ox measurements and allow
for real-time quantitative assessment of tissue oxygenation
and perfusion. The use of this system has consistently been
shown to decrease the time it takes to recognize microvas-
cular compromise and leads to improved flap salvage
rates.1,5,6 The traditional NIRS probe is designed for use
on dry cutaneous surfaces and can be applied to flap tissues
using either the provided adhesive pad or using a transpar-
ent adhesive dressing. Additionally, an alternative version of
the NIRS probe has been developed for monitoring moist
cutaneous surfaces, such as intraoral flaps. This second
probe uses a similar core device but is surrounded in an
impermeable silicone shell which may be sutured directly
to the patient to allow for secure fixation. Either probe can
then be connected to a monitor which allows for simulta-
neous bedside visualization of the tissue oxygenation and
transmission of the saturation curve to a secure website for
remote viewing.

While cutaneous flap monitoring is well-established, in
recent years there has been a shift toward buried free flap
reconstructions, particularly in the setting of breast recon-
struction following nipple-sparing mastectomy (NSM).7

Although this may result in a more aesthetic reconstruction,
it also eliminates exposed cutaneous flap tissues which
were often used for postoperative flap monitoring.8 Because
of this, several techniques for the monitoring of buried flaps
have been proposed. The most common choice is to exter-
nalize a cutaneous portion of the flap specifically for
monitoring purposes; however, this strategy requires
a second procedure at a later date to excise this excess
tissue.9 Alternatively, implantable Doppler probes can be
employed for direct monitoring of vessel patency, but these
devices have not been shown to provide the benefits that
come with cutaneous monitoring.10

Therefore, we set out to determine if buried, de-epitheal-
ized free flaps could be monitored via a novel application of
the existing silicone NIRS probe, thus allowing for continu-
ous NIRS monitoring without the need for externalized
cutaneous tissues.

Methods

Probe Placement Technique
A standard NSM with subsequent deep inferior epigastric
artery perforator (DIEP) flap reconstruction was performed.
The flap was designed such that a small skin island was
preserved for inset into the mastectomy skin flap defect.
Although this skin island would normally be omitted for
patients undergoing NSMs with buried flap reconstructions,
it was maintained in this setting for use as a control for the
tunneled monitoring device. As such, a typical cutaneous
NIRS probe was placed on this skin island and affixed with a
transparent adhesive dressing.

Next, the silicone NIRS probe was placed on a de-epi-
thealized portion of the flap and affixed with two nonab-
sorbable sutures to the overlying mastectomy flap (►Fig. 1).
By doing so, the probe was in contact, face down, with the
buried portion of theflap and secured in place using external
sutures which could easily be removed when monitoring
was no longer needed. The readings from this device could
then be compared to control measurements obtained from
the standard cutaneous NIRS monitor. The flap was inset
using layered closure, leaving a small area surrounding the
cord of the tunneled probe open to allow for probe extraction
at a later time.

Postoperative Monitoring
Monitoring occurred on a standard surgical floor using the
simultaneous dual NIRS probes. Both of the probes were
connected to a single monitor to directly compare the StO2
readings The probe was left in place for continuous monitor-
ing until the patient was discharged on postoperative day
three.

Probe Removal Technique
After a 72-hour period of flap monitoring, both NIRS probes
were removed in preparation for patient discharge. In order
to remove the tunneled probe, the two external sutures

Fig. 1 The silicone NIRS probe was placed on a de-epithealized
portion of the DIEP flap and affixed with two nonabsorbable sutures to
the overlying mastectomy flap. The probe was in contact, face down,
with the buried portion of the flap and secured in place using external
sutures which could easily be removed when monitoring was no
longer needed. For use as an internal control, a typical cutaneous NIRS
probe was placed on the flap’s skin island and affixed with a trans-
parent adhesive dressing. DIEP, deep inferior epigastric artery per-
forator; NIRS, near-infrared spectroscopy.
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securing the silicone probe to the mastectomy flap were cut.
The probe was then gently pulled through the existing
tunnel. The skin edges which were initially left open in order
to accommodate the probe cord were then sutured closed
under local anesthetic (►Supplementary Video 1).

Statistical Analysis
The graphed data from each of the two probes was con-
verted into an individual StO2 reading every 10 seconds for
the 3-day duration of flap monitoring. Because StO2 read-
ings are variable across the surface of any flap, the changes
in StO2 which occurred at every 10 second interval were
compared. The changes in StO2 which were recorded for the
tunneled probe were compared to the StO2 values recorded
for the cutaneous probe using a paired, two-tailed Student’s
t-test. A significant difference was defined as a p-value of
0.05 or lower.

Results

The above stated protocol has been trialed on three conse-
cutive cases. The placement of a tunneled NIRS probe added
only negligible additional time to the overall duration of the
procedure and the silicone probe was a comparable cost to
the traditional cutaneous probe. During the 3-day monitor-
ing period, there were no issues with probe dislodgement or
poor contact with the flap, with signal quality consistently
averaging greater than 90. Furthermore, probe removal was
easily accomplished at bedside. There was no indication of
harm to the mastectomy skin flaps by affixing the probe
through this tissue and the pocket which contained the
probe quickly closed down after the probe was removed,
with no subsequent seroma formation. Using the Student’s
t-test as described above, a p-value of 0.995 was calculated
indicating no statistically significant difference between the
StO2 readings from the cutaneous and the tunneled
probes (►Fig. 2).

Discussion

The need for an accurate and reliable method for the contin-
uous postoperativemonitoring of buried free flap tissues has

been growing in recent years, in parallel with the increased
demand for nipple sparing mastectomies.11 In an effort to
combine the benefits of nipple sparing techniqueswith those
of the NIRSmonitoring system, many surgeons have adopted
a two-staged flap inset strategy.9,12 This protocol involves
leaving a cutaneous portion of the flap intact and exposed
from the mastectomy pocket so that a traditional NIRS probe
can be applied and used for monitoring. Then, after postop-
erative monitoring is completed, a second procedure is
needed to excise this remaining skin island and the newly
deepithelized flap tissues are completely buried under the
mastectomy flaps. Although this technique is unquestion-
ably successful, a more efficient, one-stage, procedurewould
certainly be preferred.

This issuefirst became apparent in the setting of head and
neck reconstruction,where free tissue transfers are routinely
placed in moist, poorly visualized recipient locations. While
some physicians address this by opting for the two-staged
procedure, as described above, others advocate for the use of
implantable doppler probes in these cases.13 However, a
2009 study by Keller indicated that NIRS monitoring tech-
nology could accurately predict flap complications before
any changes were detectable on Doppler.14 Since it is well
accepted that the combination of early identification of flap
compromise and prompt reoperation results in improved
flap salvage rates, the use of implantable Dopplers may not
be the best option.1,14 As a result, the development of a
silicone coated NIRS probe, whichwas designed to be used in
moist settings, was a dramatic advancement for postopera-
tive flap monitoring.

Although the silicone NIRS probe was primarily designed
for intraoral use, the possibility of tunneling this probe under
skin flaps for use on de-epithealized flap tissues had not been
formally tested. Furthermore, the application and removal of
the probe posed a conceptual challenge, since a single-staged
operation was the goal. Therefore, the technique described
above represents a novel application for this device. While
larger-scale clinical studies are still needed, our work strongly
suggests that siliconecoatedNIRSprobes canprovide thesame
high quality flap monitoring as its cutaneous counterpart
without the need for externalized skin islands.

Conclusion

Asmicrosurgical techniques continue to evolve, therewill be
a growing need for accurate and reliable postoperative
monitoring of buried free flap tissues. Using novel techni-
ques, NIRS technology can now successfully be applied in
these cases without the need for additional surgical proce-
dures. The proposed technique could be applied to a variety
of flaps beyond the realm of breast reconstruction and may
also prove to be particularly useful in the setting of head and
neck reconstruction. The results of this study suggest that
high quality postoperative flap monitoring is possible with-
out compromising the aesthetic result.
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Fig. 2 StO2 readings were recorded every ten seconds. Because StO2
readings are variable across the surface of any flap, the changes in
StO2 which occurred at every ten second interval were compared for
the tunneled probe and the cutaneous probe using a paired, two-
tailed Student’s t-test. A p-value of 0.995 was calculated indicating no
statistically significant difference between the StO2 readings from the
cutaneous and the tunneled probes.
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