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Background: Flap monitoring after a deep inferior epigastric perforator flap breast
reconstruction is crucial to detect complications in time. A novel and innovative
wireless device has been developed and tested in a feasibility study. This study
describes our experience with remote patient monitoring via this device in postoperative monitoring of deep inferior epigastric perforator flaps.
Methods: Following a deep inferior epigastric perforator breast reconstruction,
the “Free Flap Patch” was adhered to the flap, continuously measuring temperature and tissue saturation. Data were stored locally on the patch and analyzed in
a retrospective manner. Raw analog-digital-conversion values from the red- and
infrared sensors, delta muscle saturation (dSmO2), and estimated tissue oxygenation (StO2) were assessed and compared with clinical records.
Results: No adverse events related to the device were recorded. One patient suffered
flap loss; a decrease in estimated tissue oxygenation was measured with the device in
situ. No deviations in clinical variables were recorded in the uncompromised flaps.
Conclusions: A wearable patient monitoring device was successfully utilized in
clinical practice. In one patient, a flap failure was recorded where the PPG-derived
StO2 parameter was indicatory for this event. The Free Flap Patch has the potential of automatically predicting blood supply issues in an early stage. More data
are needed for clinical validation. (Plast Reconstr Surg Glob Open 2022;10:e4008; doi:
10.1097/GOX.0000000000004008; Published online 5 January 2022.)

INTRODUCTION

Microsurgical free flap transfer is the backbone of
reconstructive surgery. The first 72 hours after microsurgical flap transfer are, however, critical for procedure success.1,2 When vascular complications occur, 70%–80% of
the cases can be successfully revised with timely intervention. Shortening the time interval between the onset of
ischemia, and its clinical recognition, is imperative for flap
survival.3–6
The process of monitoring these free flaps is, however, time-consuming, subjective, and obtrusive for
both the patient and the healthcare professional.7,8 It
would be ideal if technology could take up this crucial
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task. Therefore, we set out to develop a miniature monitoring system, the so-called Free Flap Patch, capable
of comparing vital parameters of a free flap to reference healthy skin in a nonobtrusive and noninvasive
manner.
This article describes the first steps of the development of a smart patch for continuous remote postoperative patient monitoring in deep inferior epigastric artery
perforator (DIEP) flap breast reconstructions. We share
our results of this feasibility study, evaluating whether it
can be worn safely during hospital admission, its ability
to capture clinically relevant variables in free flaps, and
which recorded parameters are indicatory for flap loss.

MATERIALS AND METHODS

Patients who were scheduled for a uni- or bilateral
DIEP flap breast reconstruction were recruited in the
period between October 2019 and November 2020.
The DIEP flaps were monitored per default hospital
protocol by the nursing staff. For the first 48 hours, flaps
are monitored hourly, to be reduced to 4-hour checkups
until discharge. Nursing staff assesses the flap for audible
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Doppler pulsations (Dopplex SD2, Huntleigh Healthcare
Ltd, Cardiff, Wales, UK), skin color, flap turgor, and
temperature. These measurements were entered into
electronic health record in conjunction with the exact
timestamps these were performed. Ethical approval was
obtained from the local ethical committee and recorded
under number 2019-5472.
Preparation, Application, and Removal of Patch

imec@Holst (Eindhoven, the Netherlands) supplied
the research-only Free Flap Patch (FFP) devices based on
imec’s Nightingale V2 wearable platform.9 The FFP consists of a reusable and disposable component. The reusable main section holds a rechargeable battery and imec’s
MUSEIC V2 chipset: a state-of-the-art low power bioprocessor chip.10 The disposable sensor part has two identical encapsulated probes targeted at the flap area and a
reference healthy skin area. Each of the probes contains
a custom-made reflective optical sensor (similar to a pulse
oximeter) and temperature sensor. All materials in contact with the patient are biocompatible.
The data capture sequence is automatically initiated
once both components are joined together. The entire
unit is heat-sealed into a watertight pouch. The probes
have an adhesive layer for convenient application to the
patient. One probe serves as a reference and is placed
on the sternum, measuring baseline parameters, and the
probe with a longer lead is applied on a centered location
of the free flap (Fig. 1). During application, care was taken
not to obstruct the Doppler monitor location, as regular
clinical flap monitoring care was not to be interfered with
in this feasibility study.
The FFP was removed once the patient was discharged
from the hospital, when a take-back occurred, or if the
patient requested removal of the device. After removal of
the patch, the skin was assessed for irritation, and patients
were asked semistructured questions about their experience with the Free Flap Patch.

Fig. 1. FFP applied to unilateral DIEP flap, directly postoperative. Main module is placed caudal of the clavicle, and sensors are
adhered to the DIEP flap and sternum (reference location).
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Takeaways
Question: We set out develop a wearable for continuous
remote postoperative patient monitoring in deep inferior
epigastric artery perforator flap breast reconstructions. In
this article, we describe our initial findings.
Findings: A total of 17 free flaps were successfully recorded,
of which one flap required revision surgery. Of all variables assessed, estimated StO2 was the best predictor for
detecting this flap failure when compared with the reference location; temperature showed inconclusive trends.
Meaning: The Free Flap Patch device has the potential to
predict blood supply issues in an early stage.
Data Analysis

Data were stored locally on the patch and analyzed in a
retrospective manner by IMEC in MATLAB R2018a (The
MathWorks Inc., Natick, Mass.). Temperature was derived
from the raw thermistor data. Tissue saturation (StO2) is
estimated from the direct current through the (infra)red
sensors within the probes following the principles of photoplethysmography (PPG), subsequently calculated with
intervals of 90 seconds for stable measurements. For evaluation purposes, parameters such as analog-digital-conversion (ADC)-values from the red- and infrared sensors were
also assessed, of which delta muscle saturation (dSmO2)
could be calculated.11–14
Clinical data during the patient’s admission, consisting of flap monitoring parameters, adverse events, and
skin irritation, were retrieved from the electronic health
records and pseudo-anonymously captured in CastorEDC
(Castor, Amsterdam, the Netherlands).

RESULTS

In total, 18 patients (n = 14 unilateral, n = 4 bilateral)
were recruited to participate in this feasibility study, which
yielded a total of 22 (n = 10 left, n = 12 right) DIEP flaps
eligible for application of the Free Flap Patch. The location for the main device, caudal of clavicula, was comfortable and did not hamper patients in their postoperative
mobility and recovery. No requests were made to have the
device removed. Little to no skin irritation was witnessed.
Five of the 22 worn patches experienced technical
difficulties during data recording (automatic data capture incorrectly initiated, corrected via firmware update),
of which no temperature and saturation data could be
retrieved. In the remainder of the data (n = 17 flaps),
one flap loss was recorded. Based on the clinical record,
directly postoperatively, no Doppler location could be
identified, but temperature, turgor, and capillary refill
were normal. During hourly monitoring, the capillary
refill became delayed, pin-prick test yielded little blood,
and the skin color became paler (Fig. 2). Revision surgery
commenced and the FFP was removed.
Of all variables assessed, estimated StO2 was the best
predictor for detecting this flap failure when compared
with the reference location; temperature showed inconclusive trends (Fig. 3). When these data are plotted
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against the uneventful DIEPs, a downward trend outside
the SD is visible (Fig. 4).

DISCUSSION

Fig. 2. DIEP flap with FFP applied; before revision surgery.

This is the first feasibility study investigating a wearable
device designed to wirelessly monitor postoperative microvascular tissue transfer, to our knowledge. In our experiment, all patients, nurses, and plastic surgeons showed
high adoptability of wearable patient monitoring device
for DIEP flap breast reconstructions. Real-time data transmission from the Free Flap Patch to a smartphone had to
be disabled during this exploratory pilot phase, as falsepositives could negatively influence patient safety.
Retrospectively, considering the deviating trend of the
failed flap, one could hypothesize that the decision on

Fig. 3. Tissue oxygenation (StO2) and temperature (oC) of the failed DIEP flap before revision surgery.

Fig. 4. Average direct current ratio and standard deviation (SD) of PPG (photoplethysmography) for
reference and flap, variables used for StO2 calculations. The red line represents the failed DIEP flap, well
below the SD of the healthy flaps.
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revision surgery could have taken place earlier, indicating
the predictive potential of this innovation. However, more
data are needed to validate the technology, and are fundamental for predictive algorithms. Afterward, the effect
of real-time smartphone notifications on clinical decisionmaking and patient outcome will be investigated.

CONCLUSIONS

One flap failure was recorded, in which estimated tissue oxygenation (StO2) seemed to describe the deteriorating status of the tissue most accurately. No skin irritation
was found, and none of the patients were inconvenienced
by wearing the device. The device has the potential to
automatically predict blood supply issues in an early stage.
Future studies will focus on gathering more clinical data
and the clinical interpretation of these measurements.
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