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Postmastectomy breast reconstruction using autologous free
tissue transfer is a commonprocedure in theUnited Kingdom.
In recent times, the trend has been toward technically
challenging perforator-based reconstructions such as the
deep inferior epigastric perforator flap (DIEP). These flaps
provide the aesthetic advantage of autologous tissue while
minimizing donor site morbidity. Increasing experience with
these procedures and advances in preoperative planning have
resulted in some specialized centers publishing flap loss rates

of lower than 2%1–3 however in some series, failure rates are
as high as 5 to 20%.4,5

Flap failures are usually due to pedicle compromise and
require urgent re-exploration and re-establishment of inflow
and outflow for salvage to occur. It is well established that
early detection of compromise leads to a higher salvage rate.
To date, the gold standard for detection of a compromised flap
remains clinical examination by an experienced practitioner6

with the use of common bedside tests such as the handheld
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Abstract Free flapmonitoring is essential to the early detection of compromise thereby increasing
the chance of successful salvage surgery. Many alternatives to classical clinical
monitoring have been proposed. This study seeks to investigate a relatively new
monitoring technology: near infrared spectroscopy (NIRS). Patients were recruited
prospectively to the study from a single center. During the research period, 10 patients
underwent reconstruction with a free deep inferior epigastric perforator flap (DIEP).
Measurements of flap perfusion were taken using NIRS in the preoperative and
intraoperative phases and postoperatively for 72 hours. NIRS showed characteristic
changes in all cases which returned to theater for pedicle compromise. In these cases,
NIRS identified pedicle compromise prior to clinical identification. There were no false-
positives. NIRS accurately identified all compromised flaps in our study. In most cases,
there was an evidence of changes in oxygen saturation on NIRS prior to clinical
observation. Further research, ideally double blind randomized control trials with large
sample groups would be required to definitively establish NIRS as an ideal flap
monitoring modality.
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Doppler. However with this being subtle and subjective,
especially in the case of muscle flaps, a reliable automated
alternative has long been sought.

Near infrared spectroscopy (NIRS) employs a light source
producing energy in the near infrared wavelengths, which is
then collected by a detector, which measures the intensity at
various wavelengths. Biological tissues are relatively trans-
parent to light in these wavelengths and by measuring the
amount of light absorbed by tissue chromophores (predomi-
nantly hemoglobin) it is able to infer the amount, and oxygen
saturation of hemoglobin in tissues. Technological advances
in recent years have resulted in miniaturization and reduc-
tion in cost making this technology increasingly feasible.

NIRS allows continuous, noninvasive monitoring of hemo-
globin levels and oxygen saturations in a free flap. Typically,
measurements of saturated and nonsaturated hemoglobin
levels are taken at a depth of !10 mm in the tissue. This
data are fed back to a laptop computer, which displays graphic
and numerical data. Based on the typical curves and values,
abnormalities can be identified as arterial or venous in origin.7

Advantages of the NIRS system are that it is noninvasive
and reliable. In addition, it can be used tomonitor buried flaps
provided the overlying skin is not more than 10 mm thick.
Disadvantages include the cost of the unit and the fact that
while current evidence suggests that it reliably detects circu-
latory failure prior to clinical signs, it may lag behind contin-
uousmonitoring devices such as the implantable Doppler as it
measures indirect evidence of circulatory failure. While NIRS
has been extensively investigated in animalmodels,8–11 there
is a relative paucity of reported uses in clinical practice.7,12–18

Methods

Aprospective observational studywas undertaken, recruiting
all women who were undergoing autologous breast recon-
struction following mastectomy, aged between 18 and
65 years old at a single institution (the Regional Plastic
Surgical Centre at the Morriston Hospital in Swansea, Wales).
Those with a history of healing complications, bleeding
disorders, and systemic skin disease or infection, which
may have influenced healing, were excluded. Also excluded
were those who were currently participating in another trial
or those having done so within 3 months of the current study
and those undergoing evaluation for an unrelated disease,
which may have interfered with trial participation. All pa-
tients gave written consent following study approval by the
institutional ethics committee.

Following preoperativemarking by the operating surgeon,
preoperative measurements were taken from the donor sites,
from each of the four zones marked on the DIEP flap.
Measurements were made of tissue oxygen saturation
(StO2) and total hemoglobin index (THI) using the Inspectra
(Model 650, Hutchinson Technology Inc. [Hutchinson, MN])
StO2 monitor and its single-use measurement probe.

Using this monitor StO2 is the noninvasive, direct mea-
surement of hemoglobin oxygen saturation in the microcir-
culation of a volume of tissue. StO2 is a dynamicmeasurement
that changes as oxygen supply and consumption change. THI

is a relative index of the amount of hemoglobin in the volume
of tissue illuminated by the sensor. Range is 1.0 to 99.0. It
functions as a signal strength indicator. Preliminary data
suggests that changes in THI may differentiate venous from
arterial occlusions in breast reconstructions.7 A graph may
then be displayed showing consecutive StO2 (gray line) and
THI (red line), so that a trend may be discerned (►Fig. 1).

Once the flap had been raised, and was dependent on one
artery and vein, prior to being inset or the pedicle divided,
intraoperative measurements were taken. At the end of the
operation, the measurement probe was attached using adhe-
sive to the visible skin paddle to provide 72 hours of continu-
ous postoperative measurements in the monitoring recovery
room area. In addition, clinical staff performed routine moni-
toring of theflap, using clinical markers of color, temperature,
capillary refill time and flap texture. Traditional bedside tests
such has handheld Doppler and capillary bleeding with a 25
gauge needle were also required. The monitors were set to
alarm if the StO2 or THI decreased to 50% or less of their
starting values as in other studies.7 After 72 hours, the
monitoring probe was removed and the patient transferred
to the general plastic surgery ward.

Flap complications included vascular compromise; either
arterial or venous, thrombosis, occlusion or excessive edema,
wound infection, and wound separation. These were defined
as “early” if intervention was required within 72 hours of
surgery or “late” if after this time. Flap complications requir-
ing surgical intervention, leech therapy, or intravenous anti-
biotics were recorded. Following discharge patients were
given a patient diary to complete and were followed in clinic
at approximately 2, 6, and 12 weeks.

Results

Eleven patients aged between 28 and 61, with a median age of
46, were enrolled into the study but one patient requested
withdrawal from the study on the day of surgery. The length of
postoperative stay ranged from 6 to 13 days. All 10 patients

Figure 1 Typical outcome curves in an uncomplicated case. StO2,
tissue oxygen saturation; THI, total hemoglobin index.
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underwent reconstruction with a free DIEP flap (n¼ 10). Of
these 10 patients, 4 required further intervention with evacu-
ationof hematomaor revision of the anastomosis. Oneflapwas
lost despite re-exploration (freeflap loss 10%, salvage rate 75%).

The four patients who required intervention went back to
the theater within 24 hours of their index reconstructive
surgery (13 to 23 hours). Three of these patients had revision
of their anastomoses, and the fourth underwent evacuation of
a hematoma. No patients had intervention for arterial prob-
lems. Patient number 5 had leeches placed on the flap
following revision surgery, but ultimately lost her flap. Pa-
tients number 13 and 16 had some minor debridement
performed between 3 and 5 days postindex surgery, and
Patient number 17 required no further interventions.

Comparing the StO2 and THI in the intervention with the
nonintervention groups immediately postoperatively, there
is a significant difference in StO2 (p¼ 0.0169) but not in THI
(►Table 1, ►Fig. 2). In the cases of the venous congestion in
the flaps, one flap (Patient number 5, ►Fig. 3) had virtually
unrecordable readings in recovery before subsequently re-
turning to theater when the flap deteriorated clinically. In
patients number 16 (►Fig. 4) and 17, the changes in StO2 and
THI preceded the first recorded clinical observation. No false-
positives were experienced specifically, the NIRS receiver did
not alarm for any case which did not return to the operating
theater.

Discussion

As yet no monitoring method, save perhaps the handheld
Doppler has satisfied Creech andMiller’s 1975 criteria for free
flapmonitoring.19 Broadly, these state should be noninvasive,
reliable, repeatable and recordable, rapid, cheap, objective,
and simple to use by even the most junior member of staff.

A vast range of technologies have been proposed for
postoperative monitoring and discussed in the literature,
but there is no consensus on the topic. This is reflected in
the wide variety of techniques currently in use to monitor
flaps including the use of clinical monitoring alone, pulse
oximetry,20,21 perfusion photoplethysmography,22,23 surface
temperature measurement,24,25 fluorometry,25,26 microdial-
ysis,27,28 ultrasound,29,30 implanted (Cook-Swartz) Doppler
probes,31,32 laser Doppler flowmetry,33,34 impedance
plethysmography,35,36 confocal microscopy,37 nuclear medi-
cine,38,39 subcutaneous pH measurement,40,41 hydrogen
clearance,42,43 externalization of part of a buried flap,44 and
white light spectrometry.45 Surveys of plastic surgical units
and oral and maxillofacial units in the UK have shown that
there is a vast range in the methods, organization, and
implementation of postoperative monitoring used following
free tissue transfer.46,47

Recent publications confirm that the survival of a com-
promised flap is dependent on ischemic time.48–50 Of the
flaps which require intervention approximately half have a
successful outcome. These complications typically occurs

Figure 2 Tissue oxygen saturation (StO2) measurements for all cases,
comparing the intervention and no-intervention groups. Each data
point is entered, with the horizontal marks signifying the mean values,
and the vertical marks signifying all values within one standard
deviation (SD) of the mean.

Table 1 Statistical Comparisons for Primary Objective

Immediately Postsurgery p-Value

No Intervention (Group A)
N¼ 6

Intervention (Group B)
N¼ 4

Group A versus Group B
Postsurgerya

Average StO2 47.1 # 20.4 (52.2)
0.0 – 78.2

26.9 # 8.1 (28.2)
16.0 – 35.8

0.0169

Average THI 5.9 # 2.8 (5.2)
2.2 – 10.3

6.7 # 3.2 (7.3)
2.9 – 10.4

0.6734

Average HbO2 315 # 237 (262)
0 – 789

198 # 127 (206)
50 – 353

0.3736

Average StO2 per unit volume THI 8.5 # 4.4 (8.1)
0.0 – 17.7

4.5 # 1.4 (4.6)
2.8 – 6.6

0.0218

HbO2, hemoglobin and oxygen saturation; StO2, tissue oxygen saturation; THI, total hemoglobin index.
aWilcoxon Rank Sum Test.

Journal of Reconstructive Microsurgery Vol. 28 No. 3/2012

Near Infrared Spectroscopy Whitaker et al. 151

D
ow

nl
oa

de
d 

by
: I

P-
Pr

ox
y 

U
ni

_M
el

bo
ur

ne
 in

cl
 W

EH
 In

st
, T

he
 U

ni
ve

rs
ity

 o
f M

el
bo

ur
ne

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



Figure 3 Abnormal NIRS, StO2, and THI curves for patient number 5 with event points.

Figure 4 Abnormal NIRS, StO2, and THI curves for patient number 15 with event points.
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within the first 48 hours of the surgery and are irreversible if
not corrected within 12 hours of onset.4

The use of a monitoring system to enable early identifica-
tion and intervention in a failing flap would clearly have
benefits in reducing patient morbidity. Additionally, a moni-
toring system which could differentiate between arterial or
venous embarrassmentwould allow the surgical team to take a
much more targeted approach to the salvage surgery. Many
pre-existingmonitoring techniques are able to identify arterial
insufficiency but struggle in the identification of venous
outflow problems, yet these are more injurious to the flaps,
and having a greater effect on flap survival rates. NIRS is a
noninvasive technique, which provides continuous periopera-
tive and postoperativemonitoring. It can be usedwithminimal
training, and can also differentiate venous insufficiency.

There was a statistically significant difference in postoper-
ative readings for the intervention group compared with the
nonintervention group, and the monitor showed significant
changes in StO2 and THIwhich preceded clinical observations.
This shows that the use of NIRS can be used to predict those
flaps at an increased likelihood of failure and can pre-empt
clinical findings.

In those flaps where NIRS accurately predicted impending
flap problems, the patients were not returned to theater until
the clinical signs became apparent. Early intervention in a
struggling flap has been shown to improve flap survivability,
and the use of NIRS to monitor patients, shown in this study,
may result in a timely return to theater prior to the onset of
clinical changes with a corresponding increase in flap
survivability.

False-positive alerts have been raised as a potential con-
cern for all monitoring modalities. In the case of NIRS,
occasionally the sensor can become dislodged, particularly
if there is a buildup of serosanguineous exudate in the context
of muscle flaps. Appropriate application of the probe should
be checked in the event of any alarm. This problem did not
arise in our series.

Conclusion

NIRS appears to be a reliable and accuratemonitoringmethod
which is capable of consistently identifying pedicle compro-
mise before clinical changes significant enough to trigger a
return to theater. Other series have suggested that NIRS is also
capable of differentiating between venous and arterial com-
promise in a flap. NIRS has also been investigated in buried
flaps. Further research including large double blind random-
ized control trials would be required to definitively establish
the reliability of this technology but in the event of the NIRS
trace becoming a trusted trigger for return to theater there is
a potential for increased flap salvage rates and better patient
outcomes.
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