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Lower extremity free flaps have higher rates than other
anatomical areas due to gravitational challenges associated
with lower limb dependency.1 Structured protocols and
close monitoring are key to gradually habituate newly trans-
ferred tissues to microcirculatory changes,1 particularly
when introducing gravity through dangle protocols.

While clinical examination is the gold standard, newer
technologies, including near infrared spectroscopy (NIRS)
tissue oximetry, are used as adjuncts to observation.2 NIRS

continuously tracks tissue oxygenation, allowing for detec-
tion of falling oxygen saturation and identification of venous
thromboses before clinically detectable.

Meanwhile, negative pressure wound therapy (NPWT) is
currently being explored to improve circulation in early
compromised flaps. Though designed for open wound man-
agement, NPWT has been reported as a safe method for
possible flap salvage.3 Little is, however, known about the
specific effects of NPWT on circulation. Because NIRS
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Abstract Background Flap loss is a catastrophic complication following lower extremity
reconstructions. Close monitoring can detect circulatory changes, particularly when
introducing gravity through dangle protocols. Noninvasive near-infrared spectroscopy
(NIRS) tissue oximetry is one such method used for continuous monitoring of tissue
perfusion. Recently, negative pressure wound therapy (NPWT) has been for compro-
mised flaps salvage. We used NIRS to study the impact of leg positioning and NPWTon
lower extremity perfusion during a mock dangle protocol.
Methods A tissue oximeter transcutaneous probe was placed on each lower limb of
five normal patients at the location of the highest density of peroneal artery
perforators along the distal one-third fibula. The experimental leg probe was covered
with NPWT at 100mm Hg. The contralateral leg served as control. Tissue oxygen
saturation (StO2) was measured continuously for 140 minutes. Leg position was
changed in every 20 minutes to mimic a dangle protocol.
Results Our results showed higher StO2 with leg elevation, and lower StO2 in dependent
positions in the control limb. StO2was consistentlyhigher in the limbwithNPWT,whichhad
a slower rateofdeoxygenationwith introductionofgravity. Inbothconditions, on returning
to neutral position from the dependent, StO2 returned to levels close to baseline.
Conclusion These data provide further information on hemodynamic changes intro-
duced by gravity, and how NPWT might modulate these changes.
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provides minute-to-minute information regarding tissue
oxygenation, its potential uses include detecting circulatory
changes with varying lower limb positions, and determining
the impact of NPWT on the rate and/or magnitude of these
changes.

The purpose of this pilot studywas to (1) useNIRS to assess
the effect of leg positioning on tissue oxygenation in the lower
extremity in various positions of dependency modeling a
dangle protocol, and (2) assess the impact of NPWT on tissue
oxygenation throughout these positional changes.

Methods

A transcutaneous Vioptix ODISsey Tissue Oximeter (ViOptix
Inc., Fremont, CA) probe was placed on each lower limb of a
healthy, normal patient, in the location of the highest density
of peroneal artery perforators along the distal one-third
fibula. The experimental leg probe was covered with a
NPWT device set to 100mm Hg. The contralateral leg probe
remained uncovered, serving as control. Tissue oxygen satu-
ration (StO2) was measured continuously for 140minutes;
percent StO2 was recoded in every 2minutes. Bilateral leg
position was changed in every 20minutes emulating this
dangle protocol: supine 1 (heart level), elevated (30 cm),
supine 2, seated 1 (45-degree dangle), standing, seated 2, and
supine 3 positions. Reported StO2 for each leg position is the
average of the 10 values recorded.

Results

In the control limb (without NPWT), StO2 increased from
supine (74.3%) to elevation (76.9%), and then decreased
(73.9%) upon return to supine (►Table 1). With introduction
of gravity, StO2 decreased, reaching its lowest value (52.8%)
16minutes into seated 1 posture (►Fig. 1). The saturation
further decreased during standing and seated 2 positions.
Upon final return to supine, average StO2 increased to 71.2%.

In the experimental limb (withNPWT), positional trends in
StO2 were similar to the control. StO2 was, however, consis-
tently higher during all positions compared with the contra-
lateral limb by an average of 4.7%. StO2 remained stable during
nondependent positions: supine 1 (79.2%), elevation (78.3%),
and supine 2 (79.8%). With introduction of gravity, StO2

progressively decreased from seated 1 (71.7%) to standing
(65.7%) to seated 2 (62.2%) positions; reaching its lowest value

(60.6%) in 50minutes during seated 2 position (►Fig. 1). Upon
return to supine, StO2 increased to 75.6%.

Discussion

This pilot study showed 2.6% increase in StO2 with leg
elevation, and 19.8% decrease with dependency in the con-
trol limb. With application of NPWT, StO2 was higher com-
pared with control, throughout all limb positions, by an
average 4.7%. The gravity-related decrease in StO2 was
more gradual in the NPWT limb compared with the control
(50 vs. 16minutes). In both test conditions, StO2 recovered to
levels close to baseline after dangle.

In both limbs, StO2 increased or remained stable with
elevation, decreased with dependency, reaching lowest aver-
age value during seated 1 and 2 positions, followed by rapid
increase in StO2 levels upon return to supine. These observa-
tions are consistent with previous studies.1,4 Desaturation
associatedwithdependency is likelycausedbyvenouspooling,
which diminishes arterial blood flow to the affected area and
over time decreases oxygen saturation.1

Our results validate the observations by Kolbenschlag et al
that sustained pressure application on lower extremity free
flaps (30mm Hg controlled-pressure elastic compression
wrapping) significantly improved tissue oxygenation during
dangling in the postoperative period.1 They concluded that
increased pressure improved venous drainage, thus increas-
ing blood flow and preventing oxygen desaturation. In our
study, higher average StO2 was observedwith the addition of
NPWT at 100mmHg during dependency compared with the
control limb. However, while these authors reported higher
StO2 in the control leg versus the compressed leg in neutral
position, we found increased StO2 in the NPWT limb while
supine. This difference may be due to a more focused
pressure applied by the NPWT device compared with the
compressive wrap, resulting in more blood flow to the leg.
Additionally, perfusion differenceswith limited venous pool-
ing in healthy legs compared with those following free flap
reconstructionmay have also contributed to thisfinding. The
smallest difference between NPWT and control limbs was
noted in the elevated position. This further supports this
impact of NPWTon venous pooling, which is least relevant in
the elevated position.

The most notable finding was the slower rate of depen-
dent desaturation with NPWT. While the control limb

Table 1 Effects of leg position and use of NPWT on lower extremity %StO2

Limb position
average
StO2

1
Supine 1

2
Elevated

3
Supine 2

4
Seated 1

5
Standing

6
Seated 2

7
Supine 3

Average

Control (%) 74.3 76.9 73.9 57.1 55.5 54.1 71.2 –

Experimental (%) 79.2 78.3 79.8 71.7 65.7 62.2 75.6 –

Δ (%) 4.9 1.3 5.9 14.6 10.2 8.1 4.5 4.7

Abbreviations: NPWT, negative pressure wound therapy; %StO2, tissue oxygen saturation
Notes: Control: without NPWT; experimental: with NPWT.
Δ: experimental %StO2–control %StO2
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reached its nadir within 16minutes of dependency (seated 1
position), the NPWT limb did not reach its nadir until
50minutes of dependency (seated 2 position). This finding
may be clinically relevant, supporting the use of NPWT as a
potential tool to decrease the impact of gravity following
lower limb flap reconstruction.

These results demonstrate that microcirculatory changes
related to tissue oxygenation depend on limb position, and
can be measured with NIRS. The addition of NPWT may
increase tissue oxygenation in all limb positions and slow the
rate of deoxygenation with introduction of gravity, and may
be comparable to elastic compression wrapping.5

Limitations and Conclusion

This pilot study is limited in its performance in a small
sample of normal limbs instead of limbs following free flap
reconstruction. The sensitive nature of the immediate post-
operative period following free flap reconstruction would
not have allowed such a structured observation of the impact
of prolonged gravity in postoperative patients. Due to the
small sample size, statistical significance cannot be assessed.
However, these results may be used to generate hypotheses

testable in clinical settings. Despite these limitations, these
data provide additional information and insight on hemody-
namic changes introduced by gravity, and how NPWT may
modulate these changes.
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Fig. 1 Lower extremity tissue oxygen saturation, limb position and use of negative pressure wound therapy.
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