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The Relationship between Oxygen Saturation and
Color Alteration of a Compromised Skin Flap:

Experimental Study on the Rabbit
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The aim of this study was to collect important data on the time of oxygen
saturation change in relation to skin flap color alteration using non-invasive pulse oximetry
to evaluate its ability to provide continuous monitoring of skin flap perfusion.

An experimental study on the monitoring of blood perfusion of 20 tube-island
groin flaps of 10 male New Zealand rabbits was performed using pulse oximetry. The animals
were randomly assigned to one of two groups representing a blockage of either arterial or
venous blood flow. The oxygen saturation change and clinical color alteration were monitored
from the beginning of vessel clamping until the saturation became undetectable. The result
was analyzed by the t-test using SSPS ver. 10.0.

The mean times from the vessel clamping until the saturation became undetectable
were 20.19+2.13 seconds and 74.91 % 10.57 seconds for the artery and vein clamping groups,
respectively. The mean time of the clinical alteration from the beginning of vein clamping
was 34.5%11.72 minutes, while the alteration in flaps with artery clamping could not be
detected until 2.5 hours after clamping.

The use of neonate-type reusable flex sensor-pulse oximetry is objective and
effective in early detection of arterial and vein blockage. It provides real-time data on vessel
occlusion, which in turn will allow for early salvaging. The detection periods of both arterial
occlusion and venous congestion are much earlier than the color alteration one may encounter
clinically.
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mediately to re-explore and revise the vessel anastomosis [1]. Un-
fortunately, it is a common practice that surgeons rely only on
Monitoring of flap circulation in the postoperative period is one clinical observations to monitor flap viability, which are mainly
of essential methods for determining the success of a free flap based on skin color, temperature, turgor, and the capillary refill
or back flow observed through the skin. It can be difficult to use

such simple conservative clinical monitoring as a basis for decid-

procedure. When early changes in flap perfusion with regard to
a vascular compromise are detected, salvaging can be done im-
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ing whether to re-explore the vessel anastomosis. Many doctors
have experienced struggling to re-explore a vessel anastomosis
in an attempts to salvage a dying flap after encountering ques-
tionable early changes observed clinically on the skin paddle.
Such early changes, especially the change in skin color, usually
provoke the salvaging procedure some time after it is needed
and often too late for it to be performed [1-5].

A flap monitoring tool, which is effective, reliable, and easy to
use, and easy to interpret, would be helpful for salvaging vascu-
larly compromised flaps. Effective free flap monitoring through
a noninvasive device would be preferable to the conventional
technique mentioned above or the use of invasive Doppler flow-
metry and an implantable microcatheter oxygen sensor. The
data obtained from the monitoring device has to be objective,
reliable, and accurate in providing real time data, and easy to in-
terpret. Noninvasive special reflection sensor pulse oximetry [6]
is an innovative option following the use of completely standard
operating theatre equipment, as previously reported [7,8].

Despite the deliberate use of pulse oximetry in monitoring free
flap perfusion, there is still a lack of important data concerning
its accuracy in providing real-time information on arterial and
venous flow. This study aimed to evaluate the ability of pulse ox-
imetry to provide continuous monitoring of skin flap perfusion
by comparing the time of saturation change with skin flap color
alteration using reusable neonate flex sensors and a portable-sized

monitor.

An experimental study was conducted on ten New Zealand
white rabbits (2,000-2,500 g), which were housed and treated

(A) Tubed island groin flap. (B) Oxygen
saturation measurement.
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in an animal laboratory. The animals were anesthetized with an
intramuscular injection of ketamine sulfate of 20 to 40 mg/kg
and ether inhalation. After shaving the hair of the abdominal
walls, the site was cleansed with 10% povidone-iodine solution
followed by 70% alcohol and draped sterilely.

A 4 cm xS cm hexagonally shaped fasciocutaneous island
groin flap was marked, dissected, and raised. Both sides of the
groin were used to obtain 20 flaps. The superficial inferior epi-
gastric artery and vein were identified and separated from one
another. A small incision was also added at the groin to clearly
expose the artery and vein without undue tension. The flap was
then sutured into a tube shape and the proximal portion of the
flap was sutured to the original site at two points, while its distal
edge was fixed to a metal bar that functioned as a stabilizer and
hanging device (Fig. 1A). The sensor probe was placed on the
outside of the middle part of the flap, with minimal pressure, and
was fixed with 1-inch-wide paper tape (Micropore, 3M, St. Paul,
Minnesota, USA), preserving the distal part to be left open (Fig.
1B). The vessel was not yet clamped until stable oxygen satura-
tion (>95%) had been observed for a few minutes to allow the
flap to reach its best flow.

Each animal was classified into one of two groups: one to
represent a blockage of the arterial blood flow and the other rep-
resenting a blockage of venous blood flow. In the five animals
of group A, the artery was clamped with a microsurgical vessel
clamp, and then the saturation change and clinical alteration
were observed and recorded. The saturation change referred to
the timing when the oxygen saturation became undetectable.
The clinical alteration referred to the color change. Both of the
observations regarding the timing were performed with the use

of a stopwatch. The observation was also documented with a
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digital camera every 15 minutes for a 2.5 hour period of obser-
vation. The photographs were standardized with the same focus,
distance, and lighting. In the other five animals of group B, the
vein was also clamped with a microsurgical vessel clamp, and
then the saturation change and clinical alteration were recorded
asin group A.

At the end of the observation time of group A (artery clamp-
ing), the vessel clamp was removed and we let the blood flow
back into the flap for a few minutes until maximal stable oxygen
saturation was achieved (>95%). Finally, the flap was sutured
back to its original position. The flaps of group B would have
received the same treatment, but as it had been predicted that
thrombus might have blocked the vein flow, they were discard-
ed after 2.5 hours of observation, and the wound in each was
primarily closed. The data was analyzed with a t-test using SPSS
ver. 10.0 (SPSS Inc., Chicago, IL, USA).

The instruments used were 1) a reusable flex sensor: Neonatal
Flex System type 8001] (Nonin Medical Inc., Plymouth, MN,
USA), 2) a monitor: Digital Handheld Pulse Oximeter; type
8500 (Nonin), 3) a stopwatch: Diamond DM3-100, 4) a digital
camera: Casio QV-2900 UX, and S) a semiopen inhalation an-
esthetic instrument for small animals.

All of the animals survived without a single dropout. Table 1
shows the records of the observations after artery and vein clamp-
ing. The mean times from vessel clamping until the saturation
became undetectable were 20.19£2.13 and 74.91£10.57 s for
artery and vein clamping, respectively (Table 1). These data
were analyzed for normality with the Kolmogorov-Smirnov
test, which revealed an abnormal data distribution (P=0.022).

Timing of oxygen saturation when it

No. of sample became undetected

Artery clamping (sec) Vein clamping (sec)

1 18.88 89.84
2 23.67 69.30
3 18.06 63.28
4 18.99 61.23
5 18.37 65.64
6 23.93 83.12
7 19.73 76.34
8 18.65 83.12
9 20.56 69.17
10 21.10 88.06
Mean £ SD 20.19+213 74.91+10.57
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Data were transformed with \/x methods, and then its normality
was analyzed again, revealing a normal distribution (P=0.09).
Finally, with t-test analysis there was a significant difference be-
tween the groups (P =0.00).

It was difficult to determine the timing of the clinical alteration
of the flaps in group A. The color of the flaps after artery clamping
appeared not to change from the beginning of the clamping to
150 minutes (Fig. 2). On the other hand, the color change ob-
served on the flaps of group B was much clearer after vein clamp-
ing (Fig. 3). The mean time of the clinical alteration after the
beginning of vein clamping was 34.5 + 11.72 minutes (Table 2).

Doppler flowmetry, which usually has the advantage of the
ability to use the microprobe encircling the vein distal to the
anastomotic site, may provide real-time data based on the sound
of the blood flow turbulence. It sounds an alarm when the vein
flow stops. Similarly, the use of a microcatheter sensor to mea-
sure tissue oxygen tension continuously may be an excellent
tool for monitoring flap viability [9]. However, in fact, both of
the devices are invasive in nature and are much more expensive
than pulse oximetry with a reusable sensor. Therefore, pulse
oximetry, which is reliable and easy to interpret, is still a more
favorable option.

Certain biological data of rabbits, such as blood pressure
(90-130/60-90 mm Hg), erythrocytes (5.0-8.0 x 10°/mm?),
hemoglobin (8-17 g/dL), and hematocrit (31%-50%), are
comparable to those of humans [10]. In addition, the rabbits’
arteries and veins were large enough to allow sufficient vessel

preservation under loupe magnification. These characteristics

(A) At 0 minute. (B) At 150 minutes.
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Fig. 3. Color changes on vein clamping

(A) At 0 minute. (B) At 15 minutes. (C) At 30 minutes. (D) At 150 minutes.
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Table 2. Time of clinical alteration (the timing of flap color
change)

The timing of flap color change

No. of sample - - - - -
Artery clamping (min) Vein clamping (min)

Difficult to be measure 30
45
15
45
30
45
45
30
15

10 45

Mean + SD 345+11.72

W N O O~ WD =

©

justify performing the study on a rabbit model. The groin flap
in a rabbit is large enough in size that it has sufficient space for a
probe to be placed. The neonate-type reusable flex sensor pulse
oximeter can be readily applied on the tubed island groin flap. A
description of the type of flap chosen, its size, and its saturation
limit appear in a previous study performed by Khot etal. [11].

In this study, the use of neonate-type reusable flex sensor-pulse
oximetry on a tubed groin flap was intended to monitor flap
perfusion and detect as early as possible any blockage of blood
flow either in the artery or vein. In the event of artery clamping,
undetected oxygen saturation appeared in a very short time
(an average of 20.19+2.13 seconds) according to the monitor.
On the other hand, oxygen saturation decreased gradually dur-
ing vein clamping and became undetectable in an average of
74.91+10.57 seconds. Although the timing of the two is signifi-
cantly different, this is not clinically significant.

Apparently, during the period of vein clamping, oxygen satura-
tion never decreased to less than 85% until it became suddenly
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undetectable. This finding is clinically important, as we under-
stand that the flap is still being nourished by the artery. At some
point, the arterial flow stops and oxygen saturation falls to an
undetectable level. According to Graham et al. [12], in monitor-
ing a replanted finger, saturation of less than 85% indicates vein
occlusion, which means that the occlusion has been happening
at a significant level for a long period of time. With regard to
toe to finger transfer, this has also been confirmed by Jones and
Gupta [13], who stated that oxygen saturation that is far below
the oxygen saturation of any control finger for a long time indi-
cates thrombosis in vein anastomosis.

The results of this study provide more precisely objective
data regarding the timing of blood vessel compromise. In com-
parison with the data on clinical color change, an alteration in
oxygen saturation gives much more timely alarm information
to the clinician. Vein flow blockage, which is commonly a re-
sult of thrombosis, will only appear after 34.5 minutes, while
the saturation monitor indicates the blood flow stops in only
75 seconds. In a real clinical situation, a color change may take
much longer to appear and is frequently difficult to assess. Just
after 2.5 hours, extensive venous congestion appeared in the
flap, as it can be seen in Fig. 3D. The result of this study confirms
the alarming data that significant color alteration does not ap-
pear until at least 2.5 hours after arterial flow has stopped. This
difficult clinical situation may be easily detected with the use of
pulse oximetry, which can detect the arterial blockage just in 20
seconds.

The observation of the clinical color alteration was not de-
signed to be performed blindly, as the clinical pictures were also
taken (by the second author) serially every 15 minutes after the
vessel clamping. If needed, the photos could be easily used for
further study by asking blinded reviewers to evaluate the flap
color given in a series of respective samples. Furthermore, the
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authors did not anticipate in advance that there would not be any
color change due to arterial clamping, let alone until 2.5 hours of
observation. A hundred and fifty minutes might be considered
too long for realizing that the arterial flow is being blocked in a
real clinical situation. By that time, no more oxygen or nutrition
would be being distributed to the flap, while undoubtedly the
tissue and cells would be suffering from anaerobic metabolism
leading to tissue necrosis. This study showed that in just 20 sec-
onds, the pulse oximetry would alarm the doctor in the event of
arterial occlusion.

The criteria used for detecting any color change was with ref-
erence to the baseline color at the time when the vessel clamp
was clipped on. For any possible color changes, either due to
artery or vein blockage in a real clinical situation, the authors
agreed to refer to the baseline skin flap color, which is recorded
photographically right after completing the vessel anastomosis.
If the duration of observation were longer, any potential color
change would be more prominent as time passed. It would
indeed be difficult to determine the “cut-off point” of the color
change using any standard such as a chart of colors because of
the immense variation in human skin color. This might be a new
domain for further study, answering the question of whether a
percentage color change could be deemed a “cut-off point” in
the skin color change for a given spectrum of color.

This study has a limitation with regard to application to real
clinical settings, as it is widely accepted that pulse oximetry
requires a thin flap that can be transilluminated. Most skin flaps
have a flat surface in which it might be difficult to apply the sen-
sor-pulse oximetry, but the authors used a neonate-type of flex
sensor pulse oximetry, which only needed a small area of flap for
the analysis.

In summary, the results of this study indicate that oxygen
saturation monitoring can be a reliable tool for detecting early
artery or vein compromise before flap color changes take place
clinically. The use of a neonate-type reusable flex sensor pulse
oximeter is objective and effective in early detection of arterial
and vein blockage. It provides real-time data on vessel occlusion,
which in turn will allow for an early salvaging procedure. The
detection periods of both arterial occlusion and venous conges-
tion are much earlier than the color alteration one may encoun-
ter clinically.
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