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A Method for Flap Monitoring Based on
Bioelectrical-Resistance Analysis

Aykut Misirlioglu, MD,* Mustafa Karaca, MD,* Gulden Avci, MD,Þ and Tayfun Akoz, MD*

Abstract: Axial pattern flaps are characterized by a single vas-
cular pedicle that supplies the whole flap and carry the danger of
flap loss. For this reason, monitoring and early identification of
vascular perfusion is important for flap prognosis. The most com-
monly used method for flap monitoring is clinical assessment, but
it has certain limitations. The bioelectrical properties of tissues
can be affected by ischemic conditions, and a preliminary study
showed that the bioelectrical resistance of blood was decreased
under thrombotic conditions. In this controlled study, the resistance
values of the axial flaps were calculated during thrombosis. A total
of 28 rats were randomly divided into a control group (n = 14) and
an experimental group (n = 14). Axial flaps were elevated based
on the inferior epigastric pedicle. For the ischemic group, micro-
vascular clamps were placed in the ischemic group to produce
artificial thrombosis from day 1 of the experiment. Bioelectrical
resistance was measured every 30 minutes for the first 6 hours and
then daily after that. The resistance values from the ischemic group
decreased progressively, and 150 minutes after the clamping, the
difference became statistically significant (P G 0.05). The results
showed that the assessment of flap resistance is a valuable tool
and may allow early recognition of a compromise in the vascular
system before clinical signs become obvious.
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A xial pattern flaps are single-pedicled flaps that have an ana-
tomically recognizable vascular system in their long axes while

being transferred from a donor to a recipient site.1 The new perfu-
sion situation, characterized by a single vascular pedicle that sup-
plies the whole flap, carries the danger of flap loss.2 Therefore, strict
evaluation of flap perfusion is essential to prevent, recognize, and
treat complications in the postoperative period of the axial flaps.3

Early identification of flap failure is a precondition of flap salvage
and therefore important for flap prognosis. Although several tech-

niques of axial-flap monitoring are available, there is still no single
reliable noninvasive technique for early recognition of flap failure.4Y8

The most commonly used methods of postoperative monitoring are
clinical tests; however, basic clinical assessments generally need ex-
perienced interpretation, so they have certain limitations.9,10 Many
other adjunctive monitoring techniques have been described, but
none has yet become widely accepted.

Body tissues contain intracellular and extracellular fluids that
behave as electrical conductors, and cell membranes act as electrical
capacitors.11 The resistance of the tissue is not consistent, and it
varies depending on the amount of fluids and electrolytes.12Y14 The
bioelectrical properties of tissues can be affected in various ways by
pathologic and ischemic conditions that can cause great changes in
these properties.15Y20 The aim of this prospective study was to inves-
tigate the reliability of using the measurement of the tissue resistance
to identify early axial-flap failure.

MATERIALS AND METHODS

Preliminary Study
In this preliminary study, the bioelectrical properties of the

blood during the clotting process were evaluated. For this purpose,
14 different blood samples (4 mL each) were analyzed. As soon as
each sample was obtained, it was placed into a plastic receptacle
with a 5-mL volume capacity. Then, resistance measurements were
taken with a digital multimeter in a room that was maintained at
23-C. The resistance measurements were taken until the clotting
process was finished.

Experimental Study
The following study was performed in accordance with the

guidelines of the Declaration of Helsinki and was approved by the
Institutional Ethics Committee for Animals. The animals were housed
in pairs, and their environment was maintained at room temperature
with a 12-hour day/night (light/dark) cycle. Water and standard labo-
ratory food for rats were provided. All procedures were performed by
a single surgeon.

A total of 28 adult male Wistar albino rats were randomly
divided into a control group and an experimental group with 14 rats
per group. The rats were anesthetized with intraperitoneal pento-
barbital (50 mg/kg) after induction with ether. After depilation of the
abdominal skin, 3 � 6-cm island skin flaps were created in the left
abdomen based on the inferior epigastric vascular pedicle (Fig. 1).
Under loupe magnification, careful ligation and electrocoagulation
of the femoral arteries and muscular branches distal to the inferior
epigastric artery were performed to ensure that the epigastric and
proximal part of the femoral arteries were the only means of arterial
supply to the flap (Fig. 1). Flaps were sutured back to their donor
bed with 5-0 nylon sutures.

On the first day, all flaps were checked for viability. Then, the
rats were reanesthetized. The flaps in the experimental group were
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reexplored, and microvascular clamps were placed to get artificial
thrombosis in the vascular system. The flaps were then resutured to
the donor site.

Two different points were determined on each animal to
measure the resistance. The first point was on the flap, and the
second point was 2-cm outside the flap borders from the first one.
During the measuring process, dental needles were used as custom-
made electrodes and were inserted into the skin at a depth of 1 mm.
All resistance measurements were made through these points in
both the experimental and control groups. A standard digital mul-
timeter was used to measure the resistance, and all of the mea-
surements were verified with an analog ohmmeter (Fig. 2).

In both groups, baseline resistance values were measured
on the first day. After clamping the pedicles in the experimental
group, the measurements were taken at 30-minute intervals for
the first 6 hours and then daily after that. In the control group, the
measurements were done at the same intervals without disturbing
the pedicles.

Statistical Methods
The data from the preliminary study were examined by one-

way analysis of variance and Tukey pairwise comparison tests. In
the experimental study, the Mann-Whitney test was then used to

compare data for each time interval. P G 0.05 was considered
significant.

RESULTS

Preliminary Study
The measurements revealed that the resistance starts to pro-

gressively decrease during the very early phase of clotting. By the
end of the first minute, the mean resistance was 1290 k6, and at the
end of the third and fourth hours, it measured 823 and 298 6,
respectively. The resistance value decreased approximately 10 times
during the clotting (Fig. 3). By the end of the second hour, this
decrease was statistically significant (P G 0.05).

Experimental Study
Because of the death of test animals, 1 rat from the control

group and 2 rats from the ischemic group were replaced, and 28 flaps
were analyzed during the study. All the flaps in the nonischemic
control group (group 1) survived completely. None was lost because
of vascular insufficiency. In the ischemic experimental group (group
2), there were clinical ischemic signs, and after 6 days, necrosis on
the flap-skin paddles were clearly demarcated in every flap.

At the first postoperative day, baseline resistance values
were measured in both groups immediately after the ligation of the
pedicle of the flaps in the ischemic group. The mean values were
1923 (SD, 71.61) 6 for the control group and 1924 (SD, 73.40) 6
for the experimental group (Table 1). The difference was insignifi-
cant (P 9 0.05).

The average values after 1 hour were 1852 (SD, 103.2) 6
for the control group and 1837 (SD, 116.7) 6 for the ischemic
group. The difference was insignificant at the first hour. The mean
values at the second hour were 1880 (SD, 93.30) 6 for group 1 and
1712 (SD, 135.6) 6 for group 2. The resistance differences in the
second hour were also statistically insignificant. The first significant
difference was observed at 2.5 hours (150 minutes) after ligation. The
mean values were 1870 (SD, 95.04) 6 for the control group and
1428 (SD, 42.79) 6 for the ischemic group. The lower resistance
values from the ischemic group persisted throughout the experi-
ment, and the flaps became completely necrotic after day 6 (Table 2).
The clinical findings of the ischemia for all the flaps correlated
closely to the changes in resistance measurements.

The resistance values decreased dramatically in the hours
after the pedicle ligation for the experimental group. Resistance
values of the control group remained constant during the experi-
ment. In brief, these results showed that thrombosis of the vascular

FIGURE 1. The experimental design. Left, A rectangular flap
was marked in the lower abdominal area. Right, Undersurface
of the elevated flap, based on the inferior epigastric vascular
pedicle.

FIGURE 2. Resistance measurement of the flap. One electrode
was placed in the flap’s skin, and the second electrode was
placed in the skin of the donor area. The dotted line shows the
pathway of the electricity.

FIGURE 3. Resistance values from the blood samples
decreased progressively during the clotting process. By the
second hour, the differences among the resistance values
became significant (P G 0.05).

Misirlioglu et al The Journal of Craniofacial Surgery & Volume 22, Number 3, May 2011

1084 * 2011 Mutaz B. Habal, MD

Copyright © 2011 Mutaz B. Habal, MD. Unauthorized reproduction of this article is prohibited.



system in the axial flaps led to lower resistance values for the non-
ischemic flaps.

DISCUSSION
Free-tissue and axial-flap transfers are common procedures

in the head and neck region.21,22 Regardless of the surgeon’s ex-
perience, thrombosis of the vasculature is a potential complica-
tion depending on several incalculable factors for each individual
patient. Thus, the first 72 hours after flap reconstruction is the crit-
ical period in which flap monitoring can lead to early detection and
redress of flap compromise.6,23,24 Many techniques have been de-
scribed for evaluating flap ischemia and foretelling necrosis, but
none of these techniques have been proven reliable enough to re-
place clinical assessment. Some of these tests are very expensive
and need complex instruments, so they cannot be used routinely in
practice.9,25 Clinical observation is still the normal standard for
free-tissueYtransfer monitoring, but continuous observation by the
surgeon is not possible. Clinical observation is also limited be-
cause it is subjective and depends heavily on experience.6,9

The electrical properties of tissues have been described
since 1871.26 These properties showed a wide range of frequencies
depending on the tissues, including those that were damaged or
undergoing change after death. Bioelectrical-impedance analysis
became popular in the past decade because of its practical advan-
tages of being a noninvasive, safe, and portable method for assess-
ing body composition.11Y14,26,27 Information about tissue hydration
and integrity can be obtained through the electrical properties of tis-
sues. The raw bioelectrical-impedance analysis measurements of re-
sistance and reactance are 2 indicators of tissue properties.12Y14,26,27

Resistance is based on the conduction of an applied electrical current
in the organism.28 In biologic structures, the application of a constant
electrical current results in a resistance to the spread of the current.
Body fluids and electrolytes are responsible for most of the electri-
cal resistance in tissues.26Y28 Resistance is determined by Ohm law,
which states that the amount of current traveling through the tissue
is determined by the voltage divided by the resistance (I = V/R).
The skin and the bone have the highest resistance of all tissues,

whereas nerve and blood vessels are excellent conductors.28 In this
study, it was observed that thrombotic changes in the flap’s pedicles
caused a reduction in the resistance values between the flap and the
donor areas.

When a pedicled flap is transferred, the only metabolic rela-
tion between the body and the flap during the early hours is the
vascular system. During this period, the surface connections be-
tween the flap and the donor area are composed of devitalized ma-
terial, such as seroma, clots, and air, so this layer has a high
electrical-resistance value. After flap transfer, the current follows
to the vascular pedicle because it always chooses the least resis-
tant routes (Fig. 2). For this reason, monitoring during the early
period can give information about the vascular system.

In our preliminary study, we showed that the resistance values
of blood decreased approximately 10-fold during the clotting pro-
cess. Thrombosis is the formation of a blood clot inside a blood
vessel. This obstructs the flow of blood through the circulatory sys-
tem, and it is a potential complication for each axial flap. In this
preliminary study, the final resistance value of 298 6 was a low
value for human tissues.16,18,20,28 This shows that changes in resis-
tance in axial flaps can indicate thrombosis. When vascular throm-
bosis occurs in a pedicled flap, the resistance value will decrease,
and this change can be measured between the flap and the donor site.
In this study, the resistance value decreases with thrombosis, which
is compatible with the results obtained in the preliminary study.

There are many studies in the literature that investigates the
changes in the bioelectrical properties of tissues due to pathologic
conditions.13,16,18,20 Querido29 studied the rat’s abdominal-skin
impedance during the postmortem period and demonstrated the
progressive decrease of values over time. Low impedance values
were seen among subjects with myocardial ischemia, cerebral
ischemia, and lower extremity ischemia. Low impedance values
were also demonstrated after hepatocellular damage and serious
hypovolemic shock.13,19,20 All of these studies are in accordance
with our results.

In another study, Islamoglu and Ozgentas16 measured im-
pedance changes in random flap ischemia. They demonstrated that
the impedance values of the rat’s skin decreased after ischemia.

TABLE 1. Average Resistance Values From the Ischemic and Control Groups for the First 6 Hours

n = 14 0 Min 30 Min 60 Min 90 Min 120 Min 150 Min 180 Min 310 Min

Control, mean
(SD), 6

1923 (71.61) 1893 (70.12) 1852 (103.2) 1871 (93.04) 1880 (93.30) 1870 (95.04) 1884 (68.62) 1906 (69.79)

Experiment, mean
(SD), 6

1924 (73.40) 1862 (91.06) 1837 (116.7) 1753 (146.5) 1712 (135.6) 1428 (42.79) 1404 (41.92) 1393 (71.66)

MW (P) 90.05 90.05 90.05 90.05 90.05 G0.05 G0.05 G0.05

In the experimental group, the resistance values decreased dramatically in the hours after the pedicle ligation.
MW indicates Mann-Whitney test.

TABLE 2. Average Resistance Values for the First 6 Days

n = 14 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Control, mean (SD), 6 1908 (63.967) 1898 (31.766) 1907 (32.44) 1905 (36.7) 1892 (28.92) 1886 (54.53) 1899 (32)
Experiment, mean (SD), 6 1428 (46.521) 1436 (28.47) 1407 (25.63) 1426 (44.11) 1436 (39.52) Necrosis Necrosis
MW (P) G0.05 G0.05 G0.05 G0.05 G0.05 V V

The lower resistance values from the ischemic group persisted during the experiment.
MW indicates Mann-Whitney test.
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They concluded that impedance measurements could be used to
monitor ischemia in human’s random skin flaps, and it would be
useful to determine the correct level of early debridement. Our study
investigated resistance-value changes rather than bioimpedance.

Resistance is a component of impedance and varies de-
pending on the amount of fluids and electrolytes.11 Under ischemic
conditions, the fluids and electrolytes that are released from the
damaged cells increase the conductivity of the current. This de-
creases the resistance and thus the impedance.11,13,16,18 Bioimped-
ance analysis requires more complex and expensive instruments
thanthat required by resistance analysis. We believe that resistance
measurements can give more direct results than impedance values
in ischemic conditions. An ordinary digital multimeter was used for
the resistance measurements in our study. This instrument is easily
obtained, practical, and very cost-effective.

Resistance measurements provide information about the
amount of electrolytes and fluids in the tissues.11,28 When throm-
bosis occurred in the flap’s pedicle, fluids and electrolytes were
released from the blood cells. This causes the resistance values
of the vascular system to decrease.11,13,16,18 The lower resistance
value of the vascular connection created a lower resistance pathway
for electrical current between the flap and the donor area (Fig. 2).
This situation reflects the resistance properties between the flap and
the donor area and gives us measurable differences with resistance
analysis.

The resistance values of tissues vary with the amount and
contents; therefore, an absolute value does not exist for every flap.
The measurements must be individualized for each flap by obtain-
ing baseline values. The availability of continuous measurements is
another advantage of this method. Thus, the values obtained can be
observed continuously, and changes can be closely followed.

At present, clinical observation is the only method used
routinely to monitor axial flaps. However, the assessment of capil-
lary refill, color, temperature, and turgor depends on the experience
of the observer. This may result in the misinterpretation of clinical
signs and late recognition of insufficient vascularity. The assessment
of flap resistance in axial flaps is a valuable tool to the nonexpe-
rienced observer and may allow the early recognition of a compro-
mise in the microanastomosis or vascular structure before clinical
signs become obvious. Therefore, further evaluation of this tech-
nique, especially with a focus on pathophysiological changes and
variation of measured values under different circumstances, is highly
recommended.
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