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Abstract “Surgical delay” is aimed at increasing blood flow
to adjacent angiosomes by opening choke vessels, to obtain
larger and more reliable flaps. We hypothesized that staged
elevation (delay) from distal to proximal, in addition to pres-
ervation perforator artery near the base will improve survival.
Thirty-two Sprague–Dawley rats were divided into 4 groups
and 3x8cm caudal McFarlane flaps were elevated. In “delay”
groups the 3×4 cm distal part was elevated and sutured back,
with complete elevation (3×8 cm) after 4 days. The deep
circumflex iliac artery (DCIA) at the base was either preserved
or transected. The groups were: group A (Delay/DCIA pre-
served), group B (Delay/DCIA transected), group C (No
Delay/DCIA preserved), group D (No Delay/DCIA
transected). The percentage of surviving flap area was mea-
sured after 7 days with digital planimetrics. Statistics were
done with ANOVA and unpaired T-test. The survivals were:
98.44±3.13 %(group A), 69.33±5.51 %(group B), 76.50±
8.91%(group C) and 52.89±3.15%(group D). Delay lead to a
greater degree of survival whether the arteries were preserved
(p=0.002) or transected (p=0.01). In groups where the DCIA
was preserved, the delay lead to a greater area of survival (p=
0.002). Inclusion of arteries lead to a greater degree of survival
whether delay was performed (p=0.003) or not (p=0.005).

Necropsy showed that the DCIAs were dilated bilater-
ally when preserved with vascular arcades reaching all
viable areas. When the DCIA was transected, the gluteal
perforators were dilated bilaterally with the vascular
arcades reaching all viable areas. Staged elevation is an effec-
tive method of delay in both random and rando-axial flaps.
When this is combined with preserving the perforator artery,
survival rates are further enhanced.

Keywords Flapdelay .Ratdorsalskinflap .Perforatorartery .

Angiosome

Introduction

The angiosome concept defined by Taylor et al. stated that
when a flap is elevated without surgical delay, the anatomic
territory of the next dominant perforator can be captured with
safety by the artery at the base of the flap [1]. However, when
the following angiosome distal to the second one is elevated
there is often necrosis of the flap. “Delay phenomenon” is the
ischemic preconditioning of the flap in order to open the
choke vessels in between adjacent territories and capture
angiosome that would be lost under non-delay circumstances.
Thus, both the vascularity and the area that can be raised
safely are increased.

Many methods have been proposed and investigated to
improve the survival of skin flaps. These are either pharma-
cologic agents that aim to increase the blood flow or methods
that use controlled ischemia to precondition flaps and enhance
vascularity [2–6]. Dorsal rat skin flap described byMcFarlane
is a commonly used and accepted model in such experiments
[7]. Taylor further expanded this model by identifying 3 paired
angiosomes [8].

We hypothesized that staged elevation (delay) from distal
to proximal will result in capturing the most distal angiosome
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and result in greater length and flap survival in the rat dorsal
skin flap model. In addition, preservation of the perforator
artery near the base will improve survival.

Material and Methods

Thirty-two female Sprague–Dawley rats each weighing 300 to
350 g were divided into 4 groups (8 animals per group). A
combination of ketamine (100 mg/ml) and xylazine
(20 mg/ml) at a total dose of 0.2 ml per 100 g of body weight
was administered subcutaneously followed by removal
of the dorsal hair. Before and after each surgical session
the incision sites were cleaned with 70 % ethanol and
topical antibiotics were applied.

Surgical Technique and Groups

The rats were divided into 4 groups (8 animals each) (Table I).
Under sterile conditions a caudally based midline dorsal cu-
taneous flap including the panniculus carnosus layer measur-
ing 3 cm at base and 8 cm in length was marked. In groups A
and B, the 3×4 cm distal part of the marked flap was elevated
and sutured back. After 4 days, a full 3×8 cm flap, which
included the already elevated portion, was raised and sutured
back. In groups C and D, a 3×8 cm caudal dorsal skin flapwas
raised and sutured back. In all groups, the deep circumflex
iliac arteries (DCIA) were identified bilaterally 1 cm caudo-
lateral to the base of the flap. In groups A and C the bilateral
DCIAs and vein were preserved, where as in groups B and D
these vessels were transected (Table I). The animals were
given rat chow and water ad libidum and cared according to
the guidelines of the animal care committee of our institution.

Data Analysis

The rats and skin flaps were observed daily for their general
condition and gross appearance respectively. The survival of
the skin flaps were evaluated 7 days after the completion of
final operation. General appearance and percentage of surviv-
ing areas of the flaps were recorded. Photographs were ob-
tained with animals under general anesthesia to prevent mo-
tion, with a digital camera (D70s SLR) utilizing standardized
parameters (Lighting in 45° in relation to the object, column
height of 40 cm and distance from the object of 40 cm). A
planimetric evaluation with image analysis software (Adobe
Photoshop®) was used to assess and measure the percentage
of the surviving area. The area of survival of the skin flaps
were expressed as a percentage of the total flap area (survival
rate = surviving area/total area × 100). The measurements
were performed by a researcher who was unaware of the
specific groups and treatment. In addition, a necropsy was

performed to evaluate the status of the arterial system within
and at the base of the flaps.

Statistical Analysis

All values are expressed as mean ± standard deviation. One-
way analysis of variance (ANOVA) was used in the compar-
ison of multiple dependent means of survival areas between
treatment groups. The unpaired T-test was used in the com-
parison of two independent means of flap survival. A p-value
of <0.05 was considered statistically significant.

Results

The demarcation between the viable (soft with a normal pink
color) and nonviable (rigid, dark color) areas were clearly
apparent on the 7th postoperative day.

In groups A and B there was no necrosis after 4 days when
the flap was raised as 3×4 cm just prior to complete elevation
of the delayed flap. After the second surgery the percentage of
survival was 98.44±3.13 % in group A and 69.33±5.51 % in
group B (Fig. 1a, b). In group C and D the surviving areas
were 76.50±8.91 % and 52.89±3.15 %, respectively
(Fig. 1c, d). The gradual delay lead to a greater degree of
survival whether the perforator was preserved (group A vs.
group C, p=0.002) or transected (group B vs. group D, p=
0.01). In groups where the DCIAwas preserved (group A vs.
group C), the gradual delay lead to a greater area of survival
(p=0.002) (Fig. 2). Inclusion of the perforator lead to a greater
degree of survival whether delay was performed (group A vs.
group B, p=0.003) or not (group C vs. group D, p=0.005)
(Table 1; Fig. 2).

Necropsy showed that the DCIAs were dilated bilaterally
when preserved (groups A and C) (Fig 3). The vascular
network arising from the DCIA reached to all viable areas
on the flap. In rats where the DCIAwas transected (groups B
and D), the gluteal perforator arteries (GPA) were dilated
bilaterally and the vascular network arising from these arteries
reached to all viable areas on the flap.

Discussion

McFarlane in 1965 described a cranially based rat dorsal skin
flap ischemia-necrosis model which was popularized and
modified by many researchers [7]. However, it was not until
Taylor’s work when the concept of angiosomes and perforator
arteries was developed [1, 8]. In many studies using the caudal
or cranial rat dorsal skin flap including McFarlane’s original
work, a comment was not made on whether the perforator
artery located at or near the base was cut or preserved. This
can greatly affect the result and cause variability in the
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percentage of surviving area. Thus, this is a huge flaw in
scientific methodology in many experiments using this model
and should be challenged. The researchers using the
McFarlane model should always standardize their models
and indicate in their surgical technique whether these perfora-
tor arteries are cut or preserved unilaterally or bilaterally at or
near the base of the flap. Hosnuter et al. noted on this fact and

developed the concept of rando-axial pattern flaps, where an
axial artery is present at the base of a flap with a skin pedicle
[9]. This was compared to a true pure random flap where the
axial artery is transected and the flap was only supplied by the
skin pedicle. Not surprisingly, there was 75 % survival in the
rando-axial flap compared to 60 % in the pure random flap.
Our results are very similar to their findings as there was

Fig. 1 Dorsal skin flaps 7 days
postop a Group A, gradual delay
and deep circumflex iliac artery
(DCIA) preserved, b Group B,
gradual delay and DCIA
transected c Group C, no delay
and DCIA preserved d Group D,
no Delay and DCIA transected

Fig. 2 Graphical chart showing percent viability vs. groups A, B, C, D
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76.5 % survival in group C where the DCIAs were
preserved and the flap was raised without delay. In
our study, the DCIA near the base of the flap in groups
B and D were transected converting them into “pure”
random flaps and preserved in groups A and C
converting them into rando-axial flaps. The surviving
areas were higher in groups A and C compared to groups B
and D, respectively independent of the delay procedure.

Taylor et al. described three adjacent and bilateral
angiosomes in the dorsum of the rat as the lateral thoracic
artery, 10th posterior intercostal perforator artery (PIA) and
the dorsal circumflex iliac artery from cranial to caudal [8].
This concept was further tested and developed by other re-
searchers [10–12]. When all three vascular territories are
included in the dorsal flap model of rat, typically the distal
territory goes to necrosis [7, 12]. This forms the basis of rat
dorsal experimental skin models. The various surgical delay
methods or the use of pharmacologic agents are thus designed
to capture and improve the survival of this distal most territo-
ry. In contrast, the vascular territory close to the pedicle can
feed several single adjacent vascular territories by opening
choke vessels that lie in between [12]. Yang et al. have found
that, the DCIA not only anastomosed with the adjacent ipsi-
lateral PIA and contralateral DCIA, but also with the contra-
lateral PIA [12]. In our method of gradual elevation of the flap
from distal to proximal, the flap survival was improvedwheth-
er the perforator artery was preserved or transected (groups A
and B vs. groups C and D respectively). In addition, there

appears to be more angiosomes in the dorsum of the rat than
described by Taylor et al., like the angiosome of the gluteal
perforator artery [8]. The next distal angiosome to the DCIA is
the GPAwhich lies 4 cm caudal to the DCIA. It emerges as a
true perforator vessel via the gluteus maximus muscle of the
rat. In groups where the DCIA was transected the GPA ap-
peared to be dilated and was connected to the viable areas of
the flap through a vascular network. This dilation was not seen
when the DCIAwas preserved. Thus it appears that whenever
a perforator vessel is cut during the elevation of a flap a
“burden” is placed on the artery of the next angiosome to
increase its vascular supply. This raises the questions “How
much of the McFarlane flap is a true random pattern skin
flap?”. Since there will always be a nearby perforator artery
that will be “forced” to supply the flap only the distal parts can
be considered as “random”. But the more important question
is “Do the researchers take into consideration to preserve or
transect the base artery?”. Thus, the researchers using this flap
model should always standardize the model by either careful
preservation or complete transection of the arteries at the
base. Unfortunately, when literature is reviewed this important
fact is not even mentioned in the methodology except in a few
papers [9, 12].

Controlled ischemia in a flap leads to preconditioning and
enhancement of vascularity with the ultimate aim of improv-
ing survival or obtaining a larger flap. The mechanism of any
kind of mechanical delay in a flap is by means of opening the
choke vessels in between adjacent angiosomes as well as
enhancing the collateral blood flow at the base of the flap [1,
8]. Various methods of delay have been tried in the rat model
including surgically dividing part of the flap, applying clamps,
suturing part of the flap, heat shock, and by using ND:Yag
Laser [8, 10, 13–16]. In addition pharmacological agents have
been used to improve survival on the dorsal rat skin model.
Silenafil was shown to increase the flap survival rate upto
83 % (control group 71 %) when given orally and upto 97 %
(control group 67 %) when delivered via a fibrin glue carrier
[2, 3]. Tellioglu et al. used carnitine to obtain a flap survival
rate of 85 % compared to 58 % in the control group [5].
However, in none of these models 100 % survival was
achieved. In our experimental model 100 % flap survival rate
was achieved in all 7 out of 8 animals in the experimental
group (98.44±3.13 %). We introduce a new method of surgi-
cal delay in the rat model by gradually elevating the flap from
its distal end to its base with consecutive surgeries set days
apart. In our model, we used day four as the day for delay

Table 1 Percent surviving area according groups

Groups DCIA preserved DCIA transected

Gradual delay Group A Group B (p=0.0003)
98.44±3.13 % 69.33±5.51 %

No delay Group C Group D (p=0.005)
76.50±8.91 % 52.89±3.15 %

(p=0.002) (p=0.01)

Fig. 3 Identification of the deep circumflex iliac artery (DCIA)
bilaterally

Table 2 Vascular territories captured

Captured territories DCIA preserved DCIA transected

Gradual delay 1+2+3 1 + Part of 2

No delay 1+2 1
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period based on the data reported by Holzbach et al., who
showed that VEGF levels increase after 3 days in the distal
parts of dorsal rat flaps when surgically delayed leading to
higher survival rates [17]. Our method also increases the
effective length and dimensions of the skin flap raised. Taylor
when describing the principles of angiosome concept that
when a flap is raised based on a certain angiosome, the next
angiosome can also be captured without the delay phenome-
non [8]. However, in order to capture the third angiosome
distally a delay procedure should be added [8]. Our data is
concurrent with Taylor’s principles. All there original
angiosomes described by Taylor et al. on the dorsum of the
rat included in the McFarlane flap can be captured with the
method described (Table 2) [7, 8]. The survival was best when
the gradual delay was applied to a flap, where the perforator
artery was preserved close to the base of the flap (Group A).
The survival was worst when no delay was performed in a flap
where the perforator artery near the base of the flap is
transected (Group D). In flaps where the perforator artery is
transected applying the delay procedure appears to slightly
improve the surviving area (Group B vs. Group D). However,
when the axial artery near the base of the flap was transected
as in group B, even the delay phenomenon does not lead to
capturing of the 3rd territory. This is because when the artery
supplying the base angiosome (DCIA) is cut, this angiosome
is converted to the so called “adjacent angiosome” by shifting
the base artery to GPAwhich is 4 cm distal to the base of the
flap. When this knowledge is applied to clinical practice, a
surgeon should meticulously preserve any perforator or axial
vessels that are near the ultimate pedicle of a flap that is being
surgically delayed.

Conclusion

Several conclusions should be drawn from this study.

1. The researchers should standardize the method of raising
the McFarlane flap by either preserving or transecting the
perforator arteries at the base of the flap.

2. Gradual elevation of the flap starting from its distal part
can delay the flap so that a longer flap can be raised.

3. It is important to preserve the perforating or axial artery at
the base of the flap whether a delay is performed or not.
Preserving the artery in the more caudal angisome distant
to the flap may not be enough for optimal survival.

Further research using the same model and methodology
should concentrate on capturing the 4th distal angiosome in
order to achieve longer flap dimensions. In addition optimal
length of delay at each surgical session and the time period in
between surgical sessions in an attempt to harvest a longer flap
should be investigated.
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