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ARTICLE

Comparison of incisional delay patterns on a rat random flap model
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Sevgi Kurt Yazara
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bDepartment of Pathology, Ordu University Training and Research Hospital, Ordu, Turkey; cDepartment of Histology and Embryology, Istanbul
University, Cerrahpasa Medical School, Istanbul, Turkey; dAnimal Research Laboratory, Bezmialem University Medical School, Istanbul, Turkey

ABSTRACT
One of the simplest form of surgical delay can be performed by placing an incision around the flap with-
out undermining, prior to flap elevation. In this study, we have compared the efficiency of different pat-
terns of skin incision to improve flap survival. Twenty-eight animals were used in four groups. Incisional
delay was performed prior to flap elevation in the three experiment groups. Complete incision of the
three flap edges was performed in the all experiment groups with the exception of an intact skin section
on the middle 1/3rd of the bilateral edges in group 1 (bilateral skin edge preserved delay: BSEPD), of a
unilateral edge in group 2 (unilateral skin edge preserved delay: USEPD) and of the superior edge in
group 3 (superior skin edge preserved delay: SSEPD) without any undermining. Two weeks following the
delay procedure, dorsal skin flaps were raised and reinserted back to their place. The results were eval-
uated with the measurement of necrotic flap area, microangiographic imaging and histological evalu-
ation. The mean percentage of necrotic flap area to whole flap area was 16.94%, 7.54%, 23.34% and
50.6% in the BSEPD, USEPD, SSEPD and control groups, respectively. In selected microangiographic
images, vessels were more prominent in the delay groups. The results of the study indicate that three
sided incision with an intact skin on the superior edge is not effective in providing a sufficient delay and
flap survival improvement when compared to incisions with intact skin on the unilateral and bilat-
eral edges.

Abbreviations: BSEPD: Bilateral skin edge preserved delay; USEPD: Unilateral skin edge preserved delay;
SSEPD: Superior skin edge preserved delay; H&E: Hematoxylin and Eosin; TRAM: Transverse Rectus
Abdominis Myocutaneous flap
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Introduction

Many factors are effective in determining the fate of skin flaps
[1–5]. Flap physiology principles are essential for success in recon-
structive surgery. The circulation of small vessels like arterioles,
capillaries and venules, which are essential for flap survival, can
be altered by many biochemical and neurological factors [6]. Skin
flap necrosis can be a result of arterial or a venous insufficiency.
Various drugs [7], external applications [8], oxygen pressure [9]
and previous scars [10,11] can have effect on flap survival.

Previous studies have shown the significance of the delay pro-
cedure on flap survival [12]. Despite the developments in the
reconstructive surgery techniques, delay procedure is still widely
used in surgical practice. In the practice of plastic surgery, delay
procedure can be performed with various surgical techniques,
pharmacological agents and external physical effects [13,14].

Surgical delay aims to enhance the blood supply to the pro-
posed flap area by disturbing one of its sources of blood supply.
A well-known example for the delay procedure used in the trans-
verse rectus abdominis flap with the ligation of the deep inferior
epigastric vessels 2 weeks prior to flap elevation. In a random
flap, surgical delay can be performed by the obstruction of blood
flow to the superficial dermal plexus with a skin incision or to the
deep dermal plexus with the ligation of perforator vessels. Dincer

et al. have previously shown in their study that perforator delay
with a superior incision was as effective as having a three-sided
incision. Gersch et al. have similarly reported in their study that
bilateral incision with undermining and a three-sided incision
were both effective in providing delay. These results indicate the
efficiency of incisional delay techniques without undermining. But
the ideal incisional pattern for an efficient delay is currently not
clearly established [15,16].

In this study, our aim was to compare effectiveness of different
patterns of delay incisions combined with partially intact skin
edges, on the basis of clinical and histological findings in a rat
random skin flap model.

Materials and methods

This study was conducted with the approval of local ethical com-
ity. Twenty-eight female wistar rats were used for the study. The
average weight of the animals was 300 g. A common control
group was used with another simultaneous study on random flap
survival, in which exact flap design was used and was performed
around the same time with same age rats, to prevent unnecessary
sacrifice of additional animals.

Surgical anesthesia was performed with intraperitoneal injec-
tion of 90mg/kg ketamine (Ketalar, Pfizer, New York, NY) and
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10mg/kg xylazin (Rompun, Bayer, Leverkusen, Germany). Dorsal
skin was shaved with an electric razor prior to surgery. Skin was
cleaned with iodine solution. The rats were randomized into four
groups with seven animals in each (Figures 1 and 2):

Group 1: bilateral skin edge preserved delay (BSEPD). Surgical
delay with the incision of the three flap edges with the exception
of a bilateral 3 cm long intact skin on the lateral edges was per-
formed 14 days before the elevation of the flaps.

Group 2: unilateral skin edge preserved delay (USEPD). Surgical
delay with the incision of the three flap edges with the exception
of a unilateral 3 cm wide intact skin on a lateral edge was per-
formed 14 days before the elevation of the flaps.

Group 3: superior skin edge preserved delay (SSEPD). Surgical
delay with the incision of the three flap edges with the exception
of a 1 cm wide intact skin on the superior edge was performed
14 days before the elevation of the flaps.

In all of the three experiment groups, skin incisions were per-
formed carefully not to raise the flap from the underlying fascia.
Incisions were sutured with 4.0 polypropylene sutures. Protective
rat vests were used to prevent self-mutilation following
the surgery.

Group 4: control group: The animals in this group were kept
together in similar conditions with the animals in the other
groups without any surgical intervention prior to flap elevation.

Figure 1. Delay group designs prior to dorsal skin flap after flap elevation. The intact skin edges are indicated with arrows. (a) BSEPD group. (b) USEPD group.
(c) SSEPD group.

Figure 2. The postoperative view of the animals in delay groups following the completion of delay incisions. (a) BSEPD group. (b) USEPD group. (c) SSEPD group.
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Following two-week period, Adamson modification of
McFarlane dorsal skin flaps based on caudal pedicles was elevated
in all of the animals [17,18]. The dimension of the dorsal flap was
9� 3 cm. The flaps were raised at the level of deep to pannus car-
nosus (Figure 3). Following flap elevation, the flaps were rein-
serted and adapted back to their place with 4/0 polypropylene
sutures. Protective rat vests were used to prevent self-mutilation
following the surgery. Following the elevation of the flaps, daily
digital photos were taken with a digital camera (Sony Nex-3n,
Tokyo, Japan). VistaMetrix (Version 1.35.0, Skillcrest LLC) software
was used to calculate necrotic and whole flap areas.

Seven days after the flap elevation histological samples were
taken from the proximal and the distal ends of the flaps under
surgical anesthesia. Afterwards abdominal cavity was exposed for
angiographic study. Twenty-two-gauge and 20-gauge cannulas
were used for cannulation of aorta and inferior vena cava.
Pentothal Sodium IV (Pentothal Sodium flk.; AbbottVR , Chicago, IL)
was used to euthanize the animals. A mixture of 40% barium sul-
fate (40 cm3) (Radyobarit SuspensionVR ) and 10% gelatin (10 cm3)
was prepared and diluted in 100 cm3 of saline solution. This mix-
ture was injected from aorta and inferior vena cava. Following
injection, the cannula caps were closed and the bodies were
placed in –18 freezer overnight. Following day, the bodies
were thawed, flaps were removed from the bodies and placed on
cartoon board. These boards were placed in þ4 freezer for
another night. The next day, the flaps were placed in high
resolution mammography machines for imaging (GE
Mammography Machine).

The tissue samples collected for histological analysis were fixed
in 10% formaldehyde and were embedded in paraffin blocks.
Sectioned blocks were stained with hematoxylin and eosin for
examination under light microscopy. The number of capillary for-
mations were counted by the same pathologist under high mag-
nification. Histological parameters such as inflammation, vascular
congestion, extravascular erythrocytes, epidermal injury and der-
mal fibrosis were evaluated. The findings were placed into a scale
from 0 to 3 (0: none, 1: low, 2: medium, 3: high).

Percentage of necrotic flap areas and histological results in
group were compared using the Kruskal–Wallis, one-way ANOVA
test and Dunn’s multiple comparisons test. Statistical evaluation

was performed with Prism 7 software (version 7.00 for Windows,
GraphPad Software, La Jolla, CA).

Results

Flap necrosis area percentage results

There was no necrosis present in the animals of the experiment
groups at the end of the two-week period following the delay
procedure, prior to flap elevation. The mean percentage of nec-
rotic flap area to whole flap area seven days after the flap ele-
vation was 16.94%, 7.54%, 23.34% and 50.6% in the BSEPD,
USEPD, SSEPD and control group, respectively. Flap necrosis
area percentages in each group were compared using the
Kruskal–Wallis test. There was statistically significant difference
between the BSEPD and control group (p¼ .0178). There was
also statistically significant difference between the USEPD and
the control group (p¼ .0011). There was no statistically signifi-
cant difference between SSEPD and control groups (Figure 4;
Table 1).

Evaluation of angiography images

The flaps were placed on cardboards to prevent folding and high
resolution images were taken with the mammography machine
were magnified in the computer to visualize the vessels. The ves-
sels were marked in each image. In selected images, vessels
were more prominent in the images from the delay groups
(Figure 5) [19,20].

Evaluation of histological results

Mean number of capillary formations counted in superficial der-
mis was 11 ± 3.162, 13.67 ± 4.041, 14.5 ± 9.055 and 15.67 ± 6.658 in
BSEPD, USEPD, SSEPD and control group, respectively. The differ-
ences between the groups were not significant (p¼.8287). Mean

Figure 4. Average of necrotic flap area percentage for each group (�p< .05).

Figure 3. Perioperative photograph following the elevation of the skin flap two
weeks after the incisional delay procedure.

Table 1. Summary of statistical results of necrotic flap area measurements.

Dunn’s multiple comparisons test Mean rank diff. Significant? Summary Adjusted p value

SSEPD vs. BSEPD 4.548 No ns >.9999
SSEPD vs. USEPD 7.833 No ns .3243
SSEPD vs. CONTROL –8.167 No ns .3899
BSEPD vs. USEPD 3.286 No ns >.9999
BSEPD vs. CONTROL –12.71 Yes * .0178
USEPD vs. CONTROL –16 Yes ** .0011

The bold values indicate statistical significance. (�p< 0.05, ��p< 0.01, ns: not significant).
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number of capillary formations counted in deep dermis was
22.75 ± 10.31, 28.67 ± 8.963, 9.25 ± 12.12 and 21 ± 5.568 in BSEPD,
USEPD, SSEPD and control group, respectively. The differences
between the groups were not significant (p¼ .6307). Mean of the
inflammation score was 0, 0, 0.25 ± 0.4629 and 0.5 ± 0.5774 in
BSEPD, USEPD, SSEPD and control group, respectively. The differ-
ences between the groups were not significant (p¼.3668). Mean
of the vascular congestion score was 0.25 ± 0.5, 1 ± 0, 0.5 ± 0.7559
and 0.25 ± 0.5 in BSEPD, USEPD, SSEPD and control group,

respectively. The differences between the groups were not signifi-
cant (p¼.5136). Mean of the epidermal injury score was 0, 0,
0.875 ± 0.8345 and 0.3333 ± 0.5774 in BSEPD, USEPD, SSEPD and
control group, respectively. The difference between the USEPD,
BSEPD and control groups was significant (p¼.0475). Mean of the
dermal fibrosis score was 0.5 ± 0.5774, 0.5 ± 0.7071, 1 ± 0.9258 and
2± 0 in BSEPD, USEPD, SSEPD and control group, respectively. The
difference between the BSEPD, USEPD, SSEPD and the control was
significant (p¼.0117) (Figures 6 and 7).

Figure 5. Angiography results from selected samples. (a, b) BSEPD group; (c, d) USEPD group; (e, f) SSEPD group and (g) control group.
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Discussion

Delay procedure is commonly used in reconstructive surgery prac-
tice to increase the vascularization of the skin prior to flap eleva-
tion. This procedure is usually performed 2–3 weeks prior to the
surgery. Rat skin island flap has been used as a model for the
delay procedure in previous studies [21]. In various studies, delay
procedure has been shown have positive effects on flap circula-
tion and these results have been adopted by plastic surgeons.
TRAM flap delay is one of the best examples of this application.

In our study, best flap survival results were achieved with the
USEPD group. A considerable amount of incision on the one side
of the skin edge was required to achieve a successful delay. It has
been shown in previous studies that decrease in tissue oxygen-
ation can induce neovascularization via various cytokines [22–26].
We believe that this decrease in tissue oxygenation has to reach a
certain level for a successful delay effect.

On the other hand, the results from the SSEPD group support
the idea that complete incision of the both lateral sides without
any intact skin can completely diminish the positive effect of the

delay procedure. The SSEPD group has resulted in the least
amount of increase in the flap survival which was statistically not
significant when compared to the control group. This shows that
the increase in the excision length in this group has a negative
impact on the delay procedure of random flaps. This can actually
feel counter intuitive and contradicts with the previous idea that
the decrease in the tissue oxygenation can increase neovasculari-
zation. We believe that this result shows that the neovasculariza-
tion increase from the underlying fascia is not significant when
compared to the increase from the subdermal plexus in two-week
period. The SSEPD group had the greatest amount of vascular
stress among other groups, but since the incisions covered the
both lateral edges completely there was no physical space left for
the neovascularization to move forward except the underly-
ing fascia.

Since the SSEPD group was the least efficient, we also predict
that the intact skin left on the edges for an efficient delay should
be closer to the pedicle. The blood flow will become less efficient
as the intact skin is placed away from the pedicle since the

Figure 6. Photomicrographs of histological samples. (a) An image from BSEPD group showing signs of fibrosis (hematoxylin and eosin (H&E), �200). (b) An image
from BSEPD group showing signs of vascular congestion (H&E, �200). (c) An image from USEPD group showing signs of inflammation (H&E, �100). (d) An image
from USEPD group showing signs of epidermal injury (H&E, �200). (e) An image from SSEPD group showing signs of extravascular erythrocytes (H&E, �200). (f) An
image from control group (H&E, �100).
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perfusion pressure will become less efficient The results also indi-
cate that, despite statistically not significant, USEPD might be
more efficient in providing a delay than a BSEPD. This might be
due to the fact that asymmetrical perfusion of the proposed flap
area could be more efficient to open the choke vessels. In gen-
eral, the success of the delay will be correlated with the power
and the direction of the perfusion. The results of this study also
indicate that a previous linear scar in a flap edge should not be
as problematic as previously thought. In contrast, it might prove
beneficial to increase the blood flow to the area.

The histological evaluation did not reveal any difference in the
number other the vessels in the dermis. These results indicate
that the incisional delay procedure does not have an impact on
the number of vessel but rather does effect the rate of blood
flow from the existing vessels. More prominent vessels found in
the angiographic images of the animals in the delay groups

support this idea. Dermal fibrosis score was significantly higher in
the SSEPD group. This result correlates with the length of the
delay incision in this group. This could also be a contributing fac-
tor in the inefficiency of the delay in this group.

A balance must be maintained for an efficient delay procedure
between impairment in the skin perfusion and leaving enough
intact skin for the neovascularization to progress. Placement of
too large and too many intact skin edges and keeping incisions
short might result in less impairment of tissue vascularization
which as a result might not be enough to induce neovasculariza-
tion. On the other hand, absence of intact skin with complete
incision of the edges might induce the neovascularization more,
but this time there might not be enough intact skin left for the
neovascularization to progress. Therefore, we conclude from the
results of these studies that the complete incision of one of the
lateral edges of a random flap is required for an efficient delay.

Figure 7. Average number of capillary formations in (a) superficial and (b) deep dermis and histological parameters, ((c) inflammation, (d) vascular congestion, (e) epi-
dermal injury and (f) dermal fibrosis) calculated for each group (�p< .05).
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