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Background: This study quantitatively assessed perfusion of the deep inferior epigastric artery perforator
(DIEP) flap according to vertical location and vertical spacing of perforators during DIEP flap breast
reconstruction.

Methods: In 67 patients who underwent unilateral DIEP flap breast reconstruction between November
2018 and August 2021, flap perfusion was intraoperatively assessed using indocyanine green angiography.
Perforators located at or above the umbilicus were defined as vertical zone 1 perforators and those below
the umbilicus as vertical zone 2 perforators. Perfusion assessment was conducted in two stages: at stage 1,
perfusion solely by single dominant perforators was assessed. At stage 2, the perfusion increment effected
by adding a single additional perforator was assessed. Perfused area proportions were compared between
patients with dominant perforators in zone 1 versus zone 2. The effect of adding an additional perforator to
another vertical zone (“vertical spacing”) was also assessed.

Results: The perfused proportion was significantly higher among vertical zone 2 perforators compared
with zone 1 perforators in the evaluation of single dominant perforators (70% vs. 56%; P<0.001). In
the evaluation of incremented perfusion by single additional perforators, the perfused proportion was
significantly higher in the vertical-spacing group compared to the no-vertical-spacing group (17% vs. 12%;
P=0.004). Fat necrosis developed in 4.5 percent of the patients over at least 6 months of follow-up.
Conclusions: DIEP flap perfusion can be affected by the vertical location of perforators, and flap perfusion

can be augmented effectively by vertical spacing of perforators.
Keywords: Deep inferior epigastric artery perforator (DIEP) flap breast reconstruction; vertical location
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Introduction

The deep inferior epigastric artery perforator (DIEP)
flap has become a workhorse flap for autologous breast
reconstruction, as it has the advantage of adequate tissue
quantity, nearly ideal tissue characteristics, and low donor
site morbidity (because it allows for preservation of the
rectus abdominis muscle) (1,2). The number of perforators
incorporated in the flap could be individualized according
to the amount of tissue required for reconstruction and
perforator characteristics, including size, orientation,
eccentricity, and row. It is well known that enhanced
flap perfusion positively correlates with the number of
perforators (3-6). On the other hand, the degree of muscle
resection becomes higher as more perforators are dissected
to enhance flap perfusion, and donor site morbidity, such
as bulging and herniation, could be increased when more
perforators are harvested (7,8). Given that postoperative
bulging or herniation could cause serious consequences—
requiring further surgical intervention in some cases (9)—
decisions on how many perforators are dissected for DIEP
flaps should strike a balance between flap perfusion and
donor site morbidity.

Regarding perforator location, several studies have
compared perfusion patterns and vascular territory between
medial- and lateral-row DIEP flap perforators. Anatomical
vascular imaging studies have demonstrated that medial-row
perforators preferentially perfuse the contralateral region of
DIEP flaps with larger perfusion areas than those associated
with lateral-row perforators. Lateral-row perforators
preferentially perfuse the ipsilateral region with a smaller
perfusion area (10-12). Medial-row perforators have been
demonstrated to be associated with increased odds of fat
necrosis in bilateral reconstructions (13). However, the
influence of the vertical location of perforators on flap
perfusion has rarely been assessed (14).

DIEP flaps are harvested from the lower abdomen to
incorporate adequate amounts of soft tissue and to allow
clothing to conceal abdominal scarring. On average, the
dominant perforator is mostly located in the periumbilical
region within 3-cm of the umbilicus (15). Therefore,
most dominant perforators are located eccentrically in the
upper portion of the flap. Additionally, when the dominant
perforator is located beside the umbilical stalk, the umbilical
incision can interfere with contralateral perfusion, reducing
the perfused area, especially because linking vessels between
perforators are oriented perpendicular to the midline
of the trunk (16,17). We hypothesized that—relative to
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flaps with dominant perforators lower than the umbilical
stalk—perfusion can be reduced in flaps with dominant
perforators aligned with and above the umbilical stalk.
To investigate this hypothesis, we quantitatively assessed
DIEP flap perfusion, according to the vertical locations of
perforators, using indocyanine green (ICG) angiography.
The effect of the inclusion of additional caudal perforators
[vertical spacing, as suggested by Lee et /. (14)] on flap
perfusion was also quantitatively evaluated. We present the
following article in accordance with the STROBE reporting
checklist (available at https://gs.amegroups.com/article/
view/10.21037/gs-22-371/rc).

Methods

Patients who underwent immediate or delayed, unilateral
breast reconstruction with a DIEP flap between
November 2018 and August 2021 by one of the authors
(K.J.W. or J.LW.P.), and were followed for a minimum of
6 postoperative months, were retrospectively identified
from our prospectively collected database. Patients
who underwent preoperative computed tomographic
angiography and intraoperative ICG angiography were
included. To maintain homogeneity of the study sample, we
excluded patients who underwent simultaneous vascularized
lymph node transfer using superficial circumflex iliac artery
perforator flaps or if preoperative planning of bipedicled
or multiple-perforator flap was conducted. Patients who
had midline vertical abdominal scars were also excluded,
as these scars can affect flap perfusion contralaterally to
the pedicle. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). The study
was approved by the Institutional Review Board of Ewha
Womans University Mokdong Hospital (No. 2022-06-026),
and informed consent was taken from all the patients.

Perfusion assessment using indocyanine green angiography

Surgical planning based on computed tomographic
angiography was performed to estimate the flap inset rate
and to identify perforators to be potentially harvested. The
flap inset rate was defined as the proportion of inset flap
to harvested flap weight. Mastectomy specimen weight
and abdominal flap weight were estimated preoperatively
using an integration method and a mobile application
called “DIEP-W?” as reported previously (18,19). Multiple-
perforator flaps were planned for patients with no sizable
perforators on computed tomographic angiography, and
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Figure 1 Example of intraoperative deep inferior epigastric artery
perforator flap perfusion evaluation using indocyanine green
angiography. (A) Perfusion assessment was performed in 30 to 40 s
after fluorescence was started to visualize the abdominal flap; (B)
tissue with less than 40% of relative value units were marked on

the skin surface of the flap and primarily discarded.

these patients were excluded from this study. Otherwise,
the largest perforator on the preoperative computed
tomographic angiography was identified and defined as
the dominant perforator. Additional perforators to be
potentially harvested were also selected that were less
restricted by their locations and rows. Perforators located
at or above the lower margin of the umbilical stalk were
not selected as additional perforators according to their
eccentric locations. In cases of immediate reconstruction,
flap size was adjusted according to the actual mastectomy
specimen weight after mastectomy. An estimate of inset
rate was calculated intraoperatively using the mastectomy
specimen weight and estimated abdominal flap weight.
After the flap was designed and incised, targeted perforators
were identified and isolated using bipolar electrocautery.
The entry point of each perforator to the flap was marked
on the skin surface using gentian violet.

Perfusion assessments using ICG angiography were
performed in two stages. After all targeted perforators were
isolated, the flap was entirely elevated from the abdominal
wall. The first stage ICG angiography was performed
after completion of intramuscular dissection of dominant
perforator and cranial end (superior continuation) of the
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deep inferior epigastric vessels were ligated. Perforators
except the dominant perforator were clamped using
microvascular clamps to evaluate the proportion of the
perfused area supplied solely by the dominant perforator.
At the time of measurement, mean intra-arterial blood
pressure was regulated between 70 and 90 mmHg and
body temperature between 36 and 37 °C. The operating
field was kept as dark as possible with a very dim light
turned on for the anesthesiologists’ working area. After
10 mg of ICG (25 mg ICG mixed with 5 mL normal saline,
Dongindang Pharm., Siheung, Korea) was administered,
followed by a 10-mL saline flush, the perfused area of the
flap was visualized using a hand-held, near-infrared camera
(Fluobeam 800; Fluoptics, Grenoble, France). The area
of earliest perfusion which was perfused in 30 to 40 s after
fluorescence was started to visualize the abdominal flap was
defined as ‘rapid perfusion area’ and was marked on the skin
of the flap (20). The marked perfusion areas were at least
40% of fluorescence relative value units (RVUs) (Figure I).
RVU was defined as a percentage of fluorescence intensity
relative to the surrounding well-perfused tissues designated
as 100% fluorescent (21). After that, the microvascular
clamps were removed, and complete pedicle dissection
was performed. The second stage perfusion assessment
was performed before pedicle division to evaluate effect
of additional perforators on the perfusion zone. Perfusion
assessment using ICG angiography was performed using
the same method as the first stage. Total flap weight was
measured after the pedicle division.

After performing microvascular anastomosis, we mostly
discarded the soft tissue from the non-perfusion area (as
determined by the perfusion assessment). We inset the
flap temporarily, and further refinement of the flap was
performed. The final inset volume was determined by
comparing the mastectomy specimen weight and breast
volumetry measured by computed tomographic angiography
with the weight of the remaining flap tissue, which was
calculated by subtracting the weight of the discarded flap
tissue from the harvested flap weight.

Assignment of patients groups

Vertical perforator locations were classified into two zones:
vertical zone 1 and vertical zone 2. Vertical zone 1 was
defined as a perforator penetrating the anterior rectus
sheath at or above the lower margin of the umbilical stalk
on preoperative computed tomographic angiography.
Vertical zone 2 was defined as a perforator penetrating
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Figure 2 The definition of vertical zones of perforators. (A) The lower margin of the umbilical stalk was defined as the border between the

vertical zone 1 and 2; (B) perforators were classified as being situated in zone 1 when the perforator penetrated the anterior rectus sheath

at or above the lower margin of the umbilical stalk on preoperative computed tomographic angiography; (C) perforators located below the

lower margin of the umbilical stalk were classified as situated in zone 2.

the anterior rectus sheath below the lower margin of the
umbilical stalk (Figure 2). Patients were categorized into two
groups according to the vertical location of the dominant
perforator. Patients who had a dominant perforator in
vertical zone 1 and 2 were classified into cohorts 1 and 2,
respectively.

Outcome measurements

Outcomes of interest were perfused area, perfused
proportion, maximal distance of midline cross, and
perfusion-related complications (including fat necrosis
and partial flap necrosis). The perfused proportion was
defined as the perfused skin surface area divided by the
total skin surface area of the harvested flap. The maximal
distance of midline cross was defined as the longest
distance from the midline of the flap to the contralateral
perfusion (22). Each measurement was calculated using
Image] software (National Institutes of Health, Bethesda,
MD, USA). Fat necrosis was defined as a >1-cm necrotic
mass detected by physical examination or ultrasound.
Ultrasound was performed by board-certified radiologists
at 6 postoperative months and then regularly for cancer
surveillance. Mastectomy skin flap necrosis was defined as
any breakdown of skin integrity on the mastectomy site that
was treated with surgical intervention.

© Gland Surgery. All rights reserved.

Statistical analysis

Mean and standard deviations are used to summarize
continuous variables; frequencies and proportions are used
to describe categorical variables. Shapiro-Wilk tests were
performed to determine distribution normality. Clinical and
surgical variables were compared between the two groups
using two-sample #-test or Mann-Whitney U test for
continuous variables and the chi-square test or Fisher’s exact
test for categorical variables. The Statistical Package for the
Social Sciences (SPSS version 21; IBM Co., Armonk, NY,
USA) was used for data analysis. The statistical significance
was indicated by P values <0.05.

Results

Among 101 patients who underwent unilateral breast
reconstruction with DIEP flaps during the study period,
67 were included in this study (Figure 3). The mean patient
age was 49.5+8.3 years (range, 27 to 71 years), and the
mean body mass index was 24.2+3.1 kg/m’ (range, 18.1 to
33.1 kg/m’). Immediate reconstruction was performed in
49 patients and delayed reconstruction in 18. The median
follow-up period was 14.5 months (range, 6 to 36 months).
The incidence of fat necrosis was 4.5% (3 of 67 patients),
including 9.5% in cohort 1 (2 of 21 patients) and 2.2% in
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101 patients who underwent unilateral breast
reconstruction using deep inferior epigastric
perforator free flap from Nov 2018 to Aug 2021

Y
.

34 excluded

e 1 reconstruction failure

e 3 simultaneous vascularized lymph node transfer
4 midline vertical scars
e 3 preoperative planning of bipedicled flap
e 18 preoperative planning of multiple-perforator flap
* 5incomplete data

Y

67 met the inclusion criteria

Figure 3 Patient selection flowchart.

cohort 2 (1 of 46 patients). No partial flap necrosis and
three cases of mastectomy skin flap necrosis was found in
the overall study population. Three patients were diagnosed
as having fat necrosis by postoperative ultrasound, and
two of the three patients had palpable masses on physical
examination. In terms of clinical and surgical variables,
there were significantly more harvested perforators and a
lower inset rate in cohort 1 compared with cohort 2. Other
clinical and surgical characteristics were similar between the
two cohorts (Table 1).

Outcome variables regarding perfusion by single
dominant perforators were evaluated in the overall study
population, including 21 patients in cohort 1 and 46
patients in cohort 2. The results are summarized in Table 2.
The perfused area, perfused proportion, and maximal
distance of midline cross were significantly greater in
cohort 2 than cohort 1. Seventy percent of the flap area
was perfused by single dominant perforators in cohort 2,
while the perfused proportion was limited to 56 percent in
cohort 1. Regardless of the vertical location of the dominant
perforators, incorporation of additional perforator increased
perfused proportions in all cases (Figure 4).

Next, we evaluated the effects of vertical spacing of
perforators on outcome variables. Patients who had one
dominant perforator and one additional perforator were
included in this further analysis. Patients with two or more
additional perforators were excluded because the number
of additional perforators can be a confounder. Given that
all additional perforators were harvested from vertical zone
2, patients with dominant perforators in vertical zone 1
were classified into the vertical-spacing group in which
perforators were included both in vertical zones 1 and

2. Patients with dominant perforators in vertical zone 2
were classified into the no-vertical-spacing group. Thirty-
three patients were identified, including 16 patients in the
vertical-spacing group and 17 patients in the no-vertical-
spacing group. All additional perforators were located in the
same row as the dominant perforator in each patient, except
one patient in the vertical-spacing group who had the
dominant perforator in the lateral row but the additional
perforator in the medial row. Tzble 3 presents baseline
clinical and surgical characteristics of the 33 patients. The
two groups were similar in terms of clinical and surgical
characteristics.

Additional perforators to the dominant perforator were
associated with larger perfused areas in both the vertical-
spacing and no-vertical-spacing groups, but the perfused
area increment was significantly greater in the vertical-
spacing group (43.4 vs. 29.4 cm’; P=0.009) (Tuble 4). Fifty-
six percent of the total flap skin area was perfused by a
dominant perforator in the vertical-spacing group, and
the perfused proportion was increased to 73% by adding
an additional perforator. In the no-vertical-spacing group,
63% of the total flap skin area was perfused by a dominant
perforator, and the perfused proportion was increased to
75% by adding an additional perforator. The perfused
proportion increment achieved by adding an additional
perforator was significantly higher in the vertical-spacing
group than in the no-vertical-spacing group (17% vs. 12%;
P=0.004). The increments of the maximal distance of
midline cross was also significantly larger in the vertical-
spacing group compared with the no-vertical-spacing group
(2.3 vs. 1.4 cm; P=0.039). Representative patients comparing
the two groups are presented in Figure 5.
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Table 1 Comparison of clinical and surgical variables between the two cohorts in overall patients

Variable Cohort 1* Cohort 21 P
No. of patients 21 46
Age, years 51.8+9.7 48.5+7.4 0.129
BMI, kg/m® 24.3+3.5 24.1+3.0 0.829
Comorbidities

Hypertension 2 (9.5) 3 (6.5) 0.645

Diabetes 1(4.8) 1(4.3) 1.000
Smoking 0 4 (8.7) 0.301
Prior radiotherapy 4 (19.0) 7(15.2) 0.730
Prior chemotherapy 3(14.3) 14 (30.4) 0.159
Prior abdominal surgery 0.408

Pfannenstiel incision 12 (567.1) 18 (39.1)

Laparoscopic incision 2 (9.5) 7(15.2)

Other incision 1(4.8) 12.2)
No. of perforators 2.1+£0.5 1.5+0.6 <0.001
Row of dominant perforator 1.000

Medial 17 (81.0) 37 (80.4)

Lateral 4 (19.0) 9(19.6)
Vertical height of flap, cm 12.4+1.0 12.6+0.9 0.405
Harvested flap weight, g 735.3+298.6 698.5+250.0 0.601
Inset weight, g 390.7+126.8 420.8+142.5 0.409
Inset rate 0.55+0.10 0.62+0.12 0.022

Data are shown as mean + standard deviation or number (percentage). *, patients who had a dominant perforator in vertical zone 1; T,
patients who had a dominant perforator in vertical zone 2. BMI, body mass index.

Table 2 Comparison of perfusion outcomes by a single dominant perforator between the two cohorts

Variable Cohort 1* Cohort 21 P

Perfused area, cm® 141.6+39.3 168.1£31.7 0.005
Perfusion proportion 0.56+0.09 0.70+0.09 <0.001
Maximal distance of midline cross, cm 4.7+1.8 6.1+£1.7 0.001

Data are shown as mean =+ standard deviation. *, patients who had a dominant perforator in vertical zone 1; !, patients who had a

dominant perforator in vertical zone 2.

Discussion

This study evaluated the impact of vertical location and
spacing of perforators on the perfusion of flaps in patients
who underwent DIEP flap breast reconstruction. Perfusion-
related outcome variables, including perfused area, perfused

© Gland Surgery. All rights reserved.

proportion, and maximal distance of midline cross were
significantly higher in cohort 2 compared with cohort 1 in
the evaluation of perfusion by single dominant perforators.
Increments of perfusion-related outcome variables were

significantly higher among patients who underwent vertical
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Figure 4 Perfused proportions of deep inferior epigastric artery perforator flaps with an additional perforator. Perfused proportions were

increased by adding an additional perforator in all cases. Case number 1 to 16 represent vertical-spacing group and case number 17 to 33

represent no-vertical-spacing group.

Table 3 Clinical and surgical variables in DIEP flaps with an additional perforator: comparison between vertical-spacing and no-vertical-spacing groups

Variable Vertical-spacing* group No-vertical-spacing' group P
No. of patients 16 17
Age, years 51.4+10.8 48.5+8.4 0.394
BMI, kg/m’ 24.6+3.9 23.8+3.1 0.638
Comorbidities
Hypertension 2 (12.5) 0 0.227
Diabetes 1(6.3) 0 0.485
Smoking 0 0 -
Prior radiotherapy 2 (12.5) 4 (23.5) 0.656
Neoadjuvant chemotherapy 1(6.3) 5(29.4) 0.175
Prior abdominal surgery 0.288
Pfannenstiel incision 9 (56.3) 6 (35.3)
Laparoscopic incision 2 (12.5) 2(11.8)
Other incision 1(6.3) 0
Row of dominant perforator 1.000
Medial 12 (75.0) 12 (70.6)
Lateral 4 (25.0) 5(29.4)
Vertical height of flap, cm 12.3+1.1 12.7+0.8 0.239
Harvested flap weight, g 742.5+343.3 715.5+206.8 0.784
Inset weight, g 386.9+140.5 432.5£109.7 0.304
Inset rate 54.7+11.3 61.8£10.5 0.069

Data are shown as mean + standard deviation or number (percentage). *, a dominant perforator in vertical zone 1 and an additional
perforator in vertical zone 2; T, both dominant and additional perforators in vertical zone 2. DIEP, deep inferior epigastric artery perforator;

BMI, body mass index.
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Gland Surg 2022;11(12):1851-1863 | https://dx.doi.org/10.21037/gs-22-371



1858

Park et al. Vertical location/spacing of perforators

Table 4 Perfusion outcomes in DIEP flaps with an additional perforator: comparison between vertical-spacing and no-vertical-spacing groups

Variable Vertical-spacing* group No-vertical-spacing' group P
Perfused area, cm®

Dominant perforator 140.6+42.9 1564.7+£27.5

All perforators 184.0+48.4 184.1+28.9

Increment of dimension 43.4x13.8 29.4+15.2 0.009
Perfused proportion

Dominant perforator 0.56+0.09 0.63+0.10

All perforators 0.73+0.09 0.75+0.08

Increment of proportion 0.17+0.05 0.12+0.05 0.004
Maximal distance of midline cross, cm

Dominant perforator 4.4+1.9 5.5+1.5

All perforators 6.7+1.9 6.8+2.3

Increment of distance 2.3+x1.4 1.4+1.6 0.039

Data are shown as mean + standard deviation. *, a dominant perforator in vertical zone 1 and an additional perforator in vertical zone 2; T
both dominant and additional perforators in vertical zone 2. DIEP, deep inferior epigastric artery perforator.

spacing of perforators compared with patients who did
not undergo vertical spacing of perforators. These results
indicated that a single dominant perforator in vertical zone
2 could perfuse a larger proportion of flap than in vertical
zone 1, and vertical perforator spacing can increase the
perfusion capacity of additional perforators included in
the flap. These results could have significant impacts on
clinical practice, considering that DIEP flap perforators
are usually found near the umbilicus, so perforators to be
harvested are determined between vertical zones 1 and 2 in
most cases (15).

Despite the advantage of the lower incidence of
abdominal wall morbidity associated with DIEP flaps
compared with transverse rectus abdominis myocutaneous
flaps, fat necrosis is a nonnegligible drawback of DIEP
flaps (23). Clinical features of fat necrosis include a single
lump, multiple round nodules, irregular masses with skin
retraction, or incidental findings on imaging studies.
Close follow-up or pathologic confirmation is necessary
when suspicious imaging findings are observed, such
as irregular masses or posterior acoustic shadowing on
ultrasound, and rim enhancement on magnetic resonance
imaging (24). Given that most patients who undergo DIEP
flap reconstruction are cancer survivors, these clinical
features of fat necrosis—mimicking cancer recurrence—
can cause worry and serious psychological distress (25).
Additionally, fat necrosis requiring reoperation can result

© Gland Surgery. All rights reserved.

in significant breast deformity and consequent emotional
distress and increased medical costs. Recently, the use of
ICG angiography in DIEP flap breast reconstruction has
been demonstrated to be associated with a reduced risk of
fat necrosis (26), and the incidence of fat necrosis has been
shown to range from 8.3% to 29% among patients who
have undergone intraoperative ICG angiography (27-31).
Three studies have demonstrated intraoperative ICG
administration to be associated with decreased rate of fat
necrosis, and subjective assessment of ICG enhancement
has been used to determine the area to be excised (28,29,31).
On the other hand, Yoo ez 4/. used objective measurements
in ICG angiography. They discarded tissues that had
RVUs less than 25% to 30% and found that no statistically
significant differences were observed in the incidence of fat
necrosis between patients assessed with ICG angiography
and patients assessed clinically (30). There is still no
strong consensus on objective measurements from ICG
angiography to predict perfusion outcomes in abdomen-
based breast reconstruction, but relative values have been
demonstrated to be superior than absolute values because
absolute values can be affected by patient-related variables,
such as obesity, smoking, and diabetes (32,33).

Regarding evaluation timing using ICG angiography,
we assessed flaps 30 to 40 s after fluorescence was started
for abdominal flap visualization. Gorai et 4. demonstrated
that the time to reach half of maximal perfusion was a
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Figure 5 Comparison of perfusion by single dominant perforators and prefusion increments by single additional perforators between two
patients who had dominant perforators in the different vertical zones. (A) First, perfusion assessment on a dominant perforator in vertical
zone 1 was performed; (B) second, perfusion assessment on a dominant perforator and an additional perforator was performed; (C) a
dominant perforator (arrow) perfused 56.6% of the total flap area, and 81.3% of the total flap area was perfused by a dominant perforator
and an additional perforator (arrowhead). The perfusion increment achieved by an additional perforator was 24.7%; (D) first, perfusion
assessment on a dominant perforator in vertical zone 2 was performed; (E) second, perfusion assessment on a dominant perforator and an
additional perforator was performed; (F) a dominant perforator (arrow) perfused 70.1% of the total flap area, and 75.2% of the total flap

area was perfused by a dominant perforator and an additional perforator (arrowhead). The perfusion increment achieved by an additional

perforator was limited to 5.1%.

more sensitive variable than fluorescence intensity in their
evaluation of perfusion of mastectomy skin flaps using
ICG angiography (34). They demonstrated that necrotic
skin area showed significantly longer time to reach half of
maximal perfusion than viable area. Koonce et 4. reported
that delayed enhancement by ICG was more likely to be
associated with fat necrosis in assessment of perfusion
of extended transverse skin paddles in muscle-sparing
latissimus dorsi flaps (20). We suggest that evaluation
timing is a crucial component of perfusion assessment
in DIEP flap breast reconstruction, and we were able to
identify distinct illuminated areas about 30 to 40 s after
fluorescence was started for abdominal flap visualization,
which we termed the rapid perfusion area. This rapid
perfusion area corresponded with areas with RVUs of 40%

© Gland Surgery. All rights reserved.

or higher, which was higher than the values suggested by
Yoo et al. (30). We believe that the rapid perfusion area can
be used as a threshold for a reliable perfusion zone, since
our study population had a low incidence of perfusion-
related complications, including a 4.5% incidence of fat
necrosis and no cases of partial flap loss. In terms of flap
volumes, the mean perfused proportions were 73 % and
75% in the vertical-spacing and no-vertical-spacing groups,
respectively, which could be acceptable inset rates for breast
reconstruction.

Despite venous drainage is also an essential component
in assessment of flap circulation, few studies have evaluated
venous drainage using ICG angiography. Kurita et a/.
reported the dominant drainage vein could be detected using
ICG angiography in a case of fingertip replantation (35).

Gland Surg 2022;11(12):1851-1863 | https://dx.doi.org/10.21037/gs-22-371



1860

In our opinion, venous dominance between deep inferior
epigastric vein and superficial inferior epigastric vein could
also be assessed using ICG angiography and would be a
good candidate for further research.

Flaps with centrally located perforators have been
regarded as a safer option (36), in line with the angiosome
theory described by Taylor et 4/. (37-39) and the
perforasome theory suggested by Saint-Cyr et al. (16).
When designing DIEP flaps for breast reconstruction,
however, perforators are usually located eccentrically,
according to the ideal position of flap design and
periumbilical location of perforators (15). Kelly et al.
demonstrated that umbilicus act as a physical barrier to
paraumbilical perforators of DIEP flap and contralateral
perfusion could be compromised when paraumbilical
perforators were harvested (17). We set the horizontal line
crossing the lower margin of umbilical stalk as the threshold
of vertical perforator location because we assumed that
this line can divide perforators into two groups that have
quite different characteristics in terms of flap perfusion.
A dominant perforator located above this line would
be located eccentrically to the flap, and a considerable
amount of contralateral perfusion could be blocked by an
umbilical incision for flap elevation. Conversely, a dominant
perforator located below this line would be located more
centrally in the flap, and linking vessels to the contralateral
side of the flap would be relatively well maintained.
We consistently found that most of the contralateral
paraumbilical area was not included in the rapid perfusion
area in the first stage of perfusion assessment (for single
dominant perforators in vertical zone 1), as depicted in
Figure 5.

Our findings lend some important considerations to
the preoperative planning of DIEP flap. In cases with
dominant perforators in vertical zone 1 requiring large
flaps, the inclusion of additional perforators in vertical zone
2 could be actively considered, or a bipedicled flap could
be incorporated in the planning when suitable perforators
are not found in vertical zone 2, as dominant perforators
in vertical zone 1 are expected to have lower perfusion
capacity compared with zone 2 perforators. Given that
dominant perforators were found in vertical zone 1 in a
considerable portion of the study population (31.3%), the
results of this study could have a significant impact on
preoperative planning for patients scheduled for DIEP flap
reconstruction. Additionally, quantitative data regarding
the perfused proportion in this study can help volumetric
planning of the DIEP flap according to perforator locations,
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because inset rate for safe use of the flap can be estimated
before surgery. If less than 60% of inset rate is necessary,
single dominant perforator can be planned even though
the perforator is located in vertical zone 1. If the dominant
perforator is located in vertical zone 2, planning a single
perforator DIEP flap can be more feasible considering a
mean perfusion ratio of the flap was as high as 70% in this
study. Unnecessary incorporation of multiple perforators
for DIEP flap can increase complexity of the procedure and
degree of rectus muscle injury without gain of perfusion
related outcomes.

This study had several limitations, including its
retrospective design. Relevant factors regarding perfusion-
related clinical outcomes could not be evaluated, given
the considerably low incidence of partial flap necrosis and
fat necrosis. Additionally, quantitative analysis regarding
the effects of perforator diameter on perfusion-related
outcomes was not performed in this study. According
to Poiseuille’s law, vessel diameter is a principal factor
contributing to flap circulation (36). Preoperative evaluation
of perforator diameter using a high-resolution imaging
modality, such as ultrasound, may aid preoperative planning
and improve perfusion-related outcomes (40). Similarly,
the potential effect of previous Pfannenstiel incision on
the perfusion-related outcome was not evaluated in this
study (41). Further quantitative analysis of the effect of the
Pfannenstiel incision on the perfusion-related outcome
would be warranted. Another limitation was that the study
population was limited to Korean women. The low mean
body mass index and other racial characteristics could have
biased the study findings. Lastly, mean intra-arterial blood
pressure was regulated between 70 and 90 mmHg and
body temperature between 36 and 37 °C in this study, but
the differences of 20 mmHg and 1 °C still have potential to
affect the flap perfusion.

Conclusions

DIEP flap perfusion can be affected by the vertical location
of perforators, and flap perfusion can be augmented
effectively by vertical spacing of perforators. Perfusion-
related complications and donor site morbidity could be
balanced by using the suggested protocol for perforator
selection and flap design.
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