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Introduction Single best perforator-based Pacman flap (SBPBPF) fortifies the 
advancement and transposition flap biogeometry principles with robust blood supply 
of perforator flaps to provide cover for the sacral pressure sore of any dimension. This 
article describes the biogeometry and technique of raising the SBPBPF.
Aim To assess the outcomes of reconstruction of stage IV sacral pressure sore using 
the SBPBPF.
Materials and Methods A preliminary cadaver study was done in 24 gluteal speci-
mens in fresh cadavers to determine the anatomical details of perforators of the per-
isacral region. From 2015 to 2017, 42 myelopathic patients (40 males and 2 females; 
quadriparetic n = 2 and paraplegic/paraparetic n = 40) underwent SBPBPF reconstruc-
tion of stage IV sacral pressure sore. Their documents were analyzed in this retrospec-
tive study. All were followed-up for an average period of 12.5 months.
Results Cadaver study revealed significant perforators arising from seven different 
source vessels in the perisacral region. In the clinical study, average size of the paddle 
harvested was 168 cm2 on a single best perforator. On an average, the size of the sin-
gle best perforator harvested with the flap was 1.5 mm. None had early failures of flaps.  
Thirty-nine patients had well-settled flaps at the end of follow-up period except three (7%) 
who developed late recurrence due to loss of compliance with offloading instructions.  
Two experienced mild collections (flap complication rate was 4.76%) in the immediate 
postoperative period that healed uneventfully. The overall complication rate was 11.9%.
Conclusion SBPBPF is an excellent addendum to reconstructive tool for stage IV 
sacral pressure sores.
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Introduction

Sacral pressure sores are the most common pressure ulcers 
seen in the bedridden, debilitated, altered sensorium and 
paraplegic patients.1-4 Pressure sores prolong the hospital 
stay of the patient and impose significant impact on the 

healthcare economy and policies.1-5 Therefore, early recon-
struction of the pressure sores improves early recuperation 
and functional recovery of these patients.4-6 The essential 
requirements of the flaps used in the reconstruction of the 
pressure sores are–1. Should not violate the prospectus of 
adjacent locoregional flaps. 2. Should have enough volume of 
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well-vascularized tissues to fill cavities and cull the infection 
(as most of these excised pressure sore wounds are deep and 
also contaminated). 3. Should have the potential of refashion-
ing of the flap in the events of recurrences (which are com-
mon phenomena in pressure sore management). There are 
many regional and local flaps that can be used for the stage 
IV sacral pressure sore (NPUAP staging)7 reconstruction. But 
most of the time the ostectomy and excision of stage IV sacral 
pressure sores leave only shallow or moderate depth defects. 
Therefore, the need is thickness matching pliable flap, which 
can fit over the craniocaudally and transversely convex-ex-
posed sacrum.

Bonomi8 et al introduced the perforator-based Pacman 
flap (named so after the shape of the flap) (►Fig.  1) for 
reconstruction of pressure sores. In his article, he revealed 
that Pacman flap could be based on multiple perforators to 
harvest large flap. He also elicited that multiple perforators 
restrict the primary movement; also, they did not define the 
biogeometry of the flaps. In this article, the author addresses 
the restriction of primary mobility of the flap by harvest-
ing the Pacman flap based on the single best perforator, and 
stage IV sacral pressure sores are reconstructed with it. The 
single best perforator-based Pacman flap (SBPBPF) consoli-
dates the basic biogeometric principles of transposition and 
advancement flaps with the most recent concepts of perfo-
rator-based flap. The SBPBPF provides more excursion to the 
flap with supranormal homogenized blood supply (based on 
the physiology of perforator flaps elicited by Blondeel et al9 
and Rubino et al10). The author also defines the biogeometri-
cal steps for the SBPBPF in this article.

Aim
To assess the outcomes of reconstruction of stage IV sacral 
pressure sore using the SBPBPF.

Materials and Methods
Institutional ethical committee approval was obtained for 
both the clinical and cadaver studies.

Cadaver Study
A cadaver study was conducted to determine the available 
number of perforators as well as their origin and dimensions 
in the perisacral region. Twenty-four gluteal specimens were 
studied in 12 fresh cadavers. Red lead oxide with gelatin 
gel was injected into the common iliac arteries, and meth-
ylene blue was injected into the common iliac veins under 
low pressure. After freezing for 24 hours, the cadavers were 
dissected. Only those perforators, which were within 10 cm 
from the perimeter of the sacrum and over the sacral region 
were studied (►Fig.  2). As a prelude to the dissection, the 
gluteal triangle was marked with palpatory identification 
of the following bony landmarks: posterior superior iliac 
spine, greater trochanter cranial tip, and ischial tuberosity 
(►Fig. 2). The lateral sacral perforators were medial to this 
triangle. The line extending from the posterior superior 
iliac spine to ischial tuberosity (PSIS to IT line) was divided  
into thirds. The superior gluteal vessels usually were emerg-
ing at the junction of upper thirds and middle thirds of this 
PSIS to IT line. Inferior gluteal vessels usually were emerging 
at the junction of middle third and lower third junction of 
this line. The perforators from internal pudendal and medial 
circumflex vessels were expected medial and inferior to IT 
bony landmarks. Ileolumbar vessel perforators were usu-
ally superlateral to the gluteal triangle. The number of per-
forators arising from the superior gluteal vessels, inferior 
gluteal vessels, internal pudendal vessels, first perforator of 
profunda femoris vessels, iliolumbar/lumbar vessels, medial 
circumflex femoral vessels, and lateral sacral vessels were 
examined. The perforators were identified at the suprafas-
cial level and dissected retrograde up to the source vessels 
(►Figs.  3 and  4). The perforators were measured with the 
caliper at the fascial level.

Clinical Study
From 2015 to 2017, 42 myelopathic patients underwent 
the SBPBPF reconstruction of stage IV sacral pressure sore. 
Written informed consent for surgery, anesthesia, including 
consent for the photography, and their display for research 
purposes were obtained. It is a retrospective cohort study.

Fig. 2 Gluteal triangle marked on the cadaver.
Fig. 1 Shape of open Pacman (left) and biogeometry of Pacman flap 
(right).



268

Indian Journal of Plastic Surgery   Vol. 53   No. 2/2020

Single Best Perforator-Based Pacman Flap Balakrishnan et al.

Inclusion Criteria

1. Myelopathic patients with stage IV sacral pressure sore.
2. Any size or shape defect but not with large subfascial void.

Exclusion Criteria

1. Radiological, histopathological, and microbiological evi-
dence of osteomyelitis of sacrum.

2. Poor general condition and comorbid illnesses.

Preoperative Preparation
All the patients were improved of their nutritional status by 
enteral feeding with first class proteins and adequate calo-
ries. Nineteen patients were preoperatively administered 
blood transfusion to improve their hemoglobin status. All of 
them had multiple sittings of preliminary wound debride-
ment to get rid of dead, devitalized, and suppurated tissues. 
On an average, 2.5 number of debridement procedures were 
preoperatively performed. They were all done under local 
monitored analgesia care. They were taken for definitive 
surgical intervention with improved nutritional and wound 

status. Using handheld 10 Mega Hertz (MHz) Doppler, all the 
perforators in the vicinity of ulcers were located and marked.

Surgical Technique
The following are the five biogeometrical steps of the SBPBPF:

Selection of the Pacman Flap
Any size or shape defect can be reconstructed but not with 
large subfascial void.

Siting of the Flap
Although the flap has the freedom of being sited at any 
360 degrees around the defect, it is sited in such a way that 
wound should not be completely aligned to the natal cleft (no 
wound in the midline and submerging into the natal cleft, as 
it leads to recurrences, macerations, dehiscence, and infec-
tions) and also not extending onto any other adjacent bony 
prominences. All the perforators were located by handheld 
Doppler in the vicinity of the defect.

Designing the Flap
After siting the flap, the defect is divided into three fourth 
and one fourth along the long axis in such a way that the 
three fourth of the defect lies adjacent to the prospec-
tive area of the flap. The distance along the long axis from 
the edge of the defect to the three fourth and one fourth 
junction is taken as “X” cm. The short axis of the defect is 
measured orthogonal to the long axis and taken as “Y” cm. 
Along the long axis of the defect, a point is taken in such a 
way that it lies 2X cm from the edge of the defect (which is 
the apex of SBPBPF). Now, two tangential curvilinear lines 
are drawn from the three fourth and one fourth junction 
to the apex of the flap with the maximum short dimen-
sion of the flap as 2Y cm (parallel to the y axis of the defect) 
(►Fig. 1). All the perforators within the marking of the flap  
were noted.

Construction of the Flap
Nondelineating incision was made and subfascial dissection 
was started. All the possible perforators were located, and 
the incision was completed. For choosing the single best per-
forator, the following criteria were considered: 1. Pulsatile. 
2. Larger in size. 3. At least one venae comitans. 4. Ability to 
perfuse the whole flap after clamping others without any 
congestion. 5. Even the eccentrically located perforators in 
relation to the paddle were included, as they do not affect the 
survival of the flap. 6. The perforators with clunial cutane-
ous nerves were avoided because they are always associated 
with trivial neurocutaneous perforator (►Fig.  3). Adequate 
periperforator dissection was done to allow enough length 
of the pedicle, permitting the tensionless primary movement 
and inset of the flap without any acute kinking and twist. 
Standard mathematical formula for surface area of ellipse 
(main portion of Pacman) and triangle (two limbs of Pacman) 
were used to arrive at the final surface area of Pacman flap. 
Perforator’s size was measured at subfascial level using the 
calipers routinely in all clinical cases.

Fig. 3 Cadaver dissection showing perforators at fascial level (red 
marker) and clunial neurocutaneous perforator (yellow marker).

Fig. 4 Cadaver dissection showing the beginning of periperforator 
dissection toward source vessel.
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Transfer and Inset of the Flap
V–Y advancement was done after closing the mouth of 
Pacman by transposition. Secondary defect was closed. and 
tension-free inset of the flap was given (►Fig. 5).

Post-operative Management
Segmullar drains were removed on the 3rd or 4th postoper-
ative day. All the patients had perioperative and postoper-
ative antibiotic therapy, based on the institutional protocol, 
and subsequently changed over to directive antibiotic ther-
apy based on antibiogram. In the postoperative period, the 
surgical team, with change of posture every 2 hours, strictly 
maintained position chart. Positions were changed between 
right lateral, left lateral, exaggerated right lateral, exagger-
ated left lateral, and sitting posture (in selected cases). All 
of them were nursed in low air loss bed. The surgical team 
maintained postoperative nutrition.

Follow-up
All were followed-up for an average period of 12.5 months by 
the paramedical and surgical teams.

Case Illustration 1
A 35-year-old paraplegic patient presented with sacral pres-
sure sore, who underwent “pseudotumor” excision with 
ostectomy of median spines of sacrum, resulting in a shallow 
depth defect measuring 15 × 7.5 cm (►Fig. 6). A Pacman flap 
was designed on the left side of the patient measuring 17 × 
8.5 cm (►Fig. 6). It was harvested on the single best perfo-
rator arising from superior gluteal vessels (►Fig.  6). It was 
advanced and closed. Flap settled well on the 11-month fol-
low-up (►Fig. 6).

Case Illustration 2
A 42-year-old quadriparetic patient presented with multiple 
sacral pressure sores (►Fig.  7). There was history of pelvic 
fracture in addition to the vertebral fracture. There were no 
suitable perforators on the preoperative Dopplering on the 
left hemipelvis side (due to pelvic fracture). Therefore, it was 

decided for rotation flap on the left side and SBPBPF on the 
right side, where suitable perforators were found preopera-
tively (►Fig. 7). Following the “pseudotumor” excision of the 
ulcers, two defects measuring 5 × 6 cm on the left side and  
6 × 6.5 cm on the right side were present (►Fig. 7). There was 
a superficial abrasion (4 × 2.5 cm) superior and lateral to left 
side pressure sore, which was planned for conservative sec-
ondary healing. On exploration on the right side, there were 
three perforators, one of them measuring 2.5 mm (arising 
from Internal pudendal vessels), and two of them measuring 
1.5 mm (arising from inferior gluteal vessels) (►Fig.  7). All 
of them were associated with two vena commitantes. After 
microclamping of small perforators, there was good perfusion 

Fig. 5 Shape of closed Pacman (left) and final inset of the flap (right). Fig. 6 Case 1 illustrations. Left upper: Preoperative picture with 
stage IV sacral pressure sore; Upper middle: Intraoperative picture 
showing excised defect with flap and perforator marking; Right 
upper: Intraoperative picture showing harvest of Pacman flap on 
single best perforator; Left lower: Intraoperative picture showing 
primary movements of Pacman flap; Right lower: Follow-up picture  
at 11 months.

Fig. 7 Case 2 illustrations. Left upper: Preoperative picture showing 
multiple sacral pressure sores; Right upper: Intraoperative picture 
showing excised defects with flap marking (right side of the patient); 
Left lower: Intraoperative picture showing harvest of Pacman flap 
on multiple perforators; Right lower: Intraoperative picture show-
ing microclamping of the perforator before choosing the single best 
perforator.
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from single large perforator from the internal pudendal ves-
sels (although it was eccentrically situated) (►Fig. 7). So, the 
Pacman flap was harvested based on this single best perfora-
tor (►Fig. 8) and inset given (►Fig. 8). Left defect was closed 
by rotation flap (►Fig. 8). Flaps settled well and followed-up 
for a period of 12 months (►Fig. 8).

Results
Cadaver Study
►Table 1 shows the results of the cadaver study. One import-
ant inference derived from the cadaveric study was that the 
perforators found running with the clunial cutaneous nerves 
were very trivial (►Fig. 3–marked by yellow pointer).

Clinical Study
►Table 2 shows the results of the clinical study. The average 
age in the quadriparetic group was 42.5 years, and in para-
plegic/paraparetic group, it was 35 years. The average size of 
the defect in the quadriparetic group was 142 cm2, and in the 
paraplegic/paraparetic group. it was 152 cm2. The average 

size of the cutaneous paddle harvested was 160 cm2 in the 
quadriparetic group and 176 cm2 in the paraplegic/parapa-
retic group. On an average, 1.5 mm was the size of single best 
perforators harvested with the flap. The largest flap har-
vested was 16 × 14 cm and the smallest flap was 5 × 5 cm. 
A total of 39 patients had well-settled flaps at the end of 
the follow-up period, except three (7%), who developed late 
recurrence due to loss of compliance with offloading instruc-
tions. None experienced failures of flaps. Two patients had 
mild collections in the immediate postoperative period that 
healed uneventfully. The overall complication rate was 11.9% 
(►Table 1). On an average, suture removal done at 16.5 days.

Cadaver Study Analysis
In the study (►Table 2), the mean size of the perforator was 
highest for iliolumbar vessels axis (1.5 mm) and lowest 
for IPA and first perforator from profunda femoris vessels 
(1.1 mm respectively). The average number of perforators 
was highest for IGA (15) and lowest for medial circumflex 
femoral vessels (1).

Clinical Study Analysis
In the study, and in ►Table 1, two subjects were quadripa-
retic, and 40 subjects were paraparetics. Among the former, 
both of them were males, and among the 40 paraparetics,  
38 of them were male and 2 of them were female. There was 
no significant difference in sex distribution. Among quadri-
paretics, the mean age was 42.5 years, mean average size of 
defects was 142 cm2, and mean average size of the flaps was 
160 cm2. Among paraparetics, the mean age was 35 years, 
mean average size of defects was 160 cm2, and mean aver-
age size of the flaps was 176 cm2. There was no difference 
in age distribution between quadriparetics and paraparetics. 
There was significant difference in average size of defects and 
average size of the flaps between quadriparetics and para-
paretics, i.e., paraparetics had higher average size of defects 
and average size of the flaps compared with quadriparetics. 
There was no significant difference in source vessels between 
quadriparetics and paraparetics. There was significant differ-
ence in seroma between quadriparetics and paraparetics i.e., 
50% of quadriparetics had seroma and 2.5% had seroma in 

Fig. 8 Case 2 illustrations. Left upper: Intraoperative picture show-
ing flap being harvested on the single best perforator; Right upper: 
Intraoperative picture showing the primary movement of Pacman 
flap and final inset; Left lower: Case 2: intraoperative picture showing 
final inset of all flaps; Right lower: Case 2: 12 months postoperative 
follow-up picture.

Table 1   Demographics of the patients who underwent reconstruction with SBPBPF

Myelopathy 
pathology

Number of 
patients and sex 
distribution

Average 
age

Average 
size of 
defects 
(cm2)

Average 
size of 
the flaps 
(cm2)

Source vessels Early 
complications

Late 
complications

Quadriparetic 2 (M = 2; F = 0) 42.5 142 160 SGA (n = 1);  
IGA (n = 1)

Seroma (n = 1) Nil

Paraplegics/
Paraparetics

40 (M = 38; F = 2) 35 152 176 SGA (n = 14);  
IGA (n = 12);  
IPA (n = 6);  
MCFA (n = 3);  
ILA (n = 3);  
FPPFA (n = 2)

Seroma (n = 1) Recurrence (n = 3)

Abbreviations: F, female; FPPFA, first perforator of profunda femoris artery; IGA, inferior gluteal artery; ILA, iliolumbar artery; M, male; MCFA, medial 
circumflex femoral artery; SGA, superior gluteal artery.
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paraparetics. There was no significant difference in late com-
plications between quadriparetics and paraparetics.

Discussion
In the cadaver dissection performed by the author, the size-
able perforators in the vicinity of the sacrum were from seven 
different sources. According to an angiographic study on five 
cadavers by Koshima et al,11 the main cutaneous perforators 
in the gluteal region were reported arising from the superior 
and inferior gluteal arteries. Also, we found that those neu-
rocutaneous perforators that accompany clunial nerves are 
trivial and not reliable.

Pressure sores always pose a difficult challenge for plas-
tic surgeons, especially in myelopathic crippled patients 

with poor wound healing capacity due to malnutrition, poor 
general condition, clinical depression leading to poor intake, 
and incontinent bladder and bowel. Even when one achieves 
wound healing after removing all these hurdles, the recur-
rence is high on the list of late complications. Many surgical 
methods have been used for sacral pressure sores, including 
primary closure, skin grafting, local random flaps, muscle 
flaps, fasciocutaneous flaps, and free flaps.12-15 However, the 
degree of mobility of a V–Y advancement flap is dependent 
on the laxity of the underlying subcutaneous tissue. This is 
an important disadvantage of traditional V–Y advancement 
flap and limits its usage. In this article, the author describes 
SBPBPF, which favors the increase in mobility due to consol-
idation of the primary movements of V–Y advancement flap, 
transposition flap (►Fig. 9), and single best perforator-based 

Table 2  Data of cadaveric study of perisacral perforators

Vessel axis Mean size of perforators 
(mms)

Average number of 
perforators

Type of perforators

SGA 1.3 12 MCP

IGA 1.4 15 MCP and few SCP

IPA 1.1 3 DCP

First perforator from profunda 
femoris vessels

1.1 2 MCP

Medial circumflex femoral 
vessels

1.2 1 MCP and few SCP

Ilio-lumbar vessels 1.5 2 MCP

Lateral sacral vessels 1.2 2.125 MCP

Abbreviations: DCP, direct cutaneous perforator; IGA, inferior gluteal artery; IPA, internal pudendal artery; MCP, musculocutaneous perforator; SCP, 
septocutaneous perforator; SGA, superior gluteal artery.

Fig. 9 Artwork depicting the primary movements of the Pacman flap.
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flap, reinforced with robust homogenized blood circula-
tion of the perforator flap. Perforator-based flap overcomes 
mobility restriction problem, with a further modification 
of Pacman-like shape to improve the covering surface area 
of the flap. The author, in this study, elicits the benefits of 
SBPBPF over the multiple perforator-based Pacman flaps 
introduced by Stefano Bonomi.8 This is the only closely relat-
able study to the author’s current study. This is the first clin-
ical study on the single best perforator-based Pacman flap, 
and the author showed in this study that the success rate is 
better than Bonomi et al. The age and gender distribution 
in the Bonomi et al study were comparable to the current 
author’s study. Flap success rate in the author’s study was 
100%, and in the Bonomi et al study, it was 92.3%. Flap com-
plication rate in the author’s study was 4.76%, and in Bonomi 
et al study, it was 10%. The average size of the cutaneous pad-
dle (harvested on the single best perforator) in the author’s 
study was 168 cm2, and in the Bonomi et al study (harvested 
on the multiple perforators), it was 156 cm2. In addition, 
author defines the biogeometry of the SBPBPF in this article. 
The higher success rate of the author’s study could be related 
to the homogenized blood circulation9,10 offered by the SBP 
flap and its tension-free excursion. Although the lateral 
sacral vessel perforators were dissected in the cadaver study, 
it was either hardly of any considerable size or lying within 
the sacral pressure sore itself, defying its use.16

We harvested the large flap (because of incorporation 
of tissues adjacent to the defect) with homogenized supra-
normal blood supply (because of single best perforator flap 
physiology), which was obtained by our modification of 
conventional Pacman flap. Also, there is more freedom for 
advancement when we free the perforators by periperfora-
tor dissection and basing it on the single best perforator. In 
addition, the author had established (based on the cadaver 
dissection) the feasibility of raising the SBPBPF on six differ-
ent source vessels for the reconstruction of sacral pressure 
sores in this clinical study (superior gluteal vessels, inferior 
gluteal vessels, ileolumbar vessels, medial circumflex fem-
oral vessels, internal pudendal vessels, and first perforator 
from profunda femoris).

Although the author’s study is of small scale, the strength 
of the study is establishment of biogeometrical steps and safe 
methods of elevation of the flap to implement stable cover of 
the sacral pressure sores. Pressure sores often lead to health, 
personal, family, and social problems, particularly in para-
plegic and quadriplegic patients. Many different operative 
options have been used to treat pressure sores. Ever since 
the perforator flaps were introduced for the reconstruction 
of the posterior midline defects by Kroll et al,12 there is bur-
geoning interests in the use of these flaps. However, we advo-
cate the preferential use of the SBPBPF for the reconstruction 
of stage IV sacral pressure sores for the following reasons: 1. 
This flap is easy to perform. 2. It is safe and very effective. 
3. Shorter operative time (in the perspective of other perfo-
rator/ propeller flaps). 4. Low-donor site morbidity. 5. Good 
preservation of muscle. 6. Offers remarkable excursion when 
based on the single best perforator. The limitation of this flap 

is that it cannot be used for sacral pressure sore with subfas-
cial excision void and in recurrent cases.

Conclusion
The SBPBPF is another new addendum for the reconstruction 
of sacral pressure sores as it combines the bests of V–Y flaps, 
perforator flaps, and transposition flaps, which makes this 
flap a viable choice for sacral pressure sore coverage.
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