
����������
�������

Citation: Bigdeli, A.K.; Didzun, O.;

Thomas, B.; Harhaus, L.; Gazyakan,

E.; Horch, R.E.; Kneser, U. Combined

versus Single Perforator Propeller

Flaps for Reconstruction of Large Soft

Tissue Defects: A Retrospective

Clinical Study. J. Pers. Med. 2022, 12,

41. https://doi.org/10.3390/

jpm12010041

Academic Editors: Hisham Fansa

and Jan Philipp Radtke

Received: 27 September 2021

Accepted: 23 December 2021

Published: 4 January 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Personalized 

Medicine

Article

Combined versus Single Perforator Propeller Flaps for
Reconstruction of Large Soft Tissue Defects: A Retrospective
Clinical Study
Amir K. Bigdeli 1,2,*,† , Oliver Didzun 1,2,†, Benjamin Thomas 1,2 , Leila Harhaus 1,2, Emre Gazyakan 1,2 ,
Raymund E. Horch 3 and Ulrich Kneser 1,2

1 Department of Hand, Plastic and Reconstructive Surgery, Burn Center, BG Trauma Center Ludwigshafen,
Ludwig-Guttmann-Strasse 13, 67071 Ludwigshafen, Germany; oliver.didzun@googlemail.com (O.D.);
benjamin.thomas@bgu-ludwigshafen.de (B.T.); leila.harhaus@bgu-ludwigshafen.de (L.H.);
emre.gazyakan@bgu-ludwigshafen.de (E.G.); ulrich.kneser@bgu-ludwigshafen.de (U.K.)

2 Department of Hand and Plastic Surgery, University of Heidelberg, 69117 Heidelberg, Germany
3 Department of Plastic and Hand Surgery, Friedrich-Alexander-University Erlangen-Nuremberg,

Krankenhausstrasse 12, 91054 Erlangen, Germany; Raymund.Horch@uk-erlangen.de
* Correspondence: amir.bigdeli@bgu-ludwigshafen.de; Tel.: +49-621-6810-8926; Fax: +49-0621-6810-2844
† These authors contributed equally.

Abstract: Sufficient wound closure of large soft tissue defects remains a challenge for reconstructive
surgeons. We aimed to investigate whether combined perforator propeller flaps (PPFs) are suitable to
expand reconstructive options. Patients undergoing PPF reconstruction surgery between 2008 and
2021 were screened and evaluated retrospectively. Of 86 identified patients, 69 patients received one
perforator propeller flap, while 17 patients underwent combined PPF reconstruction with multiple
flaps. We chose major complications as our primary outcome and defined those as complications that
required additional surgery. Postoperatively, 27 patients (31.4%) suffered major complications. The
propeller flap size, the type of intervention as well as the operation time were not associated with a
higher risk of major complications. A defect size larger than 100 cm2, however, was identified as a
significant risk factor for major complications among single PPFs but not among combined PPFs (OR:
2.82, 95% CI: 1.01−8.36; p = 0.05 vs. OR: 0.30, 95% CI: 0.02−3.37; p = 0.32). In conclusion, combined
PPFs proved to be a reliable technique and should be preferred over single PPFs in the reconstruction
of large soft tissue defects at the trunk and proximal lower extremity.

Keywords: perforator propeller flap; combined perforator propeller flap; microsurgery; soft tissue
reconstruction; propeller flap; perforator flap

1. Introduction

Modern reconstructive surgery offers a vast variety of surgical techniques for the
reconstruction of soft tissue defects [1,2]. Although free flaps have been established as
the standard procedure in the reconstruction of soft tissue defects, regional flaps might
be used depending on the size and characteristics of a defect [3]. However, large defects
often require complex solutions with multiple flaps or tissue expansion to ensure sufficient
wound closure [4,5]. Frequently used combinations consist of muscle flaps, sliding flaps as
well as rotation flaps, which are either combined with one another or with a free flap [6,7].
Nevertheless, limitations of regional flaps are due to arc of flap rotation, flap size to
defect size ratio, wound infections, and donor-site morbidity while free flaps are limited
whenever vessels for anastomosis are insufficient [8]. Furthermore, prior surgeries often
lead to significant scarring and, hence, may impede the use of conventional regional flaps.

Since the introduction of perforator propeller flaps (PPFs), they have gained increasing
popularity [9,10]. By the definition of the “Tokyo consensus” on propeller flaps, propeller
flaps are “island flaps that reach the recipient-site through an axial rotation“ [11]. As a
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combination of a reliable pedicled flap along with low donor-site morbidity, PPFs offer high
flexibility and, therefore, have led to versatile use. First employed in the reconstruction
of the upper and lower extremity, PPFs have also become an established technique in the
reconstruction of soft tissue defects of the trunk [12]. Even though PPFs have shown to be
a reliable reconstructive option, there is a gap in the literature regarding the potential ad-
vantages associated with using combined PPFs instead of single PPFs (Table 1). This study
aims to compare the outcome of single and combined PPFs, to determine the prevalence of
complications among both techniques, and to assess the potential use of combined PPFs in
the reconstruction of large soft tissue defects.

Table 1. Articles 1 reporting the use of combined perforator propeller flaps.

Title Author Year No. of
Patients Body Region

Dual Reconstruction of Lumbar and
Gluteal Defects with Freestyle Propeller

Flap and Muscle Flap
Ellabban et al. [13] 2021 18 Trunk/Gluteal

Lumbar Perforator Flaps for Coverage
of Extensive Defects With Osteomyelitis Schaffer et al. [14] 2021 7 Trunk

Perforator-Based Flaps for Defect
Reconstruction of the Posterior Trunk

Hernekamp et al.
[9] 2021 36 Trunk

Use of the Propeller Lumbar Perforator
Flap: A Series of 32 Cases

Falinower et al.
[15] 2020 31 Trunk

The SCIP propeller flap: Versatility for
reconstruction of locoregional defect Boissière et al. [16] 2019 56 Trunk

Freestyle multiple propeller flap
reconstruction (jigsaw puzzle approach)

for complicated back defects
Park et al. [17] 2015 18 Trunk

1 Case reports as well as articles that did not include combined perforator propeller flaps were excluded.

2. Materials and Methods
2.1. Patients

Medical records of all patients who received a PPF reconstruction surgery between
2008 and 2021 at the University Clinic of Erlangen Nuremberg and the BG Trauma Center
Ludwigshafen were identified and evaluated retrospectively. All surgeries were performed
under the senior author’s direct supervision. This study was approved by the ethics board
of the Friedrich Alexander University of Erlangen Nuremberg (registration number: 21-433-
Br) and the local ethic committee of Rhineland-Palatinate (registration number: 2021-16096).
Patients who either received single or combined PPF reconstruction with a minimum
rotation arc of 45 degrees were included in the study. Combined PPFs were defined as
“double PPF” if two perforator propeller flaps were used whereas those combined with
any kind of regional flap were assigned to the group of “PPF plus regional flap”.

We utilized patients’ digital charts to collect data on individual characteristics, flap
surgery, risk factors as well as postoperative complications. Risk factors considered were
diabetes, arterial hypertension, peripheral artery disease, coronary heart disease, coagulation
disorders, prior thrombotic events, obesity (BMI > 30 kg/m2), radiation therapy, chemotherapy,
and smoking. All risk factors as well as postoperative complications were assessed separately
before creating a dichotomous variable. Furthermore, postoperative complications requiring
surgical treatment were considered as a “major complication” whereas those manageable by
conservative therapy were considered as a “minor complication”. Partial flap loss was defined
as a flap necrosis of at least five percent, which did not result in a total flap removal, while
“total flap loss” was defined as a flap loss of more than 50 percent leading to reconstructive
failure and, thus, total removal of the flap. Additionally, we recorded the total time of
hospitalization as well as the total amount of surgeries related to the specific type of PPF
reconstruction surgery (single or combined PPF). We chose “major complication” as the
primary outcome variable since, by definition, all kinds of major complications resulted in
additional surgeries and, hence, a more complex course of disease.
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2.2. Methods
Flap Harvesting

Prior to surgery, relevant perforating vessels were identified by either using a handheld
Doppler device (2008−2014) or duplex ultrasound (2015−2021) [18,19]. Preoperative planning
of flap design, flap dimensions as well as flap orientation were adapted to the size, location,
and vascular territory of the defect. If appropriate, combined PPF designs were considered
to ensure tension-free donor-site closure. Flap dissection was performed with subsequent
localization and preservation of significant perforators. It was conducted in a manner for
which the chance of converting to a conventional random pattern flap was preserved. This
procedure was intended as a rescue strategy if suitable perforators were absent or turned
out to be insufficient. However, conversion to random pattern skin flaps was not necessary.
Since the vascular pedicle represents the central axis of rotation and its length is inversely
proportional to the critical angle of twisting, we aimed, whenever possible, for a minimum
pedicle length of 3 to 5 centimeters to ensure adequate flap perfusion (Figure 1a) [20–22]. To
verify sufficient blood flow, we intraoperatively clamped all preserved perforators except
for the dominant one prior to complete flap harvest. Evaluation of the dominant perforator
followed in terms of caliber size, pulsatility, and morphology. The flap was then rotated into
the defect either in a clockwise or counterclockwise direction, depending on which method
led to lower twisting of the pedicle. Flap perfusion was assessed clinically. In addition to
clinical flap assessment, indocyanine green fluorescence angiography was performed for
objective flap perfusion assessment in selected cases [23]. Figure 1 visualizes the principle of
flap harvesting in further detail.

Figure 1. Principle of flap harvesting. (a–c) demonstrates PPF reconstruction on the trunk. (a) Metic-
ulous dissection of the perforator. We aimed for a minimum length of 3 to 5 centimeters to avoid
vascular complications; (b) PPF plus perforator-based VY advancement flap. Black crosses indicate
perforators of the flaps. After skin incision and dissection of surrounding tissue, the PPF was rotated
(curved arrow) into the defect, while the VY advancement flap was transposed (straight arrow) into
the defect; (c) Double PPF: Black crosses indicate pivot points given by the perforators. Those were
marked together with the regions of flap harvesting (white dashed lines) prior to surgery. After skin
incision and dissection of surrounding tissue, flaps were rotated into the defect (white dashed lines);
(d,e) Demonstrates PPF reconstruction of the lower extremity; (f) Demonstrates PPF reconstruction of
the upper extremity (Abbreviations: PPF, perforator propeller flap).
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2.3. Statistical Analysis

Separately for single PPF and combined PPF reconstruction surgery, we estimated
the prevalence of major complications. To identify whether characteristics among the
approaches differ, we conducted Wilcoxon–Mann–Whitney tests on continuous variables
of defect size, PPF size, total days of hospitalization, age, total number of surgeries, and
operation time against a patients’ type of perforator propeller reconstruction surgery
as well as Fisher’s exact tests on categorical variables of sex, major complications, and
existing risk factors. Furthermore, separately for the groups of (I) all PPFs, (II) single PPFs,
and (III) combined PPFs, we regressed major complications onto individuals’ defect size,
propeller flap size, and operation time. Those analyses were applied to assess the effect an
independent variable had on the outcome depending on the type of surgical intervention.
Finally, we regressed the type of reconstructive flap surgery on major complications. All
regression models were performed by employing univariable binary logistic regression
analyses. We considered an error probability of p ≤ 0.05 as statistically significant. Statistical
analyses were conducted using R (version 3.6.1, open source). Visualization was performed
wherever necessary using RStudio (version 1.1.456, RStudio PBC, Boston, MA, USA) and
Adobe Illustrator CS6 (Adobe Systems Incorporated, Mountain View, San Jose, CA, USA).

3. Results
3.1. Overall Sample Characteristics

Of 86 patients (38 female, 48 male) that underwent PPF reconstruction surgery between
2008 and 2021, 69 patients received single PPFs (69 flaps) whereas 17 patients received
combined PPF reconstruction (28 PPFs). Mean age of patients was 56.7 years ranging from 4
years to 88 years. Twenty-nine patients (33.7%) presented with risk factors for postoperative
complications prior to surgery (Table 2). Tumor and pressure ulcer were the most common
indications for PPF reconstruction and accounted for more than 66.3% of all indications. A
total of 62 (72.1%) reconstructions were performed on the trunk, 18 (20.9%) on the lower
extremity, and 6 (7.0%) on the upper extremity. Of all single PPF reconstructions performed,
47 (68.1%) were performed on the trunk, 16 (23.2%) on the lower extremity and 6 (8.7%) on
the upper extremity. Among combined PPF reconstructions 15 (88.2%) were performed
on the trunk and 2 (11.8%) on the lower extremity. Mean operation time was 178 minutes,
ranging from 80 to 480 minutes. Mean defect size was 117.8 ± 88.6 cm2 ranging from 12 to
504 cm2, while mean PPF size was 137.3 ± 85.1 cm2 ranging from 24 to 532 cm2. Overall,
major complications occurred in 27 patients (31.4%). Partial flap loss occurred in 5 patients
(7.2%) and total flap loss in 5 patients (5.8%). In summary, primary reconstruction was
successful in 60 out of 69 patients (87.0%) with single PPFs and in 16 out of 17 patients
(94.1%) with combined PPFs by the time of discharge from our department. Patient and
flap characteristics are shown in detail in Table 2.

Table 2. Patient characteristics.

Characteristic Total Single PPF Combined
PPF p-Value

No. of patients (%) 86 69 (80.2) 17 (19.8)

Combined PPF, No. (%) 17 (19.8)

Double PPF 11 (64.7)

PPF plus regional flap 6 (35.3)

Sex, No. (%) 0.79

Female 38 (44.2) 30 (43.5) 8 (47.1)

Male 48 (55.8) 39 (56.5) 9 (52.9)

Mean age [years] (SD, range) 56.7 (19.7,
4−88)

55.7 (20.0,
4−86)

60.8 (18.6,
21−88) 0.34
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Table 2. Cont.

Characteristic Total Single PPF Combined
PPF p-Value

Risk factors 1 present, No. (%) 29 (33.7) 19 (27.5) 10 (58.8) 0.02

Defect etiology (%)

Burn injury 1 (1.2) 1 (1.4) 0 (0.0) 0.36

Pressure ulcer 13 (15.1) 10 (14.5) 3 (17.6) 0.72

Infection 8 (9.3) 6 (8.7) 2 (11.8) 0.65

Trauma 6 (7.0) 4 (5.8) 2 (11.8) 0.39

Tumor 44 (51.2) 34 (49.3) 10 (58.8) 0.59

Other 14 (16.3) 14 (20.3) 0 (0.0)

Defect size in [cm2] (SD,
range)

117.8 (88.6,
12−504)

103.0 (73.5,
12−450)

178.2 (73.8,
25−504) <0.01

PPF size [cm2] (SD, range)
137.3 (85.1,

24−532)
132.8 (88.0,

24−532)
155.2 (71.6,

32−341) 0.10

Flap location (%)

Trunk 62 (72.1) 47 (68.1) 15 (88.2) 0.13

Lower limb 18 (20.9) 16 (23.2) 2 (11.8) 0.50

Upper limb 6 (7.0) 6 (8.7) 0 (0.0) 0.34

Operation time [min] (SD,
range)

177.6 (68.0,
80−480)

164.0 (59.0,
80−440)

232.9 (75.6,
127−480) <0.01

Flap rotation [degree] (SD,
range)

149.9 (35.0,
50−180)

147.1 (37.1,
50−180)

156.4 (29.8,
90−180) 0.53

Number of surgeries 2 (SD,
range)

1.7 (1.4, 1−8) 1.5 (1.1, 1−7) 2.3 (2.0, 1−8) 0.16

Major complications 3 (%) 27 (31.4) 22 (31.9) 5 (29.4) 0.32

Flap loss (%)

Partial 5 (7.2) 5 (7.2) 0 (0.0) 0.56

Complete 5 (5.8) 4 (5.8) 1 (5.9) 0.99

Total hospitalization [days]
(SD, range)

34.7 (15.7,
14−84)

32.5 (13.6,
15−61)

39.7 (19.7,
14−84) 0.31

Abbreviations: PPF, perforator propeller flap; 1 includes risk factors of diabetes, arterial hypertension, peripheral
artery disease, coronary heart disease, coagulation disorders, prior thrombotic events, obesity (BMI > 30 kg/m2),
radiation therapy, chemotherapy, and smoking; 2 with PPF surgery being the first surgery counted; 3 includes
postoperative complications that required surgical revision during the time of hospitalization.

3.2. Comparison of Single PPFs and Combined PPFs

Both groups had similar characteristics in terms of age (p = 0.34), sex (p = 0.79), PPF
size (p = 0.10), flap rotation (p = 0.53), total number of surgeries associated with flap surgery
(p = 0.16), and days of hospitalization (p = 0.31) (Table 2, Figure 2). Risk factors were
more frequent among patients undergoing combined PPF reconstruction (58.8% vs. 27.5%;
p = 0.02). Furthermore, tumors and pressure ulcers were the main causes for PPFs in both
groups with a shared proportion of 63.8% among single PPFs and 76.4% among combined
PPFs, respectively (Table 2). While most reconstructions were performed on the trunk,
this proportion was 88.2% among combined PPFs and 68.1% among single PPFs. Lumbar
artery perforator flaps (14.5% of single PPFs vs. 28.6% of combined PPFs), inferior gluteal
artery perforator flaps (13.0% of single PPFs vs. 21.4% of combined PPFs), and superior
gluteal artery perforator flaps (11.6% of single PPFs vs. 21.4% of combined PPFs) were
the most common flaps used among both groups (Table 3). Defect sizes of combined PPFs
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were significantly larger than they were among single PPFs (178.2 ± 73.8 cm2 vs. 103.0
± 73.5 cm2, p < 0.01) and mean operation time was significantly longer among combined
PPFs than those among single PPFs (164 ± 59 vs. 233 ± 76 minutes, p < 0.01) (Figure 2).
However, there were no significant differences in the occurrence of major complications
(31.9% (single PPFs) vs. 29.4% (combined PPFs), p = 0.32) as well as complete flap losses
(5.8% (single PPFs) vs. 5.9% (combined PPFs), p = 0.99). Table 2 provides a detailed
summary of the results.

Figure 2. Wilcoxon–Mann–Whitney test on continuous variables. (a) Age in years; (b) Total hospital-
ization in days; (c) Perforator propeller flap size in cm2; (d) Total number of surgeries starting with
PPF surgery; (e) Defect size in cm2; (f) Operation time in minutes (Abbreviations: PPF, perforator
propeller flap).
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Table 3. Flap distribution.

Characteristics Total Single PPF Combined PPF

No. of PPFs (%) 97 69 (71.1) 28 (28.9)

PPF type, No. (%)

Adductor perforator 5 (5.2) 3 (4.3) 2 (7.1)

ALT 5 (5.2) 4 (5.8) 1 (3.6)

ATA 3 (3.0) 3 (4.3) 0 (0.0)

AIA 3 (3.0) 3 (4.3) 0 (0.0)

PTA 5 (5.2) 5 (7.2) 0 (0.0)

Brachial artery 4 (4.1) 4 (5.8) 0 (0.0)

DICAP 7 (7.3) 4 (5.8) 3 (10.7)

IGAP 15 (15.5) 9 (13.0) 6 (21.4)

LICAP 3 (3.0) 2 (2.9) 1 (3.6)

Radial artery 3 (3.0) 3 (4.3) 0 (0.0)

SGAP 14 (14.4) 8 (11.6) 6 (21.4)

Lateral genicular artery 1 (1.0) 1 (1.4) 0 (0.0)

LAP 18 (18.6) 10 (14.5) 8 (28.6)

Posterior thigh perforator 2 (2.0) 2 (2.9) 0 (0.0)

Profound femoral artery 3 (3.0) 3 (4.3) 0 (0.0)

Pudendal artery 2 (2.0) 1 (1.4) 1 (3.6)

Thoracoacromial artery 2 (2.0) 2 (2.9) 0 (0.0)

Trapezius perforator 2 (2.0) 2 (2.9) 0 (0.0)
Abbreviations: PPF, perforator propeller flap; ALT, anterior lateral thigh; ATA, anterior tibial artery; AIA, anterior
intercostal artery; PTA, posterior tibial artery; DICAP, dorsal intercostal artery perforator; IGAP, inferior gluteal
artery perforator; LICAP, lateral intercostal artery perforator; SGAP, superior gluteal artery perforator; LAP,
lumbar artery perforator.

3.3. Univariable Binary Logistic Regression

We included independent variables we thought could be used for clinical decision-
making due to the prediction of major complications and that could be relatively easy to
be ascertained by clinicians without needing to undertake complex imaging or laboratory
measurements. We included independent variables of operation time, type of intervention,
PPF size, and defect size. Defect size was included in our analysis as broad categories
(<50 cm2 [reference], 50−99 cm2, 100−149 cm2, 150−199 cm2, and >200 cm2) under the
rationale that defect sizes are rather approximations than precise measurements due to
complex geometry and the unclear extent of many defects. Regression analyses revealed
that the type of intervention (OR: 0.95, 95% CI: 0.27−2.93; p = 0.29), the operation time (OR:
1.00, 95% CI: 1.00−1.01; p = 0.25) and the PPF size (OR: 1.00, 95% CI: 0.99−1.01; p = 0.15)
had no significant impact on the occurrence of major complications (Table 4). However,
we found a substantial higher probability of having major complications among defects
larger than 200 cm2 (OR: 8.50, 95% CI: 1.51−70.24; p < 0.01). To find out whether this was
true for both groups, we conducted subgroup analyses separately for single PPFs and
combined PPFs. Subgroup analyses revealed that there was a significant increase of major
complications in defects larger than 100 cm2 only in the group of single PPFs. However
due to little data, confidence intervals of the subgroup analyses were disproportionately
large. Consequently, we conducted an additional univariable binary logistic regression
analysis, which only considered defect sizes larger than 100 cm2. This analysis verified prior
results. Defects larger than 100 cm2 were significantly associated with an increased risk of
having major complications among single PPFs (OR: 2.82, 95% CI: 1.01−8.36; p = 0.05). In
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contrast, there was no increased risk among combined PPFs (OR: 0.30, 95% CI: 0.02−3.37;
p = 0.32). In fact, defects larger than 100 cm2 only proved to be a significant predictor of
major complications among single PPFs. Results of the regression analyses are shown in
detail in Table 4.

Table 4. Univariable binary logistic regressions of major complications among 86 patients.

Total PPF
(n = 86)

Single PPF
(n = 69)

Combined
PPF (n = 17)

Odds Ratio Odds
Ratio Odds Ratio

Characteristics (95% CI) p-Value (95% CI) p-Value (95% CI) p-Value

Intervention

Single PPF 1
[Reference]

Combined PPF 0.95
(0.27−2.93) 0.29

Operation
time (min)

1.00
(1.00−1.01) 0.25 1.00

(0.99−1.01) 0.80 1.01
(1.00−1.04) 0.33

PPF size (cm2)
1.00

(0.99−1.01) 0.15 1.00
(1.00−1.01) 0.50 1.01

(1.00−1.03) 0.11

Defect size
(cm2)

<50 1
[Reference]

1
[Reference]

1
[Reference]

50−99 3.97
(0.80−29.48) 0.17 6.85

(1.00−137.99) 0.13 1.00
(0.01−69.47) 0.99

100−199 4.25
(0.97−29.89) 0.08 10.00

(1.63−194.65) 0.05 0.17
(0.01−6.53) 0.58

>200 8.50
(1.51−70.24) <0.01 32.00

(3.05−850.50) 0.01 0.50
(0.01−17.47) 0.99

Defect size
(cm2)

<100 1
[Reference]

1
[Reference]

1
[Reference]

>100 1.88
(0.74−4.91) 0.18 2.82

(1.01−8.36) 0.05 0.30
(0.02−3.37) 0.32

Abbreviations: PPF = perforator propeller flap.

4. Discussion

While complete flap losses were rare events, we found a considerable prevalence
of major complications of 31.9% among patients that received single PPFs and 29.4%
among patients that received combined PPFs. Individual characteristics of sex, age, flap
location, flap size, arc of flap rotation, total number of surgeries, and total flap loss were
similar among the groups. Notably, defect sizes of combined PPF reconstructions were
substantially larger than they were among single PPF reconstructions. While the operation
time, the type of flap surgery, and the PPF size were not associated with the probability
of having an increase in major complications, the defect size was. Interestingly, this was
true for defects larger than 100 cm2 among single PPFs but not among combined PPFs. Our
findings have several important implications.

First, with a total flap loss of less than six percent, we have shown that combined PPFs
were a reliable and promising reconstructive approach in the reconstruction of large soft
tissue defects, which has thus far received little attention from a research perspective.
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Second, the propeller flap size, the operation time as well as the type of flap surgery
were not associated with a higher risk of having major complications among perforator
propeller flaps. This, however, is interesting since flap size and operation time are known
predictors for postoperative complications in free and regional flap surgery [24,25]. One
possible explanation why we did not observe more major complications among larger flaps
might be because most PPFs were performed on the trunk where perforasomes are usually
quite large and, thus, may guarantee adequate flap perfusion. Another explanation could be
the use of indocyanine green fluorescence angiography additional to clinical flap perfusion
assessment in critical cases. Prior research implies that this method can reduce the rate of
partial flap necrosis and improves flap survival through detection of insufficiently perfused
flap areas [23,26,27]. However, further studies are needed to understand the underlaying
factors of our findings. Additionally, our results showed that combined PPFs were as safe
as single PPFs regardless of the significantly larger defect size among combined PPFs.

Third, a defect size of more than 100 cm2 was a significant predictor of major com-
plications only among single PPFs, suggesting that surgeons should prefer combined
PPFs for the reconstruction of large soft tissue defects. This is an important finding since
free flap surgery constitutes the alternative approach that might require complex surgical
procedures, such as arteriovenous loops in order to provide adequate recipient vessels [28].

Fourth, the prevalence of major complications among combined PPF surgery is com-
parable to that reported among free flap surgery indicating that both options should be
weighed carefully against each other when it comes to the reconstruction of large soft tissue
defects [29–31]. For instance, due to microvascular anastomosis, free flaps require a longer
operation time as well as longer postoperative immobilization than PPFs. Thus, the use of
PPFs might decrease morbidity and mortality in selected patients [32–34].

Despite PPFs gaining popularity in recent years, research has mainly focused on
single PPFs which, however, have proven to be a reliable method with a low complication
rate [35,36]. Combined PPFs may allow reconstruction of extended defects and therefore,
extent reconstructive possibilities [37]. For instance, Scaglioni and colleagues reported
successful reconstruction of a large gluteal defect by a combination of two PPFs and a VY
advancement flap [38]. This supports our experience as we could demonstrate sufficient
reconstruction of the posterior trunk by a combination of two PPFs. Due to scarcity of
recipient vessels, this body region is often unsuited for free flap reconstruction [8]. However,
the combined PPF technique still is considered as a rescue strategy whenever established
reconstructive approaches were not suitable. Given that, we suggest further prospective
studies to specifically investigate the safety of combined PPFs in the reconstruction of large
soft tissue defects and to assess the implementation of combined PPFs in the daily routine
of reconstructive surgeons.

Although our results are promising, this study has several limitations. First, due to
the retrospective design and small number of cases, this study might be underpowered.
Second, we could only collect data documented in a patient’s digital chart. Third, we used
major complication rates of free flaps that were reported in the literature for comparison.
Patients included in those studies might not reflect our patients, which is why further
studies should aim for a prospective approach that include both, PPF and free flap surgery,
to avoid possible bias. Fourth, most of the patients included in our study received PPF
reconstructions on the trunk, which is why our results mainly account for this region of the
body. Even though it is likely that our results can be applied to any region of the body, we
strongly recommend further studies that specifically focus on the comparison of single and
combined PPFs on the upper and lower extremity.

5. Conclusions

Our study is the first to compare single and combined perforator propeller flaps in
terms of major postoperative complications. We could show that combined PPFs are not
just a reliable reconstructive option, but eventually presented fewer major complications
than single PPFs in the reconstruction of large soft tissue defects. Furthermore, major
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complication rates of combined PPFs were comparable to those among free flap surgery.
Consequently, combined PPFs should be considered as a first line technique in the recon-
struction of large soft tissue defects of the trunk. However, since combined PPFs require
a flexible surgical strategy and intraoperative decision-making is sometimes challenging,
we recommend proper training before implementing combined PPFs in a daily routine to
achieve reliable results.
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