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INTRODUCTION

Defects in the trunk area can have several etiologies, including 
trauma, tumor resection, infection, and pressure sores. Various 
methods have been described for the repair of such defects. 
Currently, the choice of reconstruction method is based on the 
reconstructive elevator theory, a replacement of the convention-
al concept of the reconstructive ladder.

However, the use of local flaps is still considered an ideal op-
tion for the repair of defects, especially smaller ones. Compared 
to free tissue transfer, local flap reconstruction requires a shorter 
operative time and better utilizes local “like” tissue. Additionally, 
the failure of free flaps involves the total loss of all tissue trans-
ferred.

The keystone design perforator island flap, or keystone flap, is 
a local flap that has become a common option for reconstruc-
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tion. Introduced in 2003, the keystone flap is a multiperforator 
advancement flap that yields reliable and versatile vasculariza-
tion. The flap consists of two conjoined VY island flaps that re-
lease the longitudinal tension. This increases the laxity within 
the flap, allowing advancement toward the defect [1,2].

The traditional keystone flap can be further categorized into 
several subtypes depending on the defect size, deep fascia divi-
sion, use of a split skin graft to repair the secondary defect, de-
gree of undermining, and use of double flap harvest [1]. The 
traditional design of a keystone flap is shown in Fig. 1. To date, 
keystone flaps with or without modifications have been used to 
repair various defects (including large defects), such as those 
present due to oncologic resection, trauma, and elective or in-
flammatory wound excision [2,3]. The definition of a large de-
fect varies depending on the region of the body or the skin sur-
face area of the patient; examples include 1 cm2 in infants with 
myelomeningocele [4], approximately 100 cm2 in the lower ex-
tremities, and 380 cm2 in the trunk [5]. An example of a modifi-
cation to the keystone flap design (the omega variant) is shown 
in Fig. 2.

One review has been published on the use of the keystone de-
sign perforator island flap in the extremities [6]. However, no 
such review has been published regarding trunk defects. We 

herein review the rates of keystone flap complications in the re-
pair of trunk defects.

PATIENTS AND METHODS

We followed the recommendations for interventional reviews 
provided in the Cochrane Handbook (version 5.1.0). Our work 
was compliant with the Assessment of Multiple Systematic Re-
views, and our report aligned with the principles outlined in the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses statement [7]. As a systematic review, this report did 
not require ethical approval or patient consent.

Inclusion criteria
All published original studies that described the use of keystone 
flaps in the repair of trunk defects were included. Duplicate 
studies were excluded, as were review articles, purely technical 
descriptions, commentaries, discussions, editorials, and letters 
or viewpoints. In cases in which multiple articles were written 
by the same author, we verified that the data from the different 
publications were not identical; any potential duplicate data 
were excluded. When studies lacked full online data, we at-
tempted to obtain access to the complete data via direct request 

Fig. 1. Traditional classification of the keystone flap

(A) Skin island flap for defects of up to 2 cm. (B) Division of deep fascia and skin graft for repair of a secondary defect. (C) Double keystone flap 
(D) undermined up to 50% of the flap subfascially. Adapted from Behan. ANZ J Surg 2003;73:112-20, with permission John Wiley and Sons [1].
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to the corresponding author. If multiple publications addressed 
the same study or portions of a study, we ensured that the data 
from a single study were not counted repeatedly.

Search strategy
The MEDLINE, Embase, Cochrane Library, and PubMed Cen-
tral electronic databases were searched for articles published be-
tween January 2003 (when the keystone flap technique was first 
described) and December 2018. This search was conducted us-
ing appropriate English-language keywords combined with 
Boolean logical operators as follows: “keystone flap” OR “key-
stone design perforator island flap” [Title/Abstract/MeSH 
Terms]; “keystone flap” and “trunk” [Title/Abstract/MeSH 
Terms]. The search was not limited; if a foreign-language article 
was located, every effort was made to obtain an English copy. 
Studies identified via both manual and electronic searches were 
listed along with their key information using Microsoft Excel 
2018 (Microsoft Corp., Redmond, WA, USA).

Data extraction and study appraisal
Data were independently extracted by two researchers (AJG 
and RPM), and disagreements were resolved by consensus. If 
no consensus could be achieved, the dispute was resolved by 

one senior author (ISR). The following data were extracted: 
age, location, and cause of the defect; complications; sample 
size; and follow-up duration. A level of evidence, as defined by 
the Oxford Centre for Evidence-Based Medicine, was also de-
termined for each study (Table 1) [4,5,8-13].

RESULTS 

Process outcomes
In total, 114 references were identified, and eight studies that 
satisfied our inclusion criteria were included. Fig. 3 presents the 
study selection process, including the identification, screening, 
and eligibility assessment steps. 

The eight articles involved 54 keystone flaps used in patients 
with trunk defects (Table 1). 

Overview of practice
Causes of defects 
The causes of the defects are shown in Fig. 4. Oncologic resec-
tion was the most frequent cause (64.4%, n = 29), followed by 
all other causes (35.6%, n = 16). The oncologic causes are de-
tailed in Fig. 5.

Fig. 2. Omega variant design of keystone flap

A B DC

Author (year) Level of 
evidence

No. of 
cases

No. of 
flaps

Mean age of 
defect (yr)

Follow-up 
duration (mon) Complication rate and types

Pelissier et al. (2007) [8] 4   2   2 31.5 4 No significant complications
Khouri et al. (2011) [5] 4   9   9 Not described Not described 33.3% (n=3): partial flap loss (n=1), dehiscence (n=2)
Stone et al. (2015) [9] 4   3   3 63.7 Not described 66.7% (n=2): dehiscence (n=1), delayed healing (n=1)
Park et al. (2016) [10] 4   5   5 1.4 day Not described No significant complications
Mohan et al. (2016) [11] 4   6   6 64.5 1 83.3% (n=5): wound complication (n=1), delayed healing (n=3), 

seroma (n=1), hematoma (n=1), dehiscence (n=1)
Lanni et al. (2017) [12] 4 20 20 Not described Not described 25% (n=5): wound complication (n=1), infection (n=2), 

hypertrophic scar (n=1), contour deformity (n=1)
Park et al. (2018) [13] 4   3   3 27 Not described 66.7% (n=2): infection (n=2)
Donaldson et al. (2018) [4] 4   6   6 1.67 day 4–94 33.3% (n=2): infection (n=2)

Table 1. Synthesis of data from case studies and case series
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Complications
The complications noted for all assessed flaps are identified in 
Fig. 6. Complications occurred in 35.2% of cases (n = 19), and 
partial flap loss was reported in 1.9% of cases (n = 1). The most 

Fig. 3. Flowchart of article identification and inclusion

114 Records identified 
through database searching

114 Records screened 95 Records excluded

11 Full-text articles excluded
Reasons:

1 Identical data
5 Lack of data
1 Non-English
3 Case report
1 Other

19 Full-text articles 
assessed for eligibility

8 Studies included in 
qualitative synthesis

Fig. 4. Causes of defects

Causes
 Oncologic resection (n=29)
 Myelomeningocele (n=11)
 �Spinal stenosis and kyphosis 
(n=1)
 �Abdominal wound with 
enterocutaneous fistula 
(n=1)
 Keloid (n=3)

Fig. 5. Oncologic causes of defects

Fig. 6. Types and frequencies of complications
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frequent complications were infection (11.1%, n = 6), wound 
dehiscence (7.4%, n = 4), and delayed healing (7.4%, n = 4). 

DISCUSSION 

Many techniques are available for the reconstruction of trunk 
defects. Flap options include regional flaps and distant flaps. 
Many reconstructive surgeons utilize free flaps as their first-line 
treatment option, especially for large defects of the trunk. Re-
gional flaps (transposition flaps, perforator flaps, and pedicled 
muscle flaps) for the repair of trunk defects can be approached 
through the shoulder girdle, paraspinal region, epigastric axis, or 
pelvic girdle [14,15]. Pedicled muscle flaps utilize local “like” 
tissue and preserve the nerve, muscle, and main vasculature, 
thus reducing the operation and hospitalization time. Pedicled 
muscle flaps have been replaced by perforator flaps due to their 
association with lower donor-site morbidity [6].

In 1988, Kroll and Rosenfield [16] used the term “perforator-
based flap” to describe a new type of flap based on unnamed 
perforators. In 2003, Behan [1] introduced the keystone flap, 
another local perforator-based flap. The keystone flap is a fascio-
cutaneous advancement flap based on randomly-located perfo-
rator vessels. The flap and fine perforator dissection do not need 
to be meticulous. In difficult cases, careful planning is necessary 
to maximize laxity and ensure defect closure. Several techniques 
such as releasing the deep fascia, undermining the surrounding 
wound edges, or adding a skin graft may be needed to facilitate 
defect closure. Relative to other options, the keystone flap is as-
sociated with a shorter operative time, a lower risk of total flap 
necrosis, more favorable aesthetic results, lower technical diffi-
culty, and lower donor-site morbidity [11,17].

As identified in our literature search, eight articles addressing 
the use of the keystone flap for trunk reconstruction were pub-
lished between 2007 and 2018. The keystone flap was most of-
ten used after oncologic resection (64.4%, n = 29) for melano-
ma (37.8%, n = 17), followed by myelomeningocele (24.5%, 
n = 11).

The keystone flap procedure for the repair of trunk defects has 
a higher complication rate (35.2%) than that for the repair of 
extremity defects (9.6%) [6]. Complications occurred in 19 
cases, including one case of partial flap loss. The most frequent 
complications were infection (11.1%, n = 6), followed by wound 
dehiscence (7.4%, n = 4) and delayed healing (7.4%, n = 4). In 
comparison, two cases of complete and three cases of partial 
flap loss occurred in the repair of extremity defects. The higher 
rates of complications associated with trunk defects may reflect 
the strict inclusion of all complications, including delayed heal-
ing and hematoma.

In one published article, the complication rate for pedicled 
propeller perforator flaps in the trunk and the perineal region 
was reviewed. That complication rate was lower (19.3%) than 
that found in our review (35.2%) [18]. However, four cases of 
total and three cases of partial flap loss occurred in the study of 
pedicled propeller perforator flaps. Some cases of wound dehis-
cence also required further revision with skin grafting or local 
rotation flaps. In a retrospective review, researchers studied the 
complications associated with the use of free flaps in trunk re-
construction. Eight cases (4.1%) required reexploration, and 
two still ended in failure [19]. Although the complication rate 
of keystone flaps was higher in the present study, major compli-
cations such as total flap loss were not seen in our review.

The application of free flaps and pedicled propeller flaps de-
pend on the experience of the surgeon [20]. Time and experi-
ence are required to allow the surgeon to salvage the compro-
mised flap and maximize flap survival. These procedures are 
complicated and require a tool to identify and dissect the perfo-
rating vessels [21]. In contrast, keystone flaps offer simpler pro-
cedures due to the angiosome concept, as presented by Behan 
[1]. Keystone flaps are also associated with shorter operating 
time; two articles reported average operating times that were 
shorter than 2 hours (104 minutes [4] and 68 minutes [11]). In 
contrast, the average operating time for free flaps and pedicled 
propeller flaps is greater than 2 hours [22-24]. Therefore, key-
stone flaps are highly appealing for trunk reconstruction.

Different indications exist for the various reconstruction 
methods for trunk defects. For keystone flaps, local tissue laxity 
is crucial, and these flaps cannot be applied if laxity is insuffi-
cient [11]. Pedicled propeller flaps can be used for reconstruc-
tions that require flap rotation of more than 90° based on the 
territories of the perforasome [25]. Free flaps are still the first 
choice for the complex reconstruction of large defects [26]. A 
thorough assessment is needed before choosing the reconstruc-
tion method. Keystone flaps can be used for trunk reconstruc-
tion, especially if the local tissue laxity is sufficient. Otherwise, 
other methods such as pedicled muscle flaps or free flaps should 
be chosen.

This study had several limitations. In the database search, we 
identified only case series, most of which included low numbers 
of cases. Additionally, even though all studies involved keystone 
flaps, the surgical techniques in these articles varied depending 
on the chosen modifications and the experience of the surgeon, 
resulting in a lack of standardization. Data regarding patients’ 
comorbidities that could impact complications of keystone flap 
usage were also unavailable. Future randomized controlled trials 
on the use of keystone flaps in the repair of trunk defects are 
needed to ensure similarity in surgical technique and to avoid 
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bias due to comorbidities or other confounding factors.

CONCLUSIONS

Keystone flaps are a breakthrough in the reconstruction of large 
trunk defects. The success rate is not strongly impacted by the 
skill and experience of the surgeon, unlike the use of pedicled 
muscle flaps or free flaps. Furthermore, keystone flaps rarely 
lead to major complications, such as total or partial flap loss. In 
conclusion, keystone flaps should be considered as an option in 
trunk reconstruction.
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