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Background: Unconventional perfusion flaps offer multiple potential advan-
tages compared with traditional flaps. Although there are numerous experi-
mental articles on unconventional perfusion flaps, the multiple animal species
involved, the myriad vascular constructions used, and the frequently conflicting
data reported make synthesis of this information challenging. The main aim of
this study was to perform a systematic review and meta-analysis of the literature
on the experimental use of unconventional perfusion flaps, to identify the

J Ofé Videi.ra-Cast.ro, M.D. best experimental models proposed and to estimate their global survival rate.
Joao Goyri-O’Neill, M.D., | Methods: The authors performed a systematic review and meta-analysis of all
Ph.D. articles written in English, French, Italian, Spanish, and Portuguese on the

Lisbon and Caparica, Portugal | €Xperimental use of unconventional perfusion flaps and indexed to PubMed
from 1981 until February 1, 2017.
Results: A total of 68 studies were found, corresponding to 86 optimized experi-
mental models and 1073 unconventional perfusion flaps. The overall unconven-
tional perfusion flap survival rate was 90.8 percent (95 percent CI, 86.9 to 93.6
percent; p < 0.001). The estimated proportion of experimental unconventional
perfusion flaps presenting complete survival or nearly complete survival was 74.4
percent (95 percent CI, 62.1 to 83.7 percent; p < 0.001). The most commonly
reported animal species in the literature were the rabbit (57.1 percent), the rat
(26.4 percent), and the dog (14.3 percent). No significant differences were found
in survival rates among these species, or among the diverse vascular patterns used.
Conclusion: These data do not differ significantly from those reported regard-
ing the use of unconventional perfusion flaps in human medicine, suggesting
that rabbit, rat, and canine experimental unconventional perfusion flap mod-
els may adequately mimic the clinical application of unconventional perfusion
flaps.  (Plast. Reconstr. Surg. 143: 1003e, 2019.)
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used increasingly in the clinical setting for
the past four decades, offering multiple
advantages relative to traditional flaps.! These
flaps comprise arterialized venous flaps and

Unconventional perfusion flaps have been
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venous flaps. Arterialized venous flaps receive an
arterial inflow at one end of their venous system,
and drain their blood through another portion of
their venous system to either a vein or an artery.!
Venous flaps receive venous blood through one
end of their venous system and drain their blood
into a venous outflow.! Unconventional perfusion
flaps present various potential advantages com-
pared with conventional flaps."? Being compos-
ite blocks of tissues perfused solely through their
venous system, their dissection is relatively simple,
expeditious, and not associated with major donor-
site morbidity. Moreover, these flaps are intrin-
sically thin and pliable. These last features are
potentially highly advantageous for reconstruct-
ing shallow defects, particularly in mobile regions
where the integument is thin."*® Finally, as they
are usually tailored around the superficial venous
system, which is often visible through the skin,
their harvesting precludes the need for ancillary
preoperative tests. Consequently, unconventional
perfusion flaps are particularly useful for emer-
gent reconstruction, as occurs in trauma cases."”

Although there are several clinical and experi-
mental articles on unconventional perfusion flaps,
the multiple animal species involved, the myriad
vascular constructions used, and the frequently
conflicting data reported make synthesis of this
information challenging.'*%® Thus, the main aim
of this study was to perform a systematic review
and meta-analysis of the literature on the experi-
mental use of unconventional perfusion flaps,
in order to identify the best experimental mod-
els proposed and to estimate their global survival
rate. Secondarily, this study aimed at estimating
the unconventional perfusion flaps survival rate
for each animal species and vascular patterns used
in these optimized experimental models.

METHODS

On February 1, 2017, the authors searched
the PubMed database concerning experimental
animal models of unconventional perfusion flaps
(Fig. 1). The following terms were used: “arteri-
alized venous flap,” “arterialised venous flap,”
“unconventional flap,” “unconventional perfusion
flap,” “nonconventional flap,” “nonconventional
perfusion flap,” “venous flap,” and “venous per-
fusion flap.” These search terms were combined
with the Boolean operators “OR” and “AND.”

Inclusion Criteria

All articles reporting experimental animal
studies, written in English, Spanish, Portuguese,
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French, or Italian and describing flap survival
and/or necrosis qualitatively and/or quantita-
tively, were selected.

Exclusion Criteria

The following articles/experimental models
were excluded from the analysis:

1. Studies written in languages different from
those mentioned above.

2. Articles referring exclusively to human or
dissection studies.

3. Studies/experimental models addressing
solely histologic features or pharmacologic
and/or genetic manipulation of flaps with
no information regarding quantitative or
qualitative evaluation of flap necrosis or
survival.

4. Studies/experimental models whose flap
vascular network included total blood flow
reversal at the expense of one major artery
without apparent potential clinical benefit.

5. Studies/experimental models address-
ing revascularization of the extremities by
reverse circulation.

6. Articles/experimental models describing
exclusively prefabricated flaps with arterio-
venous fistulas, because these flaps tend to
behave in a manner similar to that of con-
ventional perfusion flaps.”!’

In each article included for analysis, individu-
als whose vascular anastomoses presented throm-
bosis were excluded from the analysis. The title
and abstract of all identified studies were exam-
ined independently by three reviewers (D.C., D.T.,,
and T.C.). In cases where suitability of a given study
for inclusion in the review was not clear, the entire
article was obtained and evaluated for appropri-
ateness. Furthermore, the references contained
in the retrieved articles were scanned by the three
independent reviewers, to obtain further articles
that were missed in the first-round search. All arti-
cles were acquired in their full-text version and
read independently by the three reviewers.

For each study, the following variables were
recorded: year of publication, nationality, animal
species and strains used, and experimental animal
sex. When a study reported more than one vascu-
lar construction, the one (or ones) with a better
flap survival rate (p < 0.05) was (or were) chosen
as optimized experimental models. These models
were used as individual units for the sake of subse-
quent statistical analysis.
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Vascular Patterns
Referred to in
the Literature

General Description

Additional
Information

Average Flap
Survival Rate
(%)

First Description

Mundy 1984 [18]
(E)

Classifications
95.04 £9.92
1A (Woo)
Il (Chen) (median = 100;

range: 66.7 to 100)

Number of papers
and Flaps Analyzed

Rabbits:12 papers;
215 flaps
Dog:1 paper; 6 flaps

Straight
venous
pattern akin
to a standard
vein graft
“Arterialized venous
flow-through flaps”
T Orthodromic
blood flow
(blood flows in the
same direction as
venous valves open)
Y-shaped
pattern

First Description

Nichter 1985 [10]
)

Classifications 100

IB (Woo) §
i1l (Chen) (median = 100;

range: 100 to 100)

Number of papers
and Flaps Analyzed

Rabbits: 2 papers;
27 flaps

Fig. 1. Schematic representation of arterialized venous flaps with an orthodromic blood perfusion performed in experimental
models according to the literature. Arterialized venous flaps receive arterial blood through one or more of their veins. Arterial-
ized venous flap venous drainage occurs through one or more veins to neighboring veins and/or arteries. Red areas represent
arterial blood flow. Blue and purple regions denote venous and mixed arterial and venous blood, respectively. The arrows specify
the direction of blood flow. The curved lines inside the vessels illustrate venous valves. First description: in cases where the first
description of the type of unconventional pattern was not performed in the experimental setting (E), the description in the clini-
cal setting is also indicated. Classifications: The classifications used were those proposed by Woo et al. (Woo SH, Kim KC, Lee GJ,
et al. A retrospective analysis of 154 arterialized venous flaps for hand reconstruction: An 11-year experience. Plast Reconstr Surg.
2007;119:1823-1838) and by Chen et al. (Chen HC, Tang YB, Noordhoff MS. Four types of venous flaps for wound coverage: A clini-
cal appraisal. J Trauma 1991;31:1286-1293). The drawings are not to scale.

For each experimental model, the following
parameters were assessed: number of animals
used; anatomical region of the unconventional
perfusion flap donor site; vascular pattern used to
perfuse the flap' [when considering rabbit ears,
the authors took into consideration that the larg-
est veins (central vein, anterior marginal vein,
and posterior marginal vein] are devoid of venous
valves'"'?) |; vascularization of the recipient wound
bed (well-vascularized if the flap was placed over
viable muscle, fascia, fat, synovial tissue, epitenon
or granulation tissue; and nonvascularized, if the
flap was placed over bone, cartilage, or prosthetic
material); application of an impermeable barrier
between the flap and the recipient bed (to prevent

diffusion of oxygen and nutrients and/or neo-
angiogenesis from the wound to the deep aspect
of the flap); resort to flap delay procedures; flap
composition; flap innervation; flap survival rate;
and percentage of flaps that presented complete
survival (defined as 100 percent survival area or
superficial necrosis with self-healing of the flap’s
surface at its latest evaluation), nearly complete
survival (considered 85 to 100 percent flap sur-
vival or unspecified inconsequential “marginal
necrosis”), significant necrosis (>15 percent flap
necrosis), and complete necrosis (100 percent
flap necrosis or “nonsurviving flaps”). If in doubt,
a higher necrosis category was considered for
each experimental model. The numeric values of
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necrosis considered were always those reported
on the last day of the experiments described in
each individual article.

The presence and nature of complications
were also recorded (epidermolysis, flap conges-
tion, and venous insufficiency by themselves
were not considered complications, as they were
reportedly present in the first few days after sur-
gery according to most authors).” If the damage
to the skin extended deeper than the epidermis,
flap necrosis was considered to be present, as
described above.

When estimating effect sizes for the entire
population, the authors included only studies
with at least three animals, to minimize publica-
tion bias. Whenever individual animal data were
present in articles, they were used for individual
data meta-analysis."*

The data were retrieved from the available
literature, each parameter at a time, from each
article in turn. Finally, the data were inserted into
an Excel database (Microsoft Corp., Redmond,
Wash.). When discrepancies were found in data
retrieval, the articles were reanalyzed by the three
reviewers independently.

Statistical Analysis

Quantitative variables were expressed as aver-
age + SD. Qualitative variables were expressed
as percentages. IBM SPSS Version 21.0 software
(IBM Corp., Armonk, N.Y.) was used for descrip-
tive and inferential statistical analysis.

Analysis of variance and ¢ tests were used to
compare averages in normally distributed data."
Kruskal-Wallis and Mann-Whitney tests were used
to compare median values in nonnormally dis-
tributed data. Proportions were analyzed with
the chi-square test or Fisher’s exact test. Dichoto-
mous variables were compared with the binomial
test. Association between numerical variables was
assessed using the Pearson correlation coefficient.

Comprehensive Meta-Analysis 2.0 software
(Biostat, Englewood, N.]J.) was used to estimate
population summary. Study heterogeneity for
each parameter was assessed using the Cochran
Q test, P, and 77 statistics.'"® A two-tail value of
< 0.05 was used.

RESULTS

Sixty-eight studies on the use of unconven-
tional perfusion flaps in the experimental setting
were identified. (See Figure, Supplemental Digital
Content 1, which shows the data collection from
the literature. A total of 68 studies were retrieved
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from the literature, corresponding to data from
1073 individual unconventional perfusion flaps,
http://links.lww.com/PRS/D414.) Overall, this cor-
responded to a total of 1073 flaps, and 86 optimized
experimental models of unconventional perfu-
sion flaps. [See Table, Supplemental Digital Con-
tent 2, which shows the summary of the studies on
unconventional perfusion flaps in experimental
animal models identified in the systematic review
and included in the meta-analysis.'*!720:4143.49-111
For each study, the optimized experimental ani-
mal model is identified, along with its character-
istics. These experimental models were those that
presented better flap survival rates in each pub-
lished article (< 0.05). n, number of flaps in each
optimized experimental model; n/a, information
not available; Min., minimum; Max., maximum.
Categorical flap survival: CN, complete necro-
sis; CS, complete survival; NCS, nearly complete
survival; SN, significant necrosis. Strain: BC, Big
Chinchilla rabbit; F, Fischer rat; J, Japanese white
rabbit; L, Lewis rat; M, mongrel dog; NZ, New
Zealand white rabbit; SD, Sprague-Dawley rat; W,
Wistar rat; Y, Yorkshire pig. Gender: F, female; M,
male; M + F, both males and females. Flap donor
site: A/G, abdomen and/or groin; D, dorsum; E,
ear; F, forelimb; H, hindlimb; T/A, thorax and
abdomen. Flap vascular pattern: 1, type Ia arteri-
alized venous flap according to the Woo classifica-
tion; 2, type Ib arterialized venous flap according
to the Woo classification; 3, type Ila arterialized
venous flap according to the Woo classification;
4, type IIb arterialized venous flap according
to the Woo classification; 5, type III arterialized
venous flap according to the Woo classification; 6,
pedicled arterialized venous flap; 7, type I venous
flap according to the Chen classification; 8, type
ITa venous flap according to the Chen classifica-
tion; 9, type IIb venous flap according to the Chen
classification; 10, sliding venous flap. Wound bed
blood supply: B/C, bone or cartilage; IB, imper-
meable barrier underneath the flap; SE, skeleton-
ized ear; WV, well vascularized. Flap composition:
B/C, includes bone and/or cartilage (other than
skin with its appendages and subcutaneous tissue);
FC, fasciocutaneous (skin with its appendages and
subcutaneous tissue); MFC, myofasciocutaneous
(skin with its appendages, subcutaneous tissue
and muscle/portion of muscle), http://links.lww.
com/PRS/D415.]

Studies publication spanned from 1981 to
2017. Half of the identified articles were published
until 1994, and three-quarters of these were pub-
lished until 2003. Studies were performed in 20
different countries'>!72041434-111 (cited in Table,
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Supplemental Digital Content 2, http://links.lww.
com/PRS/D415). The most commonly used animal
species was the rabbit (57.1 percent), followed by
the rat (26.4 percent), the dog (14.3 percent),
and the pig (2.2 percent). Murine models were
not reported in the literature.

On average, each optimized experimental
model was developed based on the dissection
of 12.14 = 8.01 unconventional perfusion flaps
(median, 10; range, two to 40). Regarding animal
sex, most studies were conducted on male animals
(26.4 percent), or using both male and female ani-
mals (15.4 percent). Only 3.3 percent of studies
reported experiments conducted exclusively on
female animals. However, the majority of the stud-
ies did not specify the sex of experimental animals
(54.9 percent). Concerning anatomical location,
most unconventional perfusion flap models were
performed in the ear (36.3 percent). In decreas-
ing order of frequency, the next most common
anatomical regions used were the abdomen and/
or groin (25.3 percent), the thorax and the abdo-
men (18.7 percent), the hindlimb (13.2 percent),
the forelimb (4.4 percent), and the dorsum (2.2
percent). The most common anatomical regions
used in each species to produce unconventional
perfusion flaps were as follows: the ear in the rab-
bit (63.5 percent), the abdomen and/or groin in
the rat (58.3 percent), and the hindlimb in the
dog (69.2 percent) and in the pig (100 percent).
Multiple vascular patterns were reported in the lit-
erature (Figs. 1 through 5).

The most common vascular patterns were,
in decreasing order of frequency, sliding venous
flaps (40.7 percent), type IA arterialized venous
flaps (20.9 percent), type IIA arterialized venous
flaps (8.8 percent), pedicled arterialized venous
flaps (6.6 percent), and both type IIB arteri-
alized venous flaps and proximally pedicled
venous flaps (5.5 percent each). Infrequent
vascular patterns included type IB arterialized
venous flaps (4.4 percent), type III arterialized
venous flaps (3.3 percent), free venous flow-
through (2.2 percent), and distally based venous
flaps (1.1 percent).

In the majority of cases (54.7 percent), flaps
were placed over well-perfused wound beds. In
18.6 percent of cases, flaps were placed over bare
bone or cartilage. (See Figure, Supplemental Digi-
tal Content 3, which shows a star plot illustrating
unconventional perfusion flap models’ features in
different animal species. AVF, arterialized venous
flap; VF, venous flap; UPF, unconventional perfu-
sion flap, http://links.lww.com/PRS/D416.) In 15.6
percent of the models, an impermeable barrier

was placed under the unconventional perfusion
flap to prevent flap nutrition or gas exchanges
from the wound bed. When rabbits were used,
unconventional perfusion flaps were frequently
based on skeletonized ears or ear segments. In
these cases (11.6 percent of all experimental mod-
els), the flap was also completely dependent on its
own vascular pedicle, not being able to depend
on a vascularized wound bed. In 18.7 percent of
cases, some sort of surgical delay procedure was
performed before flap elevation to increase flap
survival.

Concerning flap composition, most uncon-
ventional perfusion flaps were fasciocutaneous
(85.7 percent; p < 0.001). Flaps included bone
and/or cartilage in 13.2 percent of cases. There
was only one study reporting a myofasciocutane-
ous flap, corresponding to 1.1 percent of all opti-
mized experimental models.!” In almost all cases,
unconventional perfusion flaps were noninner-
vated (91.2 percent; p< 0.001).

Meta-analysis of experimental unconventional
perfusion flaps using a random effects model esti-
mated an overall flap survival rate of 90.8 percent
(95 percent CI, 86.9 to 93.6 percent; p < 0.001).
[See Figure, Supplemental Digital Content 4,
which shows a forest plot of all studies report-
ing unconventional perfusion flap survival rates.
Meta-analysis of experimental unconventional
perfusion flaps using a random effects model esti-
mated an overall flap survival rate of 90.8 percent
(95 percent CI, 86.9 to 93.6 percent; p < 0.001),
http://links.lww.com/PRS/D417.] Study heteroge-
neity assessment for this parameter was as follows:
Cochran Q = 134.98; p < 0.001; P 47.40; and 72 =
1.24. The funnel plot of the studies used to pro-
duce this estimate suggested there was evidence
of publication bias regarding this parameter,
which was further supported by the Egger test
(p<0.001)."3' [See Figure, Supplemental Digital
Content 5, which shows a funnel plot of the stud-
ies used to estimate the survival rate of the experi-
mental unconventional perfusion flaps. This
graphic suggests there is publication bias. This
was confirmed by the application of the Egger test
(p < 0.001). Study heterogeneity assessment for
this parameter was as follows: Cochran Q =134.98;
$<0.001; P =47.40; and 7° = 1.24, http://links.lww.
com/PRS/D418.]

The estimated proportion of experimental
unconventional perfusion flaps presenting com-
plete survival or nearly complete survival was 74.4
percent (95 percent CI, 62.1 to 83.7 percent;
p < 0.001). [See Figure, Supplemental Digital
Content 6, which shows a forest plot of all studies
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Vascular Patterns
Referred to in
the Literature

General Description

Additional
Information

Average Flap
Survival Rate
(%)

First Description

Voulidis 1982 [17]
®

Classifications

96.00 £8.94

Y-shaped ‘
pattern \

Antidromic blood J

—r

(blood flows in the

flow /i /

{ 11A (Woo) (median = 100;

range: 80.0 to 100)

/ Number of papers
’," and Flaps Analyzed

| A Rabbits:6 papers;
: 64 flaps;
_| Rat:4 papers; 44 flaps

opposite direction
of venous valves
| opening in the

afferent vein) l

H-shaped
pattern

/

) Vi

i Iy
AD

First Description

Nakayama 1981 [16]
(E)

Classifications 83.33 + 28.86
B o (median = 100;
range: 50.0 to 100)
‘I Number of papers

and Flaps Analyzed

Rat: 3 papers; 35 flaps;
Dog: 2 papers; 18 flaps;
Pig: 1 paper; 6 flaps

Fig. 2. Schematic representation of arterialized venous flaps with an antidromic blood flow performed in experimental models
according to the literature. Arterialized venous flaps receive arterial blood through one or more of their veins. Arterialized venous
flap venous drainage occurs through one or more veins to neighboring veins and/or arteries. Red areas represent arterial blood
flow. Blue and purple regions denote venous and mixed arterial and venous blood, respectively. The arrows specify the direction
of blood flow. The curved lines inside the vessels illustrate venous valves. First description: in cases where the first description of
the type of unconventional pattern was not performed in the experimental setting (E), the description in the clinical setting is also
indicated. Classifications: The classifications used were those proposed by Woo et al. (Woo SH, Kim KC, Lee GJ, et al. A retrospective
analysis of 154 arterialized venous flaps for hand reconstruction: An 11-year experience. Plast Reconstr Surg. 2007;119:1823-1838)
and by Chen et al. (Chen HC, Tang YB, Noordhoff MS. Four types of venous flaps for wound coverage: A clinical appraisal. J Trauma

1991;31:1286-1293). The drawings are not to scale.

describing the proportion of unconventional
perfusion flaps presenting complete survival or
nearly complete survival. The estimated propor-
tion of experimental unconventional perfusion
flaps presenting complete survival or nearly com-
plete survival was 74.4 percent (95 percent CI,
62.1 to 83.7 percent; p < 0.001), http://links.lwuw.
com/PRS/D419.] Evaluation of study heterogene-
ity regarding this variable was as follows: Cochran
Q =162.77; p < 0.001; P = 71.74; and 7% = 2.58.
The funnel plot regarding the estimation of this
parameter suggested the presence of publication
bias. [See Figure, Supplemental Digital Content 7,
which shows a funnel plot of the studies used to esti-
mate proportion of experimental unconventional
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perfusion flaps that presented complete survival or
nearly complete survival. This graphic might sug-
gest there is publication bias. However, the Egger
test failed to confirm this assumption (p = 0.342).
Evaluation of study heterogeneity regarding
this variable was as follows: Cochran Q = 162.77;
$<0.001; P =71.74; and 72 = 2.58, hitp://links.lww.
com/PRS/D420.] However, the Egger test failed to
support this assumption (p = 0.342).

In all animal species except the pig, most
flaps presented complete or nearly complete sur-
vival. [See Figure, Supplemental Digital Content
8, which shows bar charts illustrating the survival
of the most common types of unconventional
perfusion flaps according to animal species and
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Vascular Patterns
Referred to in
the Literature

General Description

Additional
Information

Average Flap
Survival Rate
(%)

First Description

Germann 1987 [23]
(E)

orthodromically through (
preserved efferent veins)

Anti and orthodromic
blood flow Classifications
J 0
) \ 11l (Woo)
(mixed pattern of T
through and e (median = 0)
against-valve blood flow) ) \ s
umber of papers
and Flaps Analyzed
)
/ / Rabbits:1 paper; 12 flaps;
L,/ Rat:4 papers; 44 fiaps;
Pig:1 paper, 12 flaps
y First Description
Nakayama 1981 [16]
\ (E)
Pedicled arterialized /
venous flap § Classifications
100
[
(blood enters the flap R —
antidromically and leaves \ (median = 100)

Number of papers
and Flaps Analyzed

Rabbit:1 paper; 11 flaps;
Rat:1 paper, 15 flaps

Fig. 3. Schematic representation of arterialized venous flaps with an antidromic and an orthodromic blood perfusion, and ped-
icled arterialized venous flaps performed in experimental models according to the literature. Arterialized venous flaps receive
arterial blood through one or more of their veins. Arterialized venous flap venous drainage occurs through one or more veins
to neighboring veins and/or arteries. Red areas represent arterial blood flow. Blue and purple regions denote venous and mixed
arterial and venous blood, respectively. The arrows specify the direction of blood flow. The curved lines inside the vessels illustrate
venous valves. First description: in cases where the first description of the type of unconventional pattern was not performed in
the experimental setting (E), the description in the clinical setting is also indicated. Classifications: The classifications used were
those proposed by Woo et al. (Woo SH, Kim KC, Lee GJ, et al. A retrospective analysis of 154 arterialized venous flaps for hand
reconstruction: An 11-year experience. Plast Reconstr Surg. 2007;119:1823-1838) and by Chen et al. (Chen HC, Tang YB, Noordhoff
MS. Four types of venous flaps for wound coverage: A clinical appraisal. J Trauma 1991;31:1286-1293). The drawings are not to

scale.

vascular pattern used. AVF, arterialized venous
flap; UPF, unconventional perfusion flap. There
were no statistically significant differences
between the different types of unconventional
perfusion flaps (p < 0.05), http://links.lww.com/
PRS/D421.] In the pig, there was only one study
using a type III arterialized venous fasciocutane-
ous flap. In this model, all flaps suffered com-
plete necrosis.*” No significant differences were
found between unconventional perfusion flap
necrosis rates among the other animal species.
In the same way, no significant differences were
found between survival rates of the different vas-
cular patterns (see Figure, Supplemental Digital

Content 8,  http://links.lww.com/PRS/D421).
Similarly, no differences were found in uncon-
ventional perfusion flap survival rates regard-
ing sex; anatomical location where the flap was
produced; wound bed blood supply, including
the placement or not of an impermeable bar-
rier underneath the flap; resort to surgical delay
procedures; and unconventional perfusion flap
histologic composition and/or innervation.
All articles addressing the clinical features of
unconventional perfusion flaps described flap
congestion, edema, venous engorgement, blis-
ter formation, and/or epidermolysis as constant
findings in the first days after surgery.
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Vascular Patterns
Referred to in
the Literature

General Description

Additional
Information

Average Flap
Survival Rate
(%)

Free venous flow
through flap

(the flap is nourished
exclusively by
venous blood flowing
orthodromically)

First Description
Baek 1985 [21]
(E)

Honda 1984 [95]
©)

Classifications 100

(&
e (median = 100)

Number of papers
and Flaps Analyzed

Dog: 2 papers; 6 flaps

Distally pedicled based
venous flap

First Description
Chang 2003 [65]
(E)
Amarante 1988 [24]
(©)

Classifications 100

gEnen) (median = 100)

Number of papers
and Flaps Analyzed

Rabbit: 1 paper;
10 flaps

Fig. 4. Schematic representation of the free venous flow-through flap and the distally pedicled venous flap performed in experi-
mental models according to the literature. These flaps receive venous blood through one or more of their veins. Drainage of
venous flaps occurs through one or more veins to neighboring veins. Red areas represent arterial blood flow. Blue and purple
regions denote venous and mixed arterial and venous blood, respectively. The arrows specify the direction of blood flow. The
curved lines inside the vessels illustrate venous valves. First description: in cases where the first description of the type of uncon-
ventional pattern was not performed in the experimental setting (E), the description in the clinical setting (C) is also indicated.
Classifications: The classifications used were those proposed by Woo et al. (Woo SH, Kim KC, Lee GJ, et al. A retrospective analysis
of 154 arterialized venous flaps for hand reconstruction: An 11-year experience. Plast Reconstr Surg. 2007;119:1823-1838) and
by Chen et al. (Chen HC, Tang YB, Noordhoff MS. Four types of venous flaps for wound coverage: A clinical appraisal. J Trauma

1991;31:1286-1293). The drawings are not to scale.

DISCUSSION

As far as the authors could determine, this arti-
cle is the first systematic review and meta-analysis
on the experimental use of unconventional per-
fusion flaps. Using a random effects model, the
authors estimated the unconventional perfusion
flap survival rate to be 90.8 percent (see Figure,
Supplemental Digital Content 4, hittp://links.lww.
com/PRS/D417). Moreover, using a similar meth-
odology, the estimated proportion of unconven-
tional perfusion flaps that survive completely or
nearly completely was 74.4 percent (see Figure,
Supplemental Digital Content 6, http://links.lww.
com/PRS/D419). These data indicate that, accord-
ing to the available literature, the majority of
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unconventional perfusion flaps performed in the
experimental setting survived, although a signifi-
cant fraction of these flaps presented a variable
degree of necrosis.

Interestingly, the estimated overall unconven-
tional perfusion flap survival rate in the experi-
mental setting (90.8 percent) was similar to that
reported by the authors in a previous meta-analysis
addressing the clinical application of unconven-
tional perfusion flaps (89. percent).' In contrast,
the estimated proportion of unconventional
perfusion flaps presenting complete or nearly
complete survival was 74.4 percent in the experi-
mental setting, compared with 92.0 percent in the
clinical context.! However, in both meta-analyses,
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Vascular Patterns

i ipti Additional Average Flap
Refer.reﬁ ture i Information Survival Rate
the Literature
(%)
First Description
Amarante 1988 [24]
(E)
Chavoin 1987 [93]
(©)
Classifications 96.08 +5.48
Prox\:"::ﬂ:spfiglc'ed A% 1B (Chen) (median = 100;
= A range: 90.0 to 100)
Number of papers

and Flaps Analyzed

Rabbit: 2 papers; 32 flaps
Dog: 1 paper; 5 flaps

Sliding venous flap

(the flap is fransposed based
exclusively on the
dissected venous network)

1 &t

First Description

Baek 1985 [21]
()

Classifications 89.00 £25.04
. (median = 100;
range: 0 to 100)

Number of papers
and Flaps Analyzed
Rabbit: 21 papers;
320 flaps;

Rat: 9 papers; 146 flaps;
Dog: 6 papers; 85 flaps

d

Fig. 5. Schematic representation of the proximally pedicled venous flap and of the sliding venous flap performed in experimental
models according to the literature. These flaps receive venous blood through one or more of their veins. Venous flap venous drain-
age occurs through one or more veins to neighboring veins. Red areas represent arterial blood flow. Blue and purple regions denote
venous and mixed arterial and venous blood, respectively. The arrows specify the direction of blood flow. The curved lines inside
the vessels illustrate venous valves. First description: in cases where the first description of the type of unconventional pattern
was not performed in the experimental setting (E), the description in the clinical setting (C) is also indicated. Classifications: The
classifications used were those proposed by Woo et al. (Woo SH, Kim KC, Lee GJ, et al. A retrospective analysis of 154 arterialized
venous flaps for hand reconstruction: An 11-year experience. Plast Reconstr Surg. 2007;119:1823-1838) and by Chen et al. (Chen
HC, Tang YB, Noordhoff MS. Four types of venous flaps for wound coverage: A clinical appraisal. J Trauma 1991;31:1286-1293). The

drawings are not to scale.

the majority of unconventional perfusion flaps
presented complete or nearly complete sur-
vival. The differences observed may be partially
explained by the different vascular patterns used
in the experimental and clinical contexts. In the
experimental setting, the most common vascu-
lar constructs were, in decreasing order of fre-
quency, sliding venous flaps (40.7 percent), type
IA arterialized venous flaps (20.9 percent), and
type IIA arterialized venous flaps (8.8 percent). In
the clinical context, the patterns most frequently
reported were type IA arterialized venous flaps
(33.5 percent), type IV arterialized venous arterial
flaps (14.8 percent), and type I venous flap (12.5
percent)."?!

Contrary to what could be expected, no dif-
ferences were found in unconventional perfu-
sion flap survival rates regarding vascular pattern,
sex, anatomical location, wound bed blood sup-
ply (including the placement or not of an imper-
meable barrier underneath the flap), resort to
surgical delay procedures, and unconventional
perfusion flap histologic composition and/or
innervation. This may be attributable to either
inherent meta-analysis limitations (i.e., publica-
tion bias, as negative or neutral results are less
likely to be published and thus to be included in
studies such as this one) or the lack of biological
association.”* Therefore, further experimental
studies addressing these issues are warranted.
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Table 1. Comparison of the Different Animal Species Used for Producing Experimental Unconventional

Perfusion Flaps

Rabbit Rat

Dog Pig

Availability Easy to acquire  Easy to acquire

Acquisition cost Moderate Low

Maintenance cost Low Low

Handling and Requires special ~ Commonly available
maintenance facilities  facilities and
and skills training

Integumentary similarity Significant

to the human differences in in integument

integument integument composition and
composition blood supply;
and blood smaller vessels
supply than those most
commonly used
clinically
Proportion of UPF 57.1% 24.6%

experimental models
in the literature

Significant differences Significant differences

Requires special
facilities and more
stringent evaluation
by ethical committees

Requires special facilities and
more stringent evaluation by
ethical committees

High High

Moderate High

Requires special Requires special facilities and
facilities and training training

Similar to humans in terms of
blood supply architecture
and vessel sizes; differs from
humans because of the
presence of a well-developed
panniculus carnosus and
because of the relatively thick
integument

2.2%

in integument com-
position and blood

supply

14.3%

UPF, unconventional perfusion flap.

The animal species most commonly used
to produce unconventional perfusion flaps
was the rabbit (57.1 percent), followed by the
rat (26.4 percent), the dog (14.3 percent), and
the pig (2.2 percent). Mice were not used for
this purpose. This contrasts with the majority
of the literature on experimental flap surgery,
which indicates that the rat is the most widely
used animal model.? This is certainly because
rabbits and rats are easy to obtain and keep,
relatively inexpensive, and sufficiently large for
microvascular procedures to be performed.?**
Although dogs and pigs have larger vessels, they
are more expensive to obtain and to maintain.
In addition, the use of these animal species has
been submitted to increasingly stringent control
by ethical committees and animal welfare bod-
ies.?! Noteworthily, there were no significant
differences in unconventional perfusion flap
survival rates in the most commonly used animal
species (i.e., rabbit, rat, and dog) (see Figure,
Supplemental Digital Content 8, http://links.lww.
com/PRS/D421).

Concerning flap composition, the majority of
unconventional perfusion flaps were fasciocuta-
neous (85.7 percent). Flaps included bone and/
or cartilage in 13.2 percent of cases. It was possible
to identify a single study reporting myofasciocuta-
neous flaps, corresponding to 1.1 percent of all
experimental models.'” This adds strength to the
widely held belief that unconventional perfusion
is most adequately suited to perfuse tissues with
low metabolic needs, such as those of the integu-
ment, cartilage, and/or bone.'*3
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The authors feel that care must be used when
extrapolating the results of this meta-analysis for
the clinical setting, because there are important
differences between the unconventional perfusion
flaps performed experimentally and those per-
formed in humans (Table 1). Moreover, the blood
supply to the integument of various experimental
animals has been shown to vary substantially from
that reported in humans.*** For example, Taylor
and Minabe® and Taylor and Pan* have shown
that in loose-skinned animals, such as the rabbit,
the rat, or the dog, there is a preponderance of the
direct cutaneous vessels, compared with the domi-
nance of the musculocutaneous vessels in humans
and pigs. Furthermore, experimental animals,
particularly those with loosely draped skin, pos-
sess a layer of smooth muscle in the deep aspect
of the integument known as panniculus carnosus,
which is associated with vascular plexuses of its
own.?”* In humans, this layer is virtually absent in
the majority of the body, being represented mostly
by the platysma and the palmaris longus muscles.
In pigs, the panniculus carnosus layer is present
in most of the integument. However, it is firmly
adherent to overlying skin and to the underlying
muscle fascia, making pig skin apparently a more
suitable model for comparison with the human
integument.* Despite all these data, the only
study conducted on the pig hindlimb to produce
a type III arterialized venous fasciocutaneous flap
revealed complete necrosis of all flaps.?” This may
be explained by the greater thickness of the pig’s
integument relative to that of the other experi-
mental animal species and even humans in the
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usual locations where these flaps are harvested
in this latter species."® In fact, according to most
authors, unconventional perfusion flaps depend,
at least initially, on gas exchanges in the vicinity
of the venous system of the flap, which could help
explain why thin flaps present the best results in
the clinical setting."”%7

Preclinical meta-analyses such as this one have
become increasing frequent in recent years, as
they provide a systematic and reproducible way
to thoroughly identify, assess, and critically evalu-
ate available evidence on a specific experimental
subject.'* Moreover, meta-analyses of animal stud-
ies allow a quantitative estimate with maximal sta-
tistical power, precision, and generalizability to
be obtained, avoiding unnecessary repetition of
experiments, and thus minimizing resource waste
and especially laboratory animal use and suffer-
ing.* This is particularly useful when evidence
is apparently contradictory, as is the case with
unconventional perfusion flaps.*

Clinically, several pressing questions remain
to be addressed to increase the efficacy of these
flaps. For example, several authors have reported
a higher rate of necrosis and subsequent need for
another flap when there is prior bacterial con-
tamination or colonization of the wound bed."*
Nevertheless, to the best of the authors’ knowl-
edge, there are no studies on the susceptibility of
unconventional perfusion flaps to different bac-
teria, in diverse concentrations, associated or not
with foreign bodies. Furthermore, the choice of
the best vascular architecture to increase the sur-
vival of unconventional perfusion flaps clinically
according to the anatomical region being recon-
structed, the size of the defect, and/or the compo-
sition of the flap itself would benefit from a firmer
grasp of the underlying physiologic mechanisms.
Although several authors have proposed algo-
rithms based on their clinical experience and/
or on the revision of clinical series, experimental
data to systematically and unequivocally tackle
these issues are strikingly lacking.!738:41-44

This article presents in a systematic fashion
the available information on the experimental
application of unconventional perfusion flaps.
This, in turn, may aid researchers in conducting
studies aimed at answering several of the yet lin-
gering questions regarding the clinical applica-
tion of these flaps.

Limitations
This study may be affected by several types of
bias, as occurs in all meta-analyses, particularly

retrospective meta-analyses, such as this one.**

One of the problems of including unconventional
perfusion flaps performed in different animal spe-
cies using multiple vascular patterns is that there
is a variable degree of inherent heterogeneity. In
fact, this heterogeneity was confirmed for both
population estimates using the Cochran Q test
(p<0.001). The authors tried to partially circum-
vent this problem by using random effects models
for estimating population parameters.'®

Another major potential caveat of this study
was the effect of publication bias. The latter bias
reflects the observation that positive results are
more likely to be published compared with neu-
tral or negative ones. The Egger test supported
the presence of this type of bias for the estimate
of overall unconventional perfusion flap survival
but failed to support it in the estimation of the
proportion of unconventional perfusion flaps
whose survival was complete or nearly complete.
It is widely accepted that the most efficacious way
to downplay the effect of publication bias is to per-
form a systematic and comprehensive review of
the literature, as was performed in this study.**
In addition, the authors have strictly adhered to
the widely accepted Preferred Reporting Items for
Systematic Reviews and Meta-Analyses checklist for
systematic reviews and meta-analyses to minimize
the risk of committing methodologic mistakes.*’**

Finally, the authors believe that although this
article has the significant merit of providing a syn-
thesis of the available literature regarding the use
of experimental unconventional perfusion flaps,
it contributes only modestly to understanding
the mechanisms underlying the survival or necro-
sis of these flaps, making further studies in this
field warranted. Ideally, a large-animal study in
primates could help to elucidate more perfectly
the mechanisms of unconventional perfusion flap
perfusion, viability, and overall survival in humans.
However, such a study would be logistically vexing
and expensive to conduct.

CONCLUSIONS

According to the present data, the majority of
unconventional perfusion flaps performed in the
experimental setting survive (90.8 percent; 95 per-
cent CI, 86.9 to 93.6 percent; p < 0.001). Further-
more, survival is complete or nearly complete in
an estimated 74.4 percent of cases (95 percent CI,
62.1 percent to 83.7 percent; p < 0.001). Although
the most common vascular patterns reported in the
literature were sliding venous flaps (40.7 percent)
and type IA arterialized venous flaps (20.9 percent),
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statistical scrutiny failed to establish the superiority
of a given vascular pattern between different stud-
ies. There were no significant differences in uncon-
ventional perfusion flap survival rates in the most
commonly used animal species (i.e., rabbit, rat, and
dog). These data suggest that the rabbit, rat, and
canine experimental unconventional perfusion
flap models can adequately mimic the clinical appli-
cation of unconventional perfusion flaps.
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