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Abstract Background Reconstruction of large soft tissue defects of the lower extremity often
requires the use of free flaps. The main limiting factor and potential for complications
lie in the selection of proper donor and recipient vessels for microvascular anastomosis.
While the superficial veins of the lower leg are easier to dissect, they are thought to be
more vulnerable to trauma and lead to a higher complication rate when using them
instead of the deep accompanying veins as recipient vessels. No clear evidence exists
that proves this concept.

Methods We retrospectively studied the outcomes of 97 patients who underwent
free flap plasty to reconstruct predominantly traumatic defects of the lower extremity
at our institute. The most used flap was the gracilis muscle flap. We divided the
population into three groups based on the recipient veins that were used for
microvascular anastomosis and compared their outcomes. The primary outcome
was the major complication rate.

Results Overall flap survivability was 93.81%. The complication rates were not higher
when using the great saphenous vein as a recipient vessel when comparing to utilizing

Keywords the deep concomitant veins alone or the great saphenous vein in combination to the
> microsurgery concomitant veins.
= free tissue flaps Conclusions In free flap surgery of the lower extremity, the selection of the recipient
= reconstructive veins should not be restricted to the deep accompanying veins of the main vessels. The
surgical procedures superficial veins, especially the great saphenous vein, offer an underrated option when
= lower extremity performing free flap reconstruction.
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Introduction

The possibilities for reconstruction of large-area tissue
defects of the lower extremity have improved significantly
in recent decades as a result of the development of recon-
structive microsurgical techniques.L2 Whereas historically
amputation of limbs was the only option for severe trauma or
infections, the focus has now shifted to limb salvation
following a protocol of extensive debridement and soft tissue
cover with free flap procedures.> Nowadays, flap failure rates
generally lie in the single-digit percentage due to refined
microsurgical training and establishment of microsurgical
centers in the recent past.z'4 However, the success rate is
lowest in areas below the knee compared with the other
anatomic regions even in the hands of most skilled surgeons.
This fact is mainly owed to higher amounts of vascular
complications regarding the donor and, especially, recipient
vessels.”~/ Since the donor vessels cannot be altered easily,
big emphasis should be placed on the selection and prepara-
tion of the recipient vessels.3"'0 Preoperative angiography
can help the surgeon identifying suitable vessels. Janhofer
et al describe an additional venous duplex assessment to find
any venous pathologies since venous thrombosis is consid-
ered to be a frequent source of flap failure.'"'2 It is believed
that, especially, the superficial venous system suffers from
“posttraumatic vessel disease” because they are more ex-
posed and should therefore not be primarily used.”® This
condition has been first mentioned by Acland which
describes the usual injured and fibrotic state of the vessels
in the trauma zone.'> For that reason, location of the
anastomosis is believed to be most optimal when it is placed
outside the harmed field.”* Ambiguity also exists as to
whether more than one vein should be anastomosed and
whether the superficial system should be routinely used or
should only be considered as a last resort option.'%!°

In this retrospective study, we want to assess the out-
comes of patients who underwent free flap reconstruction in
the lower extremity at our institute and examine the influ-
ence of the routine utilization of the saphenous vein as a
recipient vessel. To the best of our knowledge, there exists no
published study that explored this specific question when
using free muscle flaps.

Methods

Study Design

We retrospectively studied the demographics and outcomes of
97 patients who underwent free flap procedures at the lower
extremity of mostly posttraumatic defects at our institute in
the last 3.5 years. Patients who were younger than 16 years or
died within 30 days after operation were excluded from this
study. We obtained the approval of the responsible ethics
committee and institutional board before data acquisition and
performed the study in accordance to the Declaration of
Helsinki in its current version and followed the STROBE guide-
lines.'®!” The study is approved by the institutional review
board (IRB; registration number: HCRI ID 2020-0135). We
extracted the relevant variables from the digital patient files

and entered them into a pseudonymized database separated
from the decryption key. Maximum follow-up was set to a
minimum of 60 days postoperatively.

Variables and Outcomes

We extracted the following data from the patient files: age,
sex, etiology, body mass index, American Society of Anes-
thesiologists (ASA) Physical Status Classification, relevant
medical history, that is, diabetes mellitus, peripheral vascu-
lar disease (PVD), recipient vessels and technique of anasto-
mosis, flap choice (gracilis or latissimus dorsi flap), and
major and minor complications. The primary outcome was
the major complication rate. The secondary outcome was the
minor complication rate. Minor complications included he-
matomas, minor infections, and minor flap necrosis and
major complications included major flap necrosis requiring
flap revision and any unplanned revision due to vascular
complication. Patients with incomplete data were excluded.

Statistical Methods

Patients were divided into three groups. Patients in group one
exclusively had venous anastomosis at the level of the deep
venous system (i.e., concomitant veins). Patients in the second
group had at least one venous anastomosis utilizing the great
saphenous vein and one venous anastomosis utilizing a con-
comitant deep vein. The third group only included patients that
utilized the great saphenous vein as recipient vein. Demograph-
ics and characteristics of the groups were displayed in a
contingency table by using basic descriptive statistical methods.
Both the Fisher’s exact test and the Freeman-Halton extension
of the Fisher’s exact test were used to calculate the effect of the
recipient veins and the choice of flap on the rate of major and
minor complications. SPSS Statistics software (version 20; SPSS
Inc., Chicago, IL) was used for analysis. Results were classified as
significant when p-values were smaller than 0.05.

Results

Descriptive Data

A total of 97 patients underwent free flap reconstruction at
the lower extremity who met the inclusion criteria. Two
patients were excluded because they met the exclusion
criteria. All patients underwent multiple operations and
negative wound pressure therapy to condition the defect
prior to reconstruction. The arterial anastomosis was usual-
ly, manually sewn with Ethilon 8-0 single suture. The most
often used artery was the posterior tibial artery
(PTA; =Table 1, n =52) followed by the anterior tibial artery
(ATA; n=45). The arteries were sewn primarily in end-to-
side fashion (n=77). The decision on the selection of the
recipient veins in each case depended on the quality of the
available veins. We tried to establish at least two venous
anastomoses. In 42 patients, two venous anastomoses could
be established. In 55 patients, only one venous anastomosis
was achievable. The venous anastomoses in our cases were
mostly done via coupler-device (n=133). The coupler size
ranged from 1.5 to 3.0 mm. The veins were manually sewn
when the size mismatch was greater than 1 mm (n=6). All
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Table 1 Patients demographics
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| bV (n=48) | DV Gsv (n=26) | Gsv (n=23)
Injury cause
Trauma (n=62) 32 (66.67) 15 (57.7) 15 (65.22)
® Infection (n=17) 9 (18.75) 4 (15.38) 4(17.39)
e Other (n=18) 7 (14.58) 7 (26.92) 4(17.39)
o Defect location
® Foot and ankle (n=50) 20 (41.67) 16 14
e Distal lower leg (n=42) 23 (47.91) 10
® Proximal lower leg (n=5) 5(10.42) 0
Gender
e Male (n=55) 30 (62.5) 15 (57.69) 10 (43.48)
e Female (n=42) 18 (37.5) 11 (42.31) 13 (56.52)
Mean age (y) 60.0 +17.96 55.81+14.3 56.55 +20.5
Mean BMI (kg/m?) 29.65+6.4 27.24+4.66 25.88£6.08
PVD (n=14) 8 (16.67) 4 (15.38) 2(8.7)
Diabetes mellitus(n =30) 16 (33.33) 8 (30.77) 6 (26.09)
Flap choice
1. Gracilis (n = 80) 38 (79.17) 23 (88.46) 19 (82.61)
® Flap size (m?) 1.26 +£0.21 1.24+0.19 1.25+0.21
2. Latissimus dorsi (n=17) 10 (20.83) 3(11.54) 4(17.39)
® Flap size (m?) 4.1440.65 4.084+0.93 4.10+0.74
ASA Classification
ASA | (n=27) 11 (22.92) 8 (30.77) 8 (34.78)
e ASAIl (n=41) 16 (33.33) 14 (53.85) 11 (47.83)
e ASA Il (n=28) 20 (41.67) 4 (15.38) 4 (17.39)
e ASAIV(n=1) 1(2.9) 0 (0) 0 (0)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body
vascular disease.
Note: Data reported as n, n (%), or mean + standard deviation.

anastomoses were done under the microscope. Postopera-
tively the patients were monitored on the intensive care unit
for at least 24 hours before returning to normal care. Inten-
sive flap monitoring was performed through clinical and
Doppler examinations for at least 5 days. Nine patients
suffered from minor complications (superficial skin infec-
tions: n=4, partial loss of skin graft: n=4, and seroma
formation: n=1). Eleven patients in total suffered from
major complications requiring unplanned reoperation due
to vascular complications. In all 11 cases, the arterial anas-
tomosis was revised due to thrombosis. In five cases, the flap
could be salvaged completely. In the other six cases, the flap
could not be saved. All of the flap loss patients suffered from
PVD and diabetes mellitus. The flap survival rate in total was
93.81%. The most prevalent cause for the defect was trauma
(=Table 2, n=62) followed by infection (n=17) and other
causes (n=18) such as postoperative wound dehiscence
after elective surgery. The flap size did not differ significantly
between the three groups. The mean age of all patients was
57.8 +17.4 years. In the majority of cases, the gracilis muscle

mass index; DV, deep vein; GSV, great saphenous vein; PVD, peripheral

flap (n=80) with skin graft was chosen over the latissimus
dorsi muscle flap (n=17). In few of these patients, we
harvested a skin paddle along the gracilis muscle in the
sense of a transverse myocutaneous gracilis flap
(TMG; =Fig. 1). Forty-eight patients were organized in group
one (deep veins [DV]), 26 patients formed group two (DV and
great saphenous vein [GSV], i.e.,, DV + GSV) and 23 patients
were arranged into the third group (GSV).

Outcome Data

Recipient Veins

The two-tailed Freeman-Halton extension of the Fisher’s exact
test statistic value comparing the effect of the three groups on the
major and minor complication rate was 0.919 and 0.999, respec-
tively (=Table 3). The result was not significant at p < 0.05.

Flap Choice
The Fisher’s exact test statistic value comparing the effect of
flap choice on the major complication rate was 0.022
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Table 2 Characteristics of the microvascular anastomosis

| bV (n=48) | V1 Gsv (n=26) | Gsv (n=23)

Recipient artery

® ATAES (n=34) 20 (41.67) 8 (30.77) 6 (26.08)

® ATAEE(n=11) 3(6.25) 6 (23.08) 2 (8.7)

e PTAES (n=43) 20 (41.67) 10 (38.46) 13 (56.52)

e PTAEE (n=9) 5(10.42) 2 (7.69) 2(8.7)
Number of venous anastomosis

® Two (n=42) 16 (33.33) 26 (100) 0(0)

e One (n=55) 32 (66.67) 0 (0) 23 (100)
Venous anastomosis technique

e Coupled (n=74) 59 52 22

e Hand sewn (n=5) 5 0 1

Abbreviations: ATA, anterior tibial artery; DV, deep vein; E-E, end to end; E-S, end to side; GSV, great saphenous vein; PTA, posterior tibial artery.

Note: Data reported as n or n (%).

Fig. 1 Free flap reconstruction after open tibial fracture (Gustillo’s type
3b) with bone and soft tissue defect. (A) Intraoperative photograph of a
74-year-old female patient with a traumatic defect at the right medial distal
lower leg. (B) Intraoperative photograph of the recipient vessels.

(C) Intraoperative photograph after insertion of a TMG flap. (D) Photograph
at follow-up after 2 weeks postoperatively. GSV, great saphenous vein; PTA,
posterior tibial artery; PTV, posterior tibial vein.

(=Table 4). The result was significant at p <0.05. When
comparing the effect of the flap choice on the minor com-
plications rate, the statistic value was 0.008. The result was
also significant at p < 0.05.

Discussion

The selection of suitable recipient vessels for free flap plasty of
the lower extremity remains a controversial topic. The main
focus in the literature so far has been the investigation of the
arterial recipient vessels.® " In this study, we took a closer look

Table 3 Outcomes regarding choice of muscle flaps

Major p-Value minor p-Value
complications complications
Gracilis 6 (7.5%) 0.022° | 4(5%) 0.008°
(n=380)
Latissimus 5(29.4%) 5(29.4%)
dorsi
(n=17)

Statistically significant.

Table 4 Outcomes regarding choice of recipient veins

Major p-Value Minor p-Value
complications complications

DV 5 (10.42%) 0.919 5 (10.42%) 0.999

(n=48)

DV+GSV | 3(11.54%) 2(7.7%)

(n=26)

GSV 3 (13.04%) 2(8.7%)

(n=23)

Abbreviations: DV, deep vein; GSV, great saphenous vein.

at venous recipient vessels, especially the saphenous vein as
part of the superficial venous system. The majority of pub-
lished articles avoid the use of the superficial system, as they
are usually predamaged by trauma or infectious processes due
to their exposed location and suffer from the so-called post-
traumatic vessel disease.”-'%' It is discussed whether these
vessels suffer more often from vascular complications, such as
venous thrombosis, after microsurgical anastomosis.”'%#
Due to the communication of the superficial and the deep
venous system via perforator veins, the thrombus may then
pass from the superficial to the deep system. This theoretical
scenario means that it must be explored whether such veins of
the superficial system as potential recipient vessels should be
avoided and if anastomoses should be limited to the
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concomitant veins of the arteries. In clinical practice, however,
there is only a limited selection of suitable venous connection
vessels in the lower extremity, so that such selective demands
cannot always be met.>!" Reasons for the loss of function
of the venous vessels can be the consequences of
traumatic/infectious processes, acute (e.g., thrombophlebitis
and deep vein thrombosis), and chronic venous diseases (e.g.,
varicosis and chronic venous insufficiency).15

Lorenzo et al also evaluated the impact of the type of
venous anastomosis on the flap outcome of microsurgical
lower extremity reconstruction.’ They describe venous in-
sufficiency as most common cause for reexploration. The
superficial venous system was associated with a higher rate
of complications compared with the deep venous system.
Additionally one-vein anastomosis flaps were associated
with fewer complete flap failures in comparison, with two-
vein anastomosis flaps. The findings in our study contradict
to what Lorenzo et al described. We believe that these
differences could be related to the technique of anastomosis
(e.g., hand sewn anastomosis vs. coupler device).

From our clinical experience and after evaluation of our
patient data, we do not consider the use of the superficial
venous system, especially here the great saphenous vein to
be problematic. In our study, we investigated whether the
great saphenous vein as a recipient vessel would lead to an
increase in the complication rate in free muscle flap plasty
(gracilis and latissimus dorsi). We examined 97 patients for
this purpose. In 26 patients, at least one of the two connect-
ing vessels was the great saphenous vein. In 23 patients, the
great saphenous vein was the only viable option as a recipi-
ent vein. In 48 patients, the connecting vessels were exclu-
sively limited to the deep venous system.

The three patient collectives were comparable concerning
their demographicdata (=Table 1). Thus, all characteristics are
represented with approximately the same frequency and do
not show any major differences. The great saphenous vein as a
superficial vein is more often exposed to the forces during
high-energy traumas of the lower extremity. It is remarkable,
however, that a high number of usable veins of the superficial
system were still present and could be coupled in many
posttraumatic states. In our clinical practice, we do not prefer
one vein over the other. Only the intraoperative quality,
condition, reachability, and size decide on their use. Preopera-
tive angiography helps us to assess in advance. Our regular goal
is to connect at least two veins whenever possible. Only in
defects of the proximal lower leg, we find the GSV as not as
suitable as the concomitant veins because of the higher
distance to the arterial recipient vessel. The selection of venous
anastomoses did not show a statistically significant influence
on the rate of minor and major complications (=Table 3). In
none of our cases, a venous vascular complication occurred.
The reasons for major complications leading to complete flap
loss were in all cases due to arterial thrombosis in patients
with PVD and diabetes mellitus. These data support our
approach and could show that the saphenous vein is an
important recipient vessel for the microvascular connection
of free flap plasty in the lower extremity and should always be
considered. Microsurgical practices that regularly avoid the
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superficial venous system on the lower extremity in trauma
patients should be critically discussed.'®

The different results regarding the choice of flap
(=Table 4) are compatible with the literature. The latissimus
dorsi flap as the largest possible muscle flap is reserved only
for very large defects. In some previous studies, an increase
in the complication rate with the size of the defect to be
covered has been demonstrated.’®

The group of patients examined here showed many previ-
ous diseases. A large proportion of them were suffering from
PVD and diabetes mellitus. The average BMI value was also in
the overweight range. A selection bias in favor of patients, who
were too healthy, should, therefore, be excluded. Only the
moderate sample size could reduce the test strength and the
informative value. This was counteracted by the use of the
exact Fisher’s test. The knowledge gained here should apply to
the general patient population with free flap surgery of the
lower extremity to a limited extent, since retrospective studies
can never clearly prove a causal relationship and the influence
of confounding variables cannot be assessed entirely. Finally,
all patients were operated by the senior surgeon and last
author which should better validate our findings.

In free flap surgery of the lower extremity, the selection of
the recipient veins should not be restricted to the deep
accompanying veins of the main vessels. The superficial veins,
especially the great saphenous vein, offer an underrated option
when performing free flap reconstruction. In our retrospective
study, we did not find anincreased complication rate in the use
of the saphenous vein as a recipient vein for free flap plasty for
reconstruction of the defects of the lower extremity.
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