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Introduction 

Venous skin ulcer is the most severe form of chronic venous disease, which af-
fects 1% to 3% of the general population and up to 4% of people aged ≥ 80 years 
[1,2]. The high recurrence rate of chronic venous ulcer (CVU) can cause signifi-
cant physical and emotional distress to the patient, as well as high socioeconomic 
losses. Moreover, the incidence of CVU tends to increase with age and obesity, re-
sulting in a gradual increase in social loss. It has been reported that 2.5 million to 
3.0 million Americans are affected by venous insufficiency, with at least 600,000 
patients suffering from chronic leg ulcers; as a result, the annual economic bur-
den has reached up to $15 billion [3]. Although it is not a life-threatening disease, 
patients with CVU experience a significant decline in quality of life due to the 
high recurrence rate and severity of the symptoms. Despite this, a standardized 
treatment regime for CVU has not been established. 

The key points for the treatment of CVU are wound management and lifelong 
compression therapy. Compression therapy is known to be an effective method 
for reducing edema and controlling venous hypertension, which has been identi-
fied as the cause of venous ulcers, and is actively used to treat venous ulcers [4,5]. 
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Purpose: This study conducted a comparative analysis of the effectiveness of 
split-thickness skin grafts (STSGs) and free flaps of the lateral thoracic region per-
formed for coverage after extensive debridement in patients with difficult-to-treat 
chronic venous ulcers (CVUs) with severe symptoms. 
Methods: This retrospective, single-center study included 20 patients (28 cases) with 
CVUs. Patients who received an STSG or free-flap procedure were included in the 
study. Data comparing these two groups were analyzed. 
Results: The STSG and free-flap groups showed no significant differences in patient 
demographics. There was no significant difference in wound size before and after de-
bridement between the two groups (before, 52.25±58.03 cm2 vs. 37.69±32.83 cm2, 
p=0.407; after, 210.92±202.80 cm2 vs. 142.63±84.01 cm2, p=0.291). Wound disruption 
was not significantly different between the groups (p=0.231). However, a significant 
difference was found in recurrence between the STSG group (n=7, 58.3%) and the 
free-flap group (n=1, 6.3%) (p=0.004). 
Conclusion: Free-flap surgery may be a good option for difficult-to-treat, recurrent 
CVU. Because venous ulcers require extensive debridement, a lateral thoracic region 
free flap, which enables the harvest of large and various forms of flaps, could be the 
best choice for microsurgery. 
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Moreover, various biophysical therapies, including ultrasonog-
raphy, electrostimulation, and phototherapy, have been used in 
recent years to treat CVU, while other methods, including stem 
cell therapy, plasma therapy, oxygen therapy, and antitumor ne-
crosis factor therapy, have also been attempted. However, the 
clinical efficacy of these treatment modalities still needs to be 
proven and many of these methods are still in the experimental 
stage [6]. 

Surgical treatment is designed to promote the improvement 
of venous drainage and recovery of tissue damage, for which 
sclerotherapy, ligation or ablation of veins, venous valve recon-
struction, and endoscopic perforator vein surgery may be con-
sidered. However, approximately one in five venous ulcer cases 
show no healing after 1 year despite such treatment [4]. For pa-
tients with repeated recurrence and severe open wounds, ex-
tensive debridement of pigmentation, eczema, and lipoderma-
tosclerosis near the CVU may be unavoidable. Furthermore, a 
skin graft and tissue free-flap procedure may be performed on 
the defect that results from debridement. 

The objective of the present study was to compare and assess 
the effectiveness of a split-thickness skin graft (STSG) and the 
free flap of lateral thoracic region procedure performed for 
coverage after extensive debridement at Hanyang University 
Medial Center in patients with a difficult-to-treat CVU with 
severe symptoms. 

Methods 

Ethics statement: The study was conducted with approval from 
the Institutional Review Board of Hanyang University College of 
Medicine (No. 2022-05-007). Written informed consent for publi-
cation of the clinical images was obtained from the patient.

The study was a retrospective study of patients with CVU 
who received surgical treatment in our institution between May 
2013 and January 2022. The diagnosis of CVU was based on a 
clinical diagnosis; among patients with pain, fatigue, and heavi-
ness in the legs, those with the severe form of open wounds 
with edema, hyperpigmentation, and eczema were diagnosed 
with CVU. The patients who received simple debridement and 
negative-pressure wound therapy were excluded from the 
study. Only patients who received STSG and free flap of lateral 
thoracic region procedures were included in the study; data 
comparing these two groups were analyzed. 

1. Patients 
Patient demographics and characteristics were obtained from 

electronic medical records. Sex, age, body mass index (BMI), 
defect size, and comorbidities (diabetes mellitus, hypertension, 
and rheumatoid arthritis) were included. The same patient re-
ceiving multiple rounds of STSG, patients who underwent a 
subsequent free-flap procedure after STSG, and the same pa-
tient receiving surgical treatment on other affected areas were 
all included in the study data as separate cases. 

2. Surgical methods 
All surgical procedures were performed by three experienced 

surgeons as a one-stage operation with concurrent debride-
ment and coverage. Debridement involved wide excision of at 
least 2 cm and up to 11 cm from the wound margin. The extent 
of the debridement was decided based on the clinical determi-
nation on tissue conditions such as pigmentation and lipoder-
matosclerosis near the wound; the focus was on sufficient exci-
sion more than the defect size to be covered after debridement. 
Debridement was performed up to the suprafascial layer, and if 
the ulcer was already deeper than that, excision was performed 
including the muscle layer depending on the wound state. 
During the procedure, visibly abnormal vessels were ligated. 
Two methods were used for coverage. For STSG, the skin was 
harvested from the thigh according to the defect size, and when 
necessary, meshed STSG or Matriderm (MedSkin Solutions Dr. 
Suwelack AG, Billerbeck, Germany) was used. For the free-flap 
procedure, we selected the lateral thoracic area as the donor site 
and mainly used the right side. The flap was harvested in vari-
ous forms, such as a perforator, musculocutaneous, or chimeric 
flap, depending on the defect size and character. For the perfo-
rator type, the thoracodorsal artery perforator flap was used, 
and for the musculocutaneous type, the latissimus dorsi muscle 
was used. In addition, in the case of the chimeric type, the tho-
racodorsal artery perforator flap and the serratus anterior mus-
cle flap were harvested together and used. As we mentioned 
above, since debridement was performed on the suprafascial 
layer, a perforator flap that can obtain a thin flap for aesthetic 
benefit after coverage was preferred. However, when an appro-
priate perforator could not be found or the depth of the defect 
was up to the muscle layer, a musculocutaneous flap type was 
used to acquire more sufficient volume. In the case of a chime-
ric-type flap, it was performed when a deep vessel was exposed 
after debridement or when a defect in some muscle layer re-
mained after coverage using a perforator flap. For the recipient 
vessel, the anterior tibial or posterior tibial vessel was used de-
pending on the location of the defect; it was determined by ref-
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erencing preoperative computed tomography angiography re-
sults (Fig. 1). 

The choice of surgical method was decided according to the 
surgeon’s judgment comprehensively considering clinical fea-
tures including defect size and vessel patency. Procedures such 
as perforator ligation surgery, sclerotherapy, and valve surgery 
were not performed before surgery. And in both groups, com-
pression therapy was started 2 weeks after surgery if there were 
no complications. Compression was initially performed using 
an elastic bandage and was replaced with compression gar-
ments when the wound was stabilized and maintained continu-
ously. Recurrence was defined as a newly discovered skin ulcer 
in the covered area or surrounding area within 6 months after 
surgery, regardless of the surgical method. 

3. Statistical analyses 
Categorical data were expressed as a percentage and analyzed 

using the chi-square or Fisher exact test. Continuous variables 
were calculated as the mean and standard deviation for com-
parison with a two-sided t-test and Levene test of equal vari-
ances. In cases where the same patient had received multiple 
surgical treatments, the outcome of each surgical treatment was 
analyzed separately according to the surgical method. The sta-
tistics derived reflect the data at the time of surgery. A p-value 

of < 0.05 was considered statistically significant. All analyses 
were performed using IBM SPSS Statistics ver. 25 (IBM Corp., 
Armonk, NY, USA). 

Results 

A total of 20 patients were included in the study: seven re-
ceived STSG, 13 received free-flap procedures, and four re-
ceived both. A comparison between the STSG and free-flap 
groups showed no significant difference in sex (p = 0.253). Fur-
thermore, there was no significant difference in mean age be-
tween the STSG (46.5 ± 18.45 years) and free-flap groups 
(52.0 ± 16.30 years) (p = 0.411). In addition, no significant dif-
ferences in height (p = 0.860) or BMI (p = 0.302) were observed 
between the two groups. Measurement of ulcer size before de-
bridement showed a larger mean defect size in the STSG group 
(52.25 ± 58.03 cm2) than in the free-flap group (37.69 ± 32.83 
cm2); however, the difference was not significant (p = 0.407) 
(Table 1). 

There were 12 cases in total of STSG, of which Matriderm 
and meshed STSG were used in two each. The mean period for 
recurrence of venous ulcer after STSG was 5.14 ± 6.72 months. 
Meanwhile, there were 16 free-flap procedures, in which all pa-
tients had a history of receiving surgical treatment before the 

Fig. 1. A 27-year-old male patient with a chronic venous ulcer in the left lower leg previously received split-thickness skin grafts 
twice but relapsed. He complained of severe pain and recurring open wounds, which caused a detrimental impact on his daily life. (A) 
A skin ulcer with necrotic tissue, pigmentation of the surrounding soft tissue, and lipodermatosclerosis is observed. (B) After extensive 
debridement of the skin ulcer and surrounding tissue, coverage was performed using a thoracodorsal artery perforator flap. The posterior 
tibial vessel was used as the recipient vessel. (C) A photograph taken 9 months after surgery. No recurrence was observed, and the 
previous symptoms had all disappeared. In addition, the degeneration of the surrounding skin was resolved, providing satisfactory 
aesthetic results.
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flap procedure. There were 11 patients who had previously re-
ceived STSG for skin ulcers, and there was one who received up 
to four rounds of skin graft due to continued recurrence after 
the surgery. The mean follow-up period after the free-flap pro-
cedure was 35.63 ± 28.27 months. With respect to the flap type, 
a perforator and musculocutaneous flap were harvested in 10 
and three cases, respectively, while a chimeric type of flap was 
harvested in three cases, in which the serratus anterior muscle 
was elevated together with the thoracodorsal artery perforator 
flap. The mean flap size was 152.00 ± 91.83 cm2. Partial flap loss 
occurred in three cases; healing was achieved in all cases 
through dressing and revision under local anesthesia. Mean-
while, there were no cases of total flap loss (Table 2). 

Measurement of ulcer size after surgical debridement also 
showed a larger mean defect size in the STSG group (210.92 ±  
202.80 cm2) than in the free-flap group (142.63 ± 84.01 cm2), 
just as with before debridement, although the difference was 
not significant (p = 0.291). Wound disruption after coverage 
was found in five and three cases, respectively, showing no sig-
nificant difference between the groups (p = 0.231). Wound dis-
ruption occurred in one of the two cases in which Matriderm 
was used with STS, and was healed by dressing. With respect to 
recurrence, there was a significant difference in recurrence be-
tween the STSG (n = 7, 58.3%) and free flap groups (n = 1, 
6.3%) (p = 0.004; Table 3). 

Discussion 

For CVU, surgical treatment such as sclerotherapy, valve re-
construction, and perforator vein surgery could be considered 
for improvement of the venous system causing CVU. However, 
patients with the chronic venous disease who have more severe 
pain and itching or have an open wound (Clinical-Etiolo-

gy-Anatomy-Pathophysiology classification C6) may need 
more aggressive treatment. The treatment could be designed to 
remove the venous system that is causing the problem by per-
forming extensive debridement on the wound and surrounding 
tissues that have begun to deform, followed by coverage of the 
defect. 

Bitsch et al. [7] performed STSG on chronic leg ulcer cases 
and analyzed the prognosis of traumatic, arterial, and venous 
ulcers; STSG performed on venous ulcer cases showed a recur-

Table 1. The patients’ characteristics

Characteristic STSG Free flap p-value
No. of cases 12 16
Sex, male:female 9 (75.0):3 (25.0) 8 (50.0):8 (50.0) 0.253
Age (yr) 46.5±18.45 52.0±16.30 0.411
Height (cm) 168.60±5.51 163.31±9.98 0.086
Body mass index (kg/m2) 25.11±3.77 23.16±5.51 0.302
Comorbidity
  Hypertension 5 (41.7) 3 (18.8) 0.231
  Diabetes melliuts 2 (16.7) 3 (18.8) >0.999
  Rheumatoid arthritis 1 (8.3) 5 (31.3) 0.196
Wound size (cm2) 52.25±58.03 37.69±32.83 0.407

Values are presented as number only, number (%), or mean ± standard deviation.
STSG, split-thickness skin graft.

Table 2. Free flap characteristics

Characteristic Data (n=16)
Previous STSG history 11 (68.8)
Follow-up (mo) 35.63±28.27
Flap type
  Perforator 10 (62.5)
  Musculocutaneous 3 (18.8)
  Chimeric 3 (18.8)
Flap size (cm2) 152.00±91.83
Flap loss
  Partial 3 (18.8)
  Total 0 (0)

Values are presented as number only, number (%), or mean ± standard 
deviation.
STSG, split-thickness skin graft.

Table 3. Surgical outcomes

Variable STSG (n=12) Free flap (n=16) p-value
Defect size (cm2) 210.92±202.80 142.63±84.01 0.291
Wound disruption 5 (41.7) 3 (18.8) 0.231
Recurrence 7 (58.3) 1 (6.3) 0.004

Values are presented as number (%) or mean ± standard deviation.
STSG, split-thickness skin graft.
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rence rate of 14% after 1 year. However, other studies have 
shown that recurrence is more common after a skin graft for 
CVU. Turczynski and Tarpila [8] performed STSG in 51 cases 
of venous ulcer and reported a recurrence rate of 43%, with a 
mean period of 4 months until such recurrence. Moreover, 
Abisi et al. [9] reported a recurrence rate of 42% based on a fol-
low-up of up to 4 years in 72 cases of venous ulcers. In the pres-
ent study, the recurrence rate after STSG was 58.3%, which was 
relatively higher than that of previous studies, while long-term 
follow-up of at least 1 year showed recurrence in all patients. 
Such findings indicated that it would be difficult to resolve ve-
nous hypertension, which is the fundamental cause of CVU, by 
debridement and coverage with simple tissue-like skin. STSG 
may be an option for incurable CVUs, but considering the 
pathophysiology of venous ulcers, a long-term therapeutic ef-
fect may not be expected, and as a result, there may be frequent 
recurrences. 

Meanwhile, coverage by a free flap has been reported in vari-
ous previous studies. Kumins et al. [10] reported no recurrence 
based on a long-term follow-up after a free-flap procedure us-
ing the rectus abdominis or latissimus dorsi in 24 cases of 
non-healing venous ulcer, including recurrences after STSG. 
Isenberg [11] treated CVU using a radial forearm fasciocutane-
ous free flap and reported satisfactory outcomes in short- and 
long-term follow-ups. In the present study, treatment of venous 
ulcers using a free flap showed a recurrence rate of 6.3%, which 
was significantly lower than that of 58.3% after STSG. It is be-
lieved that this could be due to the free flap resolving venous 
stasis caused by the dysfunctional venous valve, which has been 
identified as a cause of venous ulcers. Healthy tissue harvested 
for the free-flap procedure contains many normal valves, which 
can store and drain venous blood by replacing abnormal tissue 
[10]. While sclerotherapy [12], valvuloplasty [13], and emboli-
zation/ligation of veins, perforator vessels, and feeding vessels 
[14] are being attempted as surgical treatment for venous insuf-
ficiency, these are procedures performed on localized veins and 
are methods that simply “repair” the abnormal vein system. On 
the other hand, free-flap surgery that can “replace” many 
healthy venous systems can theoretically be a fundamental 
treatment modality for venous ulcers. Healthy tissue grafted in 
this manner can block the hemodynamic vicious cycle by re-
solving congestion in the existing lesion, which can affect tis-
sues surrounding the flap [15]. In addition, highly vascularized 
free-flap tissue can achieve an improvement in abnormal ves-
sels within several months after the surgery, and as a result, the 
venous system beyond the flap and venous insufficiency can be 
improved to lower the likelihood of recurrence. In this sense, 

the free-flap procedure could be a good option for the surgical 
treatment of venous ulcers.  

Previous studies have pointed out that recurrence, especially 
a newly formed ulcer from the flap margin, is caused by insuf-
ficient debridement of lipodermatosclerotic tissue near the ul-
cer that may have appeared as normal skin during the previous 
surgery [4,11,16]. Theoretically, sufficient debridement could 
be a solution to this problem. In the surgical treatment of ve-
nous ulcers, the removal of many abnormal vessels and tissues 
by extensive debridement around the lesion is essential for a 
better prognosis. However, since coverage must also be consid-
ered, the extent of debridement is limited. Therefore, when 
considering coverage using free flaps, this is an important point 
in donor site selection. 

In 1979, Watson et al. [17] became the first to attempt micro-
vascular transfer of a latissimus dorsi muscle flap on the lower 
extremity. Different types of flaps, including the anterolateral 
thigh, superficial circumflex iliac artery perforator, gracilis, ra-
dial forearm, and rectus abdominis flap, are used to reconstruct 
the lower extremities [18-21]; however, the free tissue transfer 
of the lateral thoracic region could be preferred more by pa-
tients with a venous ulcer of lower extremities. 

There are several advantages to treating CVU by selecting the 
lateral thoracic region as the donor site. First, as described 
above, extensive debridement is essential in the surgical treat-
ment of venous ulcers, and so a tissue that can cover a wide 
range is required. The lateral thoracic region for free-flap tissue 
can be viewed as an appropriate choice since a large flap can be 
obtained. In the case of thoracodorsal artery perforator flaps, a 
skin paddle sized up to 12 × 25 cm can be harvested [22]. Ciu-
dad et al. [23] reported clinically satisfactory outcomes by har-
vesting a flap 15 × 30 cm in size using the e xtended fleur-de-lis 
method. Second, in venous ulcer cases with exposed tendon, 
muscle, or bone after extensive debridement, a sufficient width 
and volume of the flap must be assured. Thus, there is the ad-
vantage of elevating various forms of flaps together, with a 
musculocutaneous flap and a chimeric flap harvested from the 
serratus anterior muscle. Mahajan et al. [24] reported the suc-
cessful reconstruction of 47 traumatic extensive lower extremi-
ty wounds with latissimus dorsi-serratus anterior chimeric 
flaps. Tachi et al. [25] covered complex soft tissue and bone de-
fects after osteomyelitis with a chimeric-type flap using latissi-
mus dorsi myocutaneous flap and scapula bone. As in previous 
studies, in the present study, coverage was performed by har-
vesting different types of flaps depending on the defect, from 
which favorable treatment outcomes were achieved. In addi-
tion, the outcomes were aesthetically satisfactory. 
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The risk of recurrence exists from a long-term perspective, 
and skin grafts are still widely used as surgical treatment for 
CVU [26,27]. On the other hand, surgical treatment using the 
free flap has the disadvantage of requiring microsurgery, al-
though it offers the major advantage of fundamentally resolv-
ing venous insufficiency. Ultimately, free tissue transfer has an 
advantage in that it can reduce the recurrence rate of incurable 
CVU, which is a problem due to frequent recurrence after 
treatment. The significance of the present study can be found 
in the fact that it directly compared the two surgical treatment 
methods most widely used for CVU, besides perforator surgery 
or venous ablation that focus on venous manipulation. Howev-
er, the present study was a single-center retrospective study; 
thus, there are limitations in generalizing the findings. Because 
of such reasons, there may be selection bias when selecting 
STSG or free-flap procedures for treating CVU. In patients with 
a wider ulcer, STSG may have been preferred over a free flap 
due to the burden of coverage. However, despite the differences 
in the wound and defect sizes, there was no significant differ-
ence between the two groups. Moreover, because cases involv-
ing the same patient receiving multiple rounds of STSG or pa-
tients who received STSG subsequently receiving the free-flap 
procedure were all included as individual cases, each case may 
lack independence.  

Conclusion 

Free-flap surgery may be a good option for difficult-to-treat, 
recurrent CVU. Based on the nature of venous ulcers that re-
quire extensive debridement, a free flap from the lateral thorac-
ic region that enables the harvesting of large and various forms 
of flaps could be the best choice for microsurgery. 
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