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Abstract: Objective: Keloids are exuberant cutaneous scars that form due to abnormal growth of fibrous tissue fol-
lowing an injury. The primary aim of this study was to assess the efficacy and mechanism of hyperbaric oxygen therapy 
(HBOT) to reduce the keloid recurrence rate after surgical excision and radiotherapy. Methods: (1) A total of 240 
patients were randomly divided into two groups. Patients in the HBOT group (O group) received HBOT after surgical 
excision and radiotherapy. Patients in the other group were treated with only surgical excision and radiotherapy (K 
group). (2) Scar tissue from recurrent patients was collected after a second operation. Hematoxylin and eosin (H&E) 
staining was used to observe keloid morphology. Certain inflammatory factors (interleukin-6 (IL-6), hypoxia-inducible 
factor-1α (HIF-1α), tumor necrosis factor-α (TNF-α), nuclear factor κB (NF-κB), and vascular endothelial growth factor 
(VEGF)) were measured using immunohistochemical staining. Results: (1) The recurrence rate of the O group (5.97%) 
was significantly lower than that of the K group (14.15%), P<0.05. Moreover, patients in the O group reported greater 
satisfaction than those in the K group (P<0.05). (2) Compared with the recurrent scar tissue of the K group, the ex-
pression levels of the inflammatory factors were lower in the recurrent scar tissue of the O group. Conclusions: Ad-
junctive HBOT effectively reduces the keloid recurrence rate after surgical excision and radiotherapy by improving the 
oxygen level of the tissue and alleviating the inflammatory process. 
 
Key words: Keloid; Hyperbaric oxygen therapy; Surgical excision; Radiotherapy; Recurrence rate 
https://doi.org/10.1631/jzus.B1800132                                   CLC number: R62 
 
 
1  Introduction 
 

Keloids and hypertrophic scars are fibroprolif-
erative disorders of the skin that result from the ab-
normal healing of injured or irritated skin (Ogawa and 
Akaishi, 2016). Keloids appear as firm, well-demarcated 
nodules or tumors with shiny surfaces and irregular 

borders. Mass coarse collagen fibers are observed via 
microscopy. 

The most frequent precipitating event of keloid 
formation is trauma, including surgery, piercing, lac-
erations, and abrasions. Minor burns and vaccinations 
are also associated with keloids. The highest incidence 
of keloids occurs during the second and third decades 
of life, although they also occur in children and the 
elderly (Datubo-Brown, 1990; Niessen et al., 1999). 
Some studies have shown that the tissue surrounding 
a keloid is in a hypoxic state (Balestri et al., 2013). 
Inflammatory factors and vascular endothelial growth 
factors (VEGFs) are also involved in the pathologic 
process of keloid formation (Arno et al., 2014; Alex-
andrescu et al., 2016). 
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Hyperbaric oxygen therapy (HBOT) is an es-
tablished technology that has been used for more than 
40 years. In HBOT, patients receive oxygen treatment 
in a compression chamber under a pressure greater 
than one atmosphere absolute (ATA) of 100% oxygen 
(O'Reilly et al., 2011) to alleviate their hypoxic con-
dition. HBOT has been used to treat skin disease and 
infection. In plastic surgery, HBOT is regarded as a 
successful adjunctive therapy for promoting wound 
healing, reducing inflammatory reactions, and im-
proving flap survival (Zhang et al., 2007; Demirtaş  
et al., 2014). 

Many keloid treatment methods have been re-
ported. The most frequent problem associated with 
treatment is the high recurrence rate. In this study, we 
investigated whether adjunctive HBOT reduces the 
high recurrence rate of keloids after surgical excision 
and radiotherapy. 
 
 
2  Materials and methods 

2.1  Grouping 

This clinical study was conducted between January 
2012 and November 2016. The Institutional Review 
Board of Peking Union Medical College Hospital 
(Beijing, China) approved the surgical protocols. 

The patients were randomly divided into two 
groups: patients who came to the clinic on odd 
months received HBOT (O group), while those who 
came to the clinic on even months did not (K group). 
A total of 134 patients, 33 males and 101 females, 
comprised the O group and their ages ranged from 16 
to 52 years (mean (26.10±0.58) years). They received 
HBOT after surgical excision and radiotherapy. A total 
of 106 patients, 32 males and 74 females, comprised 
the K group and their ages ranged from 17 to 58 years 
(mean (28.06±0.92) years). These patients were treated 
with surgical excision and radiotherapy without HBOT. 
Patients with systemic diseases that are contraindica-
tions for HBOT were excluded from this study. The 
keloids were located on the chest or shoulder of the 
patients. The patients had received one or more 
non-surgical treatments, such as hormone injections, 
silicone sheeting, or herb ointment, in another hospital 
before surgery, but all such treatments had to have 
been terminated three months prior to surgery. 

Recurrent patients from the above groups were 
included in the following two groups: recurrent pa-

tients from the O group (8 patients) were placed in the 
R-O group and recurrent patients from the K group 
(15 patients) were placed in the R-K group. 

All relevant information was provided to the 
patients prior to the study. Informed consent was 
provided by all patients. All patient information was 
formally recorded. 

2.2  Scoring method 

A self-designed questionnaire, including sex, 
age, treatment time, scale of keloid, site, pigmentation, 
vascularity, pliability, height of keloid, and degree of 
satisfaction with treatment, was used to collect in-
formation before and after treatment. The Vancouver 
scar scale (Bloemen et al., 2009) was used to evaluate 
the keloid condition of all the patients before surgery. 
No significant differences were found between the K 
and O groups in regard to age, sex, keloid site, di-
mensions or Vancouver scar scale score before sur-
gery (P>0.05). 

Patient follow-up evaluations were conducted by 
an experienced doctor from our center who was 
blinded to the detailed treatment of each patient. The 
median follow-up time was 20.5 months for the O 
group and 21.0 months for the K group, with no sig-
nificant difference between these groups. The treat-
ment results were graded as follows: fully cured (the 
patient has an ordinary scar at the surgical site without 
obvious itching or pain), partially cured (the patient 
has a hypertrophic scar on a portion of the surgical 
site with occasional itching or pain), and keloid re-
currence (the patient has a keloid scar on a portion of 
or over the entire surgical site with obvious itching 
and pain). Photographs of each patient were taken at 
the initial follow-up appointment and the evaluation 
was completed at the same time. The patients com-
pleted the aesthetic satisfaction questionnaire at each 
follow-up visit. The questionnaire was completed 
anonymously. Aesthetic satisfaction opinion was graded 
as excellent, good, or dissatisfied. The patients made 
their decision using their own judgment, and the 
clinic members did not provide suggestions during 
the follow-up visits. The Vancouver scar scale was 
used to evaluate patients in the O and K groups. 

2.3  Surgical method 

An incision line was marked on the normal skin 
2 mm from the edge of the keloid. Surgery was  
performed under local anesthesia or local anesthesia 
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plus sedation with conventional disinfection and a 
sterile operation sheet. A cut was made deep into the 
skin and subcutaneous tissue along the marked line, 
and all the keloid tissues were removed. Subcutane-
ous tissue blunt dissection was performed. Layered 
suturing was used to reduce the suture tension, and the 
incision was closed with double layer continuous 
intradermal sutures with 3–0 monofilament nylon. If 
the keloid was too large to sew up without tension, 
then a flap transplantation or skin graft was performed 
and the incision was closed with 5–0 monofilament 
nylon with interrupted sutures. Routine postoperative 
nursing care was provided. The sutures were removed 
14 d after the surgery. The same group of doctors 
performed all the operations. 

For the patients who had keloid recurrence con-
firmed, a second surgery was carried out at any time 
after the patients gave consent for another surgical 
treatment and the radiotherapy doctor thought that 
another round of radiotherapy was safe (this usually 
takes place one year after the first radiotherapy 
treatment). The recurred keloid was usually small. It 
was removed and the wound was closed directly. 

2.4  Radiotherapy method 

Patients whose wounds were primary closed or 
closed with a skin flap usually received radiotherapy 
on postoperative days 1 and 7 (900 cGy each). If some 
complications occurred, such as wound infection, 
wound dehiscence, or skin flap necrosis, the second 
round of radiotherapy was postponed until the com-
plicated wound healed. In patients whose wounds 
were closed with skin grafts, the incisions were first 
made around the edge of the keloids (pre-cut method) 
the day before the keloids were excised, and the initial 
round of radiotherapy was carried out the next day 
followed by keloid excision and skin grafting on the 
same day. The second round of radiotherapy was 
carried out when the skin graft had survived and su-
tures were removed. 

2.5  Hyperbaric oxygen therapy 

Patients in the O group usually received HBOT 
after the operation for 120 min once daily for two 
weeks after which time the skin graft or flap had 
survived well and the sutures had been removed. If 
complications occurred, HBOT was continued until 
the wound healed. The operating parameters were as 

follows: air pressure was increased uniformly for  
30 min to 0.2 MPa (2 ATAs) and then maintained. 
Patients received mask oxygen inhalation (100% 
oxygen concentration) for 60 min continuously. After 
that, the air pressure was reduced uniformly for 30 min. 

2.6  Blood perfusion evaluation of patients with 
recurrent keloids or hypertrophic scars 

Patients with recurrent keloids or hypertrophic 
scars after the initial operation received a keloid tissue 
blood perfusion evaluation using a laser Doppler 
flowmeter (LDF; Perimed AB, Stockholm, Sweden) 
and laser speckle contrast analysis (LSCA; Perimed 
AB, Stockholm, Sweden). The distance between the 
laser scanning probe and the patient was 15 cm. The 
image acquisition rate was 3 Hz, and the entire pro-
cess lasted for 3 min. The ambient temperature was 
maintained between 22 and 25 °C. The vascular flow 
was measured using perfusion units (PUs). 

2.7  Scar tissue collection and hematoxylin and 
eosin staining 

Scar tissue was collected after the second oper-
ation from patients with recurrent keloids or hyper-
trophic scars following the first treatment. After being 
fixed in a 10% formalin solution for 48 h, tissue 
specimens were embedded in paraffin, sectioned, and 
placed on a slide. Histological characteristics were 
observed via hematoxylin and eosin (H&E) staining. 

2.8  Scar tissue immunohistochemical study 

Scar tissues were collected in the same way and 
then studied via immunohistochemical staining. In 
this process, paraffin-embedded sections were dewaxed, 
rehydrated, and incubated with 3% H2O2 for 10 min to 
block endogenous catalase. The slides were heated in 
a citrate buffer (CB) solution to 90 °C for 4 min and 
40 °C for 10 min to retrieve the antigen. To block 
nonspecific staining, slides were incubated with 
normal goat serum at 37 °C for 30 min. Sections were 
placed in a humidified chamber at 4 °C overnight 
(12–16 h) with anti-interleukin-6 (anti-IL-6, 1:400), 
anti-hypoxia-inducible factor-1α (anti-HIF-1α, 1:200), 
anti-tumor necrosis factor-α (anti-TNF-α, 1:200), 
anti-nuclear factor κB (anti-NF-κB, 1:200), and anti- 
VEGF (1:200) antibodies (all purchased from Abcam, 
Cambridge, UK). The primary antibody was marked 
using horseradish peroxidase-conjugated secondary 
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antibody (ZSGB-BIO, Beijing, China). After incubation, 
the slides were flushed with phosphate-buffered saline 
(PBS) and then stained with 3,3'-diaminobenzidine 
(DAB) and hematoxylin. Brown pigment, representing 
the presence of antibodies combined with antigens, 
was detected via optical microscopy with a computer- 
controlled digital camera and imaging software. The 
positive cells were measured by estimating the color 
and the shade: brown staining implies a positive ex-
pression area and the shade of brown denotes the 
expression level of the target protein. 

2.9  Statistical analyses 

Student’s t-test and a chi-square test were used to 
analyze the data via SPSS Ver. 22.0 (SPSS, Inc., 
Chicago, IL, USA). The significance level of the test 
was P≤0.05. 
 
 
3  Results 

3.1  Evaluation analysis 

A total of 240 patients with keloids were in-
cluded in this study. In the O group (a total of 134 
patients), 119 patients were fully cured, 7 were par-
tially cured, and 8 showed keloid recurrence (efficacy 
rate, 94.03%; recurrence rate, 5.97%). In the K group 
(a total of 106 patients), 80 patients were fully cured, 
11 were partially cured, and 15 showed keloid recur-
rence (efficacy rate, 85.85%; recurrence rate, 14.15%; 
Table 1). 

 
 

 
 
 
 
 
 
 
 
 
 

The aesthetic satisfaction results of the O group 
showed that 115 patients rated the aesthetic results as 
excellent and 10 rated the results as good (satisfaction 
rate, 93.28%). The results of the K group showed that 
79 patients rated the aesthetic results as excellent and 

7 rated the results as good (satisfaction rate, 81.13%; 
Table 2). 

 
 
 
 
 
 
 
 
 
 
The Vancouver scar scale scores of the partially 

cured plus recurrent keloids were 1.267±0.267 in the 
O group and 3.375±1.375 in the K group. 

Tables 1 and 2 show that the efficacy and satis-
faction rates of the O group were higher than those of 
the K group, and these differences were significant 
(P<0.05). The recurrence rate of the O group was 
lower than that of the K group (P<0.05). Moreover, 
more patients were satisfied with the aesthetic results 
in the O group than in the K group (P<0.05). Fig. 1 
shows that the Vancouver scar scale score of the par-
tially cured plus recurrent keloids in the O group was 
lower than that in the K group (P<0.05). Recurred 
keloids were more serious in the K group than in the 
O group (Figs. 2 and 3). 

3.2  Keloid tissue blood perfusion evaluation 

The average blood perfusion of the keloid tissues 
in the R-K group was (122.1±1.2) PU (ml/(100 g·min)), 
which was higher than that in the R-O group ((93.7± 
1.8) PU, P<0.01; Fig. 4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2  Comparison of satisfaction between the two pa-
tient treatment groups 

Group Excellent (%) Good (%) Dissatisfaction (%)

O 85.82 (115) 7.46 (10) 6.72 (9) 

K 74.53 (79) 6.60 (7) 18.87 (20) 

P <0.05 <0.05 <0.05 

O: the group that received HBOT; K: the group that did not receive 
HBOT. The numbers in parentheses represent the number of patients 
 

Table 1  Comparison of the cure rates between the two 
patient treatment groups 

Group 
Fully cured 

(%) 
Partially 

cured (%) 
Recurrence 

rate (%) 
Efficacy 
rate (%)

O 
88.81 
(119) 

5.22 
(7) 

5.97  
(8) 

94.03 
(126) 

K 
75.47  
(80) 

10.38  
(11) 

14.15 
(15) 

85.85 
(91) 

P <0.05 <0.05 <0.05 <0.05 

O: the group that received HBOT; K: the group that did not receive 
HBOT. The numbers in parentheses represent the number of patients 

Fig. 1  Vancouver scar scale score of partially cured 
plus recurrent keloids in the O and K groups 
Higher scores denote keloids that are more serious. Data 
are expressed as mean±standard deviation (SD; O group, 
n=15; K group, n=26). ** P<0.01, vs. the O group 
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Fig. 3  Keloid recurrence in the K group 
A more serious keloid recurrence was observed in the K 
group than in the O group. Keloid recurrence was noted 
over almost all of the incision sites in many of the patients 
(black arrowheads). The recurrence time was shorter than 
that in the O group. (a) A 65-year-old female underwent 
keloid removal and skin graft for keloids caused by acne; 
(b) Surgical excision with primary closure was performed 
on a 52-year-old male with keloids caused by acne; (c) Sur-
gical excision with superficial circumflex iliac artery per-
forator skin flap transplantation was performed on a 31- 
year-old male with keloids caused by acne 

Before After 

(a) 

(b) 

(c) 

Fig. 2  Keloid recurrence in the O group 
Small partial recurrences were observed (black arrowheads). 
(a) Surgical excision with primary closure was performed 
on a 27-year-old female with keloids caused by breast acne; 
(b) Surgical excision with internal thoracic perforator vessel 
skin flap was performed on a 35-year-old male with keloids 
caused by mass acne; (c) Surgical excision with primary 
closure was performed on a 42-year-old male with keloids 
caused by trauma 

Before After 

(a) 

(b) 

(c) 

Fig. 4  Average blood perfusion of the keloid tissue in recurrent patients 
(a) The blood perfusion detecting image; (b) Average blood perfusion of the R-O and R-K groups (R-O: recurrent patients 
from the O group; R-K: recurrent patients from the K group). The white arrows indicate keloid blood perfusion. Red rep-
resents high blood perfusion. Data are expressed as mean±SD (R-O group, n=8; R-K group, n=15). ** P<0.01, vs. the R-O group 
(Note: for interpretation of the references to color in this figure legend, the reader is referred to the web version of this article) 
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3.3  Histological analysis 

H&E-stained tissues were used to confirm the 
pathological status of the recurred keloids. Many 
fibroblasts and a large amount of inflammatory infil-
tration could be observed in the K group. Thick and 
extremely compact collagen fibrils also appeared 
disordered. These pathological changes were less 
obvious in the O group (Fig. 5). 

3.4  Immunohistochemical evaluation 

A qualitative analysis of the expression of IL-6, 
HIF-1α, TNF-α, NF-κB, and VEGF was conducted 
via an immunohistochemical study. According to the 
results, these inflammatory factors showed a higher 
expression in the R-K group than in the R-O group 
(Fig. 6a). Table 3 and Fig. 6b show the percentage of 
positively stained cells. Significant differences were 
found between the K and O groups for all the in-
flammatory factors (P<0.001). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

E
pi

de
rm

is
 

D
er

m
is

 

R-K R-O 

Fig. 5 Results of H&E staining of epidermis and dermis 
in the R-O and R-K groups 
Numerous fibroblasts and a large amount of inflammatory 
infiltration can be observed. Thick and extremely compact 
collagen fibrils appear disordered. Arrows represent in-
flammatory cells 

Fig. 6  Immunohistochemical studies of all factors 
(a) Immunohistochemical studies of IL-6, HIF-1α, TNF-α, NF-κB, and VEGF in the R-K and R-O groups. In the R-K group, 
the expression of all these inflammatory factors was higher than that in the R-O group. (b) Percentage of positively stained 
cells. Data are expressed as mean±SD (R-O group, n=8; R-K group, n=15). *** P<0.001, vs. the R-K group 

(a) 

(b) 
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4  Discussion 

 
Keloids influence patients both psychologically 

and physically. The most important histological man-
ifestation of keloids is the numerous cytoplasm-rich 
fibroblasts with clear nucleoli in the papillary and 
reticular layers of the dermis. The mass consists of 
coarse collagen fibers in a disorderly arrangement. 

Inflammatory factors have been suggested as 
having a relationship with keloid formation, espe-
cially IL-6 (Arno et al., 2014). Chen et al. (2003) and 
Dong et al. (2013) found that proinflammatory factors, 
such as IL-6 and TNF-α, are upregulated in keloid 
tissues. Furthermore, previous results have shown 
that VEGFs appear to play important roles in the 
pathogenesis of keloids (Alexandrescu et al., 2016). 

Makino et al. (2008) found that NF-κB plays an im-
portant role in the regulation of inflammation, im-
mune response, and cell proliferation. The activation 
of the NF-κB pathway is likely closely linked to ab-
normal cell proliferation and extracellular matrix 
(ECM) production in keloid fibroblasts. However, 
HIF-1α is highly expressed in keloid tissue because of 
its continuous exposure to hypoxia, which promotes 
the adaptation of the cells to a hypoxic microenvi-
ronment (Dhani et al., 2015). 

HBOT is widely used in clinical practice. In 
plastic surgery, HBOT is regarded as a successful 
adjunctive therapy to promote wound healing, reduce 
inflammatory reactions, and improve flap survival 
(Zhang et al., 2007; Demirtaş et al., 2014). Keloid 
incisions are often vulnerable to infection after radi-
otherapy. HBOT can improve local blood circulation 
and wound healing by increasing the blood oxygen 
capacity and tension of the body. Based on this ca-
pacity, we innovatively applied adjunctive HBOT to 
keloid treatment and achieved satisfactory results. 

 
 
 
 
 
 
 
 
 
 
 
Keloids might be the result of chronic inflam-

mation in the reticular dermis. Hypoxia influences the 
early inflammatory phase of wound healing. Fur-
thermore, hypoxia induces inflammation through 
HIF-1α (Manresa et al., 2014). HBOT involves 
breathing pure oxygen in a pressure chamber at 
greater than one ATA (Wang et al., 2014). The pres-
sure increases the level of oxygen in the blood plasma, 
which affects the immune system, wound healing, 
and vascular tone (O'Reilly et al., 2011). HBOT ef-
fectively promotes wound healing and reduces in-
flammatory reactions (Zhang et al., 2007; Demirtaş  
et al., 2014). According to our immunohistochemical 
studies, expression of the detected inflammatory fac-
tors (IL-6, HIF-1α, TNF-α, NF-κB, and VEGF) was 
lower in the R-O group than in the R-K group. These 
results suggest that HBOT depresses the inflamma-
tory reaction associated with incision recovery among 
patients with keloids after operation. Furthermore, 
recent studies have shown that keloids are the result 
of chronic inflammation in the reticular dermis 
(Ogawa, 2017). Therefore, HBOT alleviates inflam-
mation and decreases the recovery rate. 

Accumulating evidence suggests that a hypoxic 
microenvironment is associated with keloids through 
the abnormally large number of occluded microvessels; 
moreover, hypoxia might play a crucial role in keloid 
pathogenesis (Zhang et al., 2003). The level of HIF-1α 
is consistently higher in freshly biopsied keloid tis-
sues than in their associated normal skin borders, 
which provides direct evidence of the local hypoxic 
state in keloids. Liu et al. (2016) found that the per-
fusion values of keloids and the adjacent skin were 
significantly higher than those of nonadjacent skin. 
Early and timely HBOT intervention can greatly im-
prove the condition of tissues because HIF-1α is in-
hibited (Ueda et al., 2004; Yang et al., 2014). Our 

Table 3  Percentage of positive cells in the R-K and R-O groups 

Group 
Percentage of positive cells (%) 

IL-6 HIF-1α TNF-α NF-κB VEGF 

R-K 91.40±1.03 84.67±2.47 34.67±1.17 64.53±1.93 89.53±1.86 

R-O 71.63±2.06 11.63±0.96 13.75±0.75 16.00±1.16 71.75±2.48 

P-value <0.001 <0.001 <0.001 <0.001 <0.001 

R-K: recurrent patients from the group not given HBOT; R-O: recurrent patients from the group given HBOT. Data are expressed as 
mean±SD (R-O group, n=8; R-K group, n=15) 
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study found that the blood perfusion of keloid tissue 
in the R-O group was lower than that in the R-K group. 
This finding might indicate that HBOT increases the 
oxygen content, but decreases the blood perfusion of 
keloid tissues. This effect might influence HIF-1α 
expression, thereby reducing the keloid recurrence 
rate. 

Many methods of keloid treatment have been 
reported, such as intralesional injections of steroids, 
cryotherapy, laser therapy, topical imiquimod appli-
cation, bleomycin, and 5-fluorouracil as well as in-
terferon α, β, and γ application (Goldenberg and 
Luber, 2013). However, surgery is the gold standard 
to treat keloids of any size because it reduces the mass 
of the lesion (de Felice et al., 2015). Current operative 
methods often include the combination of excision 
followed by a reconstructive procedure (Berman et al., 
2007). 

High recurrence rates have been reported in ke-
loid surgical treatment without adjunctive therapy. 
Froelich et al. (2007) found recurrence rates ranging 
from 45% to 100% in their literature review and 
suggested that adjuvant treatment after keloid surgery 
should be mandatory. The most reported adjuvant 
treatments are intralesional injections and radiotherapy. 
Park et al. (2013) examined 79 patients treated with 
complete surgical excision and full-thickness skin 
grafting followed by corticosteroid injections. A total 
of 17 (21.5%) patients experienced recurrence after 
surgery. 

Radiotherapy after surgery is a prevalent keloid 
treatment method. It can effectively reduce recurrence, 
but recurrence rates remain high in some reports. 
Kovalic and Perez (1989) and Perez et al. (2001) 
reported a recurrence rate of 33% in their studies. This 
result is identical to that obtained by Darzi et al. 
(1992). Doornbos et al. (1990) treated 203 keloids, 
and the recurrence rate was 23.5%. Ragoowansi et al. 
(2003) used a single full fraction of 10 Gy after sur-
gery and achieved a recurrence rate of 16%. Emad et al. 
(2010) enrolled 26 patients with a total of 76 keloids; 
of these, 19 patients with 44 keloids underwent sur-
gical excision combined with immediate 12-Gy irra-
diation, and the recurrence rate was 18.2%. In Ger-
many, Kutzner et al. (2003) used total doses between 
10 and 20 Gy and achieved a recurrence rate of 11.4%. 

In our study, adjunctive HBOT after surgical 
excision and radiotherapy effectively reduced the 

keloid recurrence rate. The overall recurrence rate 
was 5.97%, which was lower than that associated with 
surgical excision and radiotherapy, for which the 
recurrence rate was 14.15%. This result is also lower 
than those obtained by Kutzner et al. (2003), Ra-
goowansi et al. (2003), and Emad et al. (2010) who 
used radiotherapy as the only postoperative auxiliary 
treatment method. Significant differences were also 
found between the two groups in regard to the satis-
faction ratings and the Vancouver scar scale score. 
The Vancouver scar scale is used to evaluate scar 
appearance. The satisfaction rate is based on not only 
scar appearance, but also the relief of symptoms, such 
as itching and pain. The obvious differences between 
these groups demonstrated the effect of HBOT on 
keloid treatment. HBOT might reduce inflammatory 
reactions and hypoxia during wound healing after 
surgical procedures. 

HBOT is less harmful and more feasible than 
other techniques, such as intralesional injection or 
laser therapy. Patients need only to stay in an HBOT 
room to avoid additional burdens (e.g. painful in-
tralesional injections and silicon gel that is not easy to 
wear). Furthermore, HBOT is economical, which 
makes it more likely to be accepted by patients. 
However, certain features of the human body must also 
be considered when evaluating the recurrence rate. 
The keloids of the patients registered in this study 
occurred on the chest or shoulder. These two areas 
were selected because they are both on the torso, so 
the common location could prevent biases incurred by 
body features. In our study, we did not include keloids 
on other parts, such as the face, ear, or limbs, because 
differences in blood supply and activity in various 
body parts of the patients may cause high variability 
in postoperative recovery and recurrence. We will 
investigate the recurrence rate of keloids on other 
parts of the body in the future. 

 
 

5  Conclusions 
 
HBOT effectively reduces the recurrence rate of 

keloids after surgical excision and radiotherapy by 
reducing the inflammatory reaction and relieving 
tissue hypoxia during the wound healing process. 
However, additional research must be conducted 
regarding its mechanisms of action. 
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中文概要 
 

题 目：高压氧治疗降低瘢痕疙瘩切除联合放疗后的复发

率 

目 的：研究高压氧治疗降低瘢痕疙瘩切除联合放疗后复

发率的效果及作用机制。 

创新点：将高压氧治疗应用于瘢痕疙瘩的辅助治疗。 

方 法：（1）将 240 例瘢痕疙瘩患者随机分成两组（高压

氧治疗组和非高压氧治疗组），高压氧治疗组接

受瘢痕疙瘩切除术、放疗及高压氧治疗；非高压

氧治疗接受瘢痕疙瘩切除及放疗。（2）收集两组

复发病人二次手术切下的瘢痕疙瘩标本及正常

皮肤标本，通过免疫组化染色观察三组组织标本

因子白细胞介质-6（IL-6）、缺氧诱导因子-1α

（HIF-1α）、肿瘤坏死因子-α（TNF-α）、核因子-κB

（NF-κB）和血管内皮生长因子（VEGF）的表达

量。 

结 论：高压氧治疗通过提高瘢痕疙瘩组织氧含量及减少

炎症反应来降低瘢痕疙瘩切除联合放疗后的复

发率。 

关键词：瘢痕疙瘩；高压氧治疗；手术切除；放疗；复发

率 


