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Background: Individuals with axillary osmidrosis suffer detri-
mental effects to their psychosocial functioning. In Asian na-
tions, major operations for axillary osmidrosis include sub-
dermal excision (open surgery) and suction-curettage (closed
surgery). Objective: The aim of this meta-analysis was to de-
termine which of these two procedures is most favorable in
terms of safety and efficacy. Methods: According to the
Preferred Reporting ltems for Systematic Reviews and Meta-
analyses (PRISMA) guideline, we searched electronic data-
bases for articles published in English, Japanese, Korean, and
Chinese languages. Fixed-effects model meta-analyses of
odds ratios (OR) and 95% confidence intervals (Cl) were con-
ducted, and the I” was used to assess heterogeneity. Compli-
cation rates, recurrence/ineffectiveness rates, and patient sat-
isfaction data were extracted and compared between open
and closed surgeries. Results: Our search yielded 8 articles
that include 1,179 patients; 560 underwent open surgery,
and 619 underwent closed surgery. Our meta-analysis re-
vealed that suction-curettage had a significantly lower risk of
acute adverse events than open excision (OR, 0.15; 95% Cl,
0.07~0.32), whereas open excision was significantly supe-
rior to suction-curettage for recurrence/ineffectiveness rate
(OR, 2.90; 95% ClI, 1.37~6.15). Patient satisfaction was
equally high with both treatments (OR, 1.58; 95% Cl, 0.69 ~
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3.60). Conclusion: Since surgical treatments for axillary os-
midrosis have been performed mostly in East Asian nations,
it was meaningful to review articles published in four lan-
guages. This meta-analysis revealed that closed surgery was
safer but less effective than open surgery. However, both pa-
tient groups expressed high satisfaction with the outcomes.
Our results may be helpful for deciding surgical treatment
options. (Ann Dermatol 32(6) 487 ~ 495, 2020)
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INTRODUCTION

Axillary osmidrosis is characterized by malodor resulting
from bacterial decomposition of secretions from the axil-
lary apocrine glands'. Especially in East Asian nations, in-
dividuals with axillary osmidrosis suffer detrimental effects
to their psychosocial functioning because of the offensive
odor'?.

A wide variety of treatment options for axillary osmidrosis
have been reported, mostly from East Asian countries™.
Nonsurgical treatments include the use of topical deodor-
ant and subcutaneous injection of botulinum toxin-A”.
Surgical treatments include apocrine gland destruction by
lasers, suction-curettage, and conventional open excision
of the apocrine glands”®.

In general, nonsurgical treatments and lasers are preferred
for individuals with mild osmidrosis”. For moderate to se-
vere cases, however, the main factors to consider when
deciding among treatment options include adverse events,
rates of recurrence, and efficacy. Open surgery is thought
to be more effective based on lower recurrence rates, al-
though complication rates are high®”. Introduced to Japan
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in the 1950's, open excision of the apocrine glands is usu-
ally performed’. It is common, because the entire proce-
dure can be performed using basic surgical instruments,
and it is cost-effective compared to other treatment op-
tions”. On the other hand, since suction-curettage was first
introduced by Taiwanese surgeons in 1998, it has become
popular among Asian countries, and it has been modified
by many surgeons’. Currently, subdermal excision as an
open surgery and suction-curettage as a closed surgery are
two major operations for axillary osmidrosis.

To our knowledge, two meta-analyses of the treatment of
axillary osmidrosis have been published recently, and the
safety and efficacy of open versus closed surgery were
compared”™®. However, case series and uncontrolled ob-
servations were included in the systematic reviews’, or
various types of open surgery and nonsurgical treatments
were included in the control groups®.

We therefore attempted to revisit the topics of the pre-
viously published systematic reviews and meta-analyses of
surgical treatments for axillary osmidrosis and identify the
comparative safety and efficacy of open versus closed
surgery.

MATERIALS AND METHODS

A systematic literature search was performed between 1
and 3 October 2019. Systematic review and meta-analysis
were planned, conducted, and reported in accordance with
the guidelines of the Preferred Reporting Items for Syste-
matic Reviews and Meta-analyses (PRISMA) guidelines’.
No ethical committee approval was needed, because this
meta-analysis was based only on previously published
articles.

Search strategy

We searched the Cochrane Library, PubMed and Scopus
databases to identify English and other-language articles.
We also searched Ichushi-Web and KoreaMed to identify
Japanese and Korean language articles, respectively. The
China National Knowledge Infrastructure (CNKI) and Taiwan
periodical literature system (PerioPath) were used to search
for published literature in Chinese languages. In addition,
all references cited in the selected articles were hand-sear-
ched to identify articles that were not indexed by the elec-
tronic databases.

The following combinations of search terms were used:
(“osmidrosis” or “bromidrosis” or “bromhidrosis” or “hir-
cismus”) and (“surgery” or “surgical treatment”). Keywords
corresponding to those terms were used for non-English
databases (e,g. “ekisyusho” for osmidrosis in Japanese lan-
guage).
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Study selection and inclusion criteria

The screening process was performed independently by
two of the authors (MN and DM). Interrater reliability as-
sessed by a kappa statistic was 0.826 (excellent reproduci-
bility). Any disagreement was resolved by consensus. The
inclusion criteria of this meta-analysis were prospective or
retrospective cohort studies or observational studies that
focused on comparison of long-term outcomes and re-
currence or efficacy between open and closed surgeries,
described in one of four languages (English, Japanese,
Korean, or Chinese) and published in 2001 or later. Short
communications meeting these inclusion criteria with suf-
ficient numbers of subjects and lengths of follow-up peri-
ods were also included.

Open surgery, defined as the control procedure in this
meta-analysis, was conventional open excision of the sub-
dermis including the apocrine glands from a 2 to 6 cm sin-
gle skin incision along the axillar crease. This procedure
was performed with the use of a basic set of surgical in-
struments, including forceps, skin hooks and dissecting
scissors. Bleeding was usually controlled by electric cau-
terization.

Closed surgery, defined as an experimental procedure,
was curettage of subdermal tissues through small skin in-
cisions (less than 1 cm). This procedure was performed
blindly with the use of special curettage cannulas, curettes
or electric shavers provided with a suction system. Bleeding
was controlled by drainage tubes and compression dress-
ings.

Exclusion criteria

Studies using open excision from multiple skin incisions,
closed surgery using a blunt liposuction cannula without
curettage, and combination treatments with other appara-
tuses, such as an ultrasonic aspirator and laser, were ex-
cluded. Studies with insufficient numbers of subjects (less
than 30) were also excluded. In addition, articles with no
English title and abstract were excluded.

Data extraction

Two authors (MN and DM) independently extracted the
relevant data from the selected studies. Any disagreements
were resolved by discussion, and a final decision was made
by consensus.

Outcome measures investigated were the complication
rate (as a safety measure) and the recurrence or ineffec-
tiveness rate (as an efficacy measure). Complications were
limited to acute, moderate to severe adverse events, which
included hematoma, seroma, infection, skin necrosis, wound
dehiscence, and nerve injury. Mild adverse events, such



as contact dermatitis from dressing tape and transient er-
ythema, were excluded. Long-lasting or delayed complica-
tions, such as scar contracture, keloids, hyperpigmentation
and epidermal inclusion cysts, were also excluded from
the present analysis.

Recurrence and ineffectiveness were assessed by the
physicians or patients themselves. Descriptions such as
“not improved” or “not effective” as well as “recurrence”
accounted for the rates in this analysis.

We also assessed patient satisfaction as an indicator of
efficacy. Satisfaction in this analysis included “fully sat-
isfied” to “fairly satisfied;” “poorly satisfied” and “not sat-
isfied” were not included.

Risk-of-bias assessment

A modified Newcastle-Ottawa scale (maximum score of
7) was used to evaluate the methodological quality of all
included studies'. High quality was defined as a score of
>5, while low quality was defined as a score of <4.
Quality was independently assessed by two authors (MN
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and DM) for English, Korean, and Japanese language stud-
ies, and by an author (DM) and a coauthor (LL) for
Chinese language studies. Any discrepancies in quality as-
sessment were discussed until a consensus was reached.

Statistical analysis

Statistical analyses were performed with Review Manager
Software ver. 5.3 (RevMan v5.3; The Cochrane Collabora-
tion, Oxford, UK). A fixed-effects model using the Mantel-
Haenszel method was employed to account for heteroge-
neity. Heterogeneity was assessed using I” tests. An I great-
er than 50% indicated significant heterogeneity. Odds ra-
tios (OR) and 95% confidence intervals (95% CI) were
used for dichotomous outcomes of safety and efficacy.
Forest plots were used to display the effect size of each
study graphically. Values of p<0.05 between groups were
considered statistically significant.

Records identified through
international database searching
PubMed (n=110)
Cochrane Library (n=7)
Scopus (n=188)

Identification

Records identified through
non-English database searching
Ichushi-Web (n=325)
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CNKI (n=660)
PerioPath (n=9)

Additional records
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Fig. 1. The Preferred Reporting Items
for Systematic Reviews and Meta-
analyses (PRISMA) flowchart of lite-

rature review process.
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RESULTS

Study selection

Overall, our literature search strategies identified 1,349 ar-
ticles (110 through PubMed, 7 through the Cochrane Library,
188 through Scopus, 325 through Ichushi-Web, 50 through
KoreaMed, 660 through CNKI, and 9 through PerioPath).
After duplicates were removed, 1,158 potentially relevant
articles were screened. No article was identified through
manual searching of abstracts. After screening titles and
abstracts, 22 articles were retrieved for full text evaluation,
and 9 articles satisfied the inclusion criteria of qualitative
synthesis. One of these studies was excluded because of a
very low quality score, and finally, 8 articles were included
in this meta-analysis. Because the number of included studies
was smaller than 10, publication bias was not evaluated.
The selection and screening process is summarized in Fig.
1.

Study characteristics

Detailed characteristics of the patients are summarized in
Table 17", The database search yielded 8 articles that
included 1,179 patients. A total of 560 patients (1,120 ax-
illae) underwent open surgery, and 619 patients (1,238 ax-
illae) underwent closed surgery. Of these 8 articles®'"",
five were published in Chinese; one article (study per-
formed in China) was published in English, one in Japanese
and one in Korean.

The minimum follow-up period was 3 months in three

Table 1. Characteristics of included studies

3,11,13 12,14,16,17

studies , 6 months in four studies , and unclear
in one study'. Four articles matched demographics be-
tween groups of subjects (male to female ratio and mean
age)”'""'*" whereas two studies did not match the male
to female ratio of each group'”"’, and two studies de-
scribed neither gender nor age of the subjects in each
group'>'®. Consequently, four studies'*'*'>'®
sed as having a low risk of bias, and four were assessed as
having a high risk of bias.

were asses-

Complications

The eight studies qualitatively synthesized in the system-
atic review were included in the meta-analysis. However,
one study by Li et al.”” was excluded from the present
meta-analysis of the complication rate, because details of
adverse events were missing. Forest plots are shown in
Fig. 2" There was no heterogeneity with respect to
acute adverse events, as reflected by an I> of 19%. The
meta-analysis revealed that suction-curettage was asso-
ciated with a significantly lower risk of acute adverse
events than open excision (OR, 0.15; 95% CI, 0.07 ~
0.32; Fig. 2A). Three studies®' "'’ that evaluated complica-
tions by axilla were analyzed separately, and the meta-
analysis revealed similar results (1>=0%; OR, 0.22; 95%
Cl, 0.12~0.40; Fig. 2B).

Recurrence/ineffectiveness

.- 3,16 .
Two studies™ " that evaluated recurrence by axilla were

excluded from this meta-analysis, and six studies qual-

No. of Sex Follow-u ualit
SHEY Country surgery patients  (male:female) Mean age (yn period (m’z)) ?core*y
Matsuda (2004)" Japan Open 64 18:46 28 (14~61) 3~36 6
Closed 77 20:57 27 (14~69)
Li et al. (2009)" China Open 52 NR 16~42 6 or longer 3
Closed 159
Li et al. 2010)" China Open 180 125:55 NR 3~24 4
Closed 120 47:73
Zhang and Yu (2014)'*  China Open 40 17:23 22.5 (18~37) 6 or longer 6
Closed 40 18:22 22.7 (18~36)
Wang et al. (2015)° China Open 65 23:42 22.9 (16~39) 3~20 5
Closed 65 23:42 22.8 (15~38) 3~40
Nam et al. (2015)" Korea Open 54 12:42 28.1 (NR) 19.5 4
Closed 52 20:32 25.9 (NR)
Li and Su (2015)' China Open 45 NR NR 6 4
Closed 45
Hu et al. (2019)" China Open 60 11:49 22.5 (17~32) 6 5
Closed 61 16:45 23.7 (16~39)

Values are presented as number only, mean (range), or range. NR: not reported. *Quality was assessed with a modified Newcastle-Ottawa
Scale (maximum score of 7). High quality was defined as a score of =5, while low quality was defined as a score of <4.
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A
Closed surgery  Open surgery Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight (%) M-H, fixed, 95% ClI M-H, fixed, 95% ClI
Matsuda (2004)" 7 154 24 128 0.0 0.21 [0.09, 0.50]
Lietal. (2010)" 0 120 23 180 38.2 0.03[0.00,0.46] +—=&———
Zhang and Yu (2014)" 2 40 6 40 11.6 0.30 [0.06, 1.58] —_—
Wang et al. (2015)° 3 130 19 130 0.0 0.14 [0.04, 0.48]
Li and Su (2015)"° 0 45 6 45 13.1 0.07[0.00,1.22] +————1
Nam et al. (2015)"° 8 52 2 54 37.2 0.26 [0.10, 0.67] —
Hu et al. (2019)" 4 122 9 120 0.0 0.42 [0.13, 1.40]
Total (95% Cl) 257 319 100.0 0.15[0.07, 0.32] <
Total events 10 57 : : : :
Heterogeneity: Chi’=3.70, df=3 (p=0.30); I’=19% 0.01 Fa\(/)(.)Lrs ! Fal(;urs 100
Test for overall effect: Z=5.07 (p<0.00001) closed open
B
Closed surgery  Open surgery Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight(%) M-H, fixed, 95% ClI M-H, fixed, 95% Cl
Matsuda (2004)" 7 154 24 128 47.8 0.21 [0.09, 0.50] ——
Li et al. (2010)" 0 120 23 180 0.0 0.03 [0.00, 0.46]
Zhang and Yu (2014)" 2 40 6 40 0.0 0.30 [0.06, 1.58]
Wang et al. (2015)° 3 130 19 130 355 0.14 [0.04, 0.48] —
Li and Su (2015)"° 0 45 6 45 0.0 0.07 [0.00, 1.22]
Nam et al. (2015)"° 8 52 22 54 0.0 0.26 [0.10, 0.67]
Hu et al. (2019)" 4 122 9 120 16.8 0.42[0.13, 1.40] —t
Total (95% Cl) 406 378 100.0 0.22[0.12, 0.40] > 2
Total events 14 52 : : : :
Heterogeneity: Chi’=1.66, df=2 (p=0.44); 1’=0% 001 O ! 10 100
o Favours Favours
Test for overall effect: Z=4.90 (p<0.00001) closed open

Fig. 2. Forest plots of acute adverse events in open and closed surgeries. Evaluated by individual (A) and evaluated by axilla (B).
In both subgroups, open surgery was associated with a significantly greater risk of acute adverse events. M-H: Mantel-Haenszel method,

95% Cl: confidence intervals.

itatively synthesized in the systematic review were included
to determine efficacy. As shown in Fig. 3A"" """ there was
low heterogeneity with respect to recurrence/ineffective-
ness, as reflected by an 1> of 33%. The meta-analysis re-
vealed that open excision was significantly superior to
suction-curettage in terms of the efficacy (OR, 2.90; 95%
Cl, 1.37~6.15). However, when only studies including
patients observed for a minimum 3 months were analyzed
separately, the recurrence/ineffectiveness rate was not sig-
nificantly different between open and closed surgeries
(I’=0%; OR, 2.06; 95% Cl, 0.72 ~5.93; Fig. 3B) '""*"7.
As another indicator of efficacy, patient satisfaction was al-
so compared. Three studies reported that most patients
were satisfied with the outcomes of both treatments; 88%
to 98% in the closed surgery group and 78% to 98% in
the open surgery group (Fig. 45 There was no sig-
nificant difference in patient satisfaction between the two
types of surgery (OR, 1.58; 95% Cl, 0.69~ 3.60).

DISCUSSION

As mentioned in the Introduction section, there have been
two meta-analyses of the treatment of axillary osmidrosis
in the English literature®®. Shin et al.> concluded that lip-
osuction and open surgery resulted in nearly equivalent
rates of complications. However, virtually all studies in-
cluded in their systematic review and meta-analysis were
case series or uncontrolled observations that focused on a
single treatment, such as liposuction, open excision, or la-
ser therapy. Zhang et al.® conducted a meta-analysis of pa-
tients with osmidrosis treated by suction curettage as an
experimental group and concluded that patients who un-
derwent suction curettage had fewer complications than
the control group; however, treatments for the control
group included various types of open surgery and non-
surgical treatments, such as lasers.

Our recent literature search using PubMed found that
more than 90% of the English-language articles on axillary
osmidrosis were from East Asian countries; more than
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A Closed surgery  Open surgery Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight(%) M-H, fixed, 95% CI M-H, fixed, 95% ClI
Matsuda (2004)" 2 77 1 64 11.9 1.68 [0.15, 18.96] —
Li et al. (2009)" 4 159 2 52 32.8 0.65 [0.11, 3.63] —_—
Lietal. (2010)13 7 120 5 180 42.0 2.17 [0.67, 7.00] o
Zhang and Yu (2014)" 11 40 140 8.1 14.79 [1.81, 121.14] _
Hu et al. (2019)" 3 61 0 60 5.3 7.24 [0.37, 143.23] >
Total (95% Cl) 457 396 100.0 2.90 [1.37, 6.15] S
Total events 27 9 f t t {
Heterogeneity: Chi’=6.01, df=4 (p=0.20); I’=33% 0.01 0.1 1 10 100
Test for overall effect: Z=2.78 (p=0.005) Favours Favours
closed open

B

Closed surgery  Open surgery Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight(%) M-H, fixed, 95% CI M-H, fixed, 95% ClI
Matsuda (2004)" 2 77 1 64 22.0 1.68 [0.15, 18.96] e
Li et al. (2009)" 4 159 2 52 0.0 0.65 [0.11, 3.63]
Lietal. (2010)13 7 120 5 180 78.0 2.17 [0.67, 7.00] ———
Zhang and Yu (2014)" 1 40 1 40 0.0 14.79 [1.81, 121.14]
Hu et al. (2019)" 3 61 0 60 0.0 7.24 [0.37, 143.23]
Total (95% CI) 197 244 100.0 2.06 [0.72, 5.93] ,
Total events 9 6 f t T t {
Heterogeneity: Chi’=0.03, df=1 (p=0.85); I’=0% 001 01 1 10 100
Test for overall effect: Z=1.34 (p=0.18) Favours Favours

closed open

Fig. 3. Forest plot of recurrence/ineffectiveness in open and closed

surgeries (A). When the meta-analysis included only studies of

patients followed-up for 3 months postoperatively, there was no significant difference in recurrence/ineffectiveness rate between open
and closed surgeries (B). M-H: Mantel-Haenszel method, 95% CI: confidence intervals.

Closed surgery  Open surgery Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight(%) M-H, fixed, 95% CI M-H, fixed, 95% CI
Matsuda (2004)" 7577 63 64 19.7 0.60 [0.05, 6.72] I
Wang et al. (2015)3 57 65 51 65 69.2 1.96 [0.76, 5.04] -+
Nam et al. (2015)15 51 52 53 54 11.0 0.96 [0.06, 15.80]
Total (95% ClI) 194 183 100.0 1.58 [0.69, 3.60] ?
Total events 183 167 f } 1 } {
Heterogeneity: Chi’=0.94, df=2 (p=0.63); I’=0% 0.01 - 01 1 - 10 100

o _ avours avours

Test for overall effect: Z=1.08 (p=0.28) closed open

Fig. 4. Forest plot of patient satisfaction with open and closed surgeries. M-H: Mantel-Haenszel method, 95% Cl: confidence intervals.

30% were from China, 20% were from Japan, and 20%
were from Korea. Therefore, the present systematic review
was unique in that literature searching was performed in
four different languages. The numbers of identified articles
in the Japanese (Ichushi-Web =325) and Chinese (CNKI=660)
databases were much greater than in the international da-
tabases (PubMed=110 and Scopus=188). Only one ar-
ticle included in the meta-analysis was in English, out of
the eight identified through the present systematic review.
Results of this meta-analysis did not support those of the
previous meta-analysis by Shin et al’. This may be be-
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cause we included non-English studies that focused on
comparisons between open and closed surgeries.

As surgical treatments for axillary osmidrosis have been
performed mostly in East Asian societies’, it was mean-
ingful to review articles published in three Asian languages.
Morrison et al.'® stated that the exclusive reliance on
English-language studies may not represent all of the evi-
dence: excluding non-English languages may introduce a
language bias, and lead to erroneous conclusions. We be-
lieve that inclusion of multilingual studies enabled us to
conduct a more accurate meta-analysis.
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Closed surgery  Open surgery Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight(%) M-H, fixed, 95% ClI M-H, fixed, 95% CI
Li et al. (2010)13 0 120 9 180 54.6 0.07 [0.00, 1.30] <+—8&———
Zhang and Yu (2014)14 2 40 1 40 6.8 2.05 [0.18, 23.59] —
Nam et al. (2015)"° 2 B2 2 54 13.6 1.04 [0.14, 7.67] _t
Li and Su (2015)"° 0 45 3 45 24.9 0.13 [0.01,2.66] <
Total (95% Cl) 257 319 100.0 0.36 [0.13, 1.01] P
Total events 4 15 f } } i
Heterogeneity: Chi’=4.64, df=3 (p=0.20); I’=35% 0.01 041 1 10 100
Test for overall effect: Z=1.95 (p=0.05) Favours Favours
closed open

Fig. 5. Forest plot of hematoma occurrence in open and closed surgeries. Open surgery tended to be associated with a greater risk
of hematoma, but the result was not statistically significant. M-H: Mantel-Haenszel method, 95% ClI: confidence intervals.

Our results indicated suction-curettage was more favor-
able than open excision in terms of safety. In this meta-
analysis, we excluded long-lasting and delayed complica-
tions from assessments of the safety of surgery, because
follow-up periods varied among studies; thus, we assessed
safety using the incidence of acute adverse events. Major
acute adverse events included hematoma, skin necrosis
and wound dehiscence. Although the incidence of hema-
toma was fairly similar between open and closed sur-
geries, as shown in Fig. 5 (l2=35%; OR, 0.36; 95% ClI,
0.13~1.01)""®, skin necrosis occurred more frequently
in open surgery, and wound dehiscence occurred only in
open surgery. We speculate that acute complications were
associated more with the interruption of the subdermal
plexus by the skin incision than with the method of hemo-
stasis.

In the present meta-analysis, at first, efficacy was eval-
uated as a low incidence of recurrence/ineffectiveness. Of
the eight included studies, three studies®'*'® reported re-
currence rates, and five'""*">"7 reported ineffectiveness
rates; both outcomes were similar in nature, resulting from
the remaining apocrine glands. If the remaining glands are
transiently denervated by undermining the axillary skin,
axillary odor can recur. If they are not denervated during
surgery, axillary odor will not improve (ineffective).
However, methods to assess such outcomes varied among
studies. Matsuda'' and Li et al."” assessed efficacy by con-
sensus between physician and patient. Wang et al.’ as-
sessed it by smelling the axilla directly or using the physi-
cian’s finger. Among studies excluded from this systematic
review, physicians often used a gauze test to compare the
preoperative condition and the postoperative outcome'”.
However, these objective tests are influenced by several
factors, such as the patient’s clothes and hygiene, room
temperature, and the rater’s sense of smell'.

Hence, it might be more important to investigate patients’
satisfaction as an indicator to assess efficacy of treatments

for axillary osmidrosis®'®. Huang et al.” proposed the use
of a dermatology life quality index for postoperative evalu-
ation of the treatment. Wang et al.’ used a face scale.
Nam et al.”” used a patient questionnaire. Most methods
were an evaluation in view of patients themselves for the
total treatment program including the procedure, dis-
comfort of dressing, recovery time, outcomes, scarring,
and cost. In this systematic review, three studies®'""” in-
vestigated patient satisfaction. Interestingly, both patient
groups were highly satisfied with the treatments, and the
meta-analysis demonstrated no significant difference in pa-
tient satisfaction between open and closed surgeries. We
propose that all future studies on the treatment for axillary
osmidrosis quantify patient satisfaction using some scale.
Several modifications of open excision surgery have been
reported, which include multiple incisions”' and combina-
tion with partial skin excision”’. However, only studies
that used conventional open excision through a single
skin incision were included in this meta-analysis. In con-
trast, a variety of suction-curettage procedures have been
used for closed surgery, which includes the curette pro-
vided with the suction system®, a Fatemi/Cassio cannu-
la', and a cartilage-shaver system'""%°.

It was difficult to compare safety and efficacy among these
modifications, because most reports were non-controlled,
clinical observations. Although only Matsuda'' used a car-
tilage-shaver system in this meta-analysis, other sur-
geons’”> who used the same system for axillary osmid-
rosis reported that recurrence rates were also very low
(0% ~2.6%) compared to other suction-curettage techni-
ques.

We have treated more than 600 individuals with axillary
osmidrosis using either open excision or suction-curettage
with a cartilage-shaver system'. Our preliminary, ongoing
study on a retrospective cohort of these two treatments re-
vealed that the complication rate of the cartilage-shaver
system was much lower than that of open excision, where-
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as the recurrence rate was as low as that of open surgery
(approximately 2%) [unpublished data].

Recently, a few technologies have emerged for the treat-
ment of axillary osmidrosis”. In particular, the microwave
technology had a significantly lower complication rate
than suction-curettage in a comparative study®®. This pro-
cedure is nonsurgical, probably much safer than surgery,
and may potentially be permanent, although long-term re-
currence rates were unclear. If such new technologies
were performed as commonly as conventional treatments,
a meta-analysis with respect to long-term outcomes would
be required in the future.

Our results should be interpreted in the context of a few
limitations. First, as shown in Fig. 2*""""*" three studies
counted the number of adverse events by axilla, and four
counted the number of adverse events by patient, so we
had to analyze them separately. Furthermore, it is possible
that two or more adverse events that could be related to
one another (e.g. skin necrosis resulting from hematoma)
occurred among patients included in this meta-analysis.
Second, in three studies®'""*, the minimum follow-up pe-
riod was 3 months. As shown in Fig. 5"'°, the meta-anal-
ysis including only these three studies did not demonstrate
a significant difference in the recurrence/ineffectiveness
rate between open and closed surgeries. Wang et al.? con-
cluded that it might be too early to assess final efficacy re-
sults at 3 months after surgery. Several authors, including
us, have encountered axillary odor that recurred 6 months
or later after surgery®'"*°.

Thus, it is important to standardize how to assess compli-
cations and outcomes. We propose that both should be
assessed by individual rather than by axilla, and efficacy
should be assessed at a minimum of 6 months after surgery.
In summary, the four-language database search yielded 8
potentially eligible articles: 5 in Chinese, 1 in English, 1 in
Japanese, and 1 in Korean. Our clinical question was, “Which
surgical method, open excision and suction-curettage, is
more favorable in terms of safety and efficacy for the treat-
ment of axillary osmidrosis?” The answer suggested by this
analysis was that open surgery was more effective but less
safe than closed surgery. However, both patient groups
expressed very high satisfaction with each treatment
approach. Because objective odor tests are influenced by
the rater and the patient’s condition and circumstances,
patient satisfaction scales should be used to evaluate treat-
ment efficacy.

Treatment options for axillary osmidrosis cannot be de-
termined based only on safety and efficacy; other factors,
such as cost, postoperative discomfort, recovery time, and
scar formation, should also be considered. Compared to
open surgery, closed surgery is not cost-effective, but it is
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advantageous in terms of a short recovery time and low
complication rate'. Cost may be a large factor when pa-
tients are making treatment decisions” . In addition, emerg-
ing technologies have already demonstrated fair effects
with very few complications®®, but are disadvantageous in
terms of financial factors. Further comparative studies be-
tween emerging treatment options will be necessary so
that we can recommend the best treatment options for ax-
illary osmidrosis to our patients.
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