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Abstract
(Spruijt NE, Hoekstra LT, Wilmink J, Hoogbergen MH. Hyperbaric oxygen treatment for mastectomy flap ischaemia: a
case series of 50 breasts. Diving and Hyperbaric Medicine. 2021 March 31;51(1):2–9. doi: 10.28920/dhm51.1.2-9. PMID:
33761535.)
Introduction: Hyperbaric oxygen treatment (HBOT) has been suggested as an effective intervention to limit necrosis of
ischaemic skin flaps after mastectomy. The purpose of this study was to evaluate outcomes of HBOT in the largest series
of patients to date with mastectomy flap ischaemia.
Methods: A retrospective analysis was performed of 50 breasts requiring HBOT for mastectomy flap ischaemia. The severity
of the ischaemia or necrosis was evaluated by four independent observers using the skin ischaemia necrosis (SKIN) score.
Multivariate logistic regression analyses were used to assess associations between risk factors and re-operation.
Results: HBOT was started a median of 3 days (range 1–23) after surgery and continued for a median of 12 sessions
(range 6–22). The breast SKIN surface area scores (n = 175 observations by the independent observers) improved in 34%
(of observations) and the depth scores deteriorated in 42% (both P < 0.01). Both the surface area and depth scores were
associated with the need for re-operation: higher scores, reflecting more severe necrosis of the mastectomy flap, were
associated with increased need for re-operation. Twenty-nine breasts (58%) recovered without additional operation. Preoperative radiotherapy (OR 7.2, 95% CI 1.4–37.3) and postoperative infection (OR 15.4, 95% CI 2.6–89.7) were risk factors
for re-operation in multivariate analyses.
Conclusions: In this case series, the surface area of the breast affected by ischaemia decreased during HBOT, and most
breasts (58%) did not undergo an additional operation. A randomised control trial is needed to confirm or refute the possibility
that HBOT improves outcome in patients with mastectomy flap ischaemia.

Introduction
When patients with breast cancer who need a mastectomy
opt for a breast reconstruction, a major benefit of
an immediate reconstruction is the better aesthetic
outcome compared to delayed reconstruction.1 However,
mastectomy with immediate reconstruction leads to a
higher rate of postoperative complications and a greater
need for reoperation.2 Mastectomy flap ischaemia leading
to necrosis is reported in 4.3% (n = 178/4,158),3 12%
(n = 112/903),4 and 14% of patients (n = 85/606)5 who were
followed prospectively after mastectomy and immediate
reconstruction.
The following risk factors have been associated with
mastectomy flap ischaemia and necrosis: age, body mass
index (BMI) > 30 kg·m-2, larger cup size, previous or current
smoking, hypertension, prior breast-reduction surgery,

history of breast augmentation, previous radiation therapy,
nipple-sparing mastectomy, time from incision to removal
of specimen, mastectomy specimen weight (> 500 gram),
one-stage breast reconstruction, use of an acellular dermal
matrix, and the volume of operative tissue expander fill
> 300 cm3.1,5–7 These factors can lead to impaired perfusion
of the mastectomy flap and result in skin necrosis.
Several classifications of severity of mastectomy flap
necrosis have been described by Matsen et al. (mild,
moderate, severe),5 Frey et al. (minor, major)8 and Lemaine
et al. (depth, surface area).9 The former scores are dependent
on the time to healing and the type of intervention; the latter
score parallels that of burn severity classification.
Current treatments of mastectomy flap ischaemia include
wait-and-see3,9 nitroglycerin ointment,10–14 topical silver
sulfadiazine,1 topical dimethylsulfoxide,15 oral or intravenous
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antibiotics,1 Dextran-40 infusion,16 and tissue expander
expansion of the well-perfused tissue to create sufficient
tissue for excision of full-thickness necrosis and primary
closure 4–6 weeks postoperatively. 3 Five to 67% of
patients with mastectomy flap ischaemia require reoperation
including debridement or removal of the tissue expander or
implant.1,3,11,12,14,17,18
Hyperbaric oxygen treatment (HBOT) has been used to
treat various ischaemic skin flaps and grafts.19–27 Although
some types of flap compromise can be addressed by reexploration,28 when there is no correctable mechanical cause
of flap ischaemia, HBOT can be used to hyperoxygenate
the flap and reduce oedema.26,28,29 HBOT may prevent the
progression of ischaemia to necrosis or limit the extent of
necrosis. In a case series of 65 postoperatively compromised
skin flaps treated with HBOT, 36 (55%) showed “complete
healing” and 22 (34%) “marked improvement”.26 Only
five case reports30–34 and a small case-control study35 were
identified reporting that HBOT can successfully prevent
necrosis of ischaemic skin flaps after mastectomy.
In a recent review on the challenges and solutions for
mastectomy skin flap necrosis, HBOT was mentioned as
being successful in case reports. However, in that review the
use of HBOT was not recommended due to lack of larger
series to support its use.13 Therefore, the purpose of this
study was to evaluate outcomes of HBOT in patients with
skin flap ischaemia following mastectomy. The primary
outcome was the need for additional surgery following
HBOT, while the secondary outcome was a decrease in
tissue necrosis using the SKIN score.9 We also sought risk
factors for additional surgery despite HBOT.

3

The Da Vinci Clinic has a multiplace hyperbaric chamber
for 12 patients (IHC Hytech, Raamsdonkveer, The
Netherlands) for HBOT. Patients were treated at 253 kPa
(2.5 atmospheres absolute). At this pressure, 100% oxygen
was breathed via a mask during four periods for a total of 85
minutes, interspersed by three 5-minute air breaks. Including
compression and decompression time, the total duration
of each session was 110 minutes. Patients underwent two
sessions per day for the first three days, followed by one
session per day until circulation in the mastectomy flap was
restored or demarcation was achieved.
Relative contra-indications for HBOT are epilepsy, history
of pneumothorax or pulmonary surgery, COPD with known
bullae or requiring continuous normobaric oxygen, left
ventricle ejection fraction < 20%, concomitant or recent
treatment with cisplatinum, doxorubicin or bleomycin,
previous middle ear reconstruction, or pregnancy.36 None
of the patients referred with mastectomy flap ischaemia had
any relative contra-indications to HBOT.
To assess the decrease of tissue necrosis during HBOT, preand post-HBOT photographs were scored by the four authors
independently using a previously validated system;9 the
SKIN (Skin Ischaemia Necrosis) score. Photographs were
taken before the first session of HBOT and after completion
of the course of HBOT, and scored in a random order. The
SKIN score includes surface area and depth of ischaemia
or necrosis of the mastectomy skin flap and nipple-areolar
complex. The affected surface area was scored: 1 = 0%;
2 = 1–10%; 3 = 11–30%; and 4 = > 30%. The estimated
affected depth was scored: A = none; B = colour change;
C = partial thickness skin flap necrosis; and D = full
thickness skin flap necrosis.

Methods
In accordance with the Health Code of 2005 based on the
Code of Good Conduct 1995, our institutional review board
grants a universal waiver for retrospective chart reviews,
such as this study. Patients signed informed consent forms
to use photographs for clinical and research purposes. A
retrospective chart review was performed of the patients
with mastectomy flap ischaemia who were referred to the
Da Vinci Clinic (Geldrop) for HBOT between January
2013 and January 2018. During this period 44 patients
with compromised mastectomy flaps (50 breasts) were
referred from five hospitals in the Netherlands, including
Catharina Hospital (Eindhoven), Maxima Medical Centre
(Veldhoven and Eindhoven), St. Anna Hospital (Geldrop),
St. Jans Hospital (Weert), and University Medical Centre
(Maastricht). It is not known if all patients with mastectomy
flap ischaemia were referred for HBOT. Other hospitals in
the area did not refer any patients. A retrospective analysis
was performed. Medical records were reviewed from both
the Da Vinci Clinic and the referring hospitals to gather
information concerning patient demographics, operative
details, HBOT and outcomes.

When the SKIN score improves, secondary surgery may be
avoided or minimised.9 The outcome of the mastectomy
flap ischaemia treated with HBOT was collected from the
medical records at the referring hospitals, and scored using
the grades of Matsen et al., (mild, moderate, severe)5 and
Frey et al. (minor, major).8
STATISTICAL ANALYSIS
Analyses were performed per breast, not per patient.
Statistical analyses were performed using SPSS version 22.0
software (SPSS inc., Illinois, USA) and with SAS version
9.2 (SAS Institute, North Carolina, USA). Differences were
considered significant at a value of P < 0.05. Missing and
inconsistent data were excluded. Descriptive statistics were
reported as number and percentage of breasts, median with
range, and counts of the SKIN scores. A binomial test was
used for comparisons between pre-HBOT and post-HBOT
SKIN scores. For assessment of inter-observer agreement for
SKIN scores, Fleiss’ kappa was calculated. Cross tabulations
were used to assess the association between post-HBOT
measurements, SKIN scores and reoperation. No statistical
tests were applied to investigate the significance here.
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Table 1

Table 2

Demographics and comorbidity (n = 44 patients). *Six of the
19 patients who underwent bilateral mastectomies had bilateral
mastectomy flap ischaemia. ASA − American Society of
Anesthetists classification. BMI − body mass index

Operative characteristics (n = 50 breasts)

Parameter
Age (years)
BMI (kg·m-2)
ASA > 2
Diabetes mellitus
Hypertension
Coagulation disorder
Current smoker
Use of immunosuppressant
Preoperative chemotherapy
Preoperative radiotherapy
Previous breast augmentation
Previous breast reduction
Bilateral breast surgery

Median
(range)
52 (23−72)
23 (18−31)
n (%)
5 (10)
2 (5)
3 (7)
5 (11)
12 (27)
2 (5)
12 (27)
11 (25)
4 (9)
3 (7)
19 (43)*

Table 3
Outcome after mastectomy flap ischaemia and HBOT. * Matsen et
al.5, mild: no intervention needed, healing complete at eight weeks,
moderate: office debridement, healing complete at eight weeks,
severe: operating room debridement, implant loss, or healing not
complete at eight weeks. **Frey et al.8, minor: requiring only local
wound care, major: requiring debridement either in the office or
in the operating room

Postoperative outcome
Infection
Seroma
Hematoma
Reoperation
- Removal of tissue expander or
implant
- Partial debridement of skin flap
- Full-thickness skin graft
- Latissimus dorsi-flap
Matsen et al.*
- Mild
- Moderate
- Severe
Frey et al.**
- Minor
- Major

n (%)
12 (24)
9 (18)
4 (8)
21 (42)
15 (30)
4 (8)
1 (2)
1 (2)
26 (52)
3 (6)
21 (42)
26 (52)
24 (48)

The Spearman test was used for evaluation of correlations
between risk factors and the degree of necrosis as defined
by Matsen et al.5 Step-wise multivariate logistic regression
analyses were used to assess associations between risk
factors and re-operation.

Operative characteristics
Nipple-sparing

n (%)
22 (44)

Indication for surgery
- Ductal carcinoma in situ
- Breast cancer
- Prophylactic
- BRCA mutation and breast cancer

11 (22)
29 (58)
4 (8)
2 (4)

Operation
- Tissue expander
Primary
Hammond
Latissimus dorsi flap
- Implant
Primary
Hammond
Latissimus dorsi flap
Acellular dermal matrix
- Deep inferior epigastric
artery perforator-flap
- Reversed abdominoplasty
- No reconstruction

16 (32)
13 (26)
1 (2)
6 (12)
4 (8)
3 (6)
3 (6)
1 (2)
1 (2)
2 (4)

Results
Between January 2013 and January 2018, 44 patients with
50 breasts with skin flap ischaemia after mastectomy were
referred for HBOT. Patient demographics and comorbidity
are presented in Table 1. Operative characteristics are
presented in Table 2. Most underwent mastectomy for
breast cancer (29 breasts; 58%), and most had an immediate
breast reconstruction with a tissue expander (30 breasts;
60%) or breast implant (16 breasts; 32%). Two breasts
were not immediately reconstructed after mastectomy
because of ischaemic skin flaps peri-operatively. In addition
to mastectomy flap ischaemia, some breasts had other
postoperative complications, including infection, seroma,
and haematoma (Table 3).
HBOT was started at a median of 3 (range 1–23) days
following mastectomy. Patients underwent a median of
12 sessions of HBOT (range 6–22). The most common
side effect of HBOT was problems equalising the ears:
10/44 patients (23%) used nasal decongestant spray and
4/44 patients (9%) needed myringotomy tubes. No central
nervous system oxygen toxicity or visual changes were
reported due to HBOT. No patients prematurely terminated
the treatment.
OUTCOMES
Most breasts recovered without reoperation (n = 29/50
(58%), Table 3 and Figure 1 A–B). Reoperation was
required for 21/50 breasts (42%), including removal of the
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Figure 1
Breasts before and after the course of HBOT; (a) Breast on presentation for HBOT two days after Hammond mastectomy and immediate
reconstruction with a tissue expander, and (b) after a course of 20 treatments with HBOT. Beneath the superficial necrosis, the breast
reconstruction remained intact. No further surgery was necessary. (c) Breast on presentation for HBOT three days after nipple-sparing
mastectomy and immediate reconstruction with an implant and (d) after course of 22 treatments with HBOT. The full thickness necrosis
of the nipple areola complex and surrounding skin flap resulted in exposure of the implant, which needed to be removed.

tissue expander or implant in 13/46 (28%), Figure 1 C–D),
debridement of the skin flap in 4/50 (8%) or secondary
reconstruction with a full-thickness skin graft (one patient)
or latissimus dorsi flap (one patient).
SKIN scores (surface area and depth) were given by four
independent observers, with separate scores for the affected
breast skin (n = 50) and the nipple areola complex (n = 22)
at the start and end of the course of HBOT.
Pre- and post-HBOT breast SKIN scores were complete
for 175 observations (Table 4). The changes between the
pre- and post-HBOT surface area and affected depth scores

showed a mix of improvement, no change, or deterioration.
Overall, the surface area scores improved more often
than they deteriorated (34% vs. 5%, P < 0.01), and the
depth scores deteriorated more often than they improved
(42% vs. 17%, P < 0.01). The inter-observer Kappa was low
(0.213 and 0.282 respectively).
Pre- and post-HBOT nipple-areolar complex SKIN scores
were complete for 64 observations (Table 5). The changes
between the pre- and post-HBOT surface area and affected
depth scores also showed a mix of improvement, no change
or deterioration. Overall, the change in surface area scores
was not statistically significant (27% improvement vs. 17%

Table 4

Table 5

Difference between pre- and post-HBOT breast SKIN score
(n = 175 observations)

Difference between pre- and post-HBOT nipple areola complex
SKIN score (n = 64 observations)

Surface area

Depth

Deteriorated

11 (17%)

32 (50%)

Unchanged

36 (56%)

28 (44%)

29 (16–17%)

Improved

17 (27%)

4 (6%)

< 0.01
0.282
(0.157−0.407)

P-value
Inter-observer
Kappa (95% CI)

0.13
0.138
(-0.037–0.313)

< 0.01
0.073
(-1.156–0.302)

Surface area

Depth

Deteriorated

8 (5%)

74 (42%)

Unchanged

107 (61%)

72 (41%)

Improved

60 (34%)
< 0.01
0.213
(0.061−0.366)

P-value
Interobserver
Kappa (95% CI)
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Figure 2

Table 6

Association between the post-HBOT breast SKIN scores and
re-operation (n = 183 observations). Affected surface area was
scored: 1 − 0%; 2 − 1–10%; 3 − 11–30%; and 4 − > 30%.
The estimated affected depth was scored: A − none; B − colour change;
C − partial thickness skin flap necrosis; and D − full thickness
skin flap necrosis

Association between the post-HBOT breast SKIN scores and
re-operation (n = 183 observations)

Depth

A

Surface
area

C

1
2
3
2
4
3, 4

D

2, 3, 4

B
B

C
B

n

Re-operation

Prognosis

61

5%

Good

33

27%

Moderate

89

67%

Poor

degree of necrosis as graded by Matsen et al.5 Previous
breast reduction (Spearman’s rho 0.3; P = 0.04), preoperative radiotherapy (Spearman’s rho 0.3; P = 0.03), and
infection (Spearman’s rho 0.4; P = 0.001) were significantly
related to the degree of necrosis. Pre-operative radiotherapy
(OR 7.2, 95% CI 1.4–37.3) and infection (OR 15.4, 95%
CI 2.6–89.7) were risk factors for re-operation in multivariate
analyses.
Discussion
The aim of this study was to investigate the outcome of
mastectomy flap ischaemia after HBOT in a series of 50
breasts. Our primary outcome was the need for additional
surgery following HBOT, while our secondary outcome was
a decrease in tissue necrosis using the SKIN score. We also
sought risk factors for additional surgery despite HBOT.

deterioration, P = 0.13), and the depth scores deteriorated
more often than they improved (50% vs. 6%, P < 0.01). The
interobserver Kappa was low (0.138 and 0.073 respectively).
Post-HBOT breast SKIN scores were available for 46 breasts
(183 observations). Both the surface area and depth scores
were associated with the need for re-operation: higher scores,
reflecting more severe necrosis of the mastectomy flap,
were associated with a more likely need for re-operation
(Figure 2). The combined surface area and depth scores
were categorized into three groups with differing prognosis
(Table 6): good (5% re-operation), moderate (27% reoperation), and poor (67% re-operation). The interobserver
Kappa was moderate (0.438, range 0.341–0.535).
MULTIVARIATE ANALYSES
Associations between risk factors and necrosis were
analysed by Spearman correlations, and between risk factors
and re-operation by multivariate analyses (Table 7). The
correlations were evaluated between risk factors and the

HBOT improves oxygenation of poorly perfused tissue
and reduces oedema, and may thereby prevent the
progression of ischaemia to necrosis or limit the extent
of necrosis of vascularly compromised skin grafts or
flaps.29,36 Postoperative skin flap ischaemia can progress to
full thickness necrosis, resulting in wound dehiscence. In
the case of mastectomy flap ischaemia and an immediate
reconstruction with a tissue expander or implant, the
exposed device must be removed, delaying further surgery
and compromising the aesthetic outcome. Timely HBOT
may sustain the ischaemic tissue until perfusion is restored,
thereby preventing progression to necrosis or limiting the
necrosis to partial thickness of the flap which can heal by
secondary intention without additional surgery.30–33
In this study the SKIN score depth did deteriorate as the
tissue demarcated, but the affected surface area decreased
significantly with HBOT (see Figure 1 and Table 4). The
SKIN score was developed to translate into groups with
clinically meaningful differences: when the affected surface
area decreases the likelihood of re-operation decreases9
(Figure 2 and Table 6). The inter-rater reliability for the
change in SKIN score from before to after HBOT was low
(Kappa 0.073–0.282); this was mostly due to differences
in the pre-HBOT scores when the tissue colour is not clear.
Once the tissue has demarcated post-HBOT, the interrater
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Table 7
Risk factors for necrosis and re-operation. *Matsen et al.,5 mild: no intervention needed, healing complete at eight weeks, moderate:
office debridement, healing complete at eight weeks, severe: operating room debridement, implant loss, or healing not complete at
8 weeks. Results in bold are statistically significant.

Risk factor
Age
BMI
Cup size
Previous or current smoking
Hypertension (n = 4)
Diabetes (n = 3)
Prior breast augmentation (n = 5)
Previous breast reduction (n = 3)
Previous radiation therapy (n = 11)
Previous chemotherapy (n = 14)
Infection (n = 12)
Nipple-sparing mastectomy (n = 22)
Hammond (n = 17)
Weight of mastectomy specimen
Use of an acellular dermal matrix (n =3)
Number of days of delay to HBOT
Total number of sessions of HBOT
agreement was better. We used the post-HBOT scores to
calculate the prognosis for reoperation (Kappa 0.438, range
0.341–0.535).
Only 21/50 (42%) of breasts with mastectomy flap ischaemia
that were treated with HBOT underwent additional surgery
(Table 3). In the literature, the need for further surgery in
cases with mastectomy flap ischaemia ranges from 5–67%
following treatments other than HBOT. The reoperation
rate in this study with HBOT falls in the middle of that
range. In a small study where mastectomy flap ischaemia
was treated with a wait-and-see approach, 6/11 cases
(55%) required debridement and coverage.37 Another small
study where all patients with mastectomy flap necrosis
were treated with oral antibiotics, 10/15 patients (67%)
required readmission with intravenous antibiotics, surgical
debridement, and removal of their tissue expander.1 In a
series of nipple-sparing mastectomies, only 1/20 of nipples
(5%) with necrosis required reoperation.18 In another larger
study where mastectomy flap necrosis was treated with a
wait-and-see approach, 18/69 breasts (26%) required skin
excision, debridement, or implant removal.9 In a large series
of nipple-sparing mastectomies, reoperation was required in
69/141 (49%) of ischaemic nipples.38 In the largest study of
178 patients with mastectomy flap necrosis who were treated
with expansion of the tissue expander, 120 (67%) healed
spontaneously and 58 (33%) required surgical excision
of the eschar or removal of the tissue expander.3 It is not
possible to compare the outcomes of these studies to our
study since each uses a different definition of mastectomy
flap ischaemia, leading to selection bias.

Degree of necrosis*
Spearman’s
P-value
rho
0.241
0.092
0.268
0.060
-0.056
0.697
-0.004
0.976
0.043
0.766
-0.046
0.751
-0.175
0.225
0.286
0.044
0.302
0.033
0.153
0.288
0.443
0.001
0.011
0.939
-0.013
0.927
0.173
0.229
0.029
0.843
-0.166
0.250
0.130
0.367

Re-operation
Odds
95% CI
ratio

7.2

1.4−37.3

15.4

2.6−89.7

Until now only one large study had investigated the efficacy
of HBOT in limiting necrosis of ischaemic skin flaps. The
study reviewed the outcome of 65 compromised flaps in
a heterogeneous population, including soft tissue injuries
and osteomyelitis.26 The treatment outcome was judged on
the appearance of the flap. Following HBOT 55% had ‘no
flap necrosis’, 34% had ‘minimal flap necrosis’, and 11%
had ‘flap necrosis requiring a further covering procedure
or extensive healing by secondary intention’. The authors
concluded that 89% of compromised flaps were ‘salvaged’
by HBOT. Patients whose outcome were unsuccessful were
older (60 vs. 48 years), had a longer delay to initiation of
HBOT (20 vs. 5 days), a greater number of HBOT treatments
(42 vs. 28 sessions), and a greater number of risk factors
associated with poor wound healing (soft tissue infections,
radiation therapy, peripheral vascular disease, and diabetes
mellitus). Delay to HBOT and total number of HBOT
treatments were not significant risk factors for reoperation
in our study (Table 7).
In previous studies, various risk factors have been identified
for necrosis; the common mechanism in all is impaired
perfusion. In this study risk factors that were associated with
necrosis and reoperation were previous breast reduction,
preoperative radiotherapy, and infection (Table 7). These
risk factors were also found to be significant in other
studies. Prior surgical scars can compromise skin perfusion
leading to a higher prevalence of necrosis in these patients.39
Severe skin necrosis was 14 times more likely in previously
irradiated patients.37 Patients with mastectomy skin necrosis
have a 15 times higher odds of developing an infection
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requiring intervention and an almost 16 times the odds of
requiring their tissue expander to be prematurely removed.1
Other risk factors that were also shown to be associated with
necrosis and reoperation in other studies were not correlated
in this study, perhaps due to small patient numbers in those
subgroups.
Interestingly, in this study previous or current smoking was
not correlated with the degree of necrosis nor the need for
additional surgery. Other studies have shown that smoking
was significantly associated with necrosis37 and excision,3
and reduced the effect of HBOT on compromised flaps.25
In fact, in some HBOT centres, smoking is considered
so detrimental to the effect of HBOT that the treatment
was discontinued for patients who refused to refrain from
smoking.26

5

6

7

8

The main limitation of this study is that there was no control
group with mastectomy flap ischaemia who did not undergo
HBOT. It is unknown what proportion would have resolved
with a wait-and-see approach,3,5,9 and what proportion would
be re-operated. Another limitation is that the indication for
reoperation was not clear: haematoma, seroma, infection,
and flap necrosis could all be independent indications for
reoperation.

9

Conclusions

10

Limiting necrosis is important to reduce morbidity and
the costs of repetitive reoperation.1,26 In this case series of
patients with mastectomy flap ischaemia, the surface area
of the breast affected by ischaemia decreased during HBOT,
and most breasts (29/50, 58%) did not undergo an additional
operation. A randomised controlled trial is needed to confirm
or refute the possibility that HBOT improves outcome in
patients with mastectomy flap ischaemia.
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