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Mastectomy skin flap We evaluated the impact of the introduction of ICG fluorescence imaging (SPY-PHI Stryker
necrosis; Endoscopy) combined with a perfusion score on MFN rates in immediate deep inferior epigastric
DIEP flap; perforator (DIEP) breast reconstruction and identified a safe perfusion threshold. Secondary
Deep epigastric outcome measures were based on national Getting It Right First Time (GIRFT) benchmarks.

perforator flap Methods: A total of 74 patients (87 breasts) who underwent immediate DIEP breast re-

construction from January 2022 to December 2024 were analysed, with 37 flaps in the control
group and 50 flaps in the intervention group.

Results: The MFN rate decreased from 24.3% to 4.0% with ICG (p=0.0048), alongside reduced
readmission (27.3% to 4.9%, p=0.0071) and wound complications (39.4% to 9.8%, p=0.0026).
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Conclusion: Introducing ICG significantly improved MFN rates and service performance against
the national GIRFT benchmarks. Following a brief learning curve and strict adherence to a 40%
perfusion score, we eliminated mastectomy flap necrosis. Additional benefits include improved
assessment of contralateral symmetry, DIEP flap viability and post-anastomotic patency.

© 2025 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by
Elsevier Ltd. All rights are reserved, including those for text and data mining, Al training, and

similar technologies.

Mastectomy is a standard procedure used for the manage-
ment of breast cancer and risk reduction in patients with
genetic mutations. Patients undergoing skin or nipple
sparing mastectomy with immediate reconstruction are at
risk of mastectomy skin flap necrosis (MFN), a condition that
occurs when the blood supply to areas of the breast skin
envelope is insufficient to meet the metabolic demands of
the tissue. This can result in partial or full-thickness skin
loss."

MFN can lead to significant complications, including the
need for reoperation, delayed wound healing and an increased
risk of infection, all of which may negatively impact patient
outcome.?* In addition to the physical impact, MFN can cause
psychological distress, with patients experiencing anxiety and
dissatisfaction with the aesthetic outcomes. The economic
burden is also substantial, with increased healthcare costs re-
lated to longer hospital stays and additional procedures.” Re-
ported rates of MFN in patients undergoing immediate
reconstruction range from 7% to 40%."*° Our unit previously
published a breast wound complication rate of 30%, of which
the majority were due to MFN.°

A recent meta-analysis by Lauritzen et al. demonstrated
that indocyanine green (ICG) angiography (ICGA) can reduce the
incidence of complications, including MFN, in autologous and
implant-based breast reconstructions.” ICGA is known to be a
valuable adjunct to intraoperative clinical examination® '° and
offers the best modality for accurately assessing skin vascu-
larity.” However, limited data exist on interpreting ICG in-
traoperatively to determine the viability of mastectomy skin
and MFN development. Most ICG systems rely on the subjective
interpretation of dynamic grayscale image. This has vast inter-
variability and is prone to clinical disconcordance.’' Newer ICG
perfusion machines have in-built software that generates a
perfusion percentage score (QP score), offering quantitative
data to augment subjective interpretation of the ICG image.
However, establishing an objective threshold percentage of
perfusion that reliably predicts non-viable tissue remains a
subject of ongoing research.'> "

Aim

The aim of this study was to evaluate the impact of the
introduction of ICG fluorescence imaging (SPY-PHI Stryker
Endoscopy) with QP score on the rate of MFN in patients
undergoing skin- or nipple-sparing mastectomy and im-
mediate reconstruction with a deep inferior epigastric
perforator (DIEP) flap. The primary outcome was the de-
velopment of MFN on day 7.
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Secondary outcome aims were to determine the impact
of ICG on UK national “Getting It Right First Time (GIRFT)”
benchmarks,'* which are indices used to quality assure NHS
services across the National Health Service (NHS) in Eng-
land. The GIRFT benchmarks used in this study were re-
admission, and re-operation rate, within 30-days.

Methods

In our study, 74 patients underwent skin- or nipple-sparing
mastectomy followed by immediate DIEP breast re-
construction, comprising 61 unilateral and 13 bilateral
procedures. The study included a total of 87 flaps. The
study period was from January 2022 to December 2024. As
demonstrated in Figure 1, patients in our study were di-
vided into two groups: a non-intervention (control) group
where no ICG was used (n=37), and an intervention group
where ICG was used (n=50). Patients were not randomised,
but allocated to each group depending on the availability
ICGA. The groups were similar in age, body mass index
(BMI), mastectomy weight, American Society of Anaes-
thesiologist (ASA) physical status classification score, co-
morbidities, mastectomy type, axillary surgery and T stage
(Table 1). Most patients received neoadjuvant che-
motherapy, which resulted in a downgrade of the T stage at
the time of mastectomy. There were no smokers in either
group. Mastectomy technique was not standardised by sur-
geon or technique but was performed by ensuring

Figure 1  Schematic representation of the study design.
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Table 1  Patient’s demographics and its p-value.
Demographic/ ICG Group Non-ICG p-value
Characteristic (n=50) Group (n=37)
Age (mean + SD, years) 46.3+8.6 49.4+10.6 0.141
BMI (mean + SD, kg/m?) 27.6 + 3.4 27.7+3.6 0.829
Mastectomy weight 543.7 +260.3 666.0+346.7 0.085
(mean +SD, g)
ASA (mean + SD) 2.1+0.4 2.1+0.5 0.595
Co-morbidities (n, %) 0.434
<1 34 (68%) 28 (75.7%)
>1 16 (32%) 9 (24.3%)
Mastectomy type (n, %) 0.743
Skin-sparing mastectomy 48 (96%) 36 (97.3%)
Nipple-sparing mastectomy 2 (4%) 1(2.7%)
Incision type (n, %)
Periareolar 18 (36%) 12 (32.4%) 0.779
Elliptical 21 (42%) 5 (13.5%) 0.016
Wise 10 (20%) 19 (51.4%) 0.012
J plasty 1(2%) 1(2.7%) 0.831
Axillary surgery (n, %) 0.878
Yes 33 (66%) 25 (67.6%)
No 17 (34%) 12 (32.4%)
T stage (n, %) 0.631
TO or N/A 17 (34%) 12 (32.4%)
Tis 8 (16%) 6 (16.2%)
T1 17 (34%) 10 (27.0%)
T2 3 (6%) 6 (16.2%)
T3 5 (10%) 3 (8.1%)

SD: Standard deviation; N/A: Not applicable (Patients under-
went risk-reducing mastectomy).

parasternal and lateral intercostal perforator preservation.
Tumescent technique was not used.

The manuscript was reviewed in accordance with the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) checklist, as detailed in the
Supplemental Appendix.

Control cohort (non-ICG)

When: Clinical assessment of mastectomy flaps was made
following mastectomy and confirmed following flap inset.

Technique

1. Mastectomy and axillary surgery were performed by the

oncological surgeon.

Clinical assessment of skin flap edges was carried out by the

senior reconstructive surgeon. Definition of mastectomy flap

non-viability: Skin was assessed for capillary refill time,

colour, adequacy of bleeding from dermal edge, evidence of

fixed staining or loss of subcutaneous flap.

. Areas of non-viable skin were marked.

. Following anastomosis and flap inset, marked areas were
excised to bright red bleeding dermis.

. The DIEP skin paddle was then tailored to the defect.

2.

w

ICG cohort

When: ICGA visualisation was performed intraoperatively at
two time points—following mastectomy prior to any internal
mammary vessel dissection and flap inset.
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Figure 2 Mastectomy skin flap prior to ICG administration.

Technique
1. Mastectomy and axillary surgery were performed by the
oncological surgeon (Figure 2).

Verdyne dye was administered as a 25 mg bolus in 10 ml

via a peripheral line followed immediately by a

10 ml flush.

. Integrated SPY-QP software was used to assess the in-
tensity of the fluorescence signal using QP score.
Percentage (%) perfusion was determined 2 min following
dye injection to allow fluorescence intensity to plateau
and software recognition of peak fluorescence was in-
dicated using a green arrow.

. Perfusion score was calibrated at 100% based on a 1cm
box point overlying the xiphisternum where fluorescence
was maximal and set at the 100% QP score (Figure 3).

. QP score of mastectomy skin edge was determined in a
clockwise manner.

. Any area that scored <40% was marked with pen and
considered non-viable (Figure 4 and Figure 5).

2.

Figure 3  Calibration of perfusion score using the xiphis-
ternum as a reference {areas marked within the box}.



Journal of Plastic, Reconstructive & Aesthetic Surgery 111 (2025) 198-206

Figure 4  Area with perfusion score of 25% marked as non-viable.

Figure 5 Area with perfusion score of 42%, considered viable.

7. Following anastomosis and flap inset, steps 2-5 were re-
peated, and the QP score of the marked areas was con-
firmed, before being surgically excised (Figure 6).

8. The DIEP skin paddle was then tailored to the defect.

Figures 7 and 8 demonstrate the assessments of mas-
tectomy flap viability on direct visualisation versus ICG vi-
sualisation.

The primary outcome was mastectomy skin necrosis at 7
days post-surgery, and its significance was assessed using
the Chi-squared test. The assessment was made by the
clinical team who were blinded to the intervention. The
diagnosis of MFN required one of the following:

Figure 6 Non-viable skin marked for excision after post-
anastomosis ICG reassessment.
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Figure 7 Clinical assessment of mastectomy flap viability
under direct vision.

Figure 8 Same patient as in Figure 2. The assessment of
mastectomy flap viability under ICG visualisation using the
perfusion score. The entire skin edge is assessed in a clockwise
pattern using the dynamic perfusion score and any area < 40% is
marked for excision.

Evidence of full thickness skin necrosis—eschar

Loss of epidermis with fixed staining of the dermis

e Wound dehiscence with exposed fat

Blistering of epidermis with capillary refill time of
dermis >3s

The mastectomy flap necrosis was recorded according to
the Clavien-Dindo (CD) classification post-surgery'” and final
classification was based on their outcome at 30-days, or
once fully healed (Table 2).

The figures below provide examples of MFN based on the
CD classification (Figure 9, Figure 10 and Figure 11).

Results

Baseline characteristics were similar between the groups
except for mastectomy flap incision (p < 0.05).
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Table 2

Classification of surgical complications according to the Clavien-Dindo classification.

Clavien-Dindo Classification Description

| Any deviation from the normal postoperative course without the need for pharmacological treatment or
surgical, endoscopic, and radiological interventions

1l
llla
lllb

Death of a patient

Requiring pharmacological treatment with drugs

Requiring surgical intervention not under general anaesthesia
Requiring surgical intervention under general anaesthesia
Life-threatening complications requiring ICU management

Figure 9 Patient with CDI MFN.

Primary outcome

Nine (24.3%) cases of MFN occurred in the control group
whilst 2 cases (4.0%) of MFN were reported in the ICG Group
(Chi-squared p-value of 0.0048). The ICG group demon-
strated reduced MFN occurrence with a relative risk (RR) of
0.164 and a number needed to treat (NNT) of 5.

Secondary outcome

Operative intervention (Clavien-Dindo 1lIB) for MFN was more
common in the control group vs ICG group (Table 4).

Figure 10  Patient with CDIl MFN.
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Figure 11  Patient with CDIlIb MFN.

Debridement and skin grafting was the most common surgical
procedure.

We found significant improvement in two GIRFT bench-
marks in the ICG intervention group. Table 3 showed the
results for breast-related readmission and any wound com-
plications.

In the ICG group, 4.9% (n=2) of patients were re-ad-
mitted within 30 days of the index procedure, compared to
27.3% (n=9) of the control group. MFN was the primary
reason of readmissions: the two readmissions in the ICG
group were the first two cases of the cohort. Both patients
were admitted owing to MFN in which the intraoperative QP
score was overruled in favour of clinical assessment.

Table 4 shows wound complications based on the Cla-
vien-Dindo Classification for each cohort.

Figure 12 summarises our study design and the results.

Discussion

Accurate assessment of mastectomy flap viability remains a
critical challenge in immediate breast reconstruction.
Traditionally, intraoperative clinical examination was used
to predict flap viability; however, this method is inherently
subjective and is known to be unreliable in preventing
MFN."® ICGA and other adjunctive imaging modalities, such

as fluorescein dye, have improved intraoperative
Table 3 Postoperative complication rates in both the
groups.
Breast-related complications ICG Control  p-value
Readmission < 30 days 4.9% 27.3% 0.0071
Any wound complications < 30 days 9.8% 39.4% 0.0026
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Table 4 All breast-related complications and their respective CD classification in both the groups.

Complications within 30 days

Clavien-Dindo Classification

Control group

ICG group

llla

1llb | Illa Illb

Mastectomy skin flap necrosis (MFN) 1

Other breast wound complications 1 1
Haematoma

Flap complications

Total 14

Figure 12 Schematic representation of the study results.

assessment and helped reduce necrosis rate. Nevertheless,
their impact is often limited, largely owing to the sub-
jective interpretation of perfusion images and lack of
standardised thresholds for clinical decision-making.'’

The development of a quantitative ICGA-based perfusion
scoring system represents a significant advancement in ad-
dressing this limitation. By offering a standardised, nu-
merical value, such as the QP score, to guide intraoperative
decision-making, it enhances the objectivity and reprodu-
cibility of skin flap perfusion assessment. This is particularly
important in immediate breast reconstruction, where the
consequences of flap necrosis are associated with increased
morbidity, delayed adjuvant therapy and compromised
aesthetic outcomes. Faber et al. suggested that the sur-
geon’s subjective visual interpretation of ICG fluorescence,
without quantitative analysis, leads to inadequate inter-
pretation owing to inter-user variability, limited validity and
lack of reproducibility.'® Our study demonstrated that ICGA
significantly reduces the incidence of MFN, from 24% to 4%,
in a cohort of patients undergoing immediate autologous
breast reconstruction. More specifically, when stratified by
QP score, the incidence of MFN was 100% (2/2) in cases with
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a QP score < 40%, compared to 0% (0/48) in those with a QP
score of >40%, representing a statistically significant re-
duction (p < 0.0001). This highlights the clinical value of the
QP score in providing an objective and standardised method
for assessing ICG perfusion; therefore, we advocate the
adoption of this software in relevant surgical settings.

The two cases of MFN in the ICG group occurred in the
first 2 patients, reflecting an early learning curve in aligning
clinical judgment with the objective QP scores. In both
cases, the QP score identified a significant area of hypo-
perfusion as defined by perfusion score of <40%, whereas
the grayscale ICG images did not appear markedly ab-
normal, and clinical judgement favoured proceeding
without further intervention. However, the software’s pre-
diction proved accurate in both instances, revealing that
the grayscale interpretation alone had underestimated the
risk. Following this, consistent use of the QP score threshold
of 40% at two minutes post-injection eliminated MFN in all
subsequent cases.

The ICGA QP score was assessed at two time points: once
after the mastectomy, before any vessel preparation, and
once after anastomosis and flap inset. The technique of
vessel preparation was standardised and used a combina-
tion of fishhook and surgical retractors for access, combined
with third rib excision and end-to-end anastomosis on the
internal mammary vessels. We found that the skin area
deemed hypoperfused on ICG following mastectomy, did not
change following flap inset, indicating that vessel prepara-
tion, both in its potential sacrifice of some medial skin flap
perforators and retraction of skin flaps during vessel pre-
paration, did not have any impact on mastectomy skin
perfusion. Furthermore, no additional skin excision was
required, and we concluded that skin flap retraction did not
impact vascularity.

We chose a 2-minute delay before assessing skin vascu-
larity using the Stryker ICG system and SPY-Q perfusion
software to allow sufficient time for ICG dye to circulate
and achieve stable tissue fluorescence. This timing aligns
with known ICG pharmacokinetics, as the dye typically
reaches peak perfusion visibility within 90-120s post-in-
jection.'® Additionally, the SPY-Q system provides a visual
indicator (a green arrow) that appears once the signal has
stabilised and the software is ready for accurate perfusion
analysis. By waiting for two minutes, we ensured that the
green arrow was consistently present before proceeding
with the assessment, supporting more standardised and
reproducible measurements. The 2-minute delay has been
used in previous studies as well.* "’
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Calibration of the ICG camera was performed for each
patient using a 1-cm area over the xiphisternum. This en-
sured that the calibration was standardised using a well-
vascularised area outside the surgical field as previously
described.?”

The use of a 40% cut-off adds to the findings in other
studies. Han et al. demonstrated that a QP score of 30% at
30s post-infusion effectively predicted skin viability in
paediatric skin trauma, with 97% success rate when com-
promised tissue was excised.”’ Similarly, Moyer et al.
identified a range of 25-45% perfusion as a ‘gray area’, with
a positive predictive value of 87% and negative predictive
value of 16% for necrosis. Although Moyer’s findings suggest
that 33% perfusion was a correct cut-off between viable and
non-viable skin, they still reported MFN.'? Gorai et al. found
a score of < 34% was associated with MFN, but this score was
combined with dye ingress rate, which was measured ret-
rospectively via computer analysis.'® Dye ingress rate is not
a real-time value and carries limited clinical use; therefore,
it was not considered in our study. Furthermore, they found
no reduction in MFN between their ICG and control groups.
Newman et al. reported mean relative perfusion units of
approximately 25% for necrotic tissue and approximately
43% for viable tissue, aligning with the >40% viability
zone.”"® Based on this, our 40% threshold provides a con-
servative, safety margin within the proven ‘viable’ zone.
Critically, after applying this cut-off and excising any skin
below 40% perfusion, we observed zero further flap necrosis
following two early cases linked to the learning curve—un-
derscoring its practical effectiveness. Our adoption of a
higher cut-off perfusion score increased our ability to re-
liably rule out necrosis. This proactive approach is parti-
cularly valuable in immediate reconstruction, where
postoperative complications from MFN can have significant
implications for reconstructive outcomes, patient satisfac-
tion and timely delivery of adjuvant therapies.

We acknowledge the inherent risk of overpredicting po-
tential areas of necrosis owing to the higher cut-off score,
but we reported a QP value that, post learning curve, re-
sulted in a 0% flap necrosis rate. Although the use of a lower
QP score may theoretically reduce the amount of excised
skin, we demonstrated that this approach reduced the risk
of downstream complications such as readmission and sec-
ondary surgical interventions without compromising cosm-
esis (size and shape) due to the large skin paddle offered by
autologous tissue. Overestimation of skin resection is far
more pertinent in implant-based reconstruction in which
skin is limited and critical to implant choice.

An important confounding factor is the type of mas-
tectomy incision between the ICG and non-ICG cohorts,
which could potentially influence flap viability outcomes.
Wise-pattern incisions that are traditionally associated with
higher risks of MFN due to extensive skin excision and vas-
cular compromise were significantly more common in the
non-ICG group (51.4% vs 20%, p=0.012). Conversely, ellip-
tical incisions were more prevalent in the ICG group (42% vs
13.5%, p=0.016), and periareolar and J-plasty incisions
were similarly distributed between the groups (p=0.78 and
p=0.83, respectively). Although the higher use of Wise-
pattern incisions in the control group may have contributed
to the increased rate of MFN, we believe that this factor is
unlikely to fully explain our findings. In practice, several so-
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called ‘Wise-pattern’ mastectomies were initially performed
using a triangle incision, with the remainder of the Wise-
pattern (the horizontal component), only de-epithelialised
after flap inset. Therefore, the perfusion characteristics
were more consistent with those of a periareolar than a true
Wise-pattern mastectomy. Additionally, most MFN cases in
both groups occurred with periareolar incisions and not the
Wise-pattern. This suggests that the observed necrosis rates
were not directly attributable to incision type alone.
Furthermore, we acknowledge that mastectomy pattern is
not always a risk factor for necrosis.”

All excised skin was from the mastectomy skin perimeter
(Figure 6). We did not measure the quantity of the excised
skin and frequency of excision. Previous studies have found
this difficult to quantify, making interpretation difficult.”?
Interestingly, most skin excision occurred from the lateral
skin edge, perhaps highlighting the impact of lateral breast
dissection on vascularity and further supporting the lack of
impact from skin retraction during vessel preparation. No-
tably, the use of ICGA reduced the need for mastectomy flap
excision likely owing to improvement in oncological surgeon
technique, grade of surgeon performing these operations
and choice of skin tailoring incision.

Although our MFN rates were at the higher end of the
published literature, this is likely due to the strict inclusion
criteria used in our study, which accounted for even minor
complications (Clavien-Dindo classification ), such as su-
perficial epidermal loss that only required additional dres-
sings. Most other studies underrepresent mastectomy skin
necrosis as they use arbitrary diagnostic criteria, lack of a
classification system, exclude cases not requiring operative
intervention or classify them under a different complication
category.”*?%’

Interestingly, ICGA reduced return-to-theatre rates from
27.3% to 9.8%, a finding that diverges from those of prior
studies on implant-based reconstruction, such as Diep
et al., who reported reductions in minor complications
without changes in return-to-theatre rates.”"?° In this study,
reduced reoperations were due to fewer MFN-related com-
plications. Additionally, breast-related wound complica-
tions decreased from 39.4% to 9.8%, driven by the
reductions in Clavien-Dindo Grade Ill complications. Kim
et al. also found that ICGA only reduced ‘minor’ complica-
tions.”® Although their study was randomised prospective
trial, they omitted details on how the clinical assessment
was performed in the control group and how ICG measure-
ments correlated with skin excision. They also made their
skin assessment prior to expander insertion, thereby ig-
noring a known confounding factor.

Hospital readmissions also declined from 27.3% to 4.9% in
the ICG group, primarily due to fewer reoperations. We
acknowledge a high readmission rate in our control cohort
and attribute this to the high MFN rate (24%), among which
8 out of 9 patients required surgeries. The incidence of MFN
commonly results in operative intervention."’ We justify
this aggressive surgical approach to avoid any delays in
adjuvant therapy, as defined by the IBRA-2 study.” Conse-
quently, this proactive approach will have artificially up-
graded some Clavien-Dindo Grade Il complications to Grade
Il by favouring admission and surgery in some cases that,
without the need for adjuvant therapy preparation, could
have been easily managed in the out-patient setting.
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Furthermore, 2 patients were admitted to expedite a
diagnostic test (ultrasound for seroma and fat necrosis),
that could easily have been managed in other centres in the
out-patient setting. These combined factors can account for
the high admission rate seen in both groups.

Limitations

Patients were not randomised and surgeons were not
blinded at the time of intervention. We did not standardise
for proximity of tumour to the skin nor the mastectomy
pattern, as the procedures were performed by a group of
oncology surgeons using varied, non-standardised techni-
ques and incision patterns. We acknowledge that mas-
tectomy incision has an impact on MFN, and we
acknowledge that the groups differed significantly with the
mastectomy type. Moreover, ICG facilitated immediate
feedback to oncological surgeons regarding mastectomy
flap viability and undoubtably led to technical refinement in
mastectomy techniques and skin incision patterns during
the study period, but this was not assessed.

Whilst our study investigated ICGA perfusion score at
2 min post-injection, some studies also observed the speed
at which ICG penetrated the skin. This ‘ingress rate’ has
been shown to be a useful parameter when combined with
perfusion score.'®?® We did not study this as we found it
challenging to objectively define the ingress rate, particu-
larly when distinguishing between what constitutes ‘slow’
versus ‘normal’, and were concerned that this would be
influenced by short-term vascular changes resulting from
retraction and adrenaline infiltration.

Although ICGA is increasingly being used in autologous
breast reconstruction to assess flap perfusion and anasto-
motic viability,?” *" our study focused specifically on mas-
tectomy flap perfusion and did not evaluate these broader
applications in detail. Although we demonstrated a sig-
nificant reduction in MFN using a 40% perfusion score
threshold, further research is needed to validate this cut-
off. Future studies should aim to evaluate the sensitivity
and specificity of the 40% threshold compared to alternative
scoring systems. Additionally, our experience suggests that
a potential learning curve is associated with the inter-
pretation and intraoperative application of perfusion
scoring, which warrants further investigation.

Conclusion

ICG is superior to clinical judgement in MFN assessment.’
Nevertheless, ICGA lacks standardisation in use and inter-
pretation, which has been a barrier to the widespread
adoption of this technology.®” Our study adds an important
cut-off for assessing skin viability with ICGA. Using a QP
score of 40% significantly reduces complications, enhances
surgical outcomes and provides opportunities for technical
refinement. Whilst ICGA is well established for reducing
complications, especially in prosthetic reconstruction,***
this study provides the user a categorical value, the perfu-
sion score, to deploy ICGA safely and effectively with
proven reduction in MFN and its sequelae. A perfusion score
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cut-off of 40% results in fewer major complications, lower
return-to-theatre rates and improved adherence to GIRFT
benchmarks for hospital readmissions.
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