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Abstract
Background  Perfusion mapping with indocyanine green angiography (ICGA) in breast reconstruction can change intraop-
erative plans and reduce the risk of flap necrosis. We evaluated the utility of ICGA in the decision to delay reconstruction 
postmastectomy and its predictive power for necrosis.
Methods  Single-institution retrospective study of implant-based breast reconstructions following mastectomy using ICGA 
from 2015 to 2021. A decision was made to proceed with immediate reconstruction or delay reconstruction based on clinical 
assessment and perfusion analysis. Incidence of complications in the immediate and delayed cohorts were assessed. Intra-
operative ICGA perfusion values were correlated with postoperative outcomes to calculate diagnostic accuracy.
Results  Three hundred twenty breast reconstructions were performed. Two hundred fifty-nine of these underwent immediate 
reconstruction, while 61 underwent delayed reconstruction due to poor perfusion. Median time between mastectomy and 
delayed reconstruction was 7.3 days (range, 4–21 days). All 8 cases (3.1%) of necrosis were in the immediate cohort. Cases 
of necrosis had significantly lower intraoperative ICGA perfusion values compared to cases without necrosis (absolute values 
13.1 versus 27.1 units, p = 0.017). Increasing our ICGA cut-off score for necrosis from 14 to 22 units would have increased 
sensitivity from 63 to 100% but reduced specificity from 70 to 48%.
Conclusions  Delayed breast reconstruction due to poor perfusion on ICGA resulted in no cases of necrosis. A higher ICGA 
cut-off score for predicting necrosis is more sensitive but less specific. ICGA is useful as a supplement rather than a substitute 
for clinical assessment in flap perfusion evaluation.
Level of Evidence: Level III, Risk / Diagnostic Study.
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Introduction

Breast reconstruction is a common procedure that can signif-
icantly improve quality of life for females who have under-
gone mastectomy. The success of the procedure is limited by 
mastectomy skin flap necrosis (MSFN) which has a reported 

prevalence of up to 24% [1, 2]. This complication can be 
associated with infection, implant loss, reoperation, delayed 
adjuvant therapy, and poor cosmesis [3, 4].

The presence of MSFN after skin-sparing mastectomy 
(SSM) and nipple-sparing mastectomy (NSM) highlights the 
limitations of clinical assessment in evaluating tissue viabil-
ity and the usefulness of an objective assessment tool [5–7]. 
Although indocyanine green angiography (ICGA) has been 
used in medical fields for years, its use in breast reconstruc-
tion surgery is relatively recent [6, 8]. It involves real-time 
fluorescence imaging utilising a near-infrared camera after 
intravenous administration of the fluorophore, indocyanine 
green, to obtain an objective perfusion analysis [9].

Previous studies have shown that ICGA can assist with 
intraoperative decision-making involving excision of nonvia-
ble areas of mastectomy skin flaps to reduce risk of necrosis. 
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They have also investigated the diagnostic accuracy of ICGA 
for predicting necrosis, but only in small cohorts [10–15]. 
We evaluated a more conservative approach in which recon-
struction was delayed to a separate admission in cases with 
poorly perfused mastectomy skin flaps. The aim of this study 
was to assess the utility of ICGA in the decision to delay 
reconstruction and its diagnostic accuracy in a large cohort 
over 6 years of use.

Material and methods

This study was conducted in accordance with the Hel-
sinki Declaration of 1964, and ethics was approved by 
the Human Research Ethics Committees (HREC) Sydney 
Local Health District, Australia (Protocol No: X21-0054 & 
2021/ETH00363). It was a single-institution retrospective 
cohort study of 320 implant-based breast reconstructions 
postmastectomy using ICGA routinely from February 2015, 
when it was first introduced into practice, to March 2021. 
Patients who underwent autologous breast reconstruction 
were excluded. Baseline patient and procedural character-
istics were collected. Intraoperative information, including 
ICGA perfusion analyses, was collected. The incidence 
of complications, including MSFN, infection, dehiscence, 
implant loss, and unexpected reoperation, was documented. 
MSFN included epidermolysis, partial-thickness/ superfi-
cial necrosis, and full-thickness necrosis. Partial-thickness/
superficial necrosis was defined as loss of epidermis, partial 
dermal loss, and/ or eschar formation without subcutaneous 
fat exposure. Full-thickness necrosis was defined as loss of 
epidermis and dermis with exposure of subcutaneous fat, 
muscle, acellular dermal matrix, or implant [10].

Surgical procedure

All patients underwent SSM or NSM followed by breast 
reconstruction performed by one of four breast surgeons. 
Reconstruction was direct-to-implant or with tissue 
expander. All patients had electrocautery dissection, drains 
placed before skin closure and received preoperative antibi-
otics. No local anaesthetic or epinephrine-containing injec-
tions were used before or during surgery. After completion 
of mastectomy, laparotomy sponges were placed in the breast 
pocket to fill the dead space, the skin was closed temporarily 
using staples, and perfusion analysis was completed. A deci-
sion was made to either proceed with immediate reconstruc-
tion or delay reconstruction based on clinical assessment and 
the perfusion analysis. A delayed reconstruction involved 
closing the mastectomy skin flap wound and performing the 
implant-based reconstruction at a separate admission. Clin-
ical assessment included evaluation of skin tissue colour, 

capillary refill, turgor, temperature, dermal edge bleeding, 
and skin flap thickness. ICGA analysis involved using quali-
tative images and an absolute perfusion value of 14 units as 
an indicator for poor perfusion.

Indocyanine green angiography protocol

Indocyanine green (ICG) was supplied as Infracyanine® 
25 mg/10 mL (SERB, Paris, France). It was administered 
intravenously stat, at a weight-dependent dosage, just after 
the mastectomy was completed and prior to reconstruc-
tion. Fluorescence was excited by a near-infrared light 
source from the SPY Elite Fluorescence Imaging System 
(Novadaq Technologies Inc., Mississauga, Canada). Perfu-
sion was video recorded up to 90 s after fluorescence was 
first detected in the mastectomy skin. The vascularization of 
the skin flap was analysed using perfusion maps and values 
obtained by SPY-Q Elite System software at the 90-s time 
point. Absolute perfusion values are based off a fixed grey 
scale that is consistent from image to image and were used 
during the intraoperative flap assessment. Relative perfusion 
values are based off a comparison with a selected area within 
the flap chosen as healthy tissue and were retrospectively 
analysed.

Statistical analysis

Differences between means were analysed using Student’s t 
test. Categorical variables were analysed using Fisher’s exact 
tests. The predictive power of ICGA was calculated based 
on correlation of perfusion values to mastectomy skin flap 
outcomes. Sensitivity, specificity, positive predictive value, 
and negative predictive value were calculated for every per-
fusion reading associated with necrosis observed clinically. 
The results were ranked in numerical order to determine 
appropriate cut-off scores for necrosis [11]. A p value < 0.05 
was considered significant. Receiver operating characteristic 
(ROC) curve analysis was performed to compare the ICGA 
absolute and relative perfusion feature’s ability to predict 
postoperative necrosis observed clinically. Statistical analy-
sis was performed with RStudio, version 1.4.1106.

Results

A total of 320 breast reconstructions (213 patients) were 
performed. Of these, 61 underwent a delayed reconstruction 
due to poor mastectomy skin flap perfusion based on clinical 
assessment and ICGA analysis. The remaining 259 breasts 
underwent an immediate reconstruction.
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There was no statistically significant difference in age, 
smoking, comorbidities, tumour status, or therapy between 
the delayed and immediate reconstruction cohorts. The 
delayed cohort had a greater proportion of unilateral and 
tissue expander cases as well as greater mean mastectomy 
breast weight compared to the immediate cohort (Table 1). 
Mean intraoperative ICGA perfusion values for flaps in the 
delayed cohort were significantly lower than values for the 
immediate cohort (absolute values 6.9 versus 23.3 units; 
relative values 10.3% versus 30.7%, p < 0.001, respectively). 
For delayed reconstructions, mean ICGA perfusion values 
of their flaps at the delayed reconstruction were significantly 
improved compared to perfusion values at initial mastec-
tomy (absolute values 42.0 versus 6.9 units; relative values 
43.9% versus 10.3%, p < 0.001 respectively). The median 
time between the initial operation and delayed reconstruction 
was 7.3 days (range, 4–21 days).

There was no statistically significant difference in the 
complications of MSFN, infection, wound dehiscence, 
implant loss, or reoperation between the delayed and 
immediate cohorts (Table 2). Eight (3.1%) breasts with 

partial-thickness and full-thickness necrosis were identi-
fied postoperatively in the immediate cohort compared to 
no cases in the delayed cohort. Cases of MSFN had sig-
nificantly lower intraoperative ICGA perfusion values com-
pared to cases without necrosis (absolute values 13.1 versus 
27.1 units, p = 0.017; relative values 21.0% versus 33.4%, 
p = 0.049 respectively) (Table 4 in the Appendix).

A cut-off score for necrosis of ≤ 14 units predicted the 
development of MSFN in 5 out of 8 reconstructions. Asso-
ciated sensitivity and specificity were 62.5% and 69.5%, 
respectively. Necrosis was estimated to have been prevented 
in 3 of the 61 breasts (5%) in the delayed cohort based on 
this cut-off score for necrosis and the corresponding positive 
predictive value of 5%. When the cut-off perfusion score 
for predicting necrosis was increased to 22 units, sensitivity 
increased to 100% with a decrease in specificity to 48.2%. 
Negative predictive value of ICGA was high while positive 
predictive value was relatively low (Table 3). Analysis of 
relative perfusion values showed that similar sensitivities 
and specificities could be obtained compared to absolute 
perfusion values (Table 5 in the Appendix). The ICGA abso-
lute and relative perfusion units were both good predictors 
of postoperative necrosis with area under the ROC curves 
of 0.84 and 0.85, respectively (Fig. 1).

Discussion

Identification of poorly perfused mastectomy skin flaps 
using ICGA helped guide intraoperative decisions to delay 
61 cases which resulted in no cases of necrosis in this cohort. 
The overall rate of necrosis was 2.5% with 8 breasts com-
plicated by necrosis, all of which were in the immediate 
reconstruction cohort. These numbers of necrosis are low 
compared to the literature especially with the inclusion of 
both partial-thickness and full-thickness necrosis cases [1, 
2].

To our knowledge, our study is the first to evaluate the 
utility of ICGA in intraoperative decision-making to delay 
reconstruction in cases with poorly perfused flaps. Based on 
the ICGA perfusion analyses, the flaps in the delayed cohort 
were poorly perfused compared to flaps in the immediate 
cohort. Further ischemic insult from an implant or tissue 
expander in addition to ischemia sustained after the mastec-
tomy may have placed the flaps in the delayed cohort at risk 
of necrosis. The flaps in the delayed cohort were already at 
greater risk of necrosis given the greater mean mastectomy 
breast weight compared to the immediate cohort [6, 16]. 
The delayed cohort, however, did not amount any cases of 
necrosis. Delaying reconstruction in this cohort by a median 
of 7.3 days resulted in good outcomes. Three (5%) of these 
breasts were prevented from developing necrosis based on 
an ICGA cut-off perfusion value of ≤ 14 units. Although this 

Table 1   Baseline characteristics of delayed and immediate recon-
struction cohorts

* Fisher’s exact test
NS not significant at p < .05, DCIS ductal carcinoma in  situ, Preop 
preoperative
Comorbidities included hypertension, diabetes, asthma, thyroid dis-
ease, chronic kidney disease, ischaemic heart disease, atrial fibrilla-
tion

Delayed 
reconstruction 
N = 61,

Immediate 
reconstruction, 
N = 259

p*

Demographics NS
Age, mean (SD) 47.7 (9.9) 49.7 (11.3)
Any smoking, N (%) 3 (4.9) 27 (10.4)
Comorbidities, total, N (%) 7 (11.5) 24 (9.3)
Diabetes, N 0 3 (1.2)
Tumour status, N (%) NS
 T1 2 (3.3) 34 (13.1)

  ≥ T2 33 (54.1) 85 (32.8)
 N0 22 (36.1) 84 (32.4)

  ≥ N1 13 (21.3) 39 (15.1)
 M0 42 (68.9) 175 (67.6)
 M1 1 (1.6) 0
 DCIS 13 (21.3) 55 (21.2)
 Prophylaxis 18 (29.5) 84 (32.4)

Therapy NS
 Any chemotherapy, N (%) 21 (34.4) 69 (26.6)
 Any preop radiation, N 

(%)
2 (3.3) 2 (0.7)

 Any hormonal therapy, 
N (%)

11 (18.0) 56 (21.6)

757European Journal of Plastic Surgery (2022) 45:755–761



1 3

is a small percentage, given that the rate of necrosis was low 
in our cohort, preventing even a small number of cases is 
arguably significant.

There are a small number of cohort studies in the litera-
ture that have investigated the diagnostic accuracy of ICGA 
for predicting necrosis [10–12, 14, 15, 17]. Munabi (2014) 
prospectively analysed 62 breasts that underwent autologous 
or implant-based breast reconstruction using ICGA. There 
was a 13% rate of necrosis. The excision of ischemic por-
tions of mastectomy skin flaps was completed based on clini-
cal assessment prior to ICGA. An absolute perfusion value 

of ≤ 7 units predicted necrosis with 88% sensitivity and 83% 
specificity [11]. Similar results were obtained by Mattison 
(2016) who looked at the intraoperative difference between 
the surgeon’s assessment of skin viability and ICGA assess-
ment in 55 implant-based reconstructions. There was a 15% 
rate of necrosis. After mastectomy, the surgeon marked the 
area of skin flap to excise based on clinical assessment, and 
then ICGA was performed. The surface area of reduced per-
fusion was significantly greater with ICGA compared with 
the surgeon’s assessment. An absolute perfusion value of 10 
units had 100% sensitivity and 68% specificity [17]. In our 

Table 2   Surgery and outcomes 
of delayed and immediate 
reconstruction cohorts

* Fisher’s exact and Student’s t test
** ICGA perfusion values during the initial operation, postmastectomy
SSM skin-sparing mastectomy, NSM nipple-sparing mastectomy, ICGA​ indocyanine green angiography

Delayed recon-
struction, N = 61

Immediate recon-
struction, N = 259

p*

Procedure, N (%)
Unilateral 37 (60.7) 95 (36.7)  < .001
Bilateral 24 (39.3) 164 (63.3)
NSM 48 (78.7) 177 (68.3) .366
SSM 13 (21.3) 82 (31.7)
Tissue expander reconstruction 55 (90.2) 201 (77.6)  < .001
Direct-to-implant 6 (9.8) 58 (22.4)
Sentinel lymph node biopsy 31 (50.8) 131 (50.6) .395
Axillary dissection 10 (16.4) 31 (12) .394
Intraoperative variables
Mastectomy breast weight, grams 572.8 391.8 .039
Implant size, mean cc (SD) 358.0 (74.7) 360.0 (124.5) .605
Tissue expander size, mean cc (SD) 474.1 (110.3) 408.4 (116.3) .390
Tissue expander fill ratio, mean % (SD) 58.1 (20.8) 63.4 (20.5) .150
ICGA absolute perfusion value, mean units (SD) 6.9 (5.5)** 23.3 (16.4)  < .001
ICGA relative perfusion value, mean % (SD) 10.3 (9.5)** 30.7 (18.8)  < .001
Complications, N (%)
Skin flap necrosis 0 8 (3.1) .361
Infection 3 (4.9) 16 (6.2) 1
Wound dehiscence 2 (3.3) 10 (3.9) 1
Implant loss 4 (6.6) 12 (4.6) .518
Return to theatre 5 (8.2) 20 (7.7) 1
Haematoma 1 (1.6) 3 (1.2) .573
Seroma 2 (3.3) 14 (5.4) .746

Table 3   Cut-off indocyanine 
green angiography absolute 
values and associated sensitivity 
and specificity for predicting 
mastectomy skin flap necrosis

ICGA​ indocyanine green angiography

Cut-off ICGA absolute perfusion value, units

Statistical parameter, % 22 20 16 14 12 7 6 4
Sensitivity 100 87.5 62.5 62.5 50 37.5 25 12.5
Specificity 48.2 54.1 62.7 69.5 74.6 89.7 92.0 96.5
Positive predictive value 4.7 4.7 4.1 5.0 4.8 8.6 7.4 8.3
Negative predictive value 100 99.4 98.5 98.6 98.3 98.2 97.9 97.7
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study, if a perfusion value of ≤ 10 units was used as a cut-
off, then sensitivity would be less than 50% and generate too 
many false-negatives to make it appropriate for clinical use.

We found that our sensitivities were comparable to these 
other studies if we used a higher perfusion cut-off score for 
necrosis. Their intraoperative decisions involved excision 
of ischemic portions of mastectomy skin flaps. We utilized 
a more conservative approach by delaying reconstruction 
altogether in cases with low perfusion values. Our intraop-
erative strategy may have contributed to the higher cut-off 
thresholds needed because our flaps were left intact. The 
excision of ischemic portions of a flap could result in higher 
measured perfusion of the flaps afterwards.

We found that ICGA could be highly sensitive but not 
specific at these levels. ICGA was much less specific for us 
compared to previous studies, which could be due to these 
studies having smaller sample sizes [11, 17]. The ICGA 
threshold we used for predicting necrosis was ≤ 14 units 
which yielded a sensitivity of 63%. Increasing our cut-off 
threshold would have increased sensitivity to 100% but at 
the expense of specificity. In other words, a perfusion value 
greater than the cut-off indicated a flap that was unlikely to 
develop necrosis. A perfusion value less than the cut-off, 
however, could incorrectly label cases as being at risk of 
necrosis resulting in false-positives.

Our negative predictive value for ICGA was high at over 
98%, while positive predictive value was only 5%. Given 
that the rate of necrosis was low in our cohort, the positive 
predictive value was expected to be low, even when using a 
highly sensitivity test. In clinical practice, the usefulness of 
a test result for a patient depends on the prevalence of the 
disease in the population being tested. The diagnostic value 
of ICGA could possibly be improved if, based on history 
and clinical assessment, we limit its use to those patients at 
high risk for necrosis. A positive or a negative result is then 

more likely to be meaningful, than when the test is indis-
criminately applied to patients.

There was a low incidence of MSFN overall in our experi-
ence using ICGA as an adjunct to clinical assessment. This 
retrospective analysis, however, highlights that a higher per-
fusion value threshold would have been more sensitive in 
predicting necrosis but at the expense of reduced specificity. 
ICGA may be most useful when used on patients at high 
risk of necrosis such as those with heavy mastectomy breast 
weight, high body mass index, and smokers. Preoperative 
radiotherapy was rare in our cohort and did not allow for 
accurate assessment of radiotherapy as a risk factor. Further 
studies to elucidate accurate thresholds and diagnostic accu-
racy in patients at high risk for necrosis could determine if 
ICGA should be reserved for these populations as opposed 
to routine use. Studies with larger sample sizes of delayed 
reconstructions based on ICGA could allow us to better 
evaluate this intraoperative strategy. This study was limited 
in that there was incomplete data available for certain patient 
comorbidities such as body mass index and intraoperative 
variables, such as the use of vasopressors, which may have 
affected the interpretation of ICGA perfusion values [11, 
18].

Conclusions

ICGA can aid in assessment of perfusion for implant-based 
breast reconstructions. Delayed breast reconstruction due 
to poor perfusion on ICGA resulted in no cases of necrosis. 
A higher ICGA cut-off score for predicting necrosis is more 
sensitive but less specific. ICGA is useful as a supplement 
rather than a substitute for clinical assessment in flap perfu-
sion evaluation.

Fig. 1   Receiver operating char-
acteristic curve for indocyanine 
green angiography absolute 
(left) and relative (right) perfu-
sion units. AUC, area under the 
curve
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Table 4   Variables associated 
with mastectomy skin flap 
necrosis

* Fisher’s exact and Student’s t test.
NS not significant at p < 0.05, SSM skin-sparing mastectomy, NSM nipple-sparing mastectomy.

Necrosis, N = 8 No necrosis, N = 312 p*

Patient characteristics, N (%) NS
Smoker 1 (12.5) 29 (9.3)
Diabetes 0 3 (1)
Procedure, N NS
Delayed reconstruction 0 61 (19.6)
Immediate reconstruction 8 (100) 251 (80.4)
SSM 2 (25) 93 (29.8)
NSM 6 (75) 219 (70.2)
Direct-to-implant 3 (37.5) 61 (19.6)
Tissue expander 5 (62.5) 249 (79.8)
ICGA perfusion values, mean (SD)
Absolute value at 90 s, units 13.1 (7.0) 27.1 (21.8) 0.017
Relative value at 90 s, % 21.0 (10.2) 33.4 (20.8) 0.049
Intraoperative variables, mean NS
Implant size, mean cc 295.0 361.5
Tissue expander fill ratio, % 51.5 62.2
Mastectomy breast weight, grams 308.5 393.6

Table 5   Cut-off indocyanine 
green angiography relative 
values and associated sensitivity 
and specificity for predicting 
mastectomy skin flap necrosis

ICGA​ indocyanine green angiography.

Cut-off ICGA relative perfusion value, %

Statistical parameter, % 33 30 25 22 12 9 8

Sensitivity 100 87.5 62.5 50 37.5 25.0 12.5
Specificity 42.8 47.6 59.2 65.0 86.5 93.2 95.5
Positive predictive value 4.3 4.1 3.8 3.5 6.7 8.7 6.7
Negative predictive value 100 99.3 98.4 98.1 98.2 98.0 97.7
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