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INTRODUCTION
The prediction of skin necrosis is important in imme-

diate breast reconstruction with tissue expanders (TE) af-
ter total mastectomy for breast cancer. When not treated 
properly, postoperative necrosis of the mastectomy flap 
may lead to infection and the subsequent removal of TE. 
In addition, wide and deep skin necrosis may cause scar 

contracture, preventing TE from fully expanding the skin 
and compromising final aesthetic outcomes. More impor-
tantly, postoperative adjuvant therapy may be delayed due 
to the necrosis. Furthermore, repeated surgery is a source 
of stress to patients.

The incidence of mastectomy flap necrosis varies 
among institutions.1–3 In addition to patient factors,4,5 the 
location of the cancer and surgical techniques used to 
elevate the mastectomy flap can lead to necrosis. Plastic 
surgeons should prevent postoperative skin necrosis by as-
sessing the condition of the flap, such as the extent of dam-
age and viability. Indocyanine green angiography (ICGA) 
is an effective method to assess blood flow in the flap. 
ICGA is widely used due to its technical simplicity and low 
risk of complications.6 In the field of plastic surgery, ICGA 
is used in various procedures including the evaluation of 
elevated flaps,7–10 identification of perforator vessels,11–13 
and assessment of blood perfusion to nerves.14 Previous 
studies reported that rates of postoperative flap necrosis 
were improved by intraoperative ICGA-guided trimming.15
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Background: In immediate tissue expander reconstruction following total mas-
tectomy for breast cancer, indocyanine green angiography (ICGA)–guided skin 
trimming is useful for the prevention of complications. However, instances of un-
clear ICGA contrast can occur with this method, which are difficult to judge as to 
whether preventive trimming is warranted. To further improve the mastectomy 
flap necrosis rate, more accurate objective parameters are necessary.
Methods: The degree of clinical improvement was compared between 81 patients 
trimmed according to the surgeon’s judgment (non-ICGA group) and 100 patients 
with ICGA-guided trimming (ICGA group). We then retrospectively measured 3 
parameters [relative perfusion (RP); time (T) to reach RPmax; and slope (S = 
RP/T) reflecting the rate of increase to RPmax] by using region of interest analysis 
software and examined their relationships with skin necrosis.
Results: The rate of grade III necrosis (reaching the subcutaneous fat layer) was 
significantly lower in the ICGA group (4.8%) than in the non-ICGA group (17.8%; 
P < 0.05). The specificity of RP for the diagnosis of skin necrosis was high (98.5%; 
cutoff value, 34). However, the sensitivities of slope parameters were higher than RP.
Conclusions: ICGA-guided trimming decreased the rate of deep skin necro-
sis requiring additional surgical treatment. Region of interest analysis indicated 
that a relatively low percentage luminescence (RP < 34) was indicative of the 
need for skin trimming, combined with a slow increase in the perfusion of the 
mastectomy skin flaps. (Plast Reconstr Surg Glob Open 2017;5:e1321; doi: 10.1097/
GOX.0000000000001321; Published online 21 April 2017.)
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However, postoperative necrosis can occur even after 
ICGA evaluation and trimming, presumably because sur-
geons subjectively determine the area of trimming from 
the information provided by ICGA contrast. In some cases 
in which the ICGA contrast is unclear or perfusion devel-
ops slowly, it is difficult to judge whether such areas are vi-
able or necrotic. The objective index of relative perfusion 
(RP), which indicates the percentage of the maximum 
luminance in the measurement area, can complement 
surgeons’ subjective judgment.16,17 However, it also has a 
range of unclear values associated with the marginal zone 
where necrotic and nonnecrotic tissues coexist.18

Due to the existence of this marginal zone, new param-
eters other than RP are necessary to further improve the 
necrosis rate and reduce complications. We introduced 
ICGA-guided trimming in 81 patients from the time of 
its introduction in 2012 (ICGA group) and compared the 
flap necrosis rate with patients in whom trimming was de-
termined by the surgeon’s judgment (non-ICGA group) 
to evaluate the clinical advantages of ICGA-guided trim-
ming. We then retrospectively investigated the occurrence 
of flap necrosis in the ICGA group. We measured 3 param-
eters (RP, T, and S) at necrotic and viable areas by using 
region of interest (ROI) analysis software and investigated 
their relationships with skin necrosis. Finally, the sensitiv-
ity, specificity, and cutoff value of each parameter for the 
diagnosis of skin necrosis were determined, and the clini-
cal application of these values is discussed.

PATIENTS AND METHODS

Comparison of Outcomes between the ICGA Group and 
non-ICGA Group

To determine the necrotic area during surgery, an 
ICGA system was introduced at Shizuoka Cancer Center 
Hospital in April 2012. Eighty-three cases of total mastec-
tomy and 1-stage immediate breast reconstruction with TE 
(81 patients, ICGA group) were performed between April 
2012 and August 2014. We compared these cases with 101 
cases of the same surgical procedure performed without 
ICGA (100 patients) between April 2006 and March 2012 
(non-ICGA group). In the non-ICGA group, the skin was 
trimmed according to the surgeon’s judgment intraopera-
tively. All patients in both groups were treated primarily 
with surgery; none had received prior radiation or breast 
surgery. In all cases, total mastectomy was performed by a 
simple ellipse incision; cases of nipple-sparing mastectomy 
were excluded from this study. Conventional diathermy 
technique was used to elevate the flap. Surgery was per-
formed by residents and the specialist team. The chief 
surgeon in the breast surgery department did not change 
throughout the study period. The indication for immedi-
ate TE reconstruction after total mastectomy was limited 
to stage II disease.

ICGA imaging was performed and recorded using 
a Photodynamic Eye imaging system (PDE; Hamamatsu 
Photonics K.K., Hamamatsu, Japan; Fig.  1). After total 
mastectomy, TE were inserted into the subpectoral space. 
As women’s breasts tend to be smaller in Asia than in 

other countries, in most cases it was possible to cover the 
TE completely with the serratus anterior muscle fascia. 
In the case of large breasts, coverage may be partial. The 
initial fill volume of TE is 50 ml. ICGA was performed be-
fore skin closure. No epinephrine was injected into the 
surgical site. Observation was performed using a camera 
mounted 30 cm above the operative field. After an intrave-
nous bolus injection of 2 ml ICG (25 mg of diagnogreen; 
Daiichi Sankyo Company, Tokyo, Japan) dissolved in 10 ml 
of physiological saline, measurement started when the 
monitor showed the first pass of ICG into the breast skin. 
ICGA findings were evaluated after 2 minutes of imaging. 
The surgeon marked the nonenhanced areas according to 
the image on the monitor.

Before trimming, the surgeon examined the mastecto-
my site for tension that might complicate wound closure. 
In such cases, we first reduced the volume of saline inject-
ed into the TE sufficiently to eliminate the skin tension. 
Secondarily, a portion of the low-intensity area was left par-
tially untrimmed if the skin tension was strong. The surgi-
cal wound was covered by a film dressing to enable the 
observation of postoperative healing. Any changes such as 
congestion or necrosis of the wound were recorded with 
photos. Conservative treatment was performed until the 
extent of necrosis was definitive, and surgical treatment 
was performed in the case of an unhealed wound within 
2 weeks (Fig. 2).

The patient background factors analyzed in this study 
were tumor stage, comorbidity, history of smoking, pre-
operative chemotherapy, and axillary lymph node dis-
section. For statistical analyses, Pearson’s chi-square test 
was used to determine significant correlations between 
the background factors and postoperative wound necro-
sis. Then, the incidence of postoperative wound necrosis 
was compared between the ICGA and non-ICGA groups. 
In addition, surgical wounds were divided into 3 groups 
according to the depth of necrosis: grade I, epidermal 
necrosis; grade II, necrosis reaching to the dermis; and 
grade III, necrosis reaching to the subcutaneous fat layer. 
Necrotic wounds were treated conservatively or surgical-
ly (resuturing or skin graft after debridement), and the 
treatment outcome was compared. The rates of TE infec-
tion and removal were analyzed as surgical complications.

Fig. 1. A schematic illustration of PhotoDymamic Eye (PDE).
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Study for New Parameter Detection Using ROIs
ROI Analysis Software

ROI analysis software (Hamamatsu Photonics K.K., 
Hamamatsu, Japan) was used to calculate RP, T, and S.19 

RP was defined as the percentage of the maximum lumi-
nance in the measurement area. T was defined as the time 
to reach the maximum intensity of RP (RPmax). S was de-
fined as the rate of increase to RPmax. T and S were each 
divided into 3 sections (Fig. 3). These measurements were 
recorded intraoperatively in real time. Using recorded 
ICGA images, it was possible to measure ROIs retrospec-
tively on a personal computer.

Patients for Measurement
To evaluate the potential of these values as new assess-

ment parameters, we extracted cases of postoperative ne-
crosis from the ICGA group. Of the 83 cases, 17 developed 
postoperative necrosis. Accurate ROI data were obtained 
from 8 of these 17 patients. The following cases were ex-
cluded because continual measurement was not possible 
to calculate the average values: a fixed PDE camera was 
unavailable in 5 cases, the operating table moved during 
recording in 2 cases, the start of recording was delayed in 
1 case, and the necrotic area was too small for measure-
ment in 1 case.

Evaluation for Diagnostic Rate of Skin Necrosis Using ROIs
We measured RP, T, and S in both postoperatively 

necrotic(Fig. 4A) and viable (Fig. 4B, C) areas. The areas 
where skin necrosis occurred were confirmed in postop-

Fig. 2. Postoperative view of the mastectomy flap. A, Intraoperative marking of the low-intensity area is shown. Skin trimming was not 
completely performed because skin tension was strong. B, Partial wound congestion on the fourth day after surgery is shown. C, Total skin 
necrosis on the 21st day after surgery is shown.

Fig. 3. Definition of RP, T, and S. RP, relative perfusion; RPmax, maxi-
mum intensity of RP; T0–50, time to reach the 1/2 RPmax; T50–100, 
time to reach RPmax from 1/2 RPmax; T0–100, time to reach RPmax from 
T = 0; S0–50, slope of the intensity to reach 1/2 RPmax; S50–100, slope 
of the intensity to reach RPmax from 1/2 RPmax; S0–100, slope of the 
intensity to reach RPmax from T = 0.

Fig. 4. Intraoperative records of the ICGA findings. Calculation points (square points) of RP, T, and S are presented. A control kit–implanted 
ICG is shown in the center of the wound. A, Necrotic areas were measured at 5 points (same location as the congestive area in Figure 2B). 
B, Viable areas in the vicinity of the necrotic region were measured at 5 points. C, Viable areas on the contralateral side of the necrotic area 
were measured at 5 points.
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erative photographs, and the same regions were identified 
on the ICGA images recorded intraoperatively. Two viable 
areas were selected for measurement: 1 in the vicinity of 
a necrotic area (Fig.  4B) and another on the contralat-
eral side to the necrotic area, separated by the surgical 
wound (Fig. 4C). In cases of 2 necrotic areas in 1 patient, 
measurements were taken at both areas. Each viable and 
necrotic area was measured by setting 5 ROI measure-
ment points per area (Fig.  4 squares). A total of 65 ne-
crotic points (only 5 cases had 2 necrotic areas each) and 
80 viable points were measured from the 8 patients. The 
measured values of RP, T, and S were compared between 
the necrotic and viable areas using the Wilcoxon test. In 
addition, to evaluate the diagnostic rate of skin necrosis, 
the cutoff values, sensitivities, and specificities were calcu-
lated (Table 4).

RESULTS
Table 1 shows the patient background characteristics. 

Postoperative wound necrosis was not correlated with 
stage, comorbidity, history of smoking, preoperative che-
motherapy, or axillary lymph node dissection. The rate of 
necrosis tended to be higher in patients with a comorbid-
ity, although this difference was not significant.

The total incidence of necrosis was 31.7% in the non-
ICGA group and 20.5% in the ICGA group. The rate of 
necrosis in the ICGA group was not statistically signifi-
cantly lower (P = 0.0961; Table 2). However, the rate of 
grade III necrosis (reaching the subcutaneous fat layer) 
was significantly lower in the ICGA group (4.8%) than 
in the non-ICGA group (17.8%; P < 0.05). Consequently, 
surgical treatment after necrosis, such as resuturing or 
skin grafting after debridement, was necessary in 2.4% of 
cases in the ICGA group compared with 13.9% in the non-
ICGA group (P < 0.05). The rate of TE infection/removal 
was 5.0% in the ICGA group and 4.8% in the non-ICGA 
group, with no difference between the groups.

Table 3 shows the mean values of the ROI measure-
ments. RP and S differed significantly between the necrot-
ic and viable areas (P < 0.001). A significant difference was 
also observed in T0–50 and T0–100 (P < 0.05) but not in 
T50–100 (P = 0.1653).

The sensitivities, specificities, and cutoff values of each 
parameter are shown in Table 4. The specificity of RP was 
98.5% at a cutoff value of 34. The sensitivities of S0–50 and 
S0–100 were higher than that of RP.

DISCUSSION
The use of ICGA to visualize blood flow in a skin flap 

was first reported by Still et al.20 in 1999. In that study, 
blood flow was evaluated in random pattern flaps used to 
reconstruct burn scar contracture. In the field of breast 
reconstruction, ICGA has been used to identify angio-
somes in deep inferior epigastric perforator or transverse 
rectus abdominis flap elevation,21–24 making ICGA imaging 
essential for safe surgery.25 In 2009, Komorowska-Timek 
and Gurtner15 reduced the incidence of flap necrosis from 
15.1% to 4.0% by performing preventive ICGA-guided 
trimming after skin-sparing mastectomy.

In our study, the overall incidence of necrosis was not 
significantly improved by ICGA. However, we observed a 
decrease in the rate of grade III necrosis (P < 0.05). By 
contrast, grade II necrosis increased. Consequently, ICGA-
guided trimming reduced the number of cases requir-
ing additional surgery such as resuturing or skin grafting  
(P < 0.05), which suggests that ICGA could reliably identify 

Table 1.  Patient Background and Mastectomy Flap Necrosis 
Rate

Necrosis (˗) Necrosis (+) P

Stage, n (%)    
 ������� Tis 44 (69.8) 19 (30.2) 0.6696
 ������� Ⅰ 55 (74.3) 19 (25.7)  
 ������� Ⅱ 37 (80.4) 9 (19.6)  
 ������� Ⅲ 1 (100) 0 (0)  
HT HL DM (+), n (%) 19 ( 63.3) 11 (36.7) 0.1387
HT HL DM (˗), n (%) 118 (76.6) 36 (23.4)  
Smokers, n (%) 34 (85) 6 (15) 0.0713
Nonsmokers, n (%) 103 (71.5) 41 (28.5)  
NAC (+), n (%) 13 (86.75) 2 (13.3) 0.2283
NAC (˗), n (%) 124 (73.4) 45 (26.6)  
Ax (+), n (%) 23 (79.3) 6 (20.7) 0.5058
Ax (˗), n (%) 114 (73.6) 41 (26.5)  

Statistical analysis: Pearson’s chi-square test.
Ax, axillary dissection; DM, diabetes mellitus; HL, hyperlipidemia; HT, hyper-
tension; NAC, neoadjuvant chemotherapy.

Table 2.  Comparison of Flap Necrosis, Wound Depth, 
Surgical Treatment, and the Complication Rate Between the 
No ICG and ICG Groups

No ICG: 101 ICG: 83 P

Flap necrosis, n (%) 32 (31.7) 17 (20.5) 0.0961
*Grade Ⅰ, n (%) 8 (7.9) 4 (4.8)  
Grade Ⅱ, n (%) 6 (5.9) 9 (10.8)  
Grade Ⅲ, n (%) 18 (17.8) 4 (4.8) <0.05
†Surgical treatment, n (%) 14 (13.9) 2 (2.4) <0.05
TE infection, n (%) 5 (5.0) 4 (4.8) 0.967
TE removal, n (%) 5 (5.0) 4 (4.8) 0.967
Statistical analysis: Pearson’s chi-square test.
*Extent of necrotic wound: Grade I: epidermal necrosis; Grade II: down to the 
dermis; Grade III: down to the subcutaneous fat layer.
†Surgical treatment: Resuturing or skin grafting after debridement.

Table 3.  Comparison of the Measured RP, T, and S Values in 
the Necrotic and Viable Areas (mean ± SD)

 
Necrotic Area,  

n = 65
Viable Area,  

n = 80 P

RP (%) 19.7 ± 8.38 56.2 ± 21.7 <0.001
T0–50 40.8 ± 27.1 28.7 ± 11.9 0.02443
T50–100 51.9 ± 29.0 46.0 ± 21.7 0.1653
T0–100 86.0 ± 36.5 74.6 ± 27.5 0.02905
S0–50 0.26 ± 0.285 1.52 ± 1.86 <0.001
S50–100 0.23 ± 0.298 0.93 ± 0.944 <0.001
S0–100 0.21 ± 0.228 1.08 ± 1.20 <0.001
Statistical analysis: Wilcoxon rank sum test.

Table 4.  Cutoff Values, Sensitivities, and Specificities of RP, 
S0–50, and S0–100

 Cutoff Value Sensitivity (%) Specificity (%)

RP 34 83.8 98.5
S0–50 0.4 92.5 76.9
S0–100 0.2 91.3 73.8
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high-risk sites and have additive value compared to the 
surgeon’s judgment alone. Otherwise, there are cases 
where the area of unclear ICGA contrast is not completely 
resected and cases where sufficient trimming is impossible 
due to skin tension. We think that such insufficient trim-
ming remains as shallow necrosis, which is one reason why 
the total incidence of necrosis did not demonstrate sta-
tistically significant improvement. Immediate autologous 
flap reconstruction is expected to reduce grade II necrosis 
because the areas of unclear intensity are trimmed suffi-
ciently regardless of skin tension. The present results are 
limited to cases of immediate TE reconstruction.

Previous studies of ICGA-guided trimming have 
shown that RP values are useful indices in addition to 
ICGA findings.16,17 However, Moyer et al. reported that 
it was difficult to predict the incidence of necrosis with 
RP values of 25–45 due to the possible coexistence of vi-
able and nonviable areas.18 In search of novel parameters 
to predict necrosis, we retrospectively analyzed RP, T, 
and S in necrotic and viable areas. As shown in Table 3, 
T0–50 and T0–100 tended to be longer in necrotic areas  
(P < 0.05), whereas T50–100 did not differ between the 2 
areas, suggesting that necrotic areas had vascular damage 
causing the first half of contrast perfusion to be markedly 
slower than that of the viable area. By contrast, in the lat-
ter half of the contrast perfusion, vascular occlusion due 
to surgical damage may have evolved to leakage into the 
intratissue space. Significant difference was particularly 
observed in the RP and S between necrotic and viable 
areas (P < 0.001; Table 3). The cutoff values, sensitivities, 
and specificities shown in Table 4 were determined on 
the basis of the maximum values of Youden’s index. This 
result indicated that predictive trimming is necessary in 
cases where RP is lower than 34 because the specificity of 
RP at this cutoff value was high. In addition to lower RP, 
the sensitivities of S0–50 and S0–100 were higher than 
that of RP. Therefore, in cases where tissue viability is 
difficult to judge, for example when ICGA contrast is 
lower compared with nearby healthy skin despite an RP 
exceeding 34, these 2 parameters (S0–50 and S0–100) 
might be helpful.

ROI analysis can be performed intraoperatively for 
clinical use because all parameters are measured simulta-
neously. Further examination is warranted to confirm its 
usefulness through a prospective study.

In conclusion, ICGA-guided trimming decreased the 
number of cases requiring surgical treatment (eg, resutur-
ing or skin graft). ROI analysis indicated that RP and S are 
useful parameters for the prediction of skin necrosis of a 
mastectomy flap, with a relatively low-percentage lumines-
cence (RP < 34) and slow increase in slope of mastectomy 
skin flap perfusion indicating that skin trimming is required.
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