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Abstract
Background Inability to visualize indocyanine green fluorescence images in the surgical field limits the application of cur-
rent near-infrared fluorescence imaging (NIR) systems for real-time navigation during sentinel lymph node (SLN) biopsy 
in breast cancer patients. The aim of this study was to evaluate the usefulness of the Medical Imaging Projection System 
(MIPS), which uses active projection mapping, for SLN biopsy.
Methods A total of 56 patients (59 procedures) underwent SLN biopsy using the MIPS between March 2016 and November 
2017. After SLN biopsy using the MIPS, residual SLNs were removed using a conventional NIR camera and/or radioisotope 
method. The primary endpoint of this study was identification rate of SLNs using the MIPS.
Results In all procedures, at least one SLN was detected by the MIPS, giving an SLN identification rate of 100% [95% 
confidence interval (CI) 94–100%]. SLN biopsy was successfully performed without operating lights in all procedures. In 
total, 3 positive SLNs were excised using MIPS, but were not included in the additional SLNs excised by other methods. The 
median number of SLNs excised using the MIPS was 3 (range 1–7). Of procedures performed after preoperative systemic 
therapy, the median number of SLNs excised using the MIPS was 3 (range 2–6).
Conclusions The MIPS is effective in detecting SLNs in patients with breast cancer, providing continuous and accurate 
projection of fluorescence signals in the surgical field, without need for operating lights, and could be useful in real-time 
navigation surgery for SLN biopsy.
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Abbreviations
SLN  Sentinel lymph node
RI  Radioisotope
ICG  Indocyanine green
NIR  Near-infrared fluorescence imaging system

MIPS  Medical Imaging Projection System
PDE  Photodynamic Eye Camera
BMI  Body Mass Index

Introduction

Sentinel lymph node (SLN) biopsy is part of the standard of 
care for patients with primary clinically node-negative breast 
cancer [1]. Clinical trials and meta-analyses have shown 
that axillary node dissection for SLN-negative patients has 
no survival impact [2–4]. Recent studies have shown that 
omission of axillary node dissection for patients with lim-
ited positive SLNs has no adverse impact on survival and 
decreases the incidence of lymphedema [5]. Both the radio-
isotope (RI) and blue dye methods are well-established and 
used worldwide. However, the RI method requires involve-
ment of nuclear medicine, which limits its use to relatively 
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high-volume centers. The blue dye method requires special 
surgical skill to obtain sufficient accuracy and has a risk of 
anaphylactic reactions.

An indocyanine green (ICG) fluorescence method was 
developed in 2005 to overcome these problems [6]. A near-
infrared fluorescence imaging system (NIR system) visual-
izes subcutaneous lymphatic flow and enables the surgeon to 
navigate and perform sequential dissection of SLNs. Several 
clinical trials have shown that the ICG fluorescence method 
has an equal or higher SLN identification rate compared with 
that of conventional methods [7–9]. Meta-analyses showed 
that there was no significant difference between ICG fluo-
rescence and RI for SLN detection [10, 11]. Although the 
ICG fluorescence method is highly sensitive and easy to per-
form, current NIR systems have several technical issues that 
need to be improved. The current NIR systems display the 
fluorescence image on remote monitors, because the fluo-
rescence signals are invisible under direct observation of 
the surgical field. Therefore, surgeons must look away from 
the surgical field to confirm the location of the fluorescence 
signals. These systems also require dimming of lights within 
the operative field to prevent white light contamination of 
images. These factors can disrupt surgical workflow and may 
increase the duration of surgery.

The Medical Imaging Projection System (MIPS) is a 
novel NIR system that projects the ICG images directly on 
the surgical field using a projection mapping technique [12]. 
The MIPS has the potential to provide real-time navigation 
for SLN biopsy. The aim of this study was to explore the 
clinical utility of the MIPS with ICG fluorescence for SLN 
biopsy.

Patients and methods

Patients

Eligibility criteria were age 20–75 years and histologi-
cally confirmed but clinically node-negative breast cancer. 
Patients who underwent previous axillary surgery or who 
had a history of allergy to ICG or iodine were excluded from 
the study.

Study design

At first, the study was conducted as an interventional study 
because the MIPS was an unapproved medical device 
(UMIN000020768) (N = 8). After approval of the MIPS, 
this study was conducted as an observational study (N = 48). 
We reported the results of the combined analysis of the two 
studies, as the eligibility criteria and primary endpoint were 
identical between the two studies. The primary endpoint 
was SLN identification rate, defined as the percentage of 

all patients in whom at least one SLN was detected by the 
MIPS. Secondary endpoints included sensitivity of the MIPS 
compared with the conventional NIR camera Photodynamic 
Eye Camera (PDE; pde-neo, Hamamatsu Photonics K.K., 
Hamamatsu, Japan) or RI methods. This sensitivity was cal-
culated as the percentage of patients with tumor-positive 
SLNs detected using the MIPS in all patients with axillary 
metastases as determined by the PDE or RI. The number of 
SLNs detected by the MIPS was also noted. The expected 
identification rate was estimated to be 98%, and its threshold 
was estimated to be 90%. With a statistical power of 80% 
and a one-sided type 1 error of 5%, the number of eligible 
patients required for the study was calculated to be 48 using 
a binominal analysis method.

The study protocol was approved by the institutional 
review board at Kyoto University Hospital. All patients pro-
vided informed consent to participate in this study.

MIPS

A detailed description of the MIPS has been reported previ-
ously [12]. Briefly, the MIPS has a projection head that uses 
a half mirror to match the optical axis of the NIR camera and 
the projector (Fig. 1a). The MIPS obtains the location of the 
fluorescence ICG emission and projects its image onto the 
location of the fluorescence emission in real-time, regard-
less of shifting and deformation of the organ. The difference 
between the location on the real fluorescence ICG emission 
and the projected image is within 1 mm, with a time lag 
within 100 ms. The projection head is designed to be located 
approximately 100 cm above the operative field and is not 
held by the surgeon. The projector of the MIPS can also illu-
minate the surgical field, allowing surgeons to perform the 
procedure without the need for operating lights (Fig. 1b, c).

Surgical procedures

ICG (5 mg in 1 mL;  Diagnogreen®; Daiichi Sankyo Co., 
Tokyo, Japan) was injected intradermally at the edge of the 
areola. Fluorescent subcutaneous lymphatics were visualized 
using the MIPS and traced to the axilla where occasion-
ally nodes could be seen percutaneously. We also used a 
plastic capsule to push and thinner the subcutaneous tis-
sue to help the recognition of the fluorescence signals from 
SLNs percutaneously. SLNs detected by the MIPS were 
then excised. All these procedures were performed with 
the operating lights turned off, as per the manufacturer’s 
recommendations. After the SLN biopsy using the MIPS, 
residual SLNs were removed using a conventional NIR cam-
era PDE camera (Hamamatsu Photonics) and/or RI. In the 
first interventional study, combined use of RI or PDE was 
mandate. In the second cohort study, combined use of RI 
or PDE was recommended. All the excised SLNs were also 
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examined using the MIPS, PDE, and a hand-held gamma 
probe, and the detectability of each signal was recorded. All 
SLNs underwent pathological evaluation according to the 
local protocol, which includes serial sectioning at 2–3 mm 
followed by routine staining with hematoxylin and eosin 
(H&E).

Results

A total of 56 patients (53 unilateral, 3 bilateral) underwent 
SLN biopsy using the MIPS from March 2016 to November 
2017. This analysis was based on a total of 59 procedures. 
Median age and Body Mass Index (BMI) were 54 years 
(range 28–75 years) and 20.4 kg/m2 (range 15.4–31.3 kg/
m2), respectively (Table 1). More than half were T1 stage 
(57%), and 10 procedures (17%) were performed on patients 
with ductal carcinoma in situ. Of the 59 procedures, 12 
(20%) were performed after preoperative systemic therapy 
(PST). In 38 procedures (64%), both the RI and ICG meth-
ods were used.

Figure 2 shows the direct-view pictures of SLN biopsy 
using the MIPS. In all procedures, at least one SLN was 
detected by the MIPS, giving an SLN detection rate of 100% 

[95% confidence interval (CI) 94–100%]. SLN biopsy was 
successfully performed without operating lights in all pro-
cedures. If we excluded 12 patients with PST, identification 
rate by MIPS was 100% (95% CI 92–100%). Of the 201 
SLNs excised, 174 (87%) were detected by only the MIPS, 
and 27 (13%) were excised additionally by PDE, RI, or pal-
pation (Table 2). In most of the additionally excised SLNs, 
the MIPS could retrospectively detect ICG fluorescent sig-
nals in the excised tissue.

Among the 201 SLNs dissected, only 3 contained mac-
rometastasis; 1 SLN had isolated tumor cells only. In the 
procedures involving these 3 SLNs with macrometastases, 
the RI method was not combined with ICG fluorescence. 
All 3 positive SLNs were excised using the MIPS and were 
not included in the additional SLNs excised using the PDE. 
The low percentage of the positive SLNs made it difficult to 
evaluate sensitivity of the MIPS.

The median number of SLNs per patient excised by the 
MIPS was 3 (range 1–7) (Table 3). Although patients with a 
high BMI (≥ 22 kg/m2) compared to those with a low BMI 
(< 22 kg/m2) tended to have fewer SLNs excised, this dif-
ference was not statistically significant (P = 0.07). Of pro-
cedures performed after PST, the median number of SLNs 
excised using the MIPS was 3 (range 2–6).

Fig. 1  The Medical Imaging 
Projection System (MIPS). a 
Photograph of the MIPS show-
ing the projection head and 
pole components. b Intraopera-
tive view using the MIPS. The 
projection head (yellow bold 
arrow) is located approximately 
100 cm above the operative 
field. c Operative field is well-lit 
without use of operating lights
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Discussion

This study demonstrates that the MIPS has a high SLN 
identification rate. The MIPS provides direct visualization 
of ICG fluorescence projected onto the surgical field and 
enables SLN biopsy without disrupting surgical workflow.

The MIPS SLN identification rate was comparable to that 
of the conventional NIR system. A previous meta-analysis 
showed that the identification rate using the ICG fluores-
cence method ranges from 89 to 100%; and the ICG fluo-
rescence and RI methods do not differ significantly in SLN 
detection [11]. Since the basic NIR system is a common 
feature of conventional NIR systems and the MIPS, it is 
reasonable that the MIPS had a high SLN identification rate. 

The mean number of SLNs removed using the ICG fluores-
cence method has been reported as 1.5–3.4 [11]. The median 
number of SLNs excised by the MIPS was 3, which is also 
comparable with reported results using the conventional ICG 
fluorescence method.

Several new NIR systems have been developed. The 
HyperEye Medical System (HEMS) (Mizuho Corp., Tokyo, 
Japan) can display superimposed color images and ICG fluo-
rescence images on a remote monitor [13]. Although the 
HEMS facilitates the localization of ICG signals because 
of the color background image, it still requires surgeons 
to look away from the surgical field at a monitor screen. 
Mondal et al. developed another NIR system, named the 
optical see-through goggle-augmented imaging and navi-
gation system [14]. In this goggle system, an ICG fluores-
cence image is projected onto a see-through display on the 
goggles. Although this system has the potential to facilitate 
real-time navigation, it has not been systematically evaluated 
in patients as yet.

Detection of SLNs decreases with increasing BMI [15]. 
In our study, fewer SLNs were excised from patients with 
high BMI than those with low BMI, but this difference 
was not statistically significant. SLN biopsy after PST was 
considered feasible, especially for patients with clinically 
node-negative cancer at baseline [1, 16–18]. However, 
several clinical trials have shown that among patients with 
clinically node-positive, SLN biopsy after PST has a lower 
identification rate and a higher false-negative rate than does 
SLN biopsy before PST [19–21]. Further analysis showed 
that the false-negative rate is estimated to be below 10% if 
at least 3 or more SLNs were excised. In the present study, 
SLN biopsies were performed after PST in 12 procedures. 
Although this is a small number of cases, the identifica-
tion rate among them was 100% (95% CI 76–100%) and the 
median number of SLNs excised was 3 (range 2–6).

The principal clinical benefit of the MIPS is continuous 
and accurate projection of the ICG fluorescence image onto 
the surgical field. One of the advantages of the ICG fluores-
cence method is real-time monitoring of the lymphatic chan-
nels. However, conventional NIR systems could not take full 
advantage of ICG fluorescence in terms of real-time navi-
gation, because surgeons had to disrupt the surgical work-
flow to confirm the location of the fluorescence signals. The 
MIPS enables SLN biopsy to be performed without shifting 
the visual focus and handling of operating light. Although 
quantitative comparison of these advantages is difficult in 
this single arm design study, these advantages will likely 
lead to shorter duration of surgery and lower surgical stress.

Our determination of a high SLN identification rate using 
the MIPS was based on relatively few procedures; however, 
this sample size does not hinder the demonstration of clinical 
utility of the MIPS, because the lower limit of 95% CIs was 
over 90%. Of the 201 SLNs excised, 27 (13%) were excised by 

Table 1  Patients and tumor characteristics

HER-2 human epidermal growth factor receptor 2

Factors N %

Total procedures 59
Age, median (range) 54 (28–75)
Body Mass Index, median (range) 20.4 (15.4–31.3)
Tumor stage
 Tis 10 17
 T1a 2 3
 T1b 9 15
 T1c 23 39
 T2 15 26

Histology
 Ductal carcinoma in situ 10 17
 Invasive carcinoma (no special type) 45 76
 Invasive lobular carcinoma 3 5
 Mucinous carcinoma 1 2

Subtype
 Hormone-receptor-positive and HER2-

negative
35 59

 Hormone-receptor-positive and HER2-
positive

4 7

 Hormone-receptor-negative and HER2-
positive

2 3

 Triple negative 7 12
 Unknown 11 19

Histological grade
 1 12 20
 2 24 41
 3 13 22
 Unknown 10 17

Preoperative systemic therapy
 Yes 12 20
 No 47 80

Combined use of radioisotope method
 Yes 38 64
 No 21 36
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PDE, RI, or palpation. However, MIPS could detect ICG fluo-
rescence signals retrospectively in 23 of these 27 additional 
SLNs after excision. A person outside of the surgery adjusted 
the angle of the projection head of the MIPS, which may 

influence the detectability of SLNs. Improved flexibility of 
the projection head should solve this problem. In our study, the 
percentage of positive SLNs (1.5%) was very low compared 
with that in previous reports [22]. Preoperative examination 
of axillary lymph nodes in our institution includes palpation, 
ultrasonography, and contrast-enhanced magnetic resonance 
imaging (CE-MRI). If nodal involvement is suspected in these 
examinations, ultrasound-guided fine-needle aspiration biopsy 
(US-FNA) is also performed. Several studies showed that both 
US-FNA and CE-MRI increase the accuracy of preoperative 
axillary staging [23, 24], and involvement of these examina-
tions may contribute to the low percentage of positive SLNs 
in our study.

In conclusion, this study demonstrates that the MIPS has 
a high SLN identification rate in patients with breast cancer. 
The MIPS provides continuous and accurate projection of ICG 
fluorescence images onto the surgical field and enables real-
time navigation during surgery for SLN biopsy.
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Fig. 2  Photographs of sentinel 
lymph node (SLN) biopsy 
using the MIPS. a Subcutane-
ous lymph channels (blue) 
visualized using the MIPS. b 
Real-time fluorescence imaging 
helps to identify the fluorescent 
SLN after the skin incision is 
made. The ICG fluorescence 
signal visualized using a color 
scale indicating the strength 
of the signal (red = strong, yel-
low = medium; blue = weak). 
c The projected fluorescence 
image is automatically adjusted 
upon deformation of the organ

Table 2  Total number of SLNs identified according to method of pro-
cedure (total SLNs = 201)

SLN sentinel lymph node, MIPS medical imaging projection system, 
RI radioisotope

Method N %

SLNs identified by MIPS 174 87
SLNs identified additionally by other methods 27 13
 Retrospectively MIPS positive 23 85
 Retrospectively RI positive 12 44
 No signals (detected by palpation) 4 15

Table 3  Number of SLNs identified by the MIPS according to patient 
characteristics

SLN sentinel lymph node, MIPS medical imaging projection system, 
BMI Body Mass Index, PST preoperative systemic therapy

Method N Median Range P value

All procedures 59 3 (1–7)
BMI
 < 22 kg/m2 39 3 (1–7) 0.07
 ≥ 22 kg/m2 20 2 (1–6)

PST
 No 47 3 (1–7) 0.53
 Yes 12 3 (2–6)
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