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Abstract
Introduction: To evaluate the feasibility and diagnostic value of indocyanine green (ICG) fluorescence imaging in the surgical 

treatment of recurrent nasopharyngeal carcinoma (rNPC). 

Methodology: A retrospective analysis was conducted on clinical data of patients who presented to our department between 

January 2024 and January 2026, and underwent endoscopic surgery guided by ICG fluorescence imaging system intraoperatively. 

These patients had previously received radiotherapy for NPC and were found to have suspected recurrence during follow-up 

examinations. ICG fluorescent agent was administered preoperatively or intraoperatively, and tumours were resected under 

real-time fluorescence endoscopic monitoring. The fluorescence imaging effects of the tumours and the pathological results of 

fluorescence-positive lesions were recorded and analysed.

Results: This study included 82 patients with suspected recurrence on preoperative evaluation who underwent ICG fluorescence 

imaging. Patients were stratified based on pathological findings into tumour group (n=46) and non-tumour group (n=36). Statis-

tical analysis demonstrated a significant correlation between ICG fluorescence localization and pathological diagnosis. The sensi-

tivity of ICG for tumour detection was 89.1%, specificity was 72.2%, positive predictive value was 80.4%, negative predictive value 

was 83.9%, and overall accuracy was 81.7%. ROC curve analysis yielded an area under the curve (AUC) of 0.88 for ICG fluorescence 

in distinguishing tumours.

Conclusions: This study is the first to systematically validate the feasibility and diagnostic value of ICG fluorescence imaging in the 

complex clinical scenario of rNPC surgery, providing a new tool to improve the radicality and safety of surgery for rNPC.
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Introduction
Nasopharyngeal carcinoma (NPC) is a malignant tumour origi-

nating from the epithelium of the nasopharynx, characterized 

by distinct geographical and ethnic distribution patterns, with 

a high incidence in southern China, Southeast Asia, and North 

Africa (1). Radiotherapy is the primary treatment modality for 

NPC. Although multimodal therapy has significantly improved 

the survival rate of patients with nasopharyngeal carcinoma, ap-

proximately 10%–20% of patients still develop local recurrence 

or distant metastasis after treatment (2).

Recurrent nasopharyngeal carcinoma (rNPC) is defined as a 

disease in which primary nasopharyngeal carcinoma completely 

regresses after treatment and then reappears more than six 

months after the completion of chemoradiotherapy, with recur-

rence confirmed by biopsy (3). The main treatment modalities for 

recurrent nasopharyngeal carcinoma include re-irradiation, sur-

gical resection, chemotherapy, and emerging immunotherapies 
(4–6). However, the vast majority of rNPC cases are associated with 

radioresistance, resulting in low sensitivity of tumour cells to re-

irradiation, and most local recurrences occur within high-dose 

radiation regions. Furthermore, the normal tissues adjacent to 

the tumour have already been exposed to high-dose radiation 

from the previous course of treatment, resulting in a high inci-

dence of complications from re-irradiation, which severely im-

pairs patients' quality of life and may even be life-threatening (4). 

Existing research has confirmed that in patients with resectable 

locally recurrent nasopharyngeal carcinoma, the surgical group 

achieves a markedly better 3-year overall survival (OS) rate com-

pared to the re-irradiation group (85.8% vs. 68.0%), along with a 

dramatically lower rate of severe late complications (7). 

The key to surgical treatment of recurrent nasopharyngeal 

carcinoma lies in the surgeon's meticulous visual identification 

of the boundary between tumour and normal tissue, ensuring 

negative pathological results at both the tumour base and surgi-

cal margins (8). Radical surgery is highly dependent on achieving 

negative intraoperative margins (R0 resection). However, prior 

radiotherapy leads to tissue fibrosis, obliteration of anatomical 

landmarks, and tumour boundaries that are "invisible to the 

naked eye", resulting in an R0 resection rate of only 60–70% in 

rNPC (9). Furthermore, during endonasal endoscopic surgery, the 

surgeon's localization of the lesion and determination of its mar-

gins are subject to subjective factors, which can lead to missed 

microscopic disease at the resection margins and compromise 

the patient's long-term quality of life. Excessive tumour resec-

tion may result in exposure of critical structures such as the skull 

base or internal carotid artery, potentially leading to irreversible 

consequences. This bottleneck urgently requires breakthroughs 

through intraoperative real-time visualization technologies.

Indocyanine green (ICG) is a fluorescent contrast agent appro-

ved by the U.S. Food and Drug Administration (FDA) in 1959 for 

clinical use; initially, it was primarily employed for liver function 

assessment and fundus fluorescein angiography (10–12). Because 

intravenously administered ICG is eliminated exclusively by the 

liver, it was first introduced and has been used for decades to 

assess human liver function, demonstrating an excellent safety 

profile (13). ICG exhibits an absorption peak near 780–810 nm 

and an emission peak at 810–820 nm (14,15). Since the emission 

wavelength of indocyanine green lies within the near-infrared 

optical window, its fluorescence signal achieves an effective 

penetration depth of approximately 5–10 mm in soft tissue (16). 

After intravenous administration, ICG has a very short half-life 

of 3-4 minutes and is cleared exclusively by the liver (17). The 

relatively hydrophobic ICG molecules bind rapidly and almost 

completely to serum proteins (15). Protein binding reduces aggre-

gation, increases brightness (i.e., quantum yield) by more than 

threefold, and increases the effective hydrodynamic diameter 

to that of the bound protein (18), thereby enabling detection 

by the fluorescence endoscopy receiver upon excitation with 

near-infrared light. In oncologic surgery, ICG is not a typical 

"tumour-specific probe"; rather, it functions via the abnormal 

permeability of tumour vasculature or differences in excretory 

function between tumour and surrounding tissues. For example, 

it has previously been considered that in non-hepatic tumours, 

ICG fluorescence is enhanced through selective accumulation in 

tumour tissues resulting from the binding of ICG to high-mole-

cular-weight serum proteins (19). The enhanced permeability and 

retention (EPR) effect is considered associated with the accu-

mulation of ICG in tumour cells (20). In colorectal cancer cell lines, 

the tumour cell preference of ICG is driven by passive tumour 

cell targeting, the inherent ability of ICG to bind to cell membra-

nes, and high endocytic activity associated with the disruption 

of tight connections between tumour cells and tumour tissue 
(21). In liver tumours, the ICG-positive portion is associated with 

the expression of the membrane transporters organic anion 

transporting polypeptide 1B3 (OATP1B3) and sodium taurocho-

late co-transporting polypeptide (NTCP) (22,23), both of which are 

normally expressed in hepatocytes and mediate cellular uptake 

of ICG in vitro. Furthermore, research indicates that scavenger 

receptors (SRs) not only promote clathrin receptor upregulation 

via downstream signalling activation upon binding to the ICG 

albumin complex, but also directly facilitate ICG transmembrane 

trafficking through recognition of its hydrophobic moieties, thus 

enhancing the active cellular uptake of ICG (24). 

ICG fluorescence imaging technology has rapidly advanced in 

the field of surgical oncology, leveraging the unique fluores-

cence properties of ICG to enable real-time visualization during 

surgery. In recent years, ICG has been widely applied in the 

surgical treatment of various cancers, including liver cancer (25), 

breast cancer (26), gastric cancer (27), colorectal cancer (28), and lung 

cancer (29), demonstrating significant surgical efficacy and im-

proving surgeons' ability to localize lesions and assess resection 

margins. For example, ICG fluorescence imaging can be used to 
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detect primary and secondary hepatic malignancies, with a sen-

sitivity of over 90% (30,31). In breast cancer, the sensitivity of ICG 

fluorescence imaging in detecting sentinel lymph nodes ranges 

from 95% to 100% (32,33). In ICG fluorescence‑guided surgery for 

colorectal liver metastases, the overall R0 resection rate is up to 

92.4%, while the real time evaluation of resection margins yields 

a sensitivity of 60% and a specificity of 90% (34). However, there 

are few reports or relevant clinical studies on the application of 

ICG fluorescence imaging in endoscopic surgery for recurrent 

nasopharyngeal carcinoma. We have previously conducted 

preliminary exploration and case report on the use of indocy-

anine green fluorescence imaging in the surgical treatment of 

recurrent nasopharyngeal carcinoma (35). This retrospective study 

investigates the application of indocyanine green fluorescence 

imaging in the surgical management of recurrent nasopharyn-

geal carcinoma, aiming to evaluate its feasibility and diagnostic 

value, thereby providing clinical experience to support its 

further application in endoscopic surgical procedures.

Materials and methods 

Clinical data collection

This retrospective study included 82 patients with a history of 

radiation therapy for nasopharyngeal malignancies, who were 

admitted to the Department of Otorhinolaryngology Head and 

Neck Surgery of Zhujiang Hospital, Southern Medical University, 

from January 2024 to January 2026. Patients were considered to 

have potential recurrence based on their clinical histories and 

preoperative assessments, including nasal endoscopy, contrast-

enhanced MRI or CT of the nasopharynx, and PET/CT. These 

patients underwent endoscopic endonasal surgery of the nose 

and skull base with intraoperative assistance from indocyanine 

green (ICG) fluorescence imaging system. Clinical baseline data 

of the patients, including age, sex, body weight, and tumour 

stage, were collected (Table 1). The ICG-localized positions 

were recorded from surgical videos and compared with final 

pathological results to determine whether the target areas were 

localized and to confirm tumour diagnosis within the localized 

regions. This study was approved by the Ethics Committee of 

Zhujiang Hospital, Southern Medical University (Approval No.: 

2024-KY-265-01).

Reagents and instruments 

Indocyanine green for injection (25 mg/vial), manufactured by 

Dandong Yichuang Pharmaceutical Co., Ltd., was administered 

intravenously at a dose based on patient’s body weight, accor-

ding to the strategy outlined in Table 2. Fluorescence imaging 

was performed using the DPM 4K fluorescence endoscopy sys-

tem (DPM-H3800), which comprises a control unit, light source, 

monitor, fluorescence endoscope and other components, and 

offers both standard and fluorescence modes (Figure 3). 

Methods

After admission, patients underwent routine examinations and 

evaluations; upon exclusion of relevant contraindications to 

surgery, endoscopic endonasal resection of nasopharyngeal and 

skull base tumours was scheduled within a limited timeframe. 

The surgery was performed under general anaesthesia. After 

adequate exposure of the tumour tissue, the tumour region was 

examined using a fluorescence endoscopy system. Indocyanine 

green (ICG) is prone to quenching upon excitation by near-infra-

red light. If intraoperative fluorescence quenching occurs due 

to prolonged observation with the fluorescence endoscope, a 

supplementary injection of ICG at a dose of 2.5 mg per adminis-

tration is required.

According to a previous case report from our team (35), delayed 

ICG fluorescence clearance was observed intraoperatively in 

Table 1. Clinical baseline.

a Mean (SD); N (%). b The T staging is based on the TNM staging system of 

the 9th edition of the AJCC.

Variable N=82 a

Age 57.76(11.25)

Sex

Male 58(70.7%)

Female 11(29.3%)

Weight 57.67(13.08)

rNPC 46(56.1%)

Non- rNPC 36(43.9%)

rNPC T staging b

T1 2(4.3%)

T2 8(17.4%)

T3 29(63.0%)

T4 7(15.2%)

Table 2. Summary of ICG injection patterns for 82 patients.

Variable N=82 

Injection time

Intraoperative only 5

Preoperative+ Intraoperative 77

Preoperative 3h 31

Preoperative 6h 24

Preoperative 12h 22

Preoperative injection dose

0.5mg/kg 25

0.6mg/kg 33

0.7mg/kg 19
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the nasal septum and inferior turbinate, with a discernible dif-

ference in fluorescence intensity compared to that of tumour 

fluorescence (Figure S1). This phenomenon can serve as an in-

ternal control. In patients who have undergone radiotherapy for 

nasopharyngeal carcinoma, the inferior turbinate is less affected 

by radiation and is commonly used clinically for skull base 

Figure 1. The ICG fluorescence imaging effect of rNPC. A) In case 8 of rNPC patient, preoperative MRI revealed a soft tissue mass in the nasopharynx 

and the right lateral wall, with heterogeneous and marked enhancement on contrast enhanced scanning. Before intraoperative supplemental ICG 

injection, no fluorescence was observed; after the booster injection, green fluorescence was visible in the target region. B) In case 11 of rNPC patient 

with rT2 stage, preoperative contrast‑enhanced CT showed soft tissue shadows in the lateral walls of the nasopharynx and oropharynx, with evidence 

of enhancement. Before intraoperative supplemental ICG injection, intense green fluorescence was already observed. C) In case 12 of rNPC patient, 

preoperative MRI revealed soft tissue in the right nasopharynx. Before and after intraoperative supplemental ICG injection, stronger fluorescence was 

observed compared with that of the inferior turbinate. D) In case 19 of rNPC patient with rT2 stage, preoperative MRI showed an enhanced signal at 

the upper margin of the right posterior naris and the nasopharynx. Before intraoperative supplemental ICG injection, moderate fluorescence was 

observed; during surgery, due to fluorescence quenching, a supplemental ICG injection was administered, and the tumour was completely resected 

under ICG fluorescence guidance. E) In case 32 of rNPC patient, preoperative MRI revealed a space occupying lesion in the posterior wall of the 

nasopharyngeal roof; however, intraoperatively we observed fluorescence at the posterior margin of the nasal septum, and pathological examina-

tion confirmed that tumour tissue was also present at that site. Before intraoperative supplemental ICG injection, weak fluorescence was observed 

compared with that of the inferior turbinate; after supplemental injection, strong fluorescence became visible. F) In case 35 of patient with skull base 

osteoradionecrosis (sbORN) complicated by rNPC, preoperative MRI showed an irregular soft tissue mass in the left lateral wall and the posterosu-

perior wall of the nasopharynx, with marked heterogeneous enhancement on contrast enhanced scanning. Intraoperatively, scattered fluorescence 

was observed in the necrotic area, and pathology confirmed the presence of tumour tissue. G) In case 39 of rNPC patient, preoperative MRI showed 

marked enhancement of the nasopharyngeal wall. Before intraoperative supplemental ICG injection, weak fluorescence was observed compared with 

the inferior turbinate, while after supplemental injection, strong and diffuse fluorescence became visible, and pathology confirmed diffuse tumour 

infiltration. H) In case 41 of rNPC patient, MRI showed uneven thickening of all walls of the nasopharynx with heterogeneous enhancement on con-

trast enhanced scanning. Before intraoperative supplemental ICG injection, green fluorescence was observed in the necrotic area; after the booster 

injection, strong and diffuse fluorescence became visible, and pathology confirmed diffuse tumour infiltration. 

H
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A B

Figure 2. Performance of ICG fluorescence for tumour localization and imaging assessment. A) ROC curve of ICG fluorescence for localizing the target 

region. B) Comparison of tumour fluorescence imaging scores between preoperative ICG injection (ICG_pre) and intraoperative supplemental ICG 

injection (ICG_post).

defect reconstruction (36). Based on this observation, our study 

employed the inferior turbinate as an in vivo reference tissue for 

relative evaluation of fluorescence imaging in the target region. 

Fluorescence in the tumour tissue or target area was compared 

with that in the inferior turbinate: if tumour fluorescence excee-

ded inferior turbinate fluorescence, the tumour fluorescence 

imaging effect was considered strong; if tumour fluorescence 

was comparable to inferior turbinate fluorescence, the effect 

was considered moderate; if tumour fluorescence was lower 

than inferior turbinate fluorescence, the effect was considered 

weak. Accordingly, the fluorescence visualization effect of the 

tumour was scored on a 0–3 scale: 0 for no fluorescence, 1 for 

weak fluorescence, 2 for moderate fluorescence, and 3 for strong 

fluorescence.

Statistical analysis

Data management, statistical analyses, and generation of 

statistical figures were conducted using SPSS 26.0 and R 4.5.2. 

Continuous variables were assessed for normality using the 

Shapiro-Wilk test: normally distributed data were presented as 

mean ± standard deviation (x ± s); non-normally distributed 

data were described as median (interquartile range, M [IQR]). 

Categorical variables were presented as frequencies (percen-

tages), and comparisons between groups were performed 

using Pearson's chi-squared test or Fisher's exact test (when the 

expected frequency in any cell was <5). Sensitivity, specificity, 

positive predictive value (PPV), negative predictive value (NPV), 

and accuracy were calculated using standard formulas. Receiver 

operating characteristic (ROC) curves were generated using the 

pROC and ggplot2 package, and the area under the curve (AUC) 

along with its 95% confidence interval (CI) was calculated using 

DeLong's method. All tests were two-tailed, and a P-value < 0.05 

was considered statistically significant. 

Results
This study enrolled 82 patients with suspected recurrence of na-

sopharyngeal carcinoma who underwent ICG fluorescence ima-

ging, comprising 58 males and 24 females. The mean age was 

52.76±11.26 years, and the mean body weight was 57.67±13.08 

kg (Table 1 for clinical baseline). Among the 82 patients, 5 re-

ceived ICG injection only intraoperatively, while 77 received ICG 

both preoperatively and intraoperatively, with varying preopera-

tive injection doses and timing, aiming to explore the injection 

regimen that achieves better ICG visualization effects (Table 2). 

Based on pathological results, 46 patients were classified into 

the tumour group, and 36 patients into the non-tumour group. 

Comparing the intraoperative ICG fluorescence localization sites 

with the lesion locations on preoperative MRI, we found that in 

patients with tumours, ICG fluorescence could localize the target 

area and guide surgical resection (Figure 1). The raw intraope-

rative ICG fluorescence images of these tumour patients are 

available in the additional file. 

Pearson's chi-square test revealed a statistically significant cor-

relation between ICG findings and the presence or absence of 

tumours (P < 0.001, Table 3). Using pathological results as the 

reference standard, ICG fluorescence demonstrated a sensiti-

vity of 89.1% (41/46), specificity of 72.2% (26/36), PPV of 80.4% 

(41/51), NPV of 83.9% (26/31), and overall accuracy of 81.7% 

(67/82). ROC curve analysis indicated that ICG fluorescence had 

good diagnostic performance in discriminating tumour from 

non-tumour tissues, with an area under the curve (AUC) of 0.88 

(95% CI: 0.80–0.95, Figure 2A), suggesting that ICG fluorescence 
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Figure 3. Illustration showing nasal endoscopic indocyanine green fluorescence imaging guided surgery for recurrent nasopharyngeal carcinoma. 

NIR: near-infrared.

NIR Display monitor

Control unit

Light source

Camera Endoscope

Table 3. Cross-analysis table of ICG fluorescence in tumour and non-tumour areas.

Group Tumour Non-Tumour Total Statistic P

ICG (+) 41(89.1%) 10 (27.8%) 51 (62.2%)

ICG (-) 5 (10.9%) 26 (72.2%) 31 (37.8%) 32.33 <0.001

Total 46 (100.0%) 36 (100.0%) 82 (100.0%)

has a favourable ability to identify tumours.

Compared with pre-supplementation injection (ICG_pre), tu-

mour fluorescence imaging scores were significantly increased 

after the supplementary injection (ICG_post) (P < 0.001, Tables 

S1 and S2). Violin plots showed that the overall score distribu-

tion shifted toward higher score ranges after the supplementary 

injection, with both the median and interquartile range notably 

shifted upward, indicating that intraoperative supplementary in-

jection enhances tumour fluorescence visualization (Figure 2B).

Discussion
This study systematically validated the clinical feasibility and 

diagnostic efficacy of ICG near-infrared fluorescence imaging 

in rNPC surgery for the first time in a retrospective cohort, par-

ticularly achieving real-time and visual identification of tumour 

tissue during endoscopic rNPC surgery. Overall, ICG fluorescence 

showed high sensitivity (89.1%) in tumour localization, indica-

ting its superior detection capability in tumour screening and 

intraoperative localization. However, its specificity was mode-

rate (72.2%), with approximately 27.8% of non-tumour tissues 

exhibiting fluorescence, suggesting that ICG fluorescence is not 

a tumour-specific signal and may be related to factors such as 

inflammatory response, increased vascular permeability, and 

tissue oedema. Furthermore, the high positive predictive value 

(80.4%) indicates that positive ICG fluorescence is highly sugges-

tive of tumour, offering critical guidance for intraoperative deci-

sions such as biopsy acquisition or margin extension. Although 

its negative predictive value was high (83.9%), this suggests that 

suspicious areas should not be ignored solely based on negative 

fluorescence, and a comprehensive judgment combined with 

imaging and routine pathology is required. This characteristic is 

consistent with previous observations in gastric and liver can-

cers: ICG fluorescence is a "strong positive-oriented tool" rather 

than an "exclusionary diagnostic tool" (37,38). In summary, ICG 

fluorescence in the target area has high sensitivity and positive 

predictive value in tumour identification, but its moderate speci-

ficity suggests it can serve as an effective intraoperative auxiliary 

localization method rather than a replacement for pathological 

diagnosis. 

Our study found that false-positive ICG fluorescence was 

primarily concentrated in inflammatory lesions. This is highly 

consistent with Holt’s study: increased vascular permeability in 

inflammatory areas can also lead to ICG leakage and accumula-

tion, but its fluorescence pattern is usually diffuse with blurred 

boundaries, whereas tumour fluorescence is mostly focal with 

sharp boundaries (39). Consequently, we propose the implemen-

tation of "fluorescence morphological criteria" for surgeons: 

1) focal intense fluorescence with distinct margins: highly sug-
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2) diffuse faint fluorescence with indistinct margins: indicative of 
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Although ICG imaging has significant advantages in recurrent 

nasopharyngeal carcinoma surgery, its inherent limitations must 
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1) Penetration depth limitation: near-infrared light effectively 

penetrates only 5–10 mm in soft tissue, resulting in limited 

identification capability for deep infiltrative lesions (such as the 

sphenoid body and pterygoid base) (40); 

2) Non-specific accumulation: inflammation and granulation 
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in this study), requiring interpretation in combination with 

pathological diagnosis; 
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or intraoperative irrigation can cause signal attenuation, which 

was effectively mitigated in this study by an "intraoperative sup-

plemental injection of 2.5 mg". However, intraoperative injection 

of ICG can easily lead to "fluorescence pollution" in the surgical 

field, and ICG fluorescence in surgical bleeding can cause inter-
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4) Lack of standardized protocols: there is currently no unified 

specification for injection timing or dosage. In endoscopic endo-

nasal surgery, further clinical studies are still needed to deter-
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optimal visualization of tumour tissues.

ICG fluorescence imaging technology holds significant clinical 

application value in the surgical treatment of recurrent nasopha-

ryngeal carcinoma. First, ICG fluorescence imaging significantly 

enhances the surgeon's ability to delineate tumour boundaries, 

reducing intraoperative errors and the risk of positive margins, 

thereby improving the completeness of resection. Second, ICG 

fluorescence imaging enables real-time intraoperative moni-

toring, assisting surgeons in promptly identifying and mana-

ging potential complications such as vascular injury, thereby 
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(RFS) and overall survival (OS), and to promote the develop-

ment of standardized operating procedures (SOPs), ultimately 

establishing it as a routine component of precision surgery for 

nasopharyngeal and skull base tumours.

Conclusion
The application of indocyanine green (ICG) fluorescence 

imaging in surgery for recurrent nasopharyngeal carcinoma de-

monstrates its substantial potential and clinical value in complex 

oncological surgeries. This study provides the first systematic 

validation of the feasibility and diagnostic value of ICG fluores-

cence imaging in nasal and skull base surgery, particularly in the 

complex clinical setting of recurrent nasopharyngeal carcinoma, 

thereby offering a new tool to improve the radicality and safety 

of surgical treatment for recurrent nasopharyngeal carcinoma. 

However, the application of ICG fluorescence imaging in recur-

rent nasopharyngeal carcinoma still requires further clinical stu-

dies and technical optimization to ensure its broad applicability 

across different clinical settings and its long-term effectiveness.
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SUPPLEMENTARY MATERIAL

Figure S1. Delayed excretion of ICG in the nasal septum and inferior turbinate. (A)(B) Intraoperatively, fluorescence was observed in the nasal septum 

and inferior turbinate, whereas no fluorescence was detected in the nasal floor.

Table S1. ICG injection patterns and ICG Fluorescence Imaging Effects in 46 Cases of rNPC.

Case Injection time Preoperative 
injection dose 

(mg/kg)

Intraopera-
tive dosage per 
injection（mg）

Tumour imaging 
before intraop-

erative injection 
(ICG_pre)a

Tumour imaging 
after intraop-

erative injection 
(ICG_post)a

ICG localization

1 intraoperative 2.5 moderate yes

2 intraoperative 2.5 strong yes

3 intraoperative 2.5 strong yes

4 intraoperative 2.5 strong yes

5 preoperative 3h 0.5 2.5 non-fluorescent weak yes

6 preoperative 3h 0.5 2.5 non-fluorescent strong yes

7 preoperative 3h 0.5 2.5 moderate strong yes

8 preoperative 3h 0.5 2.5 non-fluorescent strong yes

9 preoperative 3h 0.5 2.5 weak strong yes

10 preoperative 3h 0.5 2.5 non-fluorescent strong yes

11 preoperative 6h 0.5 2.5 strong strong yes

12 preoperative 6h 0.5 2.5 strong strong yes

13 preoperative 6h 0.5 2.5 non-fluorescent strong yes

14 preoperative 6h 0.5 2.5 non-fluorescent non-fluorescent no

15 preoperative 6h 0.5 2.5 strong strong yes

16 preoperative 12h 0.5 2.5 moderate strong yes

17 preoperative 12h 0.5 2.5 weak weak no

18 preoperative 12h 0.5 2.5 strong strong yes

19 preoperative 12h 0.5 2.5 moderate moderate yes

20 preoperative 3h 0.6 2.5 strong strong yes
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Case Injection time Preoperative 
injection dose 

(mg/kg)

Intraopera-
tive dosage per 
injection（mg）

Tumour imaging 
before intraop-

erative injection 
(ICG_pre)a

Tumour imaging 
after intraop-

erative injection 
(ICG_post)a

ICG localization

21 preoperative 3h 0.6 2.5 non-fluorescent strong yes

22 preoperative 3h 0.6 2.5 non-fluorescent strong yes

23 preoperative 3h 0.6 2.5 non-fluorescent non-fluorescent no

24 preoperative 3h 0.6 2.5 strong strong yes

25 preoperative 3h 0.6 2.5 strong strong yes

26 preoperative 6h 0.6 2.5 strong strong yes

27 preoperative 6h 0.6 2.5 non-fluorescent moderate yes

28 preoperative 6h 0.6 2.5 non-fluorescent non-fluorescent no

29 preoperative 6h 0.6 2.5 strong strong yes

30 preoperative 6h 0.6 2.5 strong strong yes

31 preoperative 6h 0.6 2.5 strong strong yes

32 preoperative 12h 0.6 2.5 weak strong yes

33 preoperative 12h 0.6 2.5 weak moderate yes

34 preoperative 12h 0.6 2.5 strong strong yes

35 preoperative 12h 0.6 2.5 strong strong yes

36 preoperative 3h 0.7 2.5 weak strong yes

37 preoperative 3h 0.7 2.5 non-fluorescent non-fluorescent no

38 preoperative 3h 0.7 2.5 moderate strong yes

39 preoperative 6h 0.7 2.5 weak strong yes

40 preoperative 6h 0.7 2.5 strong strong yes

41 preoperative 6h 0.7 2.5 moderate strong yes

42 preoperative 6h 0.7 2.5 strong strong yes

43 preoperative 6h 0.7 2.5 moderate strong yes

44 preoperative 12h 0.7 2.5 weak strong yes

45 preoperative 12h 0.7 2.5 weak strong yes

46 preoperative 12h 0.7 2.5 strong strong yes

ICG fluorescence imaging efficacy: if the fluorescence intensity in the target area is greater than that of the inferior turbinate, the fluorescence imag-

ing effect is considered strong. If the fluorescence intensity in the target area is comparable to that of the inferior turbinate, the fluorescence imaging 

effect is considered moderate. If the fluorescence intensity in the target area is less than that of the inferior turbinate, the fluorescence imaging effect 

is considered weak. 
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Table S2. The intravenous injection dose and timing of ICG and ICG fluorescence imaging effects in 36 cases of non-tumour.

Case Injection time Preoperative injec-
tion dose (mg/kg)

Intraopera-
tive dosage per 
injection（mg）

Tumour imaging 
before intraop-

erative injection 
(ICG_pre)a

Tumour imaging 
after intraoperative 

injection (ICG_
post)a

ICG localization

1 intraoperative non-fluorescent no

2 preoperative 3h 0.5 2.5 non-fluorescent non-fluorescent no

3 preoperative 3h 0.5 2.5 non-fluorescent non-fluorescent no

4 preoperative 3h 0.5 2.5 non-fluorescent non-fluorescent no

5 preoperative 3h 0.5 2.5 non-fluorescent non-fluorescent no

6 preoperative 3h 0.5 2.5 non-fluorescent non-fluorescent no

7 preoperative 3h 0.5 2.5 non-fluorescent non-fluorescent no

8 preoperative 6h 0.5 2.5 non-fluorescent moderate yes

9 preoperative 12h 0.5 2.5 non-fluorescent moderate yes

10 preoperative 12h 0.5 2.5 non-fluorescent non-fluorescent no

11 preoperative 3h 0.6 2.5 non-fluorescent non-fluorescent no

12 preoperative 3h 0.6 2.5 non-fluorescent weak yes

13 preoperative 3h 0.6 2.5 non-fluorescent non-fluorescent no

14 preoperative 3h 0.6 2.5 non-fluorescent weak yes

15 preoperative 3h 0.6 2.5 non-fluorescent non-fluorescent no

16 preoperative 3h 0.6 2.5 non-fluorescent non-fluorescent no

17 preoperative 3h 0.6 2.5 non-fluorescent non-fluorescent no

18 preoperative 6h 0.6 2.5 weak weak yes

19 preoperative 6h 0.6 2.5 non-fluorescent non-fluorescent no

20 preoperative 6h 0.6 2.5 non-fluorescent non-fluorescent no

21 preoperative 6h 0.6 2.5 weak weak yes

22 preoperative 6h 0.6 2.5 non-fluorescent non-fluorescent no

23 preoperative 12h 0.6 2.5 non-fluorescent weak yes

24 preoperative 12h 0.6 2.5 non-fluorescent non-fluorescent no

25 preoperative 12h 0.6 2.5 non-fluorescent non-fluorescent no

26 preoperative 3h 0.7 2.5 non-fluorescent non-fluorescent no

27 preoperative 3h 0.7 2.5 non-fluorescent weak yes

28 preoperative 6h 0.7 2.5 non-fluorescent weak no

29 preoperative 12h 0.7 2.5 non-fluorescent non-fluorescent no

30 preoperative 12h 0.7 2.5 non-fluorescent non-fluorescent no

31 preoperative 12h 0.7 2.5 non-fluorescent non-fluorescent no

32 preoperative 12h 0.7 2.5 non-fluorescent non-fluorescent no

33 preoperative 12h 0.6 2.5 non-fluorescent non-fluorescent no

34 preoperative 12h 0.5 2.5 non-fluorescent weak yes

35 preoperative 3h 0.7 2.5 non-fluorescent non-fluorescent no

36 preoperative 6h 0.6 2.5 weak moderate yes

Additional file. The original ICG fluorescence images of other rNPC patients.
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