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Abstract
Indocyanine green (ICG) angiography is a real-time imaging modality that can be used to assess
intraoperative tissue perfusion. ICG dye has proven to be feasible, safe, and cost-effective, especially for
muscle flaps during complex reconstructions. To our knowledge, we discuss the first use of ICG angiography
for the real-time assessment of a tongue flap following left lateral hemiglossectomy. ICG angiography
showed excellent perfusion of the tongue and tongue flap, which subsequently led to an uncomplicated
postoperative recovery.
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Introduction
Reconstruction after tongue cancer surgery can be challenging due to the complex anatomy and physiology
of the tongue, depending on the location and extension of the tumor. When surgery is performed, adequate
margins (>1 cm) are needed to decrease local recurrence [1]. Patients are often left with a cosmetic
deformity. Reconstructions can be completed with local/regional flaps or free flaps. The goal is to achieve
the best possible functional and oncologic outcomes. Various technologies have been developed to provide
an objective assessment of flap perfusion, including indocyanine green (ICG) fluorescence. ICG is a helpful
and safe tool for the assessment of flap perfusion as it is a relatively safe and nontoxic tricarbocyanine dye
that allows for real-time visualization [2-4]. We discuss the use of ICG fluorescence for a tongue flap
following a lateral hemiglossectomy.

Case Presentation
A 51-year-old Caucasian woman, with a history of celiac disease and squamous cell carcinoma of the
tongue, came to our institution for a left lateral hemiglossectomy with reconstruction. The patient was
brought to the operating room and placed on the table in the supine position. General anesthesia was
administered, and the patient was intubated. The patient’s face and neck were then prepped and draped in a
sterile fashion. A side gag was placed opposite the tumor. A penetrating towel clamp was used to retract the
tongue anteriorly and away from the tumor. We marked a 1 cm margin around the primary lesion. Using a
CO2 laser system, we performed a left lateral hemiglossectomy (Figure 1). Hemostasis was attained with

cautery (bipolar and monopolar) and 3-0 vicryl suture ligatures for branches of the lingual artery. Once the
primary lesion was removed, we resected peripheral mucosal margins and sent them to the pathology
department for the frozen section. The frozen sections showed no signs of cancer.
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FIGURE 1: Left lateral hemiglossectomy.

Subsequently, we used ICG fluorescence to determine the viability of the left anterior tongue due to
concerns for perfusion, especially at the tip, as an extensive resection across the midline was performed.
During the procedure, 1 cc of ICG was administered intravenously followed by a 10 cc flush of normal saline.
The tongue was assessed immediately after injection using a Stryker SPY-PHI (Stryker Corporation,
Kalamazoo, MI) portable handheld imaging system. ICG fluorescence showed good perfusion of the tongue
(Figure 2). We then rotated the tongue posteriorly to cover the defect. This local flap was sutured in place
using 3-0 vicryl interrupted sutures (Figure 3). We then used ICG angiography to reassess the flap. The
reconstructed tongue had good perfusion (Figure 4). We subsequently performed a bilateral neck dissection.
The wounds were irrigated copiously with water and saline. Two 19-French Blake round drains were placed
in the neck and secured with 2-0 nylon sutures. Closure of the skin was performed in layers with 3-0 vicryl
sutures for the platysma layer and staples for the skin. The patient was awakened and transferred to the
recovery room in stable condition. Two weeks later, the patient was seen in the office. No complications
from the reconstruction were reported.
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FIGURE 2: ICG angiography showing perfusion of the tongue following
left lateral hemiglossectomy.
Successful perfusion is noted by fluorescent green emission. Arrows point to both the tip of the tongue and
the left anterior tongue.

ICG: indocyanine green

FIGURE 3: Tongue flap reconstruction.
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FIGURE 4: Tongue flap perfusion with ICG.
Arrow points to the tip of the tongue.

ICG: indocyanine green

Discussion
ICG angiography has revolutionized surgeons’ ability to assess tissue perfusion in the operating room. First
introduced in the 1950s, ICG is a unique tricarbocyanine dye that allows real-time targeted anatomical
visualization due to its high level of contrast against the background, innate ability to be taken up in small
concentrations, rapid excretion into the bile, ease of use for prospective clinicians and researchers, low
toxicity potential, and affordability [5-7].

Due to its amphiphilic characteristics, ICG has a nonspecific affinity for plasma proteins and blood
lipoproteins [8]. The resulting interactions and competition for binding causes aggregation, which
subsequently permits ICG to affect the emission spectrum and results in its fluorescent capabilities [8]. ICG
fluorescence is best observed within a few seconds of intravenous injection between the wavelengths of 820
and 830 nm on the emission spectrum in vitro [8]. To achieve a plasma concentration of 100 mg/mL, dosages
are calculated at 0.5 mg/kg body weight [9]. Furthermore, ICG has demonstrated a rapid clearance (half-life
of 3-5 minutes) from the body via first-order kinetics in the form of nonconjugated bile [2,5]. ICG also has a
very low toxicity profile, with reported cases of 1/40,000 [6,7,9].

ICG stands as a frontier for further surgical utilization, research, and clinical usage. The application of this
imaging modality first gained traction through its vascular applications in ophthalmology, cardiology, and
neurosurgery [10]. As continued research and case studies reveal, ICG has proven to be versatile across many
specialties. Investigations have highlighted the potential for ICG to be used in postoperative wound care,
lymph node biopsy, cancer treatment and detection, evaluation of liver function, and plastic surgery
reconstruction [6,7,10].

Vascular patency and quality blood flow are vital for the long-term success and sustainability of any flap.
This principle holds particularly true for muscle-only flaps, which exhibit the lowest salvage rate of all flap
types [11]. Our case demonstrates the utility of ICG angiography for the real-time intraoperative vascular
assessment of a rotational tongue flap following lateral hemiglossectomy. While several studies have
described flap perfusion assessment with ICG, our study is the first to highlight the application of ICG
angiography exclusively for tongue reconstruction. Upon the initial phase of reconstruction, ICG was used to
evaluate blood flow of the left anterior tongue following left lateral hemiglossectomy to rule out any
potential vascular compromise. ICG was then used to reassess the vascularization of the tongue following
reconstruction. Our patient experienced no postoperative complications.

Our study not only asserted the effectiveness of ICG for tongue flap reconstruction but also revealed its
potential superiority to pinprick testing. Although simple, quick, and conventional, pinprick testing is
largely dependent on physician experience due to the subjective nature of the results [12]. Additionally,
bruising at the site can develop in patients who have undergone repeated testing, jeopardizing the reliability
of the examination [12]. In the setting of free-flap vascular complications in patients who have undergone
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microvascular reconstruction, ICG was able to identify intraoperative and postoperative complications at an
earlier rate than clinical examination alone; however, data on locoregional flaps is limited [13]. Successful
salvage is fundamentally reliant on early detection of potential complications, such as those related to
hypoperfusion of tissues. [14]. Our case highlights the feasibility, safety, and efficacy of ICG angiography in
determining short-term and long-term flap viability.

As ICG angiography continues to grow in use and popularity, future investigations are necessary to accrue
clinical outcome data with greater study power and compare ICG angiography to other intraoperative
assessment modalities for locoregional tongue flaps.

Conclusions
The use of ICG angiography for the real-time assessment of blood flow is a valuable and feasible tool for the
intraoperative assessment of perfusion in extended hemiglossectomies with local flap reconstruction. It may
be especially beneficial in cases involving complex reconstructions, and when regional organ hypoperfusion
is suspected.
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