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Introduction

Primary hyperparathyroidism is a common endocrinologic 
disease with clinical features including renal stones, 
pancreatitis, gastric ulcers, bone demineralization, and 

elevated serum calcium levels. Solitary parathyroid 

adenomas account for approximately 80–89% of cases 

of primary hyperparathyroidism, and ectopic tissue has 

been reported in 1–16% of cases (1-3). The small size 
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and broad localization of ectopic parathyroid tissue poses 
difficulties in both initial diagnosis and resection via 
parathyroidectomy. There have been several advances 
in pre-operative testing to identify ectopic glands and 
current American Academy of Endocrine Surgery (AAES) 
guidelines recommend a combination of 99-mTc Sestamibi 
scan, ultrasound, or 4-dimensional computed tomography 
(CT) scan preoperatively (4). Intraoperative techniques 
have been developed to assist in minimally-invasive 
parathyroidectomy including use of parathyroid hormone 
(PTH) monitoring (5), 99-mTc Sestamibi scintography (6), 
and near-infrared fluorescence (NIRF) (7) imaging. More 
recently, indocyanine green (ICG) fluorescence-guidance 
has become an important adjunct in minimally-invasive 
parathyroidectomy (8-10). 

One anatomical variant that presents a unique challenge 
in both diagnosis and surgical resection is a parathyroid 
adenoma within the carotid sheath. In two large reports, 
which together examined nearly 1,200 parathyroid surgeries 
performed for primary hyperparathyroidism, only two 
cases had adenomas involving the carotid sheath (11,12). 
Despite its rare presentation, there have been multiple 
cases in which failed primary parathyroid resection has 
been attributed to ectopic tissue later localized to the 
carotid sheath (13,14). One of these cases demonstrated an 
intravagal parathyroid adenoma within the carotid sheath 
which necessitated careful dissection from the nerve (13). 
These cases demonstrate the potential need for intra-
operative adjuncts like ICG fluorescence in resection of this 

unique variant. Although groups have described resection of 
adenomas within the carotid sheath (13,15) previously, use 
of intraoperative ICG fluorescence imaging has not been 
demonstrated in these cases. The case below demonstrates 
the use of ICG fluorescence to guide resection of an ectopic 
parathyroid gland adenoma located within the left posterior 
carotid sheath. We present the following case in accordance 
with the CARE reporting checklist (available at https://
gs.amegroups.com/article/view/10.21037/gs-22-589/rc).

Case presentation

A 75-year-old woman with history of anemia and spinal 
stenosis presented to her primary care physician for  
follow-up after a routine post-menopausal bone density scan 
revealed a DEXA T-score of −2.6. She reported no personal 
or family history of renal calculi, pathological fractures, or 
neck surgery. Her biochemical evaluation revealed serum 
calcium at 11.3 mg/dL (normal range, 8.5–10.6 mg/dL), 
alkaline phosphatase at 98 U/L (normal range, 35–140 U/L), 
and PTH at 74 pg/mL (normal range, 15–65 pg/mL), with 
serum creatinine and 25-hydroxyvitamin D within normal 
ranges. A diagnosis of primary hyperparathyroidism was 
made, and localization studies were performed, including 
99mTc Sestamibi scintigraphy with single-photon emission 
computed tomography (SPECT) (Figure 1) and CT scan 
(SPECT/CT) (Figure 2). This imaging showed a soft tissue 
lesion measuring 1.2×0.6×2.0 cm present along the inferior 
margin of the left thyroid lobe, posterior to the carotid 
artery, suggestive of left superior parathyroid adenoma. 
Upon presentation and evaluation in surgical oncology 
clinic, ultrasound of the neck showed a hypoechoic 
homogenous lesion, measuring 2.0×1.5 cm, located 3 mm 
deep to the carotid artery (Figure 3). 

Parathyroidectomy was performed using a minimally 
invasive approach through a transverse cervical incision. 
After exploration of the left posterior neck and verification 
of the integrity of the left recurrent laryngeal nerve, 
careful dissection of the left carotid sheath was conducted. 
Adequate exposure revealed an enlarged parathyroid gland, 
which appeared as a moderately distinguished soft tissue 
mass deep to the left common carotid artery at the level 
of the Level III Cervical Lymph nodes (Figure 4A). The 
vagus nerve was visually identified within the carotid sheath 
and confirmed to be uninvolved with the adenoma and 
therefore did not necessitate dissection. To confirm location 
and hyperperfusion of the gland, 1 mL of ICG (2.5 mg/mL  
of ICG dissolved in sterile water) was administered as an 
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intravenous bolus by the anesthesiologist. The Stryker SPY-
PHI (SPY - Portable Handheld Imaging) system (Stryker 
Corporation, Kalamazoo, MI) was used to visualize the 
fluorescing parathyroid tissue (Figure 4B,4C) (Video 1). A 
HARMONIC FOCUS®+ Shears (Ethicon Endo-Surgery, 
Cincinnati, OH, USA) were then used to ligate the soft tissue 
and vascular pedicle adherent to the parathyroid and resect 
the adenoma within 60 seconds of ICG administration. 
The SPY-PHI system was then used to visualize the gross 
specimen on back-table and to ensure no fluorescing 
parathyroid tissue remained in the operative field (Video 1).  
Intraoperative, 10-minute post-resection PTH levels 
normalized to 27 pg/mL (normal range, 15–65 pg/mL) 
and calcium in the recovery room was 10.5 mg/dL (normal 
range, 8.5–10.6 mg/dL). The frozen section histopathology 
identified hypercellular parathyroid tissue consistent with 
parathyroid adenoma and final pathology report confirmed 
an 800 mg, 2.4×1.1×0.7 cm gross specimen (Figures 5,6). 
Following surgery, the patient was discharged home. The 
patient had an unremarkable post-operative recovery 
including a normal physical exam and normal speech at her 
2-week follow-up appointment. She maintained a calcium 
level of 10.1 mg/dL (normal range, 8.5–10.6 mg/dL) six 
months after surgery. 

The procedure performed in this study was in accordance 
with the ethical standards of the institutional and/or 
national research committee(s) and with the Helsinki 
Declaration (as revised in 2013). Written informed consent 
was obtained from the patient for publication of this case 
report and any accompanying images. A copy of the written 
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Figure 1 Technetium-99m Sestamibi Scintigraphy imaging. (A) Tc-99m uptake at 15 minutes after infusion. (B) Tc-99m uptake at two hours 
after infusion. Normal uptake in all four parathyroid glands at 15 minutes. At 2 hours, increased uptake relative to surrounding tissue visible 
in inferior third of patient’s left neck, representing hyperactive parathyroid tissue. ANT, anterior; HRS, hours.

Figure 2 Contrast-enhanced CT neck imaging. CT demonstrates a 
12.0×6.1 mm left parathyroid adenoma posterior to the carotid artery 
(as marked and labeled in axial image). CT, computed tomography.

Figure 3 Ultrasound imaging showing a 2.0×1.5 cm hypoechoic 
lesion (labeled PT) 3 mm posterior to the left carotid artery (labeled 
CA) and Jugular vein (labeled JV). JV, jugular vein; CA, carotid 
artery; PT, parathyroid.
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consent is available for review by the editorial office of this 
journal.

Discussion

The anatomic variation of ectopic parathyroid tissue is 
broad, including but not limited to the thymus (19–37%), 
retro-esophageal space (8–34%), thyroid gland (3–14%), 
and mediastinum (6–19%) (2,3). The embryological origins 
of the superior and inferior parathyroid glands are from 
the fourth and third pharyngeal arches respectively, with 
the inferior parathyroids travelling a greater distance and 
therefore having higher rates of ectopia (3). The superior 
parathyroid glands tend to descend posteriorly, and ectopic 
superior glands are more commonly found in posterior 
locations, including the vagus nerve and carotid sheath. 
Inferior parathyroid glands tend to descend more anteriorly, 

along the thyrothymic tract, and ectopic inferior glands are 
more commonly found anteriorly, including the superior 
(anterior) mediastinum and aortopulmonary window (3,16). 
We suspect the ectopic gland in this patient was most 
likely a superior parathyroid adenoma, although without 
identification of a normally located gland (either superior or 
inferior) it is difficult to be certain.

The carotid sheath, home to the carotid artery, jugular 
vein, and vagus nerve, with the sympathetic trunk posteriorly 
and ansa cervicalis anteriorly, is a critical anatomic structure 
that has the potential to house ectopic parathyroid tissue (2,3). 
Iatrogenic disruption of these structures can have critical 
hemodynamic or neurologic implications, and any procedure 
involving the carotid sheath necessitates high precision and 
preservation of surrounding structures. 

Though carotid sheath involvement is rare (11,12), 
identification and resection of parathyroid adenomas 
within the sheath has been demonstrated to be especially 
difficult. Groups have previously described cases in which 
failed primary surgery for hyperparathyroidism has been 
attributed to adenomas later localized to the carotid sheath 
(13-15,17). Ojha et al. described identification of a carotid 
sheath parathyroid adenoma between the carotid artery 
and jugular vein via Tc-99m Sestamibi after failed primary 
resection (17). After SPECT/CT and ultrasound failed to 
reveal obvious pathology and a subsequent negative neck 
exploration, Chopra et al. identified a 4 cm parathyroid 
adenoma on contrast-enhanced CT posterior to the common 
carotid artery which was later resected successfully (15). Ng 
et al. described a case of a failed bilateral neck exploration 
including resection of three pathologically normal 
parathyroid glands with postoperative Sestamibi scan showing 
no evidence of parathyroid adenoma. However, in that case, 
4-dimensional CT of the neck later identified a lesion and 
surgeons found a parathyroid adenoma adherent to the vagus 

Video 1 Intraoperative video captured with Stryker SPY-PHI 
system in white light, green overlay, and greyscale fluorescence 
modes. Procedure performed: resection of parathyroid adenoma 
from left carotid sheath.

A B C

Figure 4 ICG fluorescence intraoperative imaging. (A) The bright light image of the surgical field. Arrow indicates the parathyroid gland 
in all. (B) Same field on fluorescence mode with computer-generated overlay where green color saturation is proportional to the intensity of 
the fluorescent signal. (C) Same field in greyscale fluorescent mode. ICG, indocyanine green.
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nerve 3 cm above the carotid bifurcation and subsequently 
used a careful “nerve-sparing approach” with lymph node 
excision to resect the lesion (13). The adenoma in the present 
case was visually confirmed to be independent from the 
vagus nerve and therefore no dissection of ectopic tissue 
from the nerve was needed. Sanders et al. described a case 
of failed primary resection in a left hemithyroidectomy and 
bilateral explorative dissection. Later, dual-phase parathyroid 
scintigraphy confirmed the presence of residual adenomatous 
tissue and SPECT/CT localized this tissue within the left 
carotid sheath, and it was subsequently resected (14). These 
cases help demonstrate the diagnostic complexity and 
surgical difficulty that this anatomic presentation creates for 
clinicians; however, to the best of our knowledge, no one 
has previously described the use of intraoperative surgical 
adjuncts, such as ICG fluorescence, to aide successful primary 
resection of carotid sheath parathyroid adenomas.

The use of ICG fluorescence imaging has been shown 
to benefit surgical accuracy and therapeutic success during 
parathyroidectomy. In cervical surgeries, this technique was 

initially utilized to help preserve the parathyroid glands 
during thyroidectomy (8,18). Sound et al. reported the use 
of ICG in three patients undergoing re-operative neck 
surgery for primary hyperparathyroidism with success in 
all three cases (19). Zaidi et al. further demonstrated the 
utility of ICG fluorescence imaging specifically for patients 
undergoing initial surgery for primary hyperparathyroidism, 
demonstrating that 92.9% of glands visible to the naked eye 
demonstrated ICG uptake and that all 33 patients in the study 
had been biochemically cured of their hyperparathyroidism 
after parathyroidectomy (10). Given that ICG fluorescence 
imaging is a safe and adaptable modality for multiple 
procedures, groups have refined the technique with more 
standardized protocols for use, including guidelines for 
optimal administration dosing and timing (20). The power of 
ICG fluorescence-guided parathyroidectomy was importantly 
demonstrated by DeLong et al. when 18 of 54 patients in the 
study had adenomas which failed to localize on pre-operative 
Sestamibi scan. All 18 of these patients subsequently had 
an adenoma fluoresce on ICG imaging intra-operatively, 

Figure 5 Gross specimen after resection. (A) Plain photograph of 24×11 mm parathyroid gland. (B) Same specimen seen in fluorescent 
mode with computer-generated overlay where green color saturation is proportional to the intensity of the fluorescent signal.

Figure 6 Microscopic pathology of parathyroid adenoma. (A) H&E section (40×) shows nodules of hypercellular parathyroid composed 
of predominantly chief cells with occasional clear spaces and edema. (B) High power view (200×) shows cells with round, centrally located 
nuclei and course chromatin. The cytoplasm is eosinophilic to clear and vacuolated. No necrosis or mitosis are identified. H&E, hematoxylin 
and eosin.
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allowing for resection (9). This illustrates the utility of ICG 
fluorescence, specifically in cases of difficult anatomical 
localization, because it is capable of identifying adenomas 
which were not located pre- or sometimes even intra-
operatively. In the present case report, ICG was helpful 
although not critical for resection of the ectopic parathyroid; 
but could aid in other cases of parathyroid adenomas within 
the carotid sheath in redo parathyroid surgery. 

The case which we present above specifically illustrates 
the utility of multi-modal imaging both prior to and 
during parathyroidectomy. While SPECT/CT and 
ultrasound aided in adenoma identification, the use of 
ICG fluorescence allowed for targeted intraoperative 
visualization and successful resection of the adenoma. 
This case builds upon previous studies using ICG for 
parathyroid fluorescence (9,10,19) by highlighting its 
utility in a rare anatomic location where clear identification 
and careful resection of the pathologic tissue was 
paramount. Despite the anatomic and operative challenges 
of this patient’s case, multi-modal imaging including 
ICG fluorescence-guidance allowed for careful surgical 
approach, complication free resection, and uneventful 
postoperative recovery. This case serves as important 
evidence that familiarity with this intraoperative modality 
is important for surgeons, as fluorescence guidance has 
widespread clinical utility both in parathyroidectomies 
and other procedures including but not limited to 
thyroidectomy (8) and adrenalectomy (21).

In conclusion, ectopic parathyroid adenomas are a known 
cause of failed parathyroidectomy, and this is particularly 
true for adenomas localized to the carotid sheath. This case 
describes a patient with primary hyperparathyroidism due to 
a rare parathyroid adenoma within the carotid sheath, deep 
to the carotid artery, in which the patient was cured utilizing 
ICG fluorescence-guided parathyroidectomy. Although 
ectopic parathyroid tissue involving the carotid sheath is 
rare, this location should be considered and explored with 
a variety of imaging modalities to prevent failed primary 
resection or intraoperative complications including injury 
to critical surrounding structures. Use of intraoperative 
ICG fluorescence should be considered particularly in cases 
where pre-operative localization involves critical anatomical 
structures like the carotid sheath, or when pre-operative 
imaging is indeterminant or negative. 
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