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ORIGINAL RESEARCH
HEAD & NECK

Percutaneous CT-Guided Core Needle Biopsies of Head and
Neck Masses: Technique, Histopathologic Yield, and Safety
at a Single Academic Institution

TJ. Hillen, *¥).C. Baker, “*J.R. Long, ““M.V. Friedman, and “¥).W. Jennings

ABSTRACT

BACKGROUND AND PURPOSE: CT-guided head and neck biopsies can be challenging due to the anatomy and adjacent critical
structures but can often obviate the need for open biopsy. A few studies and review articles have described approaches to biopsy
in the head and neck. This retrospective study evaluated technical considerations, histopathologic yield, and safety in CT-guided
head and neck core needle biopsies.

MATERIALS AND METHODS: A retrospective review of head and neck biopsies performed from January 2013 through December
2019 was conducted. Clinical diagnosis and indication, patient demographics, mass location and size, biopsy needle type, technical
approach, dose-length product, sedation details, complications, diagnostic histopathologic yield, and the use of iodinated contrast
were recorded for each case.

RESULTS: A total of 27 CT-guided head and neck core needle biopsies were performed in 26 patients. The diagnostic sample rate
was 100% (27/27). A concordant histopathologic diagnosis was obtained in 93% (25/27) of cases. There was a single complication of
core needle biopsy, a small asymptomatic superficial hematoma.

CONCLUSIONS: Percutaneous CT-guided biopsy of deep masses in the head and neck is safe and effective with careful biopsy
planning and has a high diagnostic yield that can obviate the need for open biopsy.

ABBREVIATION: CTCAE = Common Terminology Criteria for Adverse Events

n the United States, >60,000 new cases of head and neck cancer

will be diagnosed in 2020, comprising approximately 4% of
new cancer cases in men.' Many of these cancers that arise within
the oropharynx are diagnosed by an otolaryngologist using direct
visualization by laryngoscopy. Most of the superficial soft-tissue
masses in the neck are biopsied either by palpation® or sono-
graphic guidance.’® The masses within the deep spaces of the
neck are most commonly biopsied using CT guidance. In the
past, many of these deep head and neck biopsies were performed
using CT guidance and fine-needle aspiration techniques.””"’
More recent articles have described the use of CT guidance and

spring-loaded core biopsy needles."' "
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Compared with other biopsies, deep head and neck masses are
difficult to biopsy safely and effectively due to the critical anatomy
in the region of the biopsies, including nerves, vessels, and salivary
glands. Despite the critical anatomy, there are few reported serious
complications in head and neck soft-tissue biopsies.'®

In general, the demand for percutaneous CT-guided biopsies
continues to increase due to the evolving requirements of clinical
treatment and study protocols. The well-published safety, effi-
cacy, and high histopathologic yield obviates the need for open
biopsies; however, there are relatively few publications addressing
CT-guided soft-tissue core biopsies of the head and neck.

The purposes of this retrospective original research are to
describe and expand technical considerations, including the use of
CT angiography, and to demonstrate the high histopathologic yield
and safety of CT-guided head and neck soft-tissue core biopsies.

MATERIALS AND METHODS

Patient Selection and Study Enrollment

Approval from the institutional review board was granted with a
waiver of informed consent for this Health Insurance Portability
and Accountability Act-compliant retrospective study. Correlating
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data were collected for all CT-guided head and neck biopsies per-
formed at Washington University in St. Louis from January 2013 to
December 2019 included in this study. These data were acquired by
searching the radiology information system for neck biopsy cases
using a combination of Current Procedural Terminology codes for
neck/thorax biopsy (21550), soft-tissue mass biopsy (20206), and CT
guidance (77012) and using the following search terms: “neck bi-

» «

opsy,
and “paraspinal.” Inclusion criteria were CT guidance, suspicion of

» « » «

parapharyngeal space,” “masticator space,” “carotid space,”

Table 1: Biopsy needles by size and brand used for 27 biopsies

either benign or malignant tumor, soft-tissue mass, core needle bi-
opsy, and follow-up available in the electronic medical record. CT-
guided biopsies for infection or superficial neck lymph nodes were
excluded. For each case, we collected and evaluated the following
data: patient demographics, clinical diagnosis and indication, mass
size and location, biopsy needle type/gauge, technical approach,
number and length of each soft-tissue biopsy, CT dose-length prod-
uct, sedation details, and diagnostic histopathologic yield. Proc-
edural complications were documented according to the Common
Terminology Criteria for Adverse Events (CTCAE), Version 5.0.7
Patients were clinically monitored for at least 1 hour after each pro-

Size and Brand No. cedure for evidence of acute complications such as hematoma for-

Biopsy needle gauge mation or neurologic injury. A short-term follow-up phone call

12:2: ]2 between 1 and 3 days following the procedure was used to document

18-ga 6 any additional short-term complications. The electronic medical

20-ga 1 records were also reviewed for evidence of delayed complications
Needle brand within 30 days of the biopsy.

Bard Mission 3

Giifg@n z Biopsy Procedure

Arrowl@nGontrol 22 All procedures were performed by 1 of 4 board-certified fellow-

*The OnControl needle used for access in 2 cases followed by coaxial placement ship—trained musculoskeletal radiOIOgiStS with 12, 10, 7, and

of a soft-tissue needle. 6years of experience. Twenty-three of the 27 procedures were

FIG 1. CT-guided neck biopsies can be performed using multiple different approaches depending on the location of the lesion. In almost all
approaches, there are critical neural and vascular structures adjacent to the needle tract. A, CT angiogram of the neck flipped vertically to depict
prone positioning for a posterior-approach neck biopsy. Neck biopsies in the shaded region would commonly be performed using a posterior
approach. In the shaded region, there are no critical neurovascular structures. B, CT angiogram soft-tissue-windowed image of the neck with
the patient in a supine position for the paramaxillary approach (white arrow). The needle course is between the maxillary sinus and the mandible
adjacent to the facial artery (dashed arrow) through the buccal space. This approach can be used for lesions in the buccal, masticator, paraphar-
yngeal, retropharyngeal, and carotid sheath spaces. The critical structures to avoid include the facial artery (dashed arrow) and the internal ca-
rotid artery (black arrow). C, CT angiogram of the neck with the patient in a supine position for anterior-approach biopsies, which can be either
medial (black dashed arrow) or lateral (dashed white arrow) to the carotid and jugular vasculature (white oval). These approaches can be used
for lesions in the infrahyoid neck and lower cervical vertebrae. The critical structures to avoid include the carotid artery, jugular vein, and vagus
nerve (white oval); the trachea (white T); the esophagus (white E); and the thyroid gland (white asterisk). CT angiograms of the neck with the
patient in a decubitus position: This positioning will be used for the retromandibular (D), submastoid (E), and subzygomatic (F) approaches
denoted by white arrows. Note that the needle will sometimes pass through a portion of the parotid gland for the retromandibular approach
(white asterisk). Critical structures to avoid include the carotid (gray arrows) and vertebral arteries (dashed white arrows) with the retromandib-
ular and submastoid approaches and the retromandibular vein in the retromandibular approach because of its proximity to the facial nerve.
These approaches can be used for lesions in the deep parotid, parapharyngeal, pharyngeal, and retropharyngeal spaces.
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Table 2: Neck biopsy approach

Approach No.

Anterior 7
Paramaxillary 2
Posterior 5
Retromandibular 2
Submastoid 8
Subzygomatic/sigmoid notch 3

fentanyl and midazolam dosages for the conscious sedation cases
were 159.8 g and 2.6 mg, respectively. For the biopsies, Bard
Mission (Bard Peripheral Vascular) or Achieve (CareFusion)
spring-loaded coaxial biopsy needle systems were used. The choice
of needle gauge was based on the relative proximity of the lesion to
important neurovascular structures, the space available to avoid
those structures, and the ability to maneuver the needle into the

FIG 2. A 74-year-old woman with a previously excised papillary thyroid carcinoma also treated
with radioactive iodine who has a new mass in the right visceral space of the neck adjacent to
the thyroidectomy bed. Axial contrast-enhanced CT image (A) from a neck CT demonstrates an
enhancing mass (black asterisk) in the right visceral space abutting the trachea (white asterisk),
the esophagus (white oval), and the right internal jugular vein (dashed white arrow).
Intraprocedural axial CT soft-tissue-windowed image (B) with the core biopsy needle in place. An
anterior approach was chosen to pass just medial to the internal jugular vein (dashed white
arrow), just lateral to the trachea (white asterisk), and stopping short of the esophagus (white
oval). The histopathology from the biopsy was recurrent papillary thyroid carcinoma.

A - !
A" . 7

FIG 3. A 75-year-old woman with previously excised and re-excised left base-of-tongue and ret-
romolar squamous cell carcinoma. Axial contrast-enhanced neck CT (A) and fused PET/CT (B)
images demonstrate an enhancing FDG avid mass (black asterisk) in the left masticator space. A
paramaxillary approach was chosen to perform the biopsy (C). The histopathology from the bi-
opsy was recurrent squamous cell carcinoma. With this biopsy, the facial artery is medial to the
needle-entry site just anterior to the maxilla and is not problematic for the needle path.

lesion without injuring those structures.
For lesions with minimal clearance
between the needle path and a critical
neurovascular structure, a smaller gauge
needle was chosen, either 18 or 20 ga.
The outer introducer needle was placed
just proximal to the target mass fol-
lowed by the coaxial placement of the
spring-loaded biopsy needle into the
mass. In 2 cases, the Arrow OnControl
battery-powered bone biopsy system
(Teleflex) was used to access the soft-
tissue lesions. Table 1 describes in
detail the different biopsy needles used
for lesion biopsy. The most common
needle used was 14 gauge in 14/27 bi-
opsy procedures. The average number
of biopsy cores acquired was 4.4 (range,
2-9). Patient positioning on the table
was dependent on the location of the
head and neck lesion and the approach
used to perform the biopsy.

There are multiple described ap-
proaches for biopsies in the head and
neck, depending on the locations of the
masses.'®>! A brief description and the
approximate needle course for the dif-
ferent biopsy approaches are presented
in Fig 1. Biopsy approaches for the
patients in our group included the fol-
lowing: anterior 7/27, paramaxillary 2/
27, posterior 5/27, retromandibular 2/
27, submastoid 8/27, and subzygo-
matic/sigmoid notch 3/27 (Table 2).
The anterior approach was used for
lesions in the perivertebral, anterior cer-
vical, prevertebral, visceral (Fig 2), and
pharyngeal spaces. The paramaxillary
approach was used for lesions in the
masticator and parapharyngeal spaces
(Fig 3). The posterior approach was
used for posterior perivertebral lesions.
The retromandibular approach was
used for parapharyngeal space lesions
(Fig 4). The submastoid approach was

performed with conscious sedation; 2/27, with general anesthesia;
and 2/27, with local anesthetic only. In most cases, a 1:1 mixture of
bupivacaine 0.25% and lidocaine 1% was first administered for sub-
cutaneous and deep anesthesia. The average sedation time for the
conscious sedation cases was 43 minutes. The average intravenous

used for lesions in the perivertebral, parapharyngeal, and carotid
spaces (Fig 5). The subzygomatic approach was used for lesions in
the masticator space.

CT angiography was performed immediately before the biopsy
when the pathway to the soft-tissue mass included important
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FIG 4. A 69-year-old woman with an incidentally found right-neck mass on a cervical spine MR
imaging. Axial T2-weighted MR image (A) from a cervical spine MR imaging demonstrates an inde-
terminate T2-hyperintense mass (white asterisk) at the deep margin of the parotid gland, cen-
tered within the parapharyngeal space posterior to the masticator space. Intraprocedural
contrast-enhanced soft-tissue-windowed CT image (B) with the patient in the left lateral decubi-
tus position. Note the internal carotid artery (white arrow) and other vascular structures includ-
ing the retromandibular vessels adjacent to the mandibular ramus (white dashed arrow).
Intraprocedural axial CT bone-windowed image (C) with the core biopsy needle in place (black
arrow). A retromandibular course with the entry point posterior to the ear was chosen to access
the mass. The needle path is to avoid the vascular structures adjacent to the mandibular ramus,
including the retromandibular vein, but anterior to the styloid process (black dashed arrow) and
internal carotid artery (approximately at the site of the black asterisk but occult on noncontrast
CT). The pathology was adenoid cystic carcinoma.

FIG 5. A 25-year-old man with neurofibromatosis type 1, new vagus nerve-related symptoms,
and a enlarging painful left carotid space mass. Axial Tl-weighted fat-suppressed postcontrast MR
image (A) from a neck MR imaging demonstrates an enhancing carotid space mass (black asterisk).
Intraprocedural contrast-enhanced soft-tissue-windowed CT image (B) with the patient supine
but with the head turned to the right. Note that the mass (white asterisk) is located between the
internal carotid (black arrow) and vertebral (black dashed) arteries and is pushing the carotid ar-
tery anteriorly. Intraprocedural axial CT soft-tissue-windowed image (C) with the core biopsy
needle in place (white arrow). A submastoid approach was chosen to avoid the carotid and verte-
bral arteries. The histopathology from the biopsy was neurofibroma. Given the progressive symp-
toms, concern for sampling error, and the high risk given the diagnosis of type neurofibromatosis
1, the mass was excised and final pathology was plexiform neurofibroma containing focal areas of
low-grade malignant peripheral nerve sheath tumor.

and 46% were women. The age range
of the patients was from 3 months to
77 years of age, with an average age of
54.7years. The clinical concern in
these cases was for primary tumor in
52% (14/27), locoregional recurrent
disease in 33% (9/27), or metastatic
disease in 15% (4/27). One complica-
tion of core needle biopsy occurred.
This was a small intraprocedural he-
matoma (CTCAE grade 1), which was
asymptomatic and required no further
treatment or follow-up. Additionally,
there was an adverse event in which
the patient developed new asymptom-
atic atrial fibrillation with a rapid ven-
tricular response (CTCAE grade 3)
during positioning and the initial con-
trast-enhanced CT scan for localization
of tumor. This was before administra-
tion of sedation medications and be-
ginning the biopsy procedure. This
patient was transported to the emer-
gency department for heart rate con-
trol, and the biopsy was performed at a
later date without complications.

Lesion Characteristics and
Histopathology

The average size of the biopsied masses
measured in the longest axis of each
lesion was 33 mm, ranging between 14
and 71 mm. The locations of the lesions
were the following: the anterior cervical
space, 11% (3/27); carotid space, 11%
(3/27); masticator space, 19% (5/27);
parapharyngeal space, 22% (6/27); peri-
vertebral space, 26% (7/27); pharyngeal
space, 4% (1/27); prevertebral space,
4% (1/27); and visceral space, 4% (1/
27) (Table 3).

A sufficient sample was obtained
for histopathologic diagnosis in 100%
(27/27) of the biopsies. The pathology
obtained was malignant in 16/27 biop-
sies and benign in 11/27 biopsies. Two

vascular structures, to better delineate the vascular anatomy and
plan the safest biopsy route while minimizing the risk of vascular
injury. Of the 27 biopsy procedures, 10 had corresponding CT
angiograms with a dose average of 80mL of ioversol contrast
(Optiray 350; Mallinckrodt) given intravenously (Figs 4 and 5).

RESULTS

Patient Characteristics

A total of 26 patients underwent 27 CT-guided head and neck
soft-tissue biopsies. Fifty-four percent of the patients were men,
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of the 11 benign biopsies were found to be discordant with the
clinical impression and repeat biopsy results were subsequently
found to be malignant. One was initially diagnosed as fibrosis
with a foreign body giant cell reaction and was later found to be
recurrent squamous cell carcinoma on a repeat CT-guided biopsy
6 weeks later. The second was initially diagnosed as benign neu-
rofibroma, but at excision, it was found to have areas of malig-
nant peripheral nerve sheath tumor within the lesion. The
remaining 9 benign lesion biopsies either demonstrated no con-
cerning change on imaging follow-up in 56% (5/9) or were con-
firmed benign by excision in the remaining 44% (4/9). The most



Table 3: Anatomic location of the target mass in 27 biopsy
procedures

4
[<]

_—_ e NN U W W

Target Lesion

Anterior cervical
Carotid space
Masticator space
Parapharyngeal
Perivertebral
Pharyngeal
Prevertebral
Visceral space

Table 4: Histopathologic results of CT-guided head and neck
biopsies

Histopathology No.

Acute on chronic inflammation 1
Adenoid cystic carcinoma® 1
Atypical melanin rich neoplasm® 1
Benign fibrocollagenous tissue 1
Chondroid lesion 1

Fibrosis with foreign body giant cell reaction I
Granulation tissue 1
Metastatic myxoid liposarcoma® 1
Malignant peripheral nerve sheath tumor® 2
Myxoma 1
Neurofibroma I

Papillary thyroid cancer® 1
Pleomorphic adenoma 1
Round cell sarcoma® 1
Schwannoma 2
Spindle cell neoplasm® 1
Squamous cell carcinoma® 8
Synovial cyst 1

*Malignant.

®Two cases with discordant histopathology. The fibrosis with foreign body giant
cell reaction was found to be recurrent squamous cell carcinoma on repeat CT-
guided biopsy. The neurofibroma was found to have components of malignant
peripheral nerve sheath tumor when excised.

common malignant lesion was squamous cell carcinoma, found
in 8 patients (Table 4). The overall concordance of the biopsies
was 93%.

CT Radiation Dose

The dose-length product ranged from 76 to 2790 mGy X cm, with
an average of 533 mGy x cm. When we considered the most
recent biopsies, specifically from January 2015 to December 2019,
which account for 89% (24/27) of all biopsies performed, there was
a decreased average dose-length product of 455 mGy x cm. The
highest dose-length product recorded was 2790 mGy x cm. This
was performed before increased awareness of scanning parameters,
advanced scanner technology, as well as institutional emphasis on
decreasing diagnostic and procedural radiation doses.

DISCUSSION

Masses in the head and neck arise in multiple different anatomic
spaces and have a wide variety of tumor histopathologies. Diagnosis
and treatment require a multidisciplinary approach, which is con-
stantly evolving.”>?* Often, the tissue required for diagnosis is
acquired by a subspecialty-trained radiologist, particularly when the

mass is located within a deep neck space requiring CT guidance for
biopsy access.

Multiple publications have demonstrated the safety and utility
of soft-tissue biopsies in general, but few have focused specifically
on the deep head and neck.” > Most complications reported in the
literature in these studies are minor, including small hematoma,
pain, vasovagal reaction, and minor infection.” "> Another more
rarely described complication is seeding of tumor along the biopsy
needle tract. A MEDLINE data base search between 1970 and 2014
found 7 reported cases of tumor seeding, 5 with fine-needle aspira-
tion and 2 with core needle biopsy, in the 610 articles reviewed.*”
These findings are similar to those in our study in which we report
1 minor complication of the biopsy procedure, no tumor seeding
complications, and 1 adverse event before beginning the biopsy
procedure, which was unlikely related to the procedure, given that
this occurred before a needle was placed in the neck. The only
reported major complication related to a CT-guided head and
neck biopsy in the literature was an internal maxillary artery pseu-
doaneurysm presenting 3 months after the CT-guided fine-needle
aspiration. This was thought to be due to an increased risk from
prior radical neck surgery and radiation therapy, leading to abnor-
mal neoangiogenic vascularity or large-vessel vasculopathy.'®

Given the relatively high-stakes anatomy in the head and
neck, choosing the appropriate anatomic approach to safely per-
form the biopsy is of the utmost importance. There are multiple
described approaches to head and neck masses, with some over-
lap in the ability to access a deep neck space."® ' For example,
pathways to reach the parapharyngeal, masticator, and pharyn-
geal spaces may include paramaxillary, retromandibular, submas-
toid, and subzygomatic approaches. Thus, it is important to fully
evaluate the preprocedural imaging for the location of vessels,
nerves, salivary glands, and salivary ducts to find the safest and
most direct needle course. The CT angiography technique
increases the certainty and safety of the needle path chosen for
the procedure, particularly when positioning for the procedure is
different from the standard supine position typically used for CT
imaging and when there are arteries in or directly adjacent to the
targeted mass. This technique has been previously described in
cervical spine biopsies,”® but not in biopsies of head and neck
masses. All except 2 of the 27 cases were performed with either
conscious sedation or local anesthesia, increasing the safety of the
biopsy in this patient population, which is typically considered at
higher risk for general anesthesia.

The choice of biopsy technique, fine-needle aspiration versus
core needle biopsy, is often dependent on the institution. At our
institution, core needle biopsies are preferred by the pathologist
when feasible for increased diagnostic certainty. In previous clinical
series, the yield of both CT-guided fine-needle aspiration and core
biopsy of the head and neck soft tissues is varied. In the largest
study of 216 patients who underwent CT-guided fine-needle aspi-
ration, a diagnostic sample was obtained in 90% of patients, with a
concordant diagnosis in 88% of cases.” Studies of CT-guided core
biopsies have reported diagnostic yields ranging from 73% to
96%.'>""> Compared with these prior CT-guided soft-tissue mass
biopsy series, our diagnostic yield is similar-to-slightly higher, with
100% of samples sufficient for histopathologic diagnosis and a con-
cordant diagnosis in 93% (25/27) of all biopsies. This result may be
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due to the larger average needle gauge used in our study, most
commonly 14 gauge, and the higher average number of core speci-
mens obtained of 4.4.

CONCLUSIONS

This original research demonstrates the safety and efficacy of CT-
guided percutaneous core biopsy for deep soft-tissue masses in
the head and neck, obviating the need for open biopsies and their
associated risks in locations not easily accessible by palpation, so-
nography, or laryngoscopy. It also describes the use of CT angi-
ography for vessel localization and mapping before needle
placement following patient positioning on the procedural table
to reduce the risk of vascular injury.

Disclosures: Travis J. Hillen—UNRELATED: Consultancy: Medtronic, SI BONE,
Ultragenyx Pharmaceutical, ERT, Comments: paid consultant for studies not
related to published work. Jack W. Jennings—RELATED: Consulting Fee or
Honorarium: Bard/BD and Stryker, Comments: Both are for consultation for the
bone biopsy system and nothing to do with this article; UNRELATED:
Consultancy: Merit, Medtronic, Comments: Merit contract ended June 30, 2020,
Medtronic monitoring for OPuS 1 spine ablation trial.
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