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Abstract 

 

The authors report their experience regarding parotidectomy performed under a three-dimensional-high-definition (3D-HD) exoscope, with 

the aim of evaluating its effectiveness in parotid surgery. This is a prospective study on nine patients treated by the same surgeon. All patients 

underwent parotidectomy for extrafacial primary tumours without preoperative involvement of the skin or of the facial nerve from March 2019 

to June 2019 with the use of a 3D-HD exoscope. Magnification was variable from 8x to 30x with direct vision supplied by a 3D monitor. Six 

men and three women, mean (range) age 47.8 (19-74) years underwent parotidectomy. No patient experienced postoperative complications or 

definitive facial palsy. The mean (range) time of surgery was 149.4 (115 - 210) minutes. The 3D exoscope represents a valid alternative to the 

operative microscope or surgical loupe for parotid surgery. It is a light instrument allowing for precise surgical dissection of the parotid region 

by reducing the risks for iatrogenic lesions of the facial nerve using a real 3D magnification of the anatomical structures in HD. Furthermore, 

its use does not prolong the operative time and shows high potential for training and educational purposes since the operating room staff can 

better perceive the procedure and the surgeon’s fine gestures. Although the preliminary applications show promising results, there is still a 

need for wider scientific validation. 
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Introduction 

 

Benign parotid tumours have historically been treated by 

parotidectomy focused on the complete resection of the neo- 

plasm with facial nerve preservation.1 Parotidectomy can be 
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performed with or without magnification, the latter with the 

aid of loupes or the operative microscope. 

Although the loupes provide an excellent view, allowing 

for good dissection, the magnification is restricted to the sur- 

geon unless coupled to a microcamera. Microscope-assisted 

surgery offers high-intensity light and high magnification to 

the surgeon who works with a three-dimensional (3D) view, 

but images are usually presented to the audience with 2D 

monitors with an unavoidable lack of depth-of-field informa- 

tion. The exoscope has been introduced as an alternative to 

microscope in neurosurgery for 2D and, more recently, 3D 

viewing to overcome these limits.2–7 

The authors report their experience on a consecutive 

cohort of patients who underwent parotidectomy for extrafa- 
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cial parotid tumours performed using the same instruments 

as in traditional surgery under 3D-high-definition (3D-HD) 

exoscopic view, to evaluate its effectiveness and feasibility. 

 

 

 

Material and methods 

 

The present study was approved by the Ethics Committee 

of our Institution (PG/2016/4370) and analysed nine patients 

treated by the same surgeon for parotid tumours without pre- 

operative involvement of the skin or facial nerve from March 

2019 to June 2019. This study involved the use of direct 3D- 

HD exoscopic view with integrated light (3D Vitom®, Karl 

Storz), a short lens exoscopic system placed above the sur- 

gical site that provides real time 3D-HD images on multiple 

screens. Videos in 3D were recorded for teaching purposes. 

The authors evaluated the functional and oncological 

results, operating time, and surgical handling of the 3D-HD 

exoscope. 

The inclusion criteria for the present study were a clinical 

history of parotid neoplasm of the superficial lobe without 

preoperative evidence of skin or facial nerve involvement. 

Medical history was collected before admission. Magnetic 

resonance imaging (MRI) and fine needle aspiration cytology 

(FNAC) were used for preoperative evaluation. Facial nerve 

function was evaluated preoperatively on the first day after 

surgery, after one month, and at three months (at least) after 

surgery using the House-Brackmann scale8 in conjunction 

with the description of the function of all the facial nerve 

branches. 

All patients underwent superficial parotidectomy 

(parotidectomy I–II according to the European Salivary 

Gland Society classification)9 with the removal of all the 

parotid tissue above the facial nerve. We never performed 

enucleations or extracapsular dissections. The procedures 

were performed using the same access and the same surgical 

technique as in conventional parotid surgery. What was 

new was that the surgeon worked with direct vision to a 

3D-HD 4K monitor, magnifying anatomic structures 4 to 20 

times. Dissection was always performed in direct view to the 

main monitor, using polarising eyeglasses, variable zoom 

through the piloting system, and automatic focus function at 

a working distance of 20-50 cm. The images were sent to the 

assistant and to the audience with additional 3D monitors 

and recorded through IMAGE 1 S D3-LINKTM (Karl Storz). 

The facial nerve function was monitored intraoperatively 

by a nerve integrity monitor (NIM Response® Medtronic, 

3.0-4 channels). 

The operating room was configured similarly for all cases 

(Fig. 1). The 3D-HD camera was positioned on the side of 

the surgeon, approximately 30 cm from the surgical field. The 

main 55-inch 4K 3D monitor was positioned at eye level in 

front of the surgeon. The second surgeon at the head of the 

patient and the scrub nurse, wearing polarising glasses, had 

a second 3D monitor (Figs. 1 and 2). 

 

 
 

Fig. 1. Schematic of the surgical theatre layout. 

 

 

Fig. 2. Setting of the surgical theatre during parotidectomy performed under 

three-dimensional view. 

 

 

Antibiotic prophylaxis (ceftriaxone, 1 g IV/day) was given 

to the patient at least 30 minutes preoperatively, followed by 

dexamethasone, 4-8 mgs intraoperatively. 

Patients were reviewed during this study for facial nerve 

dysfunction and oncological outcome as well as for develop- 

ment of symptomatic Frey’s syndrome and numbness of the 

pinna. 

This study also compares the oncological and functional 

results of the present series of patients with those reported in 

a previous published study in patients with analogous lesions. 

The statistical significance of the different patient pop- 

ulations was tested with the chi-squared test, considering 

significance when p was less than 0.05. 

 

 

Results 

 

Six men and three women (sex ratio M/F of 2:1, mean (range) 

age 47.8 (19-74) years) underwent type I-II parotidectomy. 

The procedure was performed on the right side of five 

patients and on the left side of four patients. 
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Eight patients underwent anterograde superficial 

parotidectomy, and one patient underwent retrograde 

superficial parotidectomy. 

The facial nerve was identified and preserved in all cases, 

and the great auricular nerve was preserved in seven cases. 

The mean (range) time of surgery was 149.4 (115 – 210) 

minutes, including anaesthesia. 

Definitive histology showed pleomorphic adenoma in 

seven cases and Warthin’s tumour in two cases. In all cases, 

the tumour was removed in healthy tissue without spillage. 

Based on the benign nature of all the lesions, no patient 

required neck dissection/adjuvant therapy. 

The mean (range) tumour dimension was 23 (9 - 46) mm. 

No patient experienced postoperative complications; the 

mean (range) hospitalisation time was 3.8 (3 – 5) days. 

No patient experienced definitive facial nerve palsy. One 

patient experienced postoperative transient grade II facial 

nerve weakness recovered in one month. 

All patients were free from disease at the last follow-up 

examination. 

The comparison of the range of postoperative transient 

facial nerve weakness of the present series (11.1%) and the 

range of the previous study (5.9%) did not show any statistical 

significance (p = 0.532082). 

 

 

Discussion 

 

The introduction of operative microscopes and endoscopes 

is the most important revolution in modern surgery because 

of the implementation of lighting and magnification of the 

surgical field and the capability for precise dissection of fine 

structures.1 

The advent of video telescopic, intraoperative micro- 

scopes or exoscopes has enlarged these perspectives in open 

surgery and microsurgery. 

This new optical device presents many features that can 

be considered as an evolution of magnified-assisted surgery: 

The exoscope is a HD video telescope operating monitor sys- 

tem, the 3D technology provides enhanced depth perception 

and spatial orientation, and the technology is considered to 

potentially improve the surgical dexterity in the surgical field. 

Individual modules can be selected according to the user 

requirements, such as for rigid, flexible, and 3D technol- 

ogy. The device is also provided with automatic light source 

control and natural colour rendition. 

The exoscope is coupled with the VersacraneTM holding 

arm to provide a highly mobile spring support with the quick 

release coupling KSLOCK, for use with Karl Storz clamping 

jaws, offering low acquisition costs and creating synergis- 

tic effects with endoscopy by using the same video tower, 

thus combining the benefits of endoscopy and microscopy. 

The exoscope is also smaller than a microscope, allowing 

for comfortable use from the early surgical steps to device 

implantation. Compared to the operative microscope, the 

exoscope allows for ergonomic work since the user is not con- 

 

 
 

Fig. 3. Editing of the video must be done three-dimensionally using a ded- 

icated software to improve the surgical teaching purpose. 

 

 

Fig. 4. Video frame recorded for the three-dimensional view of the facial 

nerve dissection. The video can also be recorded in the conventional two- 

dimensional format. 

 

fined to the eyepiece and enables improved workflow since 

all people in the surgical theatre can view the procedure in 

the same image quality as the surgeon; therefore, the didactic 

capabilities of exoscopic videos are greater than those pro- 

vided by microscopic videos. All or the most important part of 

the procedure can be recorded in 3D (Fig. 3) for subsequent 

teaching purposes, although editing of the images requires 

dedicated software (Fig. 4). 

In the present series, although limited, the use of the exo- 

scope in parotid surgery featured easy integration of the new 

device in the theatre with the full involvement of the surgical 

staff in the 3D experience. Furthermore, the exoscope allowed 

for HD images and greater magnification than a microscope 

with good deep perception of the surgical field, a wider focal 

distance and the feasibility of refocusing/repositioning; the 

possibility to perform key hole approaches to improve aes- 

thetic aspects was evident in the 5th patient of Table 1, for 

whom a face lift approach was performed without the need 

for conversion in a wider approach. 

Some disadvantages can be related to the use of the exo- 

scope: occurrence of fatigue, headache, dizziness, eye strain 

during or after surgery, polarising glasses needed to provide 

a 3D view for the length of the procedure, and start-up costs. 

Furthermore, during the surgery, continuous focusing per- 

formed by the surgical assistant with the Image1 PILOT 

system (Karl Storz) is necessary to provide constant high- 



 

 

 

 

 
Table 1 

Series of patients who underwent parotidectomy under three-dimensional view. All procedures were limited to the superficial lobe and all patients had no 

evidence of disease at follow up. 

Case 

No 

Sex Age 

(years) 

Localization FNAC Surgical treatment GAN Postoperative 

House- 

Brackmann 

Histology 

1 F 47 Superficial lobe Benign lesion Superficial parotidectomy Preserved Grade I Pleomorphic adenoma 

2 M 74 Superficial lobe Benign lesion Superficial parotidectomy Preserved Grade I Pleomorphic adenoma 

3 

 

 
4 

M 

 

 
M 

60 

 

 
65 

Superficial lobe 

 

 
Superficial lobe 

Benign lesion 

 

 
Non- 

Superficial parotidectomy 

with retrograde facial 

nerve dissection 

Superficial parotidectomy 

Not preserved 

 

 
Preserved 

Grade I 

 

 
Grade I 

Pleomorphic adenoma 

 

 
Warthin’s tumour 

 
5 

 
F 

 
33 

 
Superficial lobe 

diagnostic 

Suspected for 
 

Superficial parotidectomy 
 
Preserved 

 
Grade II 

 
Pleomorphic adenoma 

 

 
6 

 

 
M 

 

 
48 

 

 
Superficial lobe 

malignant 

lesion 

Non- 

 

 
Superficial parotidectomy 

 

 
Preserved 

 

 
Grade I 

 

 
Warthin’s tumour 

 

7 

 

M 

 

42 

 

Superficial lobe 

diagnostic 

Benign lesion 

 

Superficial parotidectomy 

 

Not preserved 

 

Grade I 

 

Pleomorphic adenoma 

8 F 42 Superficial lobe Non- Superficial parotidectomy Preserved Grade I Pleomorphic adenoma 

 

9 

 

M 

 

19 

 

Superficial lobe 

diagnostic 

Benign lesion 

 

Superficial parotidectomy 

 

Preserved 

 

Grade I 

 

Pleomorphic adenoma 

FNAC: Fine-needle aspiration cytology. GAN: Great auricular nerve. F: Female. M: Male. 

 

quality images; therefore, we recommend the use of a switch 

foot pedal. 

The mean (range) duration of surgery was lower than that 

reported in previously reported series1 (149.4 (115 - 210) 

versus 221 (120 – 350) minutes). 

Superficial and total parotidectomy performed by 

magnification-assisted surgery in experienced hands shows 

optimal oncological outcomes.1,10,11 In the present series, 

the application of 3D technology has been associated with 

comparable radicality in the removal of benign tumours of 

the parotid: we did not observe any case of spillage of the 

neoplasm. 

The dissection of the facial nerve under 3D-HD real mag- 

nification was minimally traumatic because of the better 

understanding of the anatomical structures. One patient with 

a pleomorphic adenoma suspected at FNAC and imaging for 

malignant lesion experienced a postoperative transient grade 

II deficit as a consequence of an adherence of the capsule 

of the tumour to the zygomatic branch of the nerve; in this 

case, the exoscopic view allowed for a precise dissection 

with no spillage of the neoplasm and a complete anatomical 

preservation of the nerve, with recovery within three months. 

Larger studies with more systematic assessment of the 3D 

exoscope’s image quality, ergonomics, and impact on sur- 

gical eye strain and workflow would benefit the evaluation 

of the utility of these microscope replacement systems in 

otolaryngological surgery. 

 

 

Conclusions 

 

New technologies have dramatically improved the quality 

of imaging and consequently the management of head and 

neck tumours. The new 3D view technology seems to be a 

promising tool to be easily integrated into the surgical theatre, 

allowing for multiple applications in otorhinolaryngology 

and multispecialty surgery. 

The exoscope represents a valid alternative to the oper- 

ative microscope, and surgical loupe for parotid surgery. It 

is a smaller and lighter instrument than the microscope, that 

allows for precise surgical dissection of the parotid region 

with a real 3D-HD magnification of the anatomical struc- 

tures and a wide spectrum of magnification, thus reducing 

the risks for iatrogenic lesion of the facial nerve. Further- 

more, its use does not prolong the operative time and shows 

high potential for training and educational purposes since the 

operating room staff can better perceive the procedure and 

surgeon’s fine gestures in 3D-HD. Our preliminary applica- 

tions showed promising results especially in nerve sparing in 

case of close proximity of finer branches to the tumour. We 

believe that there is an unquestionable improvement in the 

surgical teaching, but a wider scientific validation should be 

guaranteed. 
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Supplementary  material  related  to  this  arti- 

cle can be found, in the online version, at 

doi:https://doi.org/10.1016/j.bjoms.2020.06.015. 
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