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1. Introduction 

Improved visualisation afforded by endoscopes has allowed ENT surgeons to perform disease-

focused, functional operations, whilst adhering to the minimally invasive surgical ideals of 

today’s society.1 Endoscopic endonasal surgery utilises the optical qualities of the endoscope to 

extend beyond the otherwise limiting small aperture of the nostrils to provide panoramic vision 

of the internal nasal, paranasal and skull base structures (Figure 1). The reduction in tissue 

trauma afforded by this minimally invasive technique offers enhanced post-operative recovery, 

reduced operative times, and minimised operative costs.2 Its impact has transformed the 

practice of rhinology. Endoscopic nasal surgery is now the mainstay of intervention for many 

sinunasal and skull base conditions,3 and indeed one of the most frequently performed ENT 

procedures.1 Its success has prompted rapid development of innovative techniques and 

technology over the last two decades,4 including its extension of application to skull base 

surgery5 and orbital procedures.6 

However, the recent emphasis in medicine towards Evidence Based Medicine (EBM)7 demands 

we ask the question: what evidence for the benefit of endoscopic nasal surgery and its 

associated technologies exists? Do they simply represent a surgical fashion without proven 

benefit or genuine progress?  

Progress.  
noun. (prəʊɡrɛs). movement forwards, esp towards a place or objective. 
verb. (prə’ɡrɛs). to move forwards or onwards towards a place or objective. 
- Collins English Dictionary8 

 
According to the definition, one may evaluate progress by reviewing what “movement” has 

occurred towards our current model of endoscopic nasal surgery, and subsequently, reviewing 

where efforts are being made to move forward. Although discussion of all the advances within 

this field lies outside the scope of this essay, major advances and novel developments of interest 

will be discussed. 

Figure 1. Diagrams indicating the areas of view (in blue) provided by different mechanisms. Conal vision of the nasal 
cavity and skull base results from the narrow nostril aperture when viewed with the naked eye (a) or during microscope 
transphenoidal surgery (b). Panoramic vision can be obtained using an endoscope to bypass the narrowest aperture (c). 
The blue area represents the area of visualisation. (Authors own) 
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2. Historical progress towards the endoscopic ideal 

Endoscopic nasal surgery has been the culmination 

of over two centuries of technological advancement. 

The most significant historical figures in its 

development are summarised in Figure 2. Despite 

considerable innovation, early endoscopes remained 

limited by their poor depth perception, small field of 

view, and inadequate illumination from flames or 

small electrical bulbs. 

Hopkin’s work into optics revolutionised the field of 

endoscopy, and lay the foundations to modern 

minimally invasive surgery.9 Professor Harold 

Hopkins was a British physicist working as a 

research fellow at Imperial College London at the 

time. His novel endoscope employed true optical 

media using a rigid rod and lens system, instead of 

conventional fibreoptics.10 Its double light 

transmission system allowed shorter and thinner 

spacer tubes to be used, whilst simultaneously giving 

a larger and clearer aperture, with better 

illumination, contrast and depth. Whilst English and 

American companies showed little interest, the 

potential of the rigid rod system for use in clinical 

practice was recognised by Karl Storz, an ENT 

equipment manufacturer based in Tuttlingen, 

Germany. Hopkins worked in partnership with Storz 

to distribute the HOPKINS® rod lens scopes through 

the 1950s and 60s, with great success. Better 

definition, contrast, and illumination, with the added 

availability of angled scopes, gave ENT surgeons an 

unprecedented view of internal nasal anatomy.10 

Today, Karl Storz is one of the largest manufacturers 

of rigid and flexible endoscopes for ENT surgery 

worldwide.11 

Modern endoscopic nasal surgery is interventional 

surgery through a natural orifice using an endoscope. 

“We can chart our future clearly and 

wisely only when we know the path 

which has led to the present” - Adlai 

E. Stevenson (1900-1965). American 

politician and United States 

Ambassador to the United Nations. 

 

Figure 2. Summary of the historical landmarks in 
endoscopic nasal surgery. (Authors own, see Appendix 

for references) 
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It is defined by parameters consisting of the endoscope, the instruments, adjunctive radiology, 

perioperative care and the surgeon. Certainly the former three have seen significant advances 

and their contribution to progress will be discussed subsequently. 

3. Advancement in endoscope components 

The endoscope defines the value 

of endoscopic nasal surgery. It 

consists of relatively few 

principle components: a light 

source, a telescopic component, a 

camera head, a processor and a 

monitor. 

3.1 The xenon light source 

It wasn’t until 1876 that Nitze 

used Edison’s invention of the 

light bulb to introduce electricity 

as a source of illumination for 

endoscopy.12 Modern light 

sources have progressed from 

using halogen elements to using 

more durable xenon. Xenon 

offers numerous advantages 

including triple the light output 

compared to standard halogen, 

and a true white image rather 

than a yellow hue.10 

Furthermore, xenon has been 

shown to be more efficient, by 

consuming less energy, and 

generating less heat.  

3.2 Angled telescopes  

The modern selection of endoscopes offers a variety of telescopic angles, allowing views to 

difficult areas such as around corners or complex anatomy. Access to difficult-to-visualise areas 

such as the frontal sinus plays a role in reducing recurrence and revision rates of sinunasal 

pathology.13 Newer developments include 45⁰ wide-angle telescopes which integrate the 

benefits of the viewing angle of a conventional 70⁰ telescope whilst maintaining forward vision, 

as well as offering improved illumination.14 The latest single lens, multi-angled angled 

endoscopes15 offer telescopic angles between 10⁰ and 90⁰ integrated into one device, without 

the need to change endoscopes (Figure 3).  

3.3 High definition (HD) monitors 

Figure 3. ACCLARENT CYCLOPS™ Multi-angle Endoscope. No change in 
endoscope is required to alter the angle of view. (Acclarent®, 

http://www.acclarent.com/solutions/products/acclarent-cyclops-endoscope) 
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Prior to the use of monitors surgeons would perform endoscopic nasal surgery through the 

direct vision of the endoscope. The introduction of monitors improved surgery ergonomics,16 

increased theatre staff awareness of the procedure, facilitated image/video capture, and played 

a role in education. The replacement of  one-chip camera processors with three-chip processors 

(one for each primary colour) significantly improved monitors further by increasing the levels 

of contrast and balance that could be achieved on the monitor display.14 Modern monitors 

potentially offer HD definition (from 640x480 to 1980x1080), wider aspect ratios (from 4:3 to 

16:9), and improved refresh rates (from 50Hz to 60Hz). The result of these changes have been 

improvements in visual acuity, colour, contrast, visualisation of surgical field, less flicker and 

less eye fatigue.14  

Overall, few studies have evaluated the effects of these advances on surgical performance or 

operative outcomes. A systematic review by Ayad et al. into ergonomics of endoscopic 

endonasal surgery including the use of monitors vs direct visualisation concluded there were no 

advantages in terms of surgical performance.16 A limited number of studies indicate that high 

definition monitors may be of benefit over standard definition monitors in procedures requiring 

high levels of detail  such as diagnostic laryngoscopy17 and laparoscopic surgical skills.18 Both 

studies acknowledge a strong subjective preference for high definition monitor use.  

4. Instruments in endoscopic nasal surgery 

Early instruments, consisting mainly of simple grasping forceps, used to remove mucosa 

resulted in excess exposed bone, scarring, chronic inflammation and mucocele formation.19 To 

overcome this problem, fine, through-cutting instruments, were adopted to reduce mucosal 

trauma. 

4.1 Microdebriders 

Powered, replaceable cutting blades, and concurrent suction capabilities meant microdebriders  

were able to offer faster, more efficient methods of tissue removal whilst maintaining excellent 

visualisation, even in the presence of bleeding.20,21 The impact of the powered microdebrider on 

rhinology has led some to hail it as one of the four most significant technological advances in the 

specialty.22 

4.2 The suction irrigation drill 

This device quickly became adopted as an important tool in the removal of thickened osteotic 

bone found in osseous and fibro-osseous neoplasms, which were otherwise difficult to remove 

with forceps or the microdebrider.14 

4.3 Balloon dilatation technology, or balloon sinuplasty 

Introduced in 2005, balloon sinuplasty represents an important progression in minimally 

invasive CRS treatment.22 The catheter-based system for dilatation of the paranasal sinuses has 

subsequently been shown to be safe and effective.23 The CLEAR study by Bolger et al. 

demonstrated a post-procedure patency rate of 80.5% at 24 weeks follow-up.24 The indications 

and applications of balloon sinuplasty as a stand-alone vs adjunctive procedure to FESS have 

been controversial.  
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5. Radiology in endoscopic nasal surgery 

Operating in close proximity to the paranasal sinuses, orbit and skull base makes endoscopic 

nasal surgery potentially hazardous.25 The use of radiological imaging has been a crucial adjunct 

in its success and safety. Computerised tomography (CT) offers detailed evaluation regarding 

the anatomy and extent of sinunasal disease, making it the current gold standard.26 Magnetic 

resonance imaging (MRI) has a role in soft tissue and skull base pathology including gliomas, 

meningoceles, meningoencephaloceles, and benign tumours.14 

Image-guided, or computer-aided, endoscopic nasal surgery uses CT or MRI for anatomical 

navigation on triplanar radiologic images to create a pre-operative road map. High accuracy 

within 2mm affords surgeons safe navigation in complex cases such as where anatomical 

distortion is present secondary to alteration from disease or previous surgery.1 Fried at al.27 

noted a significant reduction in major complications (from 11% to 1%) in the 97 patients who 

underwent image-guided surgery compared to those who underwent non-image-guided 

surgery. Image-guided endoscopic nasal surgery has a foreseeable role in teaching trainees as 

well as high compatibility with robotic systems. 

6. Progress in the management of nasal and paranasal pathology 

6.1 Function Endoscopic Sinus Surgery (FESS) 

Functional endoscopic sinus surgery (FESS), the archetypal endoscopic nasal procedure, is one 

of the most performed ENT procedures, and the mainstay of treatment for Chronic 

rhinosinusitis (CRS) refractory to medical therapy. FESS is an intranasal procedure involving 

the endoscope to improve ventilation and drainage in addition to polyp removal.28  

FESS has been shown to be both safe and effective in surgical management of both CRS with 

nasal polyps (CRSwNP) and without nasal polyps (CRSsNP). A systematic review of 33 articles 

by Dalziel et al.28 included three studies comparing FESS with Caldwell Luc or another 

endonasal procedure (n=240), three non-randomised trials comparing different surgical 

approaches (n=2699), and 27 case series. Symptom improvement in FESS was “greatly 

improved” in 75-95%, comparable to traditional procedures. Overall complication rate was low 

(1.4% for FESS and 0.8% for traditional procedures).  

Most patients with CRS seek treatment when the burden of symptoms negatively impacts on 

their quality of life. Therefore the degree to which the quality of life improves after sinus 

surgery is a critical indicator of surgical success. A systemic review of 289 studies by Chester et 

al. found Endoscopic sinus surgery was particularly effective in CRSsNP in relieving subjective 

symptoms of nasal obstruction, facial pain, and post-nasal discharge.29 Similarly in CRSwNP, the 

National Comparative Audit of Surgery for Nasal Polyposis and Chronic Rhinosinusitis reported 

a high level of patient satisfaction with the surgery, and clinically significant improvement in 

SNOT-22 scores at 3, 12, 36, 60 months post-operatively.30  

Studies have shown endoscopic sinus surgery to be at least as effect as medical therapy in 

treating CRS. A randomised controlled trial by Raghab et al. comparing long term antibiotics 

with endoscopic sinus surgery in CRSwNP management found both to be equally effective in 

significantly improving objective and subjective measures of CRS (p<0.01).31 No significant 
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difference was found between quality of life measures when CRSwNP was treated surgical vs 

medically.32  

There is also evidence to suggest FESS is superior to conventional non-endoscopic or open 

surgical approaches in the treatment of CRS, except for sphenoethmoidectomy where no studies 

have yet been conducted.3,33–35 

6.2 Septoplasty 

Septoplasty is a common procedure used to treat nasal obstruction secondary to nasal septal 

deviation.36 Good intra-operative visualisation is crucial to minimising complications and 

achieving functional airway. A study of 2,730 patients undergoing power-assisted endoscopic 

septoplasties demonstrated a role in minimise flap tears, and addressing septal spurs.37 

Endoscopic septoplasty may better address discrete, localised lesions such isolated deflection, 

spurs, perforations, contact points compared to traditional headlight septoplasty.38 

Symptomatic outcomes also compare favourably to traditional techniques. A retrospective 

review of 160 patients undergoing endoscopic septoplasty for nasal airway obstruction 

demonstrated 70% resolution, and 20% improvement on symptoms after a 13 month mean 

follow-up.39  

6.3 Rhinoplasty 

Rhinoplasty is an increasingly popular procedure, restoring form and function in nasal 

deformity. Rhinoplasty can be extremely challenging,40 and parts of the procedure which are not 

in direct vision of the surgeon, or poorly visualised, may benefit from endoscopic assistance.41 

However, the evidence for its use has largely been limited to case series, usually with small 

numbers and short follow-up. Data have suggested that the endoscope may reduce secondary 

revisions and precision contouring of the bony nasal dorsum.42,43  

6.4 Skull base surgery 

The whole ventral skull base can be approached endonasally, via open craniotomy or via a 

transphenoidal microscopic approach.5 In addition to benefitting from a greatly improved view 

(Figure 1), endoscopic approaches avoid the need for extensive bone drilling, brain retraction, 

and nerve manipulation that is sometimes required in transcranial approaches.44  

Endoscopic repair is now generally regarded as the procedure of choice for cerebral spinal fluid 

(CSF) leak repair.45 By approaching the anterior skull base endonasally, one can minimise 

complications such as anosmia, intracranial haemorrhage or oedema, seizures, and changes in 

memory and behaviour.46 A systematic review including 55 studies by Psaltis et al.47 

demonstrated endoscope repair was effective, with a 90% overall success rate for primary 

repairs, and 97% for secondary repairs. It is also regarded as safe with a low complication rate 

of <0.03%. No studies have compared open invasive intracranial approaches with the endonasal 

approach. 

Tumours such as craniopharyngiomas, clivalchordomas, and meningiomas may also be resected 

endoscopically with equivalent or greater rates of gross total resection compared to traditional 

open approaches.44 Similarly, rates of post-operative complications are at least comparable with 

traditional approaches. However, CSF leak still remains a problem.  
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6.5 Orbital surgery 

Grave’s ophthalmopathy without decompression can lead to permanent loss of vision. Enhanced 

visualisation of key anatomical features of the medial wall and floor of the orbit has allowed for 

safe and effective surgical decompression of the orbit.48 Lund et al. studied a cohort of 33 

patients who underwent either an external Patterson 

approach or endonasal endoscopic approach for 

thyroid eye disease.49 The endoscopic approach 

demonstrated greater improvement in proptosis, 

visual acuity, colour vision and rates of complications. 

Endoscopy has also been applied to 

dacrocystorhinostomy (DCR), a minimally invasive 

procedure to unblock the nasolacrimal duct using 

instruments or laser. Its advantages over the standard 

external DCR approach are summarised in Box 1.50 

7. The future of endoscopic nasal surgery 

Kupferman51 stated that the ideal surgical technique 

should offer the surgeon the distinct advantage of 3D 

vision and bimanual surgical dissection, possibly 

guided by a navigation system.  

7.1 3D endoscopes and monitors 

Traditionally, 2D endoscopes and monitors have been 

limited by their lack of field of depth, somewhat 

mitigated by scope movement. Evaluation of the use of 

3D endoscopes have reported significant advantages 

including improved depth perception and enhanced surgical precision,52 although evidence for 

this has been largely anecdotal. Data comparing operative outcomes of 2D vs 3D endoscopes is 

notably lacking. One study by Kari et al. compared peri- and post-operative outcomes in a 

retrospective review of 58 patients who underwent endoscopic pituitary surgery with 2D or 3D 

endoscopes.53 There was no significant difference between 2D and 3D endoscopes found in 

operative time, estimated blood loss, CSF leak rate, endocrine complications, length of hospital 

stay or readmission rates. 3D endoscopes possess significant disadvantages including their 

limited use to 40 cases before replacement, the lack of 70 degree telescopes, and the learning 

curve required for use.52  

7.2 Robotic systems 

Just as endoscopes have transformed rhinology and skull base surgery, robotic systems 

potentially represent the next stage in the evolution process. Robotic systems have the capacity 

to both assist and perform endoscopic nasal surgery via a master-slave interface. Robotic 

master-slave systems offer advantages of high dexterity and precision, tremor elimination, 

combined with an excellent field of view afforded by endoscopes. Recent attempts to utilise this 

technology endonasally have seen mixed results. Several difficulties have been noted 

Box 1. Potential advantages of Endoscopic 
DCR over the standard external DCR 
approach. (adapted from NICE guidelines 

Endoscopic dacrocystorhinostomy (IPG113)) 
 
 No facial cosmetic scars  
 Local anaesthetic can be used 

 Reduced trauma preserves the canthal 
anatomy and reduces angular vein 
damage 

 Diagnosis and/or management of of 
predisposing or concomitant nasal and 
paranasal disorders. 

 Bilateral cases are performed 
simultaneously  

 Immediate mistakes revised at surgery 

 Active dacryocystitis (nasal infection) is 
not a contraindication as with external 
approach 

 The possibility of failures being 
endoscopically investigated 

 Reduced operating time  

 Reduced intraoperative bleeding 

 Reduced morbidity 
 Performed as an outpatient, day surgery 

basis 

 Improved cost-effectiveness 
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concerning the most popular model (da Vinci Surgical System by Intuitive Surgical Inc.) 

including; size and number of instruments fitting through the nose, difficulty in instrument 

exchange, and paucity of haptic feedback.54 

Prototype robots have been developed to overcome these issues. Some models have the 

capacity to handle the endoscope autonomously via speech commands from the surgeon, 

freeing the surgeon to operate bimanually with traditional instruments.55 The active bending 

endoscope robot system’s circumvents the limitation of the single pivot point at the nostril by 

offering angles of view up to 180 degrees on the same endoscope [figure]. Schneider et al. 

describe a three-concentric tube continuum robot with integrated instrument and telescope 

canals that also offers a bending component.54 

7.3 Intra-operative imaging 

Navigational enhancement is being developed using landmarks in augmented reality endoscopic 

systems, adding further levels of image-guidance.56 However, pre-operative image based guided 

systems do not render the anatomical changes that occur during procedures. 

More recently, small studies have investigated the role of intra-operative CT and MRI imaging. 

Intra-operatively CT scans can be loaded to image-guided systems within minutes. New 

information obtained in intra-operative CT resulted in alteration of surgical plan in 30% of 

patients.57  Considerable disadvantages lie in the cost, and space required, radiation exposure, 

increased operation length.58  

8. Conclusion 

Advances in technology over the last two centuries have 

seen the progression of Bozzini’s wax candle59 into the 

modern endoscope, potentiating minimally invasive 

diagnosis and surgical intervention on sinunasal 

pathology.60 Heinz Stammberger, one of the pioneers of 

endoscopic nasal surgery said, “To put it bluntly, the 

endoscope emerged as the instrument that helped avoid 

unnecessary and unnecessarily radical surgery”61  

“Fashion is very important. If is life-

enhancing, like everything that gives 

pleasure, it is worth doing well.” 

- Vivienne Westwood. English 

fashion designer. 

Figure 4. Active Bending Endoscope Robot System.  The end of the scope stands a continuum module consisting of a 
spring backbone providing 0-180⁰ of flexion in a 2 cm arc. The endoscope itself is 4mm wide. (Yoon et al. 2011) 
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Unfortunately, rigorous objective evaluation of the progress in endoscopic nasal surgery 

remains limited by the lack of high quality comparative studies and objective outcome measures 

in many areas. Insufficient robust evidence fails to provide a clear guide to policies on behalf of 

the NHS28 and makes informed decisions concerning commissioning particularly difficult.  

However, it is important to recognise a lack of level 1a evidence for effectiveness does not 

automatically warrant a label of ineffectiveness or dismissal as surgical fashion. Indeed, the 

parachute has never been subjected to such rigorous evaluation.62 Evidently, robust 

observational data can be extremely valuable.  

Further research is required to evaluate merits, limitations and costs of expensive new 

technologies such as 3D endoscopes, intra-operative imaging, and robotic systems. Many 

current procedures require further clarification in regards to indications, and optimising patient 

selection.28  

Overall, it remains undeniable that endoscopic nasal surgery represents genuine progress. The 

field of endoscopic surgery is constantly evolving, and the future seems extremely promising to 

patient and surgeon alike. 
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