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Conventional and Powered 
Instrumentation for Endoscopic Sinus 
Surgery

Recep Karamert, Fikret Ileri, and Anthony Papavassiliou

76.1  Conventional Equipment for Basic 
Sinus Surgery

76.1.1  Maxillary Sinus

Maxillary sinus approaches are the basic interventions in 
endoscopic sinus surgery. Identi!cation of the maxillary 
sinus ostium usually is a simple procedure depending on its 
localization and easily recognizable surrounding landmarks. 
Exposure of the ostium starts with uncinectomy under direct 
visualization with a 0o endoscope. A freer elevator or a ball tip 
probe is helpful to identify the anterior border of the uncinate 
process which is mobile (Fig. 76.1). If an anterior to posterior 
resection is performed, a sickle knife is used to make an inci-
sion along the anterior border, and straight through-cutting 
forceps is used to make the resection. Uncinate process can 
also be removed from posterior to anterior by a backbiter for-

ceps (Fig. 76.2). Angled endoscopes are more useful in identi-
fying and widening the ostium and exploration or the surgical 
management of the maxillary sinus (Fig. 76.3). Orientation to 
the surgical !eld and the manipulation of the equipment are 
much more easy under visualization with a 30o endoscope, 
which provides enough exposure. Further interventions 
including the #oor and the anterior border of the maxillary 
sinus require more angled visualization with 45o or 70o endo-
scopes (Fig.  76.4). V.  Eicken antrum cannulas are used to 
irrigate and aspirate the maxillary sinus (Fig. 76.5). Antrum 
grasping forceps and giraffe forceps are used to excise polyps 
or retention cysts on the #oor or the anterior border of the 
maxillary sinus (Fig. 76.6). Angled microdebriders can also 
be used for the widening of the ostium and the excision of the 
polyps localized in maxillary sinus [1].

76.1.2  Ethmoid Sinus

Ethmoidectomy is started with the resection of the ethmoid 
bulla under 0o endoscopic visualization. Bulla resection is 
performed with straight and 45o angled Blakesley forceps 
(Fig.  76.7) after perforating the inferomedial wall with 
a straight Frazier suction tube or a J curette. (Fig.  76.8). 
Through-cutting forceps is used to remove the osseous frag-
ments along the medial orbital wall (Fig. 76.9). Basal lamel-
lae are perforated same way, and ethmoid bony partitions 
attached to the medial orbital wall are removed with angled 
through-cutting forceps and a rotating Kerrison. When dis-
secting the skull base, angled endoscopes provide better 
view, and curved suction tubes must be used to reach the 
area. Upbiting through-cutters are used to remove bony par-
titions attached to the skull base [1].

76.1.3  Sphenoid Sinus

Both transnasal and transethmoid approaches can be used for 
sphenoidotomy. The 0o endoscopes are used until the natural 
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Fig. 76.2 Backbiters (left-
biting, right-biting, and upbiting)

Fig. 76.3 Nasal endoscopes 
(0o, 30o, 45o, 70o)

a b

Fig. 76.4 Endoscopic view of left maxillary sinus during a revision surgery, (a) 0o endoscopic view, (b) 70o endoscopic view of the same patient. 
∗Maxillary sinus ostium
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ostium is identi!ed. Once the superior turbinate is seen, the 
lower portion is truncated with a straight through-cutter to 
obtain a direct aspect to the sphenoid sinus ostium. In this step, 
a straight microdebrider is also helpful. Once identi!ed, the 
ostium must be dilated to visualize the sinus inside. Anterior 

sphenoid wall is fractured with a J curette, and bony frag-
ments are removed with a Blakesley forceps. Straight mush-
room punch (Fig. 76.10) and upbiting through-cutters can also 
be used for the enlargement of the ostium. Kerrison rongeur 
(Fig.  76.11) is helpful in removing the thicker parts of the 

Fig. 76.5 V. Eicken cannulas

Fig. 76.6 Antrum grasping 
forceps

Fig. 76.7 Blakesley forceps (straight and angled)
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anterior wall. After removing the anterior wall, sphenoid sinus 
can be visualized endoscopically. Angled endoscopes are used 
to examine the lateral or inferior portion of the sinus [1].

76.1.4  Frontal Sinus

Frontal sinusotomy procedures require specially designed 
instruments because of its hardly accessible localization. 
Angled endoscopes and giraffe-style instruments (Fig. 76.12) 
are crucial for successful surgery. A 70o endoscope provides 
the best visualization to access frontal recess. Ball tip fron-
tal sinus probes are helpful in exploring the frontal recess. 
Frontal sinus curette and curved suction tubes are used to 
dissect the skull base and identify the agger nasi cell. The 45° 
and 90o front to back and side to side through-cutting giraffe 
forceps is useful in removing the posterior and medial walls 
of agger nasi cell. Removal of the cap is performed with a 
Bachert forceps (Fig.  76.13) or a 45° mushroom punch. 
Through-cutting instruments have the advantage of mucosa 
protection. Avoiding the stripping of mucosa is important for 
the healing and prevention of adhesion formation [1].

Image guidance systems provide an exceptional facility in 
frontal sinus and skull base surgery.

76.2  Powered Instrumentation 
for Endoscopic Sinus Surgery

76.2.1  Microdebrider

Microdebrider provides the opportunity to work in a non- 
bleeding !eld with simultaneous suctioning and shaving the 
soft tissue away easily (Fig. 76.14).

Microdebrider is frequently used for soft tissue dissec-
tion like submucosal inferior turbinectomy and debulking 
nasal polyps. While removing polyps near the sphenoid 

Fig. 76.8 J curette

Fig. 76.9 Through-cutting forceps (straight and 45° angled)

Fig. 76.10 Mushroom punch (straight for sphenoid sinus and angled 
for frontal sinus)
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sinus ostium, engagement within the sinus must be avoided. 
Dissection with the microdebrider must be performed in great 
care and under proper visualization because of the lack of the 
tactile feedback for delicate dissection [1, 2]. It is better to use 
the microdebrider in shaving away the mucosal edges and soft 

tissues that are visualized certainly. In any doubt of orbital or 
dural involvement, surgeon must avoid using microdebrider 
to prevent injuries of the orbit and the skull base [3, 4].

Submucosal turbinectomy with microdebrider minimizes 
postoperative crusting and synechiae formation compared 
with cautery [5].

76.2.2  Drill

Removal of the thick bony structures with forceps or curettes is 
dif!cult, and poorly controlled manipulations can lead to injuries 

Fig. 76.11 Kerrison rongeur

Fig. 76.12 Front to back and side to side giraffe forceps

Fig. 76.13 Bachert forceps

Fig. 76.14 Microdebrider with different styles of tips
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of the surrounding structures and vessels while intranasal drilling 
allows controlled removal [2]. Dissection of sinonasal tumors 
commonly requires the use of drills (Fig. 76.15). When perform-
ing medial maxillectomy, drills are very helpful in removing 
inferior ridge of the medial maxillary wall which is very stable 
and hard to excise with a curette or osteotome. Drilling the pos-
terior maxillary wall allows to access the pterygopalatine fossa. 
In extended sphenoid sinus surgery, diamond drills are used to 
remove the sphenoid septum. Angled irrigating drills are used 
in extended frontal recess dissections like Draf IIb and Draf III 
approaches. High-speed drills are used with osteotomes to ele-
vate the anterior table in osteoplastic #ap procedures [1, 2].

Drills take an important role in anterior and central skull 
base surgery performed for the intracranial tumors.

Diamond burs are preferred for a safer dissection, but in 
extensive bone removal, cutting burs can provide more con-
venience. Surgeon must use the cutting bur with extreme care 
to avoid dura and orbit injuries. Care must be taken also to 
avoid the carotid artery and optic nerve injuries during sphe-
noid sinus procedures. Extended drilling can cause severe 
adjacent mucosal damage, and a large exposed bony area can 
lead to osteomyelitis or healing problems [1, 2].

76.2.3  Image-Guided Navigation

Endoscopic sinus surgery is associated with some risk. Image 
guidance systems have taken an important role especially in 
advanced sinus pathologies. Intervention with a guide with 
high accuracy minimizes the risk in such dif!cult cases.

Computer-assisted navigation systems facilitate the 
intervention by showing the relationship between anatomic 
structures and the instruments used during surgery. Data is 
acquired from imaging modalities like computed tomog-
raphy and magnetic resonance imaging. Collected data is 
loaded onto a computer workstation connected to a posi-
tion sensor that performs the registration of the images with 
the patient. Thin-cut scans are reformatted to form a three-
dimensional view and correlated with real anatomy [6].

Optical trackers and electromagnetic tracking systems are 
commonly used to determine the location of the tip of the 
instrument during surgery. The accuracy with optical systems 
is excellent (<1  mm, and typically 0.25  mm) [7]. But the 
tracker size is large, and it has to be visible during the inter-
vention due to need of a direct optical connection between 
the sensor and the tracked targets that yield to line of sight 
restrictions. Optical trackers need a constant relationship 
with the instruments being used. They can only be used with 
rigid instruments and do not allow the movement of the head 
or surgical !eld. Electromagnetic sensors overcome various 
limitations of the optical trackers. But their accuracy is lower 
(approximately 0.9 mm) compared with optical systems [7]. 
Movement of the head and the surgical !eld is not an obstacle 
because of the sensors attached directly to the head and the 
lack of need to a direct line of sight between the probe and 
tracker. This allows tracking the instruments when the sen-
sor is attached at the tip and also makes tracking of #exible 
instruments possible. The probe size is also very small com-
paring with the optical trackers, and they can be attached into 
several devices being used during the surgery [7].

Image-guided navigation is becoming more popular in 
advanced sinus pathologies [8]. However, it should be kept 
in mind that there is still a risk of inaccuracy and surgeon 
should not rely on the navigation system solely.

Selecting candidates for image-guided surgery is an 
important issue because of high cost and the time-consum-
ing process of such an intervention. Image guidance is not 
necessary for the individuals with limited sinus disease and 
well-de!ned landmarks. Conventional surgery can be safely 
performed in basic sinus diseases. Sinus pathologies with 
distorted anatomy due to disease process, trauma, or surgery 
are best candidates for image guidance. Diseases extending 
to parasinus areas like infratemporal fossa, skull base, ptery-
gomaxillary fossa, and orbit require extended endoscopic 
surgery. Image guidance facilitates such extended inter-
vention and is safer than surgeries performed with conven-
tional equipment [9]. Indications endorsed by the American 
Academy of Otolaryngology–Head and Neck Surgery for 
the image-guided surgery are (1) revision sinus surgery; 
(2) distorted sinus anatomy of development, postoperative, 
or traumatic origin; (3) extensive sinonasal polyposis; (4) 
pathology involving the frontal, posterior ethmoid, and sphe-
noid sinuses; (5) disease abutting the skull base, orbit, optic 
nerve, or carotid artery; (6) CSF rhinorrhea or conditions 

Fig. 76.15 The attacked right medial orbital wall is being drilled in an 
inverted papilloma case
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where there is a skull base defect; and (7) benign and malig-
nant sinonasal tumors. (6) In such dif!cult cases, real-time 
localization of the surgical instrument provided by image 
guidance is crucial and gives surgeon the chance to eradicate 
the disease completely.

76.2.4  Balloon Sinuplasty

Balloon sinuplasty is an ostium dilatation technique which 
is performed with a balloon catheter advanced into the sinus 
via natural ostium under #uoroscopic and endoscopic visu-

alization and in#ated to widen the passage, restore the drain-
age, and improve the ventilation of the sinus [6]. Balloon 
sinuplasty can be used as an isolated technique without any 
tissue and bony partition removed or as an adjunctive inter-
vention with endoscopic sinus surgery either. Balloon only 
procedures can be inef!cient in some chronic in#ammatory 
diseases due to lack of in#amed bony partition removal like 
uncinate process and the ethmoid septations. Hybrid pro-
cedures allow in#amed tissue removal, and also ostia are 
identi!ed more easily. Once the ostium is identi!ed, the 
dilatation is performed with the balloon catheter without any 
adjacent tissue removal to prevent adhesions (Fig.  76.16). 

a b

c d

Fig. 76.16 Frontal sinus balloon catheterization combined with the conventional sinus surgery in a hybrid procedure. (a) Guidewire is introduced 
into the frontal sinus. (b) Balloon is in#ated at the ostium level. (c) De#ated balloon. (d) Final appearance of the ostium after balloon sinuplasty
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Combined procedures are mostly used in frontal sinus dil-
atation [1]. Balloon dilatation technique can be applied to 
all sinuses except ethmoid cells, which have various septa-
tions and ostia with a variable drainage system. Maxillary 
sinus dilatation is less frequently used because the traditional 
surgery is easy to apply and the required equipment for the 
dilatation is expensive. In case of chronic in#ammation, usu-
ally more than one sinus is involved and traditional surgery 
is required in addition to balloon dilatation especially if the 
ethmoid cells are affected.

Balloon catheter placement can be performed under #uo-
roscopy, which results in radiation exposure and high cost, 
and is a time-consuming procedure. Chandra estimated the 
tolerable #uoroscopy time as 30  min during balloon sinu-
plasty, and further exposure may result in lenticular opac-
ity [10]. Friedman et  al. published their experience with 
transillumination procedure performed by a lighted guide-
wire inserted into the sinus, and transillumination through 
the sinus walls is observed to identify the localization of the 
guidewire in frontal and maxillary sinuses [11].

Balloon sinuplasty is suggested as an effective and safe 
intervention in the literature [12–18].

However, there are a few controlled studies published 
and the long-term effects are still not clear [19–21]. A recent 
long-term controlled study by Koskinen et al. showed ef!-
cacy of balloon sinuplasty in treatment of chronic maxillary 
sinusitis equally compared to endoscopic sinus surgery as 
measured by symptom reduction and patient satisfaction 
even after 7 years from the surgery. Although acute sinusitis 
was more frequent in balloon sinuplasty patients, no clinical 
signi!cance was found [22].

References

 1. Palmer JN, Chiu AG, Adappa ND. Atlas of endoscopic sinus and 
skull base surgery. Philadelphia, PA: Elsevier/Saunders; 2013.

 2. Sindwani R, Manz R. Technological innovations in tissue removal 
during rhinologic surgery. Am J Rhinol Allergy. 2012;26(1):65–9. 
https://doi.org/10.2500/ajra.2012.26.3722.

 3. Bhatti MT, Giannoni CM, Raynor E, Monshizadeh R, Levine 
LM. Ocular motility complications after endoscopic sinus surgery 
with powered cutting instruments. Otolaryngol Head Neck Surg. 
2001;125(5):501–9.

 4. Berenholz L, Kessler A, Sarfaty S, Segal S. Subarachnoid hemor-
rhage: a complication of endoscopic sinus surgery using powered 
instrumentation. Otolaryngol Head Neck Surg. 1999;121(5):665–7.

 5. Joniau S, Wong I, Rajapaksa S, Carney SA, Wormald PJ. Long- term 
comparison between submucosal cauterization and powered reduc-
tion of the inferior turbinates. Laryngoscope. 2006;116(9):1612–6. 
https://doi.org/10.1097/01.mlg.0000227999.76713.d3.

 6. Flint PW, Cummings CW. Cummings otolaryngology: head & neck 
surgery. 5th ed. Philadelphia, PA: Mosby/Elsevier; 2010.

 7. Glossop ND. Advantages of optical compared with electromagnetic 
tracking. J Bone Joint Surg Am. 2009;91(Suppl 1):23–8. https://doi.
org/10.2106/JBJS.H.01362.

 8. Metson RB, Cosenza MJ, Cunningham MJ, Randolph 
GW. Physician experience with an optical image guidance system 
for sinus surgery. Laryngoscope. 2000;110(6):972–6. https://doi.
org/10.1097/00005537-200006000-00017.

 9. Metson R, Gray ST. Image-guided sinus surgery: practical consid-
erations. Otolaryngol Clin N Am. 2005;38(3):527–34. https://doi.
org/10.1016/j.otc.2004.11.002.

 10. Chandra RK. Estimate of radiation dose to the lens in balloon sinu-
plasty. Otolaryngol Head Neck Surg. 2007;137(6):953–5. https://
doi.org/10.1016/j.otohns.2007.09.002.

 11. Friedman M, Wilson M.  Illumination guided balloon sinuplasty. 
Laryngoscope. 2009;119(7):1399–402. https://doi.org/10.1002/
lary.20479.

 12. Achar P, Duvvi S, Kumar BN. Endoscopic dilatation sinus surgery 
(FEDS) versus functional endoscopic sinus surgery (FESS) for treat-
ment of chronic rhinosinusitis: a pilot study. Acta Otorhinolaryngol 
Ital. 2012;32(5):314–9.

 13. Bizaki AJ, Taulu R, Numminen J, Rautiainen M.  Quality of life 
after endoscopic sinus surgery or balloon sinuplasty: a random-
ized clinical study. Rhinology. 2014;52(4):300–5. https://doi.
org/10.4193/Rhin.

 14. Bolger WE, Brown CL, Church CA, Goldberg AN, Karan!lov B, 
Kuhn FA, Levine HL, Sillers MJ, Vaughan WC, Weiss RL. Safety 
and outcomes of balloon catheter sinusotomy: a multicenter 
24-week analysis in 115 patients. Otolaryngol Head Neck Surg. 
2007;137(1):10–20. https://doi.org/10.1016/j.otohns.2007.02.006.

 15. Cutler J, Bikhazi N, Light J, Truitt T, Schwartz M, Investigators 
RS.  Standalone balloon dilation versus sinus surgery for chronic 
rhinosinusitis: a prospective, multicenter, randomized, con-
trolled trial. Am J Rhinol Allergy. 2013;27(5):416–22. https://doi.
org/10.2500/ajra.2013.27.3970.

 16. Friedman M, Schalch P, Lin HC, Mazloom N, Neidich M, Joseph 
NJ. Functional endoscopic dilatation of the sinuses: patient satisfac-
tion, postoperative pain, and cost. Am J Rhinol. 2008;22(2):204–9. 
https://doi.org/10.2500/ajr.2008.22.3155.

 17. Koskinen A, Penttila M, Myller J, Hammaren-Malmi S, Silvola J, 
Haahtela T, Hytonen M, Toppila-Salmi S.  Endoscopic sinus sur-
gery might reduce exacerbations and symptoms more than balloon 
sinuplasty. Am J Rhinol Allergy. 2012;26(6):e150–6. https://doi.
org/10.2500/ajra.2012.26.3828.

 18. Plaza G, Eisenberg G, Montojo J, Onrubia T, Urbasos M, O'Connor 
C. Balloon dilation of the frontal recess: a randomized clinical trial. 
Ann Otol Rhinol Laryngol. 2011;120(8):511–8.

 19. Levy JM, Marino MJ, McCoul ED. Paranasal sinus balloon catheter 
dilation for treatment of chronic rhinosinusitis: a systematic review 
and meta-analysis. Otolaryngol Head Neck Surg. 2016;154(1):33–
40. https://doi.org/10.1177/0194599815613087.

 20. Fokkens WJ, Lund VJ, Mullol J, Bachert C, Alobid I, Baroody F, 
Cohen N, Cervin A, Douglas R, Gevaert P, Georgalas C, Goossens 
H, Harvey R, Hellings P, Hopkins C, Jones N, Joos G, Kalogjera 
L, Kern B, Kowalski M, Price D, Riechelmann H, Schlosser R, 
Senior B, Thomas M, Toskala E, Voegels R, de Wang Y, Wormald 
PJ.  European position paper on rhinosinusitis and nasal pol-
yps 2012. Rhinology. 2012;50(1):1–12. https://doi.org/10.4193/
Rhino50E2.

 21. Ahmed J, Pal S, Hopkins C, Jayaraj S. Functional endoscopic balloon 
dilation of sinus ostia for chronic rhinosinusitis. Cochrane Database 
Syst Rev. 2011;7:CD008515. https://doi.org/10.1002/14651858.
CD008515.pub2.

 22. Koskinen A, Myller J, Mattila P, Penttila M, Silvola J, Alastalo 
I, Huhtala H, Hytonen M, Toppila-Salmi S. Long-term follow-up 
after ESS and balloon sinuplasty: Comparison of symptom reduc-
tion and patient satisfaction. Acta Otolaryngol. 2016;136(5):532–6. 
https://doi.org/10.3109/00016489.2015.1129553.

R. Karamert et al.

dr.recepkaramert@yahoo.com


