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SUMMARY:  23 
In this paper, we present the protocol and short-term outcomes of endaural exclusive endoscopic 24 
atticoantrotomy using a constant suction bone-drilling technique. 25 
 26 
ABSTRACT:  27 
Endoscopic middle ear surgery is a widely employed minimally invasive surgical technique to 28 
address middle ear and mastoid pathology. Bone drilling is the main technical challenge of 29 
endoscopic middle ear surgery. The accompanying video describes the detailed protocol of a 30 
constant-suction bone-drilling technique and the procedure of endaural exclusive endoscopic 31 
atticoantrotomy (retrograde mastoidectomy) using this technique. The main components of this 32 
bone-drilling technique include a soft and flexible suction tube, which is placed into the tympanic 33 
cavity to provide constant suction, and a soft sleeve, which is wrapped around the drill shaft to 34 
prevent the high-speed rotating shaft from damaging the lens of the endoscope. With these 35 
simple modifications, the traditional otological electrodrill can be used for drilling a tiny endaural 36 
incision in endoscopic middle ear surgery. Based on this bone-drilling technique, endaural 37 
endoscopic atticoantrotomy (retrograde mastoidectomy) can be successfully established for the 38 
removal of various amounts of bone, depending on the extent of the lesion. The short-term 39 
postoperative outcome seems promising. 40 
 41 
INTRODUCTION:  42 
Since the endoscope was introduced as a powerful tool in ear surgery over 20 years ago, 43 
endoscopic middle ear surgery or endoscopic middle ear surgery adjunct to conventional 44 

Manuscript Click here to access/download;Manuscript;62450_R2.docx

mailto:gaozhen_fudan@126.com
https://www.editorialmanager.com/jove/download.aspx?id=1326182&guid=56fd1936-dda2-48c1-bc70-95d1ac7d4f4a&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1326182&guid=56fd1936-dda2-48c1-bc70-95d1ac7d4f4a&scheme=1


   

2 
 

microscopic ear surgery has quickly become a widely employed surgical technique to address 45 
middle ear and mastoid pathology1,2. The main advantages of the endoscope are its panoramic 46 
and wide-angle vision. The use of the endoscope reveals the entire structure of the middle ear 47 
through the confined external auditory canal. The use of angle endoscopes (30° and 45°) further 48 
facilitates the exposure of the surgical field and allows dissection into the most hidden areas of 49 
the middle ear. Multiple studies have demonstrated the advantages of the superior visibility of 50 
endoscopic procedures over traditional microscopic approaches and confirmed that the major 51 
outcomes, such as the recurrence of the lesion and the changes in hearing levels, were not 52 
different between the two approaches3,4. The advances in technology and surgical instruments 53 
are still pushing the boundaries of endoscopic middle ear surgery to manage more disorders of 54 
the middle ear and even of the lateral skull base. 55 
 56 
However, during transcanal endoscopic ear surgery, as one hand needs to hold the endoscope 57 
firmly, all surgical procedures must be performed by the other hand. As a result, surgical 58 
techniques of endoscopic ear surgery require some effort, especially the bone drilling technique 59 
poses a great technical challenge in endoscopic middle ear surgery. Due to the lack of an efficient 60 
endoscopic bone drill technique, some surgeons consider any pathology extending beyond an 61 
imaginary line, which bisects the lateral semicircular canal, not to be suitable for an exclusive 62 
endoscopic approach. Moreover, when drilling is required, some surgeons would instead switch 63 
to a microscope to enable the use of both hands, which may require additional postauricular or 64 
endaural incisions to improve access.  65 
 66 
To address this problem, a constant-suction bone-drilling technique has been developed in these 67 
authors’ department for endaural exclusive endoscopic atticoantrotomy (retrograde 68 
mastoidectomy). From April 2020 to August 2020, 11 cases of endaural exclusive endoscopic 69 
atticoantrotomy have been successfully performed with this technique in the department. The 70 
purpose of this video is to describe the detailed procedure of this constant-suction bone-drilling 71 
technique and endaural exclusive endoscopic atticoantrotomy using this technique. 72 
 73 
PROTOCOL:  74 
 75 
NOTE: This study was approved and performed according to the guidelines of the ethical 76 
committee of Fudan University. 77 
 78 
1. Anesthesia and surgical field preparation 79 
 80 
1.1. Induce intravenous anesthesia and perform orotracheal intubation or use a laryngeal 81 
mask. 82 
 83 
1.2. Place the patient in a supine position with the head rotated to the contralateral side. 84 
 85 
1.3. Sterilize the auricle and the external ear canal (EAC) with a povidone iodine solution; 86 
drape the surgical field with a blanket sparing the EAC. 87 
 88 
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1.4. Check the optical clarity of the endoscope and adjust its white balance. 89 
 90 
1.5. Introduce the 0°, 3 mm diameter, and 15 cm length endoscope into the EAC. Remove the 91 
cerumen from the EAC with microscopic forceps and sterilize the EAC with the povidone iodine 92 
solution again. 93 
 94 
2. Establishment of a minimal invasive endaural approach 95 
 96 
2.1. Administer local anesthesia to the EAC by injecting 1% lidocaine with adrenaline 97 
(1:100,000) at 7 and 11-o'clock positions.  98 
 99 
2.2. Under the endoscope, make a circumferential incision with a round knife from 2 to 6-100 
o'clock position, counterclockwise (right ear), approximately 8 mm from the tympanic 101 
membrane. 102 
 103 

NOTE：Use povidone iodine to clean the lens of the endoscope. 104 
 105 
2.3. Raise the tympanomeatal flap with a 1 mm diameter suction tube and a small piece of 106 
gauze soaked with adrenaline (1:1,000). 107 
 108 
2.4. Under direct vision, make an intercartilaginous incision with a scalpel at the 12-o'clock 109 
position, from the previously made circumferential incision towards the meatus and through the 110 
stretched intercartilaginous incisura. 111 
 112 
2.5. Make another radial incision with the scalpel at the 6-o'clock position, from the previously 113 
made circumferential incision towards the meatus. 114 
 115 
2.6. Raise the flap enclosed by the medial circumferential incision and the two radial incisions 116 
outward with a curette. Check the exposure of the lateral wall of the attic and the posterior wall 117 
of the EAC. 118 
 119 
NOTE: The edge of the incision can be subjected to bipolar coagulation so that it shrinks, 120 
providing better exposure. 121 
 122 
2.7. Place a self-retaining retractor to widen the meatus of the EAC and hold the lateral-based 123 
skin flap in place. 124 
 125 
3. Bone drilling and lesion removal 126 
 127 
3.1. Tailor the tube of a disposable venous infusion needle to make a soft suction tube, which 128 
will be used in the bone-drilling stage. Make several side holes at its distal end with scissors 129 
(Figure 1). 130 
 131 
3.2. Cut a small section of the tube of a disposable infusion set to make an electrodrill shaft 132 
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sleeve that will protect the lens of the endoscope during bone drilling. Fix the sleeve to the drill 133 
handle with a sterile transparent sticker (Figure 1). 134 
 135 
3.3. Put the distal end of the soft suction tube (with the side holes) into the tympanic cavity, 136 
and connect the other end of the tube to a vacuum aspirator. 137 
 138 
3.4. Execute bone drilling in an inside-out direction starting from the posterior part of the 139 
scutum. 140 
 141 
NOTE: Here, a 1.8 mm diamond burr is used in the beginning to avoid tearing the tympanomeatal 142 
flap. After removing the posterior part of the scutum, lesions around the incudostapedial joint 143 
can be fully exposed. Drilling of the posterior lateral attic wall can be expanded If the lesion 144 
cannot be removed entirely.  145 
 146 
3.5. Instruct the assistant to irrigate the meatus of the EAC with saline continuously. 147 
 148 
NOTE: If necessary, additional clearance of bone sludge can also be done intermittently with the 149 
surgical suction tube. 150 
 151 
3.6. Remove the anterior part of the lateral attic wall by bone drilling if the lesion extends 152 
anteriorly. 153 
 154 
NOTE: The malleus head can be removed to facilitate the lesion removal. 155 
 156 
3.7. Perform an extended atticoantrotomy if the lesion extends further into the antrum. 157 
 158 
NOTE: The whole attic and antrum can be opened to facilitate lesion removal. Sometimes, the 159 
direct approach can be applied to the retrotympanum to remove the lesion with minimal bone-160 
drilling5. In such an approach, the surgeon stands opposite to the affected ear and uses a 45° 161 
endoscope. The operating table should be tilted ~30° toward the surgeon to facilitate the 162 
introduction of the endoscope and the instruments. After lesion removal, lens fogging can be 163 
observed in some patients when the constant suction is stopped. This phenomenon will 164 
disappear if the tympanic orifice of the eustachian tube is blocked by a small piece of gauze. Of 165 
note, such a phenomenon could be used to assess eustachian tube function (fogging is a sign of 166 
good function). To observe this phenomenon, the balloon should not be too tight when 167 
endotracheal intubation is established. 168 
 169 
4. Reconstruction and closure 170 
 171 
4.1. Check the integrity and mobility of the ossicular chain after lesion removal. Correct 172 
ossicular abnormalities with various mature surgical techniques6. 173 
 174 
4.2. Harvest a large piece of tragus cartilage with perichondrium on both sides. 175 
 176 
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4.3. On one side, detach the perichondrium from the cartilage with a round knife, leaving the 177 
perichondrium on the other side to form a cartilage-perichondrium graft. Tailor the cartilage-178 
perichondrium graft for reconstruction.  179 
 180 
4.4. Use the cartilage-perichondrium graft and the perichondrium to reconstruct the lateral 181 
wall of the attic and the tympanic membrane. 182 
 183 
NOTE: If an extended atticoantrotomy is performed, part of the cartilage-perichondrium graft 184 
can also be used to reconstruct the posterior wall of the EAC. 185 
 186 
4.5. Tailor and reposition the tympanomeatal flap and the lateral-based skin flap; pack the 187 
EAC with a gelatin sponge. 188 
 189 
4.6. Suture the intercartilaginous incision and pack it with gauze. 190 
 191 
5. Postoperative management 192 
 193 
5.1. Administer intravenous antibiotics for 2 days postoperatively during hospitalization.  194 
 195 
5.2. Remove the dressing 2 days after the surgery, just before discharge. 196 
 197 
5.3. Apply oral antibiotics and ciprofloxacin drops for 2 weeks after discharge.  198 
 199 
5.4. Remove the stitches and the remaining gelatin sponge at the first visit, usually 7 to 10 200 
days after discharge. 201 
 202 
5.5. Organize future follow-ups according to the pathology and type of surgery. 203 
 204 
REPRESENTATIVE RESULTS:  205 
From April 2020 to August 2020, the senior surgeon performed endaural exclusive endoscopic 206 
atticoantrotomy on 11 patients using the above-mentioned constant-suction bone-drilling 207 
technique. The patients’ characteristics are described in Table 1. There were 10 men (90.9%) and 208 
1 woman (9.1%). The patients’ age ranged from 9 to 63 years, with a mean age of 41 years. Most 209 
of these cases were cholesteatoma (8 cases), followed by chronic suppurative otitis media (3 210 
cases). Of the 8 patients with cholesteatoma, the most common sites of involvement were attic 211 
(n=8, 100 %), followed by antrum (n=7, 87.5%) and tympanic cavity (n=3, 37.5%).  212 
 213 
Intraoperative ossicular chain reconstruction was performed in 8 cases (72.7%) using methods 214 
including titanium partial ossicular replacement prostheses (4 cases) and titanium total ossicular 215 
replacement prostheses (4 cases). The results of short-term follow-up seem promising. Until the 216 
revisit at 3 months after the surgery, no sign of recurrence was noticed by clinical examination. 217 
However, the results of long-term follow-up are still unclear, which indicates further investigation 218 
is still needed. 219 
 220 



   

6 
 

With respect to the hearing outcome, a better postoperative air-bone gap (ABG) was observed 221 
in 5 patients, no significant change was observed in ABG in 5 patients, and a worse postoperative 222 
ABG was noted in 1 patient. The postoperative facial nerve function was normal in all the 223 
patients. No other complications were noticed postoperatively. The photographs of typical cases 224 
are shown in Figure 2.  225 

 226 
FIGURE AND TABLE LEGENDS:  227 
Figure 1: Tailoring of a disposable infusion set and venous infusion needle and modification of 228 
electrodrill handpiece. (A) The disposable infusion set and venous infusion needle before 229 
tailoring. (B) The components cut out of the disposable infusion set and venous infusion needle: 230 
(a) electrodrill shaft sleeve, which is fixed on the handpiece with a sterile transparent sticker, (b) 231 
the soft suction tube, which will be inserted into the tympanic cavity, (c) side holes on the suction 232 
tube.  233 
 234 
Figure 2: Typical cases. (A) Axial CT image of one patient shows cholesteatoma (arrowhead) in 235 
the attic and antrum. Note that the extent of the lesion goes beyond the imaginary line that 236 
bisects the lateral semicircular canal. (B) Establishment of constant-suction bone-drilling 237 
technique. Arrow indicates the soft suction tube; arrowhead indicates the electrodrill shaft 238 
sleeve. (C) The operative cavity of the same patient in (A) after completion of the endaural 239 
endoscopic atticoantrotomy. (D) Preoperative endoscopic image of the tympanic membrane. (E) 240 
Endoscopic image of the tympanic membrane of the same patient in (D) at 6 months after the 241 
operation. (F) One month after the surgery, the endaural incision (indicated by the arrowhead) 242 
is almost invisible. Abbreviations: CT = computed tomography; et = eustachian tube; hs = head of 243 
stape; ct = chorda tympani; fn = facial nerve; lsc = lateral semicircular canal. 244 
 245 
Table 1: Characteristics and short-term outcomes of patients who underwent endaural 246 
endoscopic atticoantrotomy with the constant-suction bone-drilling technique. Abbreviations: 247 
M = male; F = female; R = right; L = left; CSOM = chronic suppurative otitis media; TORP = total 248 
ossicular replacement prostheses; PORP = partial ossicular replacement prostheses; ABG = air 249 
bone gap. 250 
 251 
DISCUSSION:  252 
Since the introduction of the endoscope in middle ear surgery in the 1990s7,8, endoscopic ear 253 
surgery has gained great popularity around the world. This is partially because the endoscope 254 
can provide high-quality images and help visualize poorly seen structures such as the 255 
hypotympanum and sinus tympani. Moreover, the EAC, which is a much more direct and natural 256 
approach than the retroauricular approach to the middle ear, confers the advantages of less 257 
trauma and quick recovery. The accompanying video provides a detailed protocol of endaural 258 
exclusive endoscopic atticoantrotomy using a constant-suction bone-drilling technique adopted 259 
at this hospital. The procedure mentioned above is an endoscopic modification of the inside-out 260 
transmeatal mastoidectomy (retrograde mastoidectomy), which has already been developed in 261 
the microscope era9,10. In the current technique, we retain the advantages of the primary 262 
microscopic inside-out technique, such as a direct and natural approach, less bone removal, and 263 
following the lesion along the direction of its growth. The use of the endoscope eliminates the 264 
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original disadvantages such as inadequate exposure and limited visualization. 265 
 266 
The surgical technique mentioned above provides an endoscopic solution to various middle ear 267 
lesions, especially different degrees of cholesteatoma. Bone drilling can be gradually expanded 268 
safely by following the pathology from the tympanic cavity to the attic and the antrum. 269 
Cholesteatoma in the tympanic cavity is first recognized after the elevation of the 270 
tympanomeatal flap. If the lesion extends superiorly through the tympanic isthmus to the attic, 271 
the posterior part of the scutum can be removed first. If the cholesteatoma cannot be removed 272 
entirely, drilling could be expanded posteriorly and superiorly toward the aditus and the 273 
posterior part of the attic. If the lesion further extends anteriorly, the atticotomy could be 274 
expanded by drilling the lateral attic wall anteriorly to expose the malleus head. In case of further 275 
posterior extension of the cholesteatoma into the antrum, drilling is continued posteriorly along 276 
the tegmen tympani and tegmen antri, with a typical atticoantrotomy being performed. In 277 
summary, the extent of endaural endoscopic atticoantrotomy (retrograde mastoidectomy) is 278 
flexible and based on the requirement.  279 
 280 
In the authors’ department, this technique is mainly used in selected patients with cholesteatoma 281 
confined to the attic and the antrum, especially in the ones with sclerotic mastoid. This surgical 282 
technique can also be used to enlarge the posterior bony part of the EAC, which is quite helpful 283 
for some patients with EAC stenosis. Currently, bone drilling is a key technical challenge of 284 
endoscopic middle ear surgery. This is mainly due to the narrow feature of the EAC, which makes 285 
it almost impossible to insert multiple instruments simultaneously. In addition, the surgeon must 286 
hold the endoscope constantly in one hand, making drilling while irrigating quite difficult. When 287 
drilling is required, some surgeons advocate switching to a microscope to enable the use of both 288 
hands. Several drilling techniques have also been developed for endoscopic middle ear surgery, 289 
such as drilling in a watered field and the "chopstick" technique5,11.  290 
 291 
In this video, we show methods to achieve bone drilling while irrigating and suctioning at the 292 
same time. This technique has several advantages. First, it is a simple but efficient method. After 293 
establishing a tiny endaural incision and simply modifying the electrodrill handpiece, the 294 
traditional otological electrodrill can be as effective as the specially designed microdrill or an 295 
ultrasonic bone curette for bone removal in endoscopic middle ear surgery. Second, the suction 296 
tube placed in the EAC is soft and flexible, providing great agility and maneuverability that 297 
facilitates operation in tight spaces. Finally, the soft sleeve around the drill shaft is also quite 298 
useful. It can prevent the high-speed rotating shaft from damaging the lens of the endoscope. 299 
Thus, the drilling technique mentioned in this paper is practical and efficient and can be 300 
successfully adopted in endoscopic middle ear surgery. 301 
 302 
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No Sex age side lesion extent
Ossicular chain 

reconstruction
ABG preoperative ABG 3 months later

1 M 33 R cholesteatoma tympanic cavity,attic,antrum TORP 34 20

2 M 47 L cholesteatoma attic,antrum TORP 32 22

3 M 28 L cholesteatoma tympanic cavity,attic,antrum TORP 38 43

4 M 59 L cholesteatoma tympanic cavity,attic,antrum PORP 27 22

5 M 62 R CSOM tympanic cavity,attic,antrum not reconstructed profound deafness profound deafness

6 F 53 L CSOM tympanic cavity,attic,antrum not reconstructed 25 15

7 M 33 L cholesteatoma attic,antrum PORP 43 23

8 M 9 L cholesteatoma attic,antrum PORP 20 21

9 M 41 L cholesteatoma attic TORP 10 34

10 M 28 L cholesteatoma attic,antrum not reconstructed 10 13

11 M 63 R CSOM tympanic cavity,attic,antrum PORP 45 23
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Material Company Catalog Number Comments

Bipolar electrocoagulation Hutong GD350-B

Curved dissecting scissors Jinzhong

Disposable infusion set and venous infusion needle KDL

Endoscopes: 3 mm diameter, 15 cm length, 0° and 45° Karl Storz

BASCH Micromotor/PM 1600207-001 Handpiece Bienair High-speed electrodrill

No 11 bland and its handle Jinzhong

Otological microsurgical instruments Tiansong

Self-retaining retractor Tiansong

Toothed forceps Jinzhong

Video Equipment (HD screen; CCD camera; Xenon light source) Karl Storz
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Bone drilling is technically challenging during endoscopic ear surgery EES. Lots of 
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stone during EES but whenever excessive drilling as for atticoantrotomy shifting to the 

microscope was the rule. The addition of powered instrumentation added much to the 

field of EES though the cost and availability were of major concern. The authors in this 

project provide a practical and easy to find equipment and techniques that will make 

him achieve his goal efficiently and safely. 

I see the work is clear and practical. It provide simple maneuvers that can help 

significantly during EES specifically when bone drilling is needed. The simple practical 

tips that authors presents provide valuable techniques that can help reducing risks of 

trauma not only to the surrounding tissue specifically middle ear and tympanomeatal 

flap but also to the endoscope lens. 
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The number of cases he presented are very limited. I strongly encourage him to continue 

his technique because with time many pitfalls appears. The idea of placing a small 

suction tube in the middle ear though looks practical but it not always easy or simple. 

The end aural incision is very practical but if the pathology shows to be markedly 

extensive, you may still need to shift to microscope and possibly post auricular incision. 

That is why I mentioned the number of cases that the protocol was based on. May be if 

you consider this technique based on case selection you will avoid this issue. 

The reviewer’s concern is quite rational. The indications of our technique have bee 

emphasized in the revised manuscript to avoid further misconceive.  
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