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Abstract
Stapes surgery for otosclerosis has been proved to be a very satisfying procedure. However, the condition is difficult for the patients with no or little hearing gain after surgery and for those who had sudden or gradual hearing loss after a successful air-bone gap closure in the follow-up period. The issue of re-exploring the middle ear is challenging. A general review of this subject from several points of view remains lacking. In this study, articles related with the revision surgery for otosclerosis have been reviewed after a PubMed research and common and/or contradictory points were documented. The aim of this study is to give an insight to diagnostic and therapeutic approaches for the clinicians in patients who need a revision surgery. In conclusion, prosthesis problems, loose prosthesis in stapedotomy and migrated prosthesis in stapedectomy are the most common causes for revision surgery. Most important indicators which effect better hearing outcome following revision surgery are those ears with the presence of incus, with no obliteration of oval window, with small fenestra stapedotomy and the experience of surgeon. The risk of neurosensorial hearing loss in revision cases is not high but the hearing gain is limited as compared to primary cases. The rate of 10 dB air-bone gap closure is around 60%-70% at most and even less promising results have been reported. Patient’s demands and expectations have to be clarified in a realistic way. 
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Core tip: It is very difficult for the patients with otos​clerosis having no or little hearing gain after surgery and for those who had sudden or gradual hearing loss after a successful air-bone gap closure in the follow-up period. The issue of re-exploring the middle ear is challenging. A general review of this subject from several points of view remains lacking. In this study, articles related with revision surgery for otosclerosis have been reviewed after a PubMed research and common and/or contradictory points were documented.
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INTRODUCTION
Revision surgery for otosclerosis is always difficult to decide and also challenging for both the surgeon and the patient. Difficulties of re-operation are higher and the success rate is less predictable. Before going back to the operating room, all related issues about the primary intervention (type of otosclerotic focus, facial nerve dehiscence, the length, diameter and the type of prosthesis, type of anesthesia, balance problem, graft for oval window, operation time, bleeding, the technique, type of laser, etc.) and about the patient (his age, occupation, his opinion about the secondary surgery, his current psychological status, hearing level, any possible cause for hearing loss, etc.) have to be looked at. The details which have to be reviewed before surgical planning are numerous. What type of anesthesia will be used, what if the revision side is the better hearing one, what if the patient has an associated balance problem. An option of hearing aid has to be frankly discussed with the patient. The aim of this review study is to enlighten this subject from its all aspects.

EPIDEMIOLOGY, INCIDENCE AND ETIOLOGY

The incidence of revision surgery for otosclerosis has been declined over the years. Major indications for re-exploring the middle ear are usually for patients who had no hearing recovery after stapes surgery at the early period or those who had sudden or gradual conductive or neurosensorial hearing loss in the long run. Revision surgery is also needed for patients with intractable or chronic and recurrent balance problems after surgery and no relief with medical treatment whether they have hearing loss or not. For those with stable and long term hearing loss, chance of hearing restoration is quite low. There seems to be no common understanding in the literature deciding the surgery in terms of hearing loss. Most surgeons are not willing to operate the patients with less than 20 dB air-bone gap and discrimination score less than 60%. Some of the air-bone gaps are very mild and could be resolved easily by medical measures. On the other hand, cochlear otosclerosis could be the main cause for those with slowly progressive sensorineural hearing loss and there is no indication for revision surgery. Cochlear otosclerosis causes progressive damage to the organ of Corti and stria vascularis. Venous congestion and abnormal blood circulation leads to hyalinisation of spiral ligament[1]. Ear drum looks like more reddish than it was before. Increased blood flow of the promontrium vessels gives a typical finding to the tympanic membrane, so-called “Schwartze sign”[2]. Linear perilabyrinthine decalcification as seen on the temporal bone CT scanning is diagnostic finding (Figure 1)[3]. 

Prosthesis dislocation from oval window, incus erosion and incus-prosthesis detachment, short prosthesis, postoperative fibrosis in the middle ear and re-ankylosis, perilymphatic fistula, insufficient fenestra and too tight prosthesis, footplate re-sclerosis, incus subluxation, facial nerve dehiscence and prosthesis friction, reparative granuloma, vestibular symptoms due to long prosthesis, malleus-incus fixation, neurosensorial hearing loss  are some of the main causes of revision surgery. However, the incidence of the causes for revision surgery has greatly changed over the years mostly due to the technique and the materials used for hearing restoration. One of frequent causes of revision surgery during the era of wire-gel foam or wire-adipose tissue prosthesis was perilymphatic fistula presenting with neurosensorial hearing loss and prolonged unsteadiness[4,5]. However, common causes of re-operation, more recently are due to re-fixation of prosthesis, prosthesis coming off the oval window for some reason, and incus necrosis presenting with gradual or sudden conductive hearing loss[6-10]. 

Fisch et al[11] have reported that in almost 80%-85% of cases, revision surgery is related with either prosthesis (too tight or fixed, too loose, too long, too short, bended, etc.) or oval window problems (fibrosis, narrowing, granulation tissue, new bone formation, fistula). In addition to problems like inadequate crimping of prosthesis to incus or prosthesis detachment or overlooked incus mobility problems, one of the most common causes of revision surgery is substantially incudo-mallear ankylosis or mallear-epitympanic fixation especially for patients who have limited hearing gain after primary surgery. For this reason, some clinicians claim that a malleo-stapedotomy or disconnection of malleus head after drilling attical bone could be necessary and superior canaloplasty incision should always be included during classic end-aural approach to inspect the anterior mallear ligament and incudo-mallear articulation, as well[11-13]. However, 46% incidence of incus-malleus ankylosis claimed by Fisch et al[11] had not been supported by others[14-17]. The incidence is about 2% for Lippy et al[18] and 10% for Causse et al[19]. On the other hand, histopathological investigations on fixed malleus head revealed normal bone or tympanosclerotic focus[20]. But, of course it has primary importance to control the mobility of incus and malleus during primary surgery. Some authors proposed Laser-Doppler-Interferometer to objectively distinguish otosclerosis and malleus fixation before the surgery[21]. A constant minimum 10 dB air-bone gap could always be present even after a perfect stapes surgery if such malleus problem is overlooked.

Malleus fixation can be an acquired problem due to tympanosclerotic process of childhood otitis media or it can be congenital. It can be found as an isolated problem in 80% of incidence. However, it may be associated with incudo-mallear fixation in 15% of cases[22]. However, its co-existence with otosclerosis is an interesting subject. Malleus fixation associated with otosclerosis was first reported by Guild[23]. Nandapalan et al[24] have found a kind of hyalinization process in anterior and superior malleal ligaments in 30% of otosclerotic temporal bones. This high incidence was not supported by other studies. Subotic et al[25] have reviewed 1108 normal temporal bones and reported 14 congenital malleus fixations. Oktay et al[26] have found no relation between hyalinization of anterior mallear ligament and otosclerosis. Vincent et al[22] have reported that 30% of patients with malleus fixation have a history of otitis media in the past. If it is a congenital abnormality, it should be related with an anomaly of Meckel cartilage during 7th month of fetal life probably due to cessation of resorption of some embryonic mesenchymal tissue[27]. Genetic aspect and the type of transmission is not clear although familial cases have recently been reported[28].

Probabilities for the presence of air-bone gap after primary surgery are listed below: (1) Middle ear stiffness: clots, too much gel foam in the middle ear, adipose tissue placed around the prosthesis could be the reason. But, they have a minor effect; (2) Eustachian dysfunction and associated ventilation problems: this is a temporary condition; (3) Problems of tympanic membrane: tympanic membrane which is not flexible yet, tiny perforations or restored ear drum with underlay fascia or perichondrium may affect hearing; (4) Edema of the external auditory canal: restoration of hearing is expected after resolution of the edema; (5) Immobile prosthesis: hearing gain is very little if the prosthesis is too tight in the oval window fenestra; (6) Loose prosthesis: the attachment of prosthesis to incus is too floppy; (7) Prosthesis out of oval window or too short prosthesis: there is no hearing gain. It is even worse; (8) Prosthesis with small caliber: little air-bone gap can be found; (9) Incudo-mallear ankyloses: sometimes, this is overlooked and again there is no hearing gain; (10) Partial dislocation (subluxation) of incus; incus can be dislocated, if it is forced too much during insertion of prosthesis. Air-bone gap is mild; (11) Oval and round window abnormalities: hearing gain could be very limited in case of obliterative otosclerosis; (12) Dehiscence of superior semicircular canal: one of the interesting clinical entity that may mimic otosclerosis is superior semicircular canal dehiscence[29-31]. Those patients have low frequency conductive hearing loss because of absorption of sound energy through the bony defect which is defined as “third window effect”. Stapes surgery will not restore the hearing in those patients. Therefore, patients with conductive hearing loss should be evaluated with temporal bone CT (Figure 2); (13) Otosclerosis with cavitations: hearing gain could be very limited due to “third window effect”[32]; (14) Large vestibular aqueduct: there is no enough air-bone gap closure because of “third window effect”[33]; (15) Pressure of dehiscent facial nerve: bulging facial nerve can press the prosthesis and can hamper its mobility; (16) Inner ear pressure: inner ear pressure can affect the mobility of stapes in cases with stapes gusher; (17) Meniere and otosclerosis: an attack of Meniere can lead to temporary hearing loss, even though it is very rare[34]; (18) Pneumolabyrinth: air in the labyrinth can cause limited gain, if too much perilymph is aspirated; and (19) Audiometric inaccuracy: technical problems (inadequate testing conditions, masking problems, etc.) or patients’ faulty guidance (too much tinnitus, medico-legal conditions, etc.) may lead to pre or postoperative faulty audiograms.
PATIENT COUNSELLING AND SURGICAL PLANNING

One of the important subjects before deciding a revision surgery is the patient’s demand and his expectations which have to be truly clarified in a realistic way. Hearing loss after primary surgery is very frustrating for both the patient and the surgeon. Surgeons experience has utmost importance. But, it is a mutual understanding that the risks are higher in revision cases. One of the first things to do is to calm down the patient, explain the situation and wait for a couple of months for a more reliable audiogram. The patient should be evaluated with temporal bone CT scanning and MRI during this waiting period. Age seems to be unimportant for decision making[35]. A detailed history of the patient is necessary. Every pieces of information should be explored before the surgery. Each steps of the primary surgery from the beginning or even the diagnosis of otosclerosis should be checked again, especially if there is no hearing gain or the gain is very little. Those are the main questions which have to be reviewed thoroughly: (1) What are the hearing level and word recognition scores before and after the primary surgery; (2) What is the operation time, the technique, (stape​dectomy/stapedetomy) and type of anesthesia? (If it is local, what are intraoperative hearing and balance findings?); (3) What is the age of patient, gender, occupation, associated health problems and date of diagnosis of otosclerosis; (4) What is the type of prosthesis, length and diameter; (5) What are the otosclerotic and the footplate findings; (6) How did the hearing loss happen (sudden, progressive, etc.)? What are the possible causes and associate symptoms? What is the duration from primary sur​gery and hearing loss; (7) How is the facial nerve, the graft over the footplate, any associated problem (bleeding, perilymph leakage, etc.); (8) How is the intra or postoperative balance; (9) What is the method used to open the footplate (laser, pick, drilling)? What are the particular findings (obliteration, floating footplate, fragile/thin footplate, etc.); and (10) What are the patient’s thoughts about the primary and revision surgery.

PROSTHESIS PROBLEMS (FIXATION-DISLOCATION) 
Prosthesis problems are generally related with lateralization of the prosthesis or prosthesis re-fixation at the oval window which are presented with conductive type hearing loss being more evident at higher frequencies[36]. Fibrosis around the oval window and re-stenosis may intervene with the mobility of the prosthesis. Fibrosis is mostly related with mucosal injury and foreign body reaction (silicone blocks, gel foam, wire prosthesis, etc.). A kind of soft tissue quickly coats the prosthesis and envelops all around it. However, its effect on hearing is questionable. Sim et al[37] have investigated the influence of postoperative tissue formation on sound transmission with laser Doppler and electron microscopy and have found that this is negligible. Hearing loss is pretty much related with re-stenosis and can be seen as early as a year after primary surgery. Nadol points out that new lesions can be related with drilling around the otosclerotic lesion. He recommends less possible drilling[8]. The incidence of extensive and obliterative otosclerosis is about 7%-11%[38-40]. Re-stenosis of oval window is one of the major problems. Sheehy reported that 10% of his revisions were because of oval window re-stenosis and 75% of them were primary obliterative cases[41].

The incidence of primary round window otos​clerosis is less than 1%[8]. However, round window narrowing and obliteration due to otos​clerotic focus extending from oval window have been found in 23% of cases. Therefore, it is an important precaution to always inspect the round window during primary surgery. On the other hand, round window abnormalities may mimic otosclerosis. Borrmann et al[42] have reported non-syndromal round window atresia with otosomal dominant penetrance in 2 members of the family. Identification of severe obliteration of round window will prevent unnecessary stapes surgery. However, what is best to do if the otosclerotic lesion is extending to the round window. Studies indicate an increased risk of neurosensorial hearing loss during cleaning process of round window[43,44]. 

It was commonly seen in revision cases of the earlier period that prosthesis displacement was mostly related with wire-gel foam and wire-adipose prosthesis. Prosthesis-incus attachment was somehow functional and often times, prosthesis sliding out of the intact incus was not case. On the contrary, dislocation was more common at the inferior side of oval window in which the stapedectomy was the common technique[14,15]. Prosthesis coming off incus while it is still in place at oval window in cases of stapedotomy is usually associated with incus necrosis or oval window re-stenosis. This is called as “lateralized piston” and is seen in 18.5% of stapes surgery revision[45].  

INCUS PROBLEMS

Incus problems can be seen with almost every types of prosthesis. Incus necrosis is not the result of reduction of vascular supply or mucosal disruption due to very tight holding of prosthesis as believed once but it is because of vibratory movements at the prosthesis-incus contact site due to flaccid prosthesis or re-stenosis of the oval window constricting the prosthesis[7]. Fibrosis or adhesions can also disturb synchronous movement of incus and the prosthesis and give rise to increase of friction and a kind of different phase of the piston movement[8,46]. This is known as “Loose-wire syndrome”. The characteristic sign is the short term improvement of patient’s hearing following Valsalva maneuver. 

The impact of incus necrosis on hearing after revision stapes surgery is not predictable. All techniques of ossicular reconstruction should be considered in case of incus necrosis. One option is to lengthen the long arm of incus with bone cement and secure the prosthesis if its movement in the fenestra is fine (Figure 3)[47]. However, if the long arm of incus is completely gone, if incus is luxated or head of malleus is fixed at epitympanium, surgeon must consider to by-pass the incus with or without removal of head of malleus (Figure 4)[48]. Placement of the prosthesis between the mobile malleus handle and stapes footplate or a TORP between the ear drum and oval window may be required[13,49]. If it is not possible to use any ossicles then TORP is the only option. Sheehy has reported that he had to use TORP in 20% of revision cases. He had 64% of 10 dB air-bone gap closure and 95% of 20 dB air-bone gap closure[49]. Prosthesis can be inserted to malleus anterior or posterior to the processus brevis without stripping the ear drum from malleus handle. Attachment of the prosthesis to the neck of malleus at the back of the processus is preferred. But, if fixed malleus head is resected then prosthesis is attached in front of the processus. Mangham et al[50] have compared the hearing results with incus vs malleus reconstruction and have reported that results of reconstructive procedures with malleus (with incus by-pass) are much better. Ghonim et al[51] have reported 10 dB air-bone gap closure in 58.3% of cases and 20 dB air-bone gap closure in 83.3% of cases in which malleus was re-located and incus was transferred between the malleus and footplate.

Malleus diameter is about 3.5 mm and fine attachment is very important. This will prevent prosthesis dislocation and excessive movement in the vestibule synchronous with the movement of the ear drum. Titanium clips and wire pistons are used for this purpose[52,53]. In case of narrow oval window, the wire prosthesis is angulated which has to be little bid far away from the upper part of the oval window where utriculus is located. Malleus-oval window pistons can provide 10 dB air-bone gap closure[22]. Hausler et al[54] proposed titanium malleus pros​thesis when ideal angulation and placement of wire prosthesis is not possible. Seidman and Babu reported considerable hearing gain in patients with incus-malleus fixation by epitympanic liberation of the malleus with laser and incus transposition without insertion of prosthesis and removal of malleus head[55].
OSSICULAR RECONSTRUCTION IN REVISION SURGERY

When the middle ear explored, one should pay much attention to long arm of incus, prosthesis-oval window relation, mobility of the ossicles and prosthesis and finally, should inspect the site of leakage in patients with vertigo. What the surgeon must do if there is nothing particular in the middle ear. Should he change the prosthesis, anyway or should he replace with the new one although the old prosthesis still looks good after restoration of the problem? Exchanging the prosthesis probably has least importance for additional hearing. However, Jahnke et al[56] have reported better hearing when they replaced the old one with titanium as compared those in which the old one was left (69.4% vs 76.2%). 

Laser is very effective in revision cases especially in those with extensive granulation tissue or fib​rosis[57,58]. Laser helps for less bleeding during surgery. However, it is important to remove the old prosthesis before using laser and not to shoot directly the prosthesis. Teflon prosthesis, silicone blocks could melt and get sticky, granulation tissue around the metal piston may increase the heat, hydroxyl-appetite could break. It has been reported that KTP laser is not suitable for patients with middle ear implant in the presence of blood and granulation tissue[59,60]. Haberkamp et al[57] have reviewed revision cases with or without CO2 laser and have reported that laser allows positive identification of the oval window and assures placement of prosthesis. However, its role on better hearing outcome is not clear. Silverstein et al[61] have found no difference in comparison of hearing outcome of patients following revision stapes surgery with and without laser. On the other hand, Wiet et al[62] have found better hearing outcome in those with laser surgery. 

HEARING RESULTS FOLLOWING REVISION SURGERY

It should be kept in mind that hearing restoration after revision stapes surgery is not as successful as primary surgery. The rate of 10 dB air-bone gap closure is around 60%-70% at most and even less promising results have been reported[7,63]. A realistic approach is to tell the patient that the chance of better hearing is about 60%, but also the hearing may not change or even may get worse. Pedersen have reported 17% worsening in a series of 186 revision cases[9]. Palva et al[64] have reported 23% worsening in 76 revision cases. Richards et al[65] have reported hearing loss in the counter lateral ear in some of the revision cases which was termed as “sympathic cochleolabyrinthitis”. The role of age in revision cases has been investigated, but no difference in hearing gain have been found between elder and young patients[26,66]. Glasscock et al[15] have reported that those cases with better hearing results following primary surgery also have better results following revision surgery. On the other hand, long term follow-up studies demonstrate that early hearing gains are prone to decline over the years. Lippy have reported that 72% air-bone gap closure rate drops to 50% in 10 years. Besides, those with multiple interventions have even worse results. Table 1 shows hearing results of several studies following revision surgery. The rate of 10 dB air-bone gap closure after revision surgery ranges between 39%-71%[3,4,7,11,12,14,38,67-74].    
REVISION SURGERY FOR POST-OPERATIVE BALANCE PROBLEM

Besides its audiological gain, stapes surgery also means an intervention to the closed labyrinth system. Patients usually have abnormal caloric responses lasting for a long time[75]. Increased utricular activity and dysfunction of sensorial organization have been documented by subjective visual horizontal test and posturography[76-78]. Decrease in perilymphatic amount, mechanical effects of aspiration, dryness, heat, prosthesis irritation, air or blood infiltrating to the vestibule and probable enzymatic reactions could possibly alter the micromechanics of the labyrinth. An irritative nystagmus beating toward the counter lateral ear is seen for 3-4 d following surgery which disappears in normal condition[79,80]. There is usually no relation with the transient vertigo and hearing gain after surgery. However, persistent nystagmus is indicative of chronic vestibular irritation. Vestibular exercises and medical therapy can provide relief of symptoms in some patients or symptoms may disappear with no obvious reason. Some patients get used to it. However, symptoms sometimes could be unbearable. One of the challenging problems is to decide for re-operation in patients with post-operative vertigo resistive to medical therapy and normal hearing. 
The most definite cause for prolonged unste​adiness is the presence perilymphatic fistula. The incidence is about 10% and is due to inad​equate sealing around the prosthesis in the oval window[12]. It is less seen in patients with oval window gra​fting[81]. Nakashima et al[2] have reported the incidence of perilymph fistula was 22% in patients with gel-foam sealing and 4% in patients with tissue sealing. Sheehy and Perkins have reported 3.5%, 1.9% and 0.6% of fistula rate with gel-foam, adipose tissue and fascia, respectively[38]. Tinnitus, aural fullness, neurosensorial hearing loss and vertigo which is more evident when the patients lie on the non-operated side or with Valsalva maneuver is found. Nystagmus as seen on tympanogram and pneumolabyrinth on MRI support the perilymphatic fistula[82]. Another possibility for post-operative balance problem is the irritation of long prosthesis which is presented with similar symptoms (Figure 5). Symptoms are worse with head movement and after Valsalva maneuver. However, hearing loss may not always accompany the vestibular problem. In less than 1% of cases, progressive hearing loss and vertigo could be related with reparative granuloma[83,84]. If medical treatment including anti-vertiginous drugs, prophylactic antibiotics, diuretics, steroids fails, the middle ear re-exploration is indi​cated. 

CONCLUSION

Prosthesis problems, loose prosthesis in stapedotomy and migrated prosthesis in stapedectomy are the most common causes for revision surgery. Most important indicators which effect better hearing outcome following revision surgery are those ears with the presence of incus, with no obliteration of oval window, with small fenestra stapedotomy and the experience of surgeon[9]. Obliterative cases have the worst outcome. Finally, the risk of neurosensorial hearing loss in revision cases is not high but the hearing gain is limited as compared to primary cases.
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Figure 1  CT appearance of cochlear otosclerosis. Note for perilabyrinthine decalcification (marked with arrows).
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Figure 2  Bilateral superior semicircular canal dehiscence of A and B (marked with arrows).
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Figure 3  Revision stapes surgery due to incus necrosis. Bone cement was used to reconstruct the incus. Titanium prosthesis was placed over the fixed incus.
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Figure 4  Ossicular reconstructions between the mobile malleus and stapes footplate fenestra if incus is not available due dislocation or extensive necrosis. 
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Figure 5  Temporal bone tomography with long prosthesis inside the vestibule (marked with yellow circle).
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Table 1  Studies regarding the hearing after revision stapes surgery


Ref.


�
No. of cases


�
10 dB AC-BC gap (%)


�
20 dB AC-BC gap (%)


�
�
Crabtree et al[67] 


�
  35


�
46


�
-


�
�
Sheehy et al[41]


�
258


�
44


�
71


�
�
Pearman et al[68]


�
  95


�
58


�
73


�
�
Derlacki[14] 


�
217


�
65


�
72


�
�
Glasscock et al[15]


�
  82


�
39


�
64


�
�
Bhardwaj et al[69]


�
120


�
   46.5


�
-


�
�
Lesinski[7]


�
  57


�
66


�
89


�
�
Farrior et al[6]


�
102


�
58


�
85


�
�
Langman et al[17]


�
  66


�
61


�
84


�
�
Somers et al[70]


�
332


�
40


�
64


�
�
De La Cruz et al[71]


�
356


�
   59.8


�
   77.5


�
�
Lippy et al[72]


�
483


�
71


�
-


�
�
Gros et al[73]


�
  63


�
   52.4


�
-


�
�
Babighian et al[74]


�
  78


�
54


�
-


�
�
Bakhos et al[10]


�
  89


�
52


�
 -


�
�
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