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BACKGROUND: The aim of this article is to assess the efficacy of esterified hyaluronic acid as a barrier to formation of adhesions and improve-
ment of tympanomastoid ventilation.

METHODS: A prospective cohort analysis was performed at a tertiary referral centre. 126 ears were analysed in children with cholesteatoma. 
Esterified hyaluronic acid was placed on the promontory of 63 ears at primary canal wall intact surgery for cholesteatoma. No esterified hyal-
uronic acid was used in 63 control ears. Cholesteatoma recurrence, histopathological analysis of scar tissue following second-stage procedure, 
and middle ear pressure were the main outcome measures.

RESULTS: At 5 years, esterified hyaluronic acid (7%) and non-esterified hyaluronic acid (10%) did not differ in cholesteatoma recurrence (Kaplan– 
Meier log rank analysis, P = .52). Esterified hyaluronic acid (n = 11) and non-esterified hyaluronic acid (n = 2) ears formed scar at the site of packing 
material (n = 11) (Fisher’s exact test, P = .04). Foamy histiocytes/macrophages were found in esterified hyaluronic acid (n = 15) and non-esterified 
hyaluronic acid ears (n = 1) (Fisher’s exact test, P < .001). Middle ear pressure was measurable in 32/43 (74%) esterified hyaluronic acid ears and 
36/52 (69%) non-esterified hyaluronic acid ears (P = .58, chi-square test). Median post-operative middle ear pressure in esterified hyaluronic acid 
(– 115.0 daPa) and non-esterified hyaluronic acid ears (– 85 daPa) did not differ significantly (Mann–Whitney U-test, – 30.0 daPa, P = .33). Middle 
ear pressure was normal (> – 125 daPa) in 44% (14/32) esterified hyaluronic acid ears and 42% (15/36) non-esterified hyaluronic acid ears (P = 1.0, 
Fisher’s exact test).

CONCLUSIONS: We have discontinued the use of esterified hyaluronic acid in cholesteatoma surgery due to lack of detectable benefit. Esterified 
hyaluronic acid in the middle ear neither reduces cholesteatoma recurrence nor appears to improve the ventilation of the middle ear. Furthermore, 
esterified hyaluronic acid alters the inflammatory process within the middle ear, the significance of which remains unclear. 
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INTRODUCTION
A failure to maintain middle ear gas pressure close to atmospheric pressure leads to tympanic membrane dysfunction: negative 
pressure is associated with tympanic membrane retraction which can progress to cholesteatoma. Obstruction of the ventilation 
pathway between the meso- and epitympanum can cause pars flaccida cholesteatoma because net gas absorption across mastoid 
mucosa cannot be replenished by Eustachian tube opening.1,2 Conceivably, mucosal adhesions blocking ventilation between the 
protympanum and the rest of the middle ear could also cause pars tensa cholesteatoma. Scarification and formation of mucosal 
adhesions after cholesteatoma surgery can thus obstruct normal tympanomastoid ventilation leading to recurrent cholesteatoma. 
With adequate Eustachian tube function to compensate tympanomastoid gas absorption, prevention of mucosal adhesions should 
prevent cholesteatoma recurrence.

Absorbable gelatin sponge (AGS) is commonly placed in the middle ear to provide temporary support to tympanic membrane grafts, 
but animal model studies and clinical reports have raised concern that this can contribute to adhesion formation.3-5 Hyaluronic acid 
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(HA) is a high-molecular weight polysaccharide involved in wound 
healing. When used as a temporary middle ear support for tympano-
plasty, it provides no beneficial effect on outcome,6 possibly because 
it drains down the Eustachian tube within hours,7 but when added to 
AGS causes fewer adhesions than AGS alone.8 Solid derivatives of HA, 
including an esterified hyaluronate acid (eHA) lamina, intended to 
disperse more slowly from the middle ear have been shown to cause 
less scarring in animal models than AGS.9-13 It is not clear from these 
reports whether eHA causes less scarring than avoidance of any mid-
dle ear packing or whether it may be beneficial for outcomes from 
cholesteatoma surgery. This study investigates the impact of eHA in 
the middle ear on middle ear pressure (MEP), as a measure of middle 
ear ventilation, histopathological findings, and recurrent disease rate 
after surgery for cholesteatoma.

MATERIALS AND METHODS
Ethical approval for this study was granted by the hospital’s Research 
Ethics Board. Patients with cholesteatoma were identified from a 
prospectively collected consecutive dataset of a single surgeon 
in a tertiary referral centre. Inclusion criteria were set to maximize 
focus on the study objectives and minimize the effect of other vari-
ables on outcome in this non-randomized controlled study. Ears 
which underwent primary surgery for cholesteatoma with an intact 
canal wall approach were selected for consideration of inclusion. 
Surgeries included were categorized using the International Otology 
Outcomes Group criteria for mastoid and middle ear surgery; the 
stage of surgery (S), approach (A), mastoidectomy (M), external ear 
canal reconstruction (E), obliteration (O). Ears included were S1, Aany, 
Mx, M1a, M1b, M2a+E2 or M2b+E2, Ox.14

Intervention
The intervention group included 63 ears operated between June 2006 
and February 2009 at which time eHA sheeting (EpiFilm® Otologic 
Lamina; Medtronic, Minneapolis, Minn, USA) was placed between the 
reconstructed tympanic membrane and the promontory with the 
aim of preventing formation of adhesions (Supplementary Figure 1).  
On occasion, eHA was also placed to line the tympanic isthmus 
with the same objective of preventing adhesion formation. For rea-
sons that were not recorded, eHA was not used in 17 cases during 
this time period. These, and 1 case in which use or non-use was not 
recorded, are excluded from the study. Esterified hyaluronic acid was 
used in 3 canal wall down cases during this time period, but these 
were excluded as having other physiological influences on the prin-
ciple outcome measures. Use of eHA was discontinued in 2009 when 
its efficacy was questioned.15

The control group comprised an equal number of ears in which eHA 
was not used (non-eHA) from time periods either side of the inter-
vention group. In total, 14 were completed from January 2003 to May 
2006 and 49 between June 2009 and September 2010. Subsequent 
cases were excluded in order to reduce confounding variability that 
might otherwise be introduced by other uncontrolled variables sec-
ondary to evolution of surgical practices (e.g., a tendency to larger 
atticotomy defects, different methods of scutum reconstruction, use 
of mastoid obliteration).

In both groups, tympanic membrane defects were repaired with 
temporalis fascia or tragal cartilage. Scutum defects were repaired 

with bone paté or cartilage. A small amount of AGS (Gelfoam, Pfizer,  
New York, NY, USA) was placed in the middle ear space in 5 eHA cases 
and 12 non-eHA cases to provide support to the graft or eHA posi-
tion. Ear canals were packed with bismuth iodoform phosphate paste 
(BIPP) on ribbon gauze. Antibiotic prophylaxis was not given. Second-
stage surgery was performed by the same surgeon to screen for 
residual cholesteatoma typically 1 year after primary surgery in cases 
considered at risk (from matrix friability or extent), after detection of 
recurrent cholesteatoma or for elective ossiculoplasty. This included 
re-opening of the middle ear and resection of any mucosal adhesions 
or scar. Any residual or recurrent cholesteatoma was excised and, with 
mucosal adhesions or scar, sent for histological analysis. Analysis fol-
lowing hematoxylin and eosin staining was performed by a histopa-
thologist blinded to the objective of the study. Clinical reports were 
scrutinized for data relating to the aims of the study.

Main Outcome Measures and Analysis
The principle outcome measures were cholesteatoma recurrence, 
histopathological analysis of scar tissue following second-stage pro-
cedure, and MEP. The time until recurrence of cholesteatoma (i.e., 
cholesteatoma formed from new retraction of the tympanic mem-
brane) or time until completion of follow-up without recurrence was 
recorded for Kaplan–Meier survival analysis. Residual cholesteatoma 
(i.e., continued growth of remnants left after initial surgery) was not 
included in this analysis. In ears undergoing a second stage of surgery 
(either planned or revision for recidivism), the presence of middle ear 
adhesions was recorded qualitatively. The proportions of ears with 
adhesions and types of inflammatory cells noted in histopathologi-
cal analysis were recorded. Middle ear pressure was measured with 
tympanometry at the clinic visit nearest to 12 months after surgery. 
This time interval was chosen to allow maximal healing prior to sec-
ond-stage surgery. In order to include cases with flat tympanograms 
from middle ear effusion in the analysis, the primary outcome mea-
sure was determined a priori as the proportion of ears with normal 
MEP (>−125 daPa). When measurable, MEP was compared between 
groups with Mann–Whitney rank sum test. Preoperative MEP was not 
analyzed as in nearly all cases perforation, non-aerated middle ear, 
or discharge prevented accurate recording. Analysis was performed 
using R Studio software (R Core Team, 2018).

RESULTS
The eHA (median 10.3 years, range 2.7 to 17.3 years) and non-eHA 
(median 11 years, range 3.1 to 17.9 years) groups differed neither 
in median age (Mann–Whitney, P = .19) nor in gender distribu-
tion, where 42 eHA ears were male and 41 non-eHA ears were male 
(Fisher’s exact test, P = 1.0). The origin of cholesteatoma (Table 1) and 
surgical findings at primary surgery (Table 2) were not significantly 
different between eHA and non-eHA ears. Temporalis fascia was used 
to reconstruct 46/63 eHA ears and 26/63 non-eHA ears (Fisher’s exact 
test, P = .007). Cartilage graft was used in 12/63 eHA ears and 22/63 
non-eHA ears (Fisher’s exact test, P = .03). About 6/37 (16%) eHA and 
3/25 (11%) non-eHA ears had a perforation at second-stage surgery 
(Fisher's exact test, P = .72), and 2/26 (8%) eHA ears and 2/38 (5%) 
non-eHA ears that did not ungergo second-stage surgery had perfo-
rations at 12 months (Fisher’s exact test, P = 1.00). Pure tone air con-
duction (AC) threshold audiometry was complete preoperatively and 
at 12 months post-operatively in 107/126 (86%) ears. Median for tone 
AC threshold differed neither preoperatively (eHA median 35 dB HL 
(range 9 to 110 dB HL); non-eHA median 36dB HL (range 3 to 66dB 
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HL) Mann–Whtiney P = .88)) nor post-operatively (eHA median 35 dB 
HL (range 5 to 60 dB HL); non-eHA median 31 dB HL (range 10 to  
71 dB HL) Mann–Whitney P = .79)).

Middle Ear Aeration
At the clinic visit 12 months post-operatively, tympanometry was 
completed in 95/126 (75%) ears of which MEP was measurable 
in 68/95 (72%). Median post-operative MEP in eHA (32/43 (74%)) 
(−115.0 daPa) and non-eHA (36/52 (69%)) (−85 daPa) ears did not 
differ significantly (Mann–Whitney U-test −30.0 daPa, P = .33). Middle 
ear pressure was normal (>−125 daPa) in 44% (14/32) eHA and 42% 
(15/36) non-eHA (NS, Fisher's exact test) ears.

Status of Middle Ear Mucosa
Of those who had a second surgery, scar tissue was found and 
biopsied in 26/37 eHA ears (70% or 41% of all eHA cases) and 
17/28 in the non-eHA group (61% or 27% of all non-eHA cases) 
(Fisher’s exact test, P = .14). Scar tissue was found in the middle 
ear in 11 ears with eHA and 2 ears without eHA (Fisher’s exact test, 
P = .04). Scar was found in the mastoid, attic, and promontory in 
both groups.

Ears in which eHA was placed demonstrated foamy histiocytes or 
foamy macrophages (Figure 1A), a sub-class of histiocyte, in 15/26 

(57%) of cases as opposed to only 1/16 (6%) in the non-eHA group 
(Figure 1B) (Fisher’s exact test, P < .001). In 4 cases in the eHA group, 
foreign body giant cells had been found in the tissue biopsied at pri-
mary surgery. When these cases are excluded, significance remained, 
Fisher’s exact test, P = .02. Foreign body giant cells or foreign body 
reaction was seen in 8/17 (47%) of non-eHA ears, but 0/26 eHA ears 
(Fisher’s exact test, P < .001). Non-foamy histiocytes, chronic inflam-
matory cells, fibrous tissue, and dystrophic calcification were found 
in both groups (Figure 2).

Recurrent Cholesteatoma
Median follow-up for eHA ears was 4.6 years (0.1 to 11.6) and 4.9 years 
(0.2 to12.0) for non-eHA ears (Mann–Whitney U-test, P = 077). In total, 
57/126 (45%) of all ears, 28/63 (44%) eHA, and 29/63 (46%) non-eHA 
ears had been followed up in the outpatient clinic for more than  
5 years. At 5 years, there was a 7% recurrence rate in the eHA group 
and 10% in the non-eHA group (Kaplan–Meier Log Rank Analysis, 
P = .52) (Table 3) (Figure 3).

DISCUSSION
With average follow-up of 5 years, this study failed to find any benefi-
cial effect on recurrence or middle ear ventilation from eHA in cho-
lesteatoma surgery. Indeed, it appeared that scar formation was not 
reduced by eHA, and that atypical inflammatory cells were present in 

Table 1. Table Showing Frequency of Different Sites of Cholesteatoma Origin

Group
Origin of Cholesteatoma

Congenital Pars Tensa Pars Flaccida Pars Tensa & Flaccida Implantation Pre-Cholesteatoma

eHA 10 (16%) 30 (48%) 13 (21%) 1 (2%) 4 (6%) 7 (11%)

Non-eHA 7 (11%) 30 (48%) 15 (24%) 6 (10%) 1 (2%) 5 (24%)

Fisher's exact, P = .20. eHA, Esterified hyaluronic acid; non-eHA, non-esterified hyaluronic acid.

Table 2. Surgical Findings and Graft Choice at Primary Surgery

Group

Surgical Findings

EAONO/JOS Stage
Normal Mucosa

Graft Material

0 1 2 3 4 N/A Temporalis Fascia Tragal Cartilage

eHA 0 (0%) 13 (21%) 38 (60%) 6 (9.5%) 0 (0%) 6 (9.5%) 25 (40%) 51 (81%) 12 (19%)

Non-eHA 3 (5%) 12 (19%) 39 (62%) 3 (5%) 2 (3%) 4 (6%) 27 (43%) 35 (56%) 22 (35%)

Fisher's exact European Academy of Otology and Neurotology / Japanese Otology Society (EAONO/JOS) Stage, P = .67; Fisher's exact normal mucosa, P = .86; Fisher's exact graft mate-
rial, P = .03. eHA, Esterified hyaluronic acid; non-eHA, non-esterified hyaluronic acid.

Figure  1. (A) Section through biopsy at the site of previous HA lamina placement. The vacuolated areas of multiple foamy histiocytes are clearly visible 
(hematoxylin and eosin stain; 200× magnification of objective image). (B) Section through biopsy of mucosal scar tissue from the mastoid at a site where no HA 
lamina had been placed. Fibrous tissue is evident. No histiocytic reaction is evident (hematoxylin and eosin stain; 200× magnification of objective image). HA, 
hyaluronic acid.
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scar tissue at the site of eHA placement. The finding of these foamy 
histiocytes is of uncertain significance but has also been reported 
after placement of eHA in an animal model: in the rat middle ear, a 
“dense connective tissue, rich in collagen fibers with abundant fibro-
blasts” and “foamy macrophages undergoing degenerative changes” 
was found at 9 and 12 months.16 Biopsy of scar tissue at sites where 
the HA lamina was not used, such as within the mastoid, did not 
reveal a histiocytic infiltrate. This leads us to speculate that the HA 
lamina may not dissolve and be dispersed as expected but contrib-
ute to an altered inflammatory response. Application of mineral oil 
to the middle ear space has also been shown to induce an influx 
of macrophages in an animal model.17 Mineral oil is a component 
of BIPP ear canal packing, but as this was utilized in both eHA and 
non-eHA groups, we consider it an unlikely cause of the response in 
this study. Further research would be required to determine whether 
the vesicles contain breakdown products from ingestion of eHA by 
macrophages.

Studies relating to HA as a middle ear packing agent in animal mod-
els have focused on the safety in the middle and inner ear, effects on 
healing, and side effects of packing. Healthy middle ear mucosa has 
only a minimal reaction to HA, and its derivatives have shown less 
fibrosis in the middle ear than that found in AGS packing.9,18,19 The 
volume of retained product in guinea pig middle ear was also less 
after the middle ear was packed with eHA than AGS.19 When ABR 
recordings are assessed, no ototoxicity has been demonstrated, 
and ABR recovers to normal more quickly in guinea pigs packed 
with eHA than AGS.9,18 The impact of HA on the healing of trauma-
tized mucosa is less clear. Absorbable gelatin sponge soaked in 
HA has shown reduced formation of fibrous connective tissue and 

neo-osteogenesis in 1 study but new bone formation on the prom-
ontory in a second.8,11 In guinea pigs, eHA has also shown propen-
sity to cause neo-osteogenesis when placed into maxillary sinuses 
denuded of their mucosal lining.20 It is clear from animal studies that 
HA and its derivatives pose no risk of ototoxicity, but the-long term 
implications of its presence within the middle ear are unclear. While 
HA has shown some promise in reducing scarring, the evidence is 
equivocal for HA derivatives. The longest duration of follow-up is 
6 weeks which may or may not be a representative model for second 
look surgery at 12 months.

Clinical studies relating to the use of eHA and other HA derivatives have 
been limited and have focused on the use of eHA as a graft material for 
repairing tympanic membrane perforation, enhancing epithelisation 
of a mastoid cavity or use as a middle ear packing material.21-25 When 
used as a graft for tympanic membrane perforation repair, eHA alone 
appears to be ineffective,25,26 but a combination of eHA with fat graft 
results in similar closure rates to temporalis fascia or perichondrium 
grafts.27-29 Hyaluronic acid lamina when placed in varying concentra-
tions into the middle ear of patients undergoing perforation repair 
with or without ossiculoplasty has not demonstrated a benefit in per-
foration closure, appearance of the tympanic membrane or hearing 
outcomes 3 months following surgery.6 Esterified hyaluronic acid has 
been placed into the middle ears of patients undergoing canal wall 
down mastoidectomy for adhesive otitis media. The middle ear was 
either packed with eHA, cartilage, or a combination of the 2 packing 
materials with the eHA and combined packing showing an improve-
ment in both pure tone AC threshold and air bone gap. However, the 
patients in the trial also underwent ossiculoplasty with either partial 
or total ossicular reconstruction prosthesis, for which no allowance 
is made in reporting an improved hearing outcome.24 We have not 
found previous clinical evaluation of the effect of eHA on middle ear 
scarring and ventilation.

Study Limitations and Implications
It is conceivable that dissimilarities between the intervention 
and control groups could have obscured any benefits from place-
ment of eHA in this non-randomized study. Cartilage grafts were 

Figure  2. Histogram showing frequency of different histopathological 
findings in each group.

Table 3. Number of Ears Requiring Second Look Surgery and Findings at 
Time of Surgery

Group

Findings at Second-Stage Surgery

Not 
Required

No 
Recidivism

Residual Recurrent

eHA 26 (41%) 20 (32%) 15 (24%) 5 (8%)

Non-eHA 35 (56%) 13 (21%) 10 (16%) 8 (13%)

Fisher's exact test, P = .21. eHA, Esterified hyaluronic acid; non-eHA, non-esterified hyal-
uronic acid.

Figure 3. Kaplan–Meier curve showing time to recurrence in eHA and non-
eHA ears.eHA, Esterified hyaluronic acid; non-eHA, non-esterified hyaluronic 
acid. 
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placed more frequently in non-eHA ears, however the recurrence 
rate remained similar between eHA and non-eHA ears. Allocation 
to the eHA intervention may have been skewed by not placing it 
in 21% of potentially eligible cases during the study period. An 
attempt was made to minimize the effect of uncontrolled vari-
ables in this non-randomized study by limiting the control group 
to an equal number of similar surgeries from a similar time period 
and performing per protocol analysis. On the basis that equipoise 
is demonstrated in our MEP and recurrence rates, a randomized 
blinded controlled study could be justified to evaluate the effect 
of eHA more accurately. Future research would benefit from a 
systematic grading system for recording the site and extent of 
post-operative adhesions which was not available for this study. 
We have elected not to proceed with a further trial on the basis 
that the absence of any apparent benefit in this study would make 
it difficult to demonstrate a clinically significant or cost-effective 
benefit from eHA intervention. The uncertain implications of the 
atypical scar tissue found after eHA have also discouraged us from 
further clinical use.
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Supplementary Figure 1. eHA in place overlying the promontory prior to replacement of tympanomeatal flap. eHA, esterified hyaluronic acid.

Supplementary Figure 2. eHA ear at second stage surgery with fibrous tissue (star) highlighted in middle ear cleft requiring dissection and appearing to have 
left a remnant (arrow).


