Tympanostomy tube otorrhea in children: prevention and treatment.
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Abstract

Purpose of review

One in two children treated with tympanostomy tubes experience episodes of otorrhea whilst their
tubes are in place. In this review we present the results of the most recent publications on

prevention and treatment of tympanostomy tube otorrhea (TTO).

Recent findings

Recent systematic reviews on water precautions for children with tympanostomy tubes support the
American Academy of Otolaryngology — Head and Neck Surgery guideline recommendation against

such preventive measures as there is no evidence that it protects against TTO.

Studies on tympanostomy tube design and material suggest that silicone tubes have a lower TTO risk
and that biofilms appear to be mainly located in the perpendicular junction of the T-tubes and the
round rims of the Paparella-type tubes. Another study shows that the biofilm-component DNAB-II
protein is present in otorrhea of half of children with TTO. Targeting this protein could lead to a

collapse of the biofilm structure and as such a potential new treatment for chronic TTO.

New systematic reviews show that antibiotic eardrops are the most effective first-line treatment of
acute TTO and suggest that an antibiotic-corticosteroid combination is more effective than antibiotic-
only. Although in many countries quinolone eardrops are the preferred choice due to being non-
ototoxic, one study found a higher risk of persistent perforation after tube extrusion in children

treated with quinolone eardrops as compared to children treated with aminoglycoside eardrops.

Summary

Recent evidence confirms that water precautions for children with tympanostomy tubes are not
effective in preventing TTO. Antibiotic-corticosteroid eardrops are the most effective treatment of

acute TTO.
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Introduction

Tympanostomy-tube placement is one of the most frequently performed surgical procedures in
children worldwide.! It’s main indications are recurrent acute otitis media (rAOM) and persistent
otitis media with effusion (pOME). Tympanostomy tube otorrhea (or ear discharge) (TTO) is a
common problem in children with tubes; one in two children experience one or more TTO
episodes.?? TTO is usually caused by otitis media, when middle ear fluid drains through the tube. It
can be accompanied by foul odor, pain, and fever and as such can affect the child’s quality of life.*
Acute tympanostomy tube otorrhea (ATTO) is defined as otorrhea for up to 2 to 8 weeks; when
otorrhea persists beyond that it is defined as chronic tympanostomy tube otorrhea (CTTO).
Postoperative TTO, occurring in the first 2 weeks after tympanostomy tube placement, is thought to
be associated with the surgery or the condition of the middle ear during surgery, rather than with a

new infection.

It is known that younger children and those receiving tubes for rAOM are at higher risk of TTO, and
so are those with a recent history of recurrent upper respiratory tract infections and having older

siblings.? Reports on the benefit of water precautions to prevent TTO have been inconsistent.®

In 2014 the first head to head comparison of the three most common approaches to the treatment
of ATTO, antibiotic-corticosteroid eardrops, oral antibiotics and initial observation, showed that
treatment with eardrops was by far most effective both clinically and economically.®’” Current

guidelines recommend topical antibiotics in children with ATTO.%°

The objective of this review is to present the most recent evidence on prevention and management
of TTO. We selected studies published between June 2016 and April 2018 and discuss their

implications for clinical practice.



Prevention

New studies on prevention of TTO focused on water exposure, tube design and tobacco exposure.

Water exposure

Many physicians still recommend water precautions for children with tympanostomy tubes despite
recent guidelines discouraging this practice.#'%! |n January 2016, shortly before our search window,
but relevant to this topic, Moualed et al. published a Cochrane Review including 2 RCTs of the
effectiveness of water precautions for prevention of TTO.> The first trial included 201 participants
and showed that wearing ear plugs reduces TTO incidence by only 0.36 episodes per year (95%Cl -
0.45 to -0.27). The second trial included 212 children and found no difference in TTO incidence
between those instructed not to swim or submerge their heads while bathing and those who did not
receive these instructions. A 2017 systematic review, commissioned by the US Agency for Healthcare
Research and Quality and also including non-randomized studies, showed similar results.*? Finally, a
2017 retrospective study comparing 116 children with tubes who were prescribed earplugs for water
protection to 27 children who did not receive earplugs neither showed a benefit regarding TTO

incidence or quality of life.13

Ricks et al. and conducted a laboratory experiment looking at water penetration of fresh, soapy,
chlorinated and sea water through four different tube types: Shah, mini-Shah, T-tube and titanium
bobbin.!* The mini-Shah tube appeared to provide the best protection against water penetration for
all agqueous solutions. Using the same model with the Shah-tube and to inform patients who wish to
dive, Ibrahim and colleagues compared the hydrostatic head required for water to pass through the
tube. ® They showed that soapy water required the lowest pressure to penetrate the Shah-tube,

distilled water the highest, and found no difference between chlorinated and sea water.

Tube design



In 2016, Tamir et al. demonstrated that in vitro growth of Pseudomonas aeruginosa biofilms on
tympanostomy tubes was mainly located in the perpendicular junction between the body and the
flanges of the T-tubes and in the round rims of the Paparella-type tubes.'® These zones can be future
target areas for changes in design or antibiofilm coatings of tubes to prevent recurrent or chronic

TTO.

In 2018, Knutsson et al. published follow-up data of their RCT of tympanostomy tubes of various
materials and shapes: fluoroplastic-short, silicone-short, fluoroplastic-long, silicone-long.'” They
randomized 378 children per ear to either one of these tubes so that most children received different
tubes in both ears. Time to first TTO episode was significantly longer for silicone tubes than

fluoroplastic tubes; the hazard ratio did not change when adjusted for tube shape.

Tobacco exposure

In a retrospective chart review of 191 children with tubes, Bizzell at al. studied the effects of tobacco
exposure on occurrence of TTO. A multivariable regression analysis with correction for age,
preoperative diagnosis, operative findings and duration of follow-up showed that exposure to
tobacco smoke was independently associated with TTO occurrence (odds ratio = 2.307; 95%-Cl: 1.734
—6.028). Although we would recommend counseling parents regarding the risks of exposing their
children to tobacco smoke in general, in the context of prevention of TTO the evidence is still up for
debate; this new study did not include relevant confounders and another previous study did not find

an independent association between tobacco exposure and TTO occurrence.?

Treatment

Recent publications include RCT’s of novel topical drugs to prevent postoperative TTO or treat ATTO,
systematic reviews on ATTO treatment, and studies on a potential new target for treatment of

biofilms in CTTO and on the complications of quinolone eardrops.



Postoperative TTO

The effectiveness of a single injection of a ciprofloxacin otic suspension into the middle ear during
tube placement in preventing postoperative TTO has been studied in three recent RCTS .2%?° Park et
al. present the results of two double-blind phase 3 trials including a total of 532 patients aged 6
months to 17 years who received the injection perioperatively versus tympanostomy tubes alone.®
The cumulative proportion of TTO on day 15 was lower in the treatment than in the control group:
23.0% vs 45.1%, age-adjusted odds ratio, 0.341; p < 0.001). This latter figure is much higher than the
incidence of postoperative TTO reported in observational studies, that is 10-20%, which could be due
to the close monitoring of participants in a trial setting.>®> Occurrence of adverse events including
pyrexia and postoperative pain was similar in both groups.

Dohar et al. present data on this new drug’s safety and postoperative TTO incidence in a ‘real-world
pediatric’ cohort of 501 children who received the single intratympanic injection of ciprofloxacin otic
suspension during tube placement.?’ The safety profile was similar as in the trials, but the
postoperative TTO incidence was with 8.8% much lower than the proportion found in the

beforementioned phase-3 trials.

ATTO

Recent systematic reviews of studies on the effectiveness of various treatments for ATTO have come
to the conclusion that antibiotic eardrops are most effective; regarding antibiotic-corticosteroid

eardrops conclusions vary.

In 2016, Venekamp et al. updated the Cochrane Review on management of ATTO.?! They included
nine RCTs with a total of 2132 children children who developed TTO at least two weeks after tube
placement; they found moderate to low-quality evidence that antibiotic eardrops (with or without a
corticosteroid) are more effective than oral antibiotics, corticosteroid eardrops and no treatment in

children with ATTO.



Steele et al. performed a network meta-analysis providing estimates for all pairwise comparisons of
management strategies, including those that have not been directly compared in the RCT’s they
included.?? Based on data from seven RCT’s, they found a probability of 77% that in daily practice
antibiotic-corticosteroid eardrops are superior over antibiotic only eardrops, oral antibiotics or no
treatment. Probabilities are 22% for antibiotic-only eardrops, 1% for oral antibiotics and 0% for no

treatment.

In 2017, Spektor et al. published two double-blind RCT’s (unpublished data of one of these was
included in the Cochrane Review) of a new antibiotic-corticosteroid eardrop;
ciprofloxacin/fluocinolone.?? 662 children with TTO for up to 3 weeks were randomized to the new
eardrops or ciprofloxacin only or fluocinolone only eardrops. Time to cessation of otorrhea was 4.23
days in patients receiving ciprofloxacin/fluocinolone eardrops compared to 6.95 days in those
receiving ciprofloxacin only and longer than 22 days (total duration of follow-up) in those receiving
fluocinolone only drops. They conclude that the combination of an antibiotic-corticosteroid eardrop

is more effective than an antibiotic only eardrop with regard to time to resolution of otorrhea.

Previous studies showed that antibiotic eardrops reach very high drug concentrations in the otorrhea
and low or absent serum drug concentrations and are therefore less likely to cause antimicrobial
resistance as compared to oral antibiotics.?> 2* As treatment with antibiotic-corticosteroid eardrops is
also clinically superior, less costly and avoids systemic adverse events, it should be first-line

treatment in children with ATTO.”

CTTO

Idicula and colleagues investigated the microbial composition and the presence of biofilm fragments
in 15 samples of children with persistent otorrhea and found that bacteria were present in 11
samples and 8 of these contained DNAB-II.% This is relevant because previous in vitro and animal

research has shown that targeting the DNAB-II protein of the biofilm could lead to a collapse of the



biofilm structure and this could therefore be a new target for therapy of chronic or recurrent

TT0.26%7

Complications

Systemic use of quinolones has been associated with detrimental effects on collagenous tissue.
Therefore, Alrwisan et al. assessed the incidence of persistent tympanic membrane perforations
(defined as perforations requiring tympanoplasty) after tympanostomy tube extrusion in a
retrospective cohort of 96,595 children with tympanostomy tubes who had been treated with either
neomycin/hydrocortisone, ofloxacin, ciprofloxacine/hydrocortisone or
ciprofloxacine/dexamethasone eardrops.?® In children treated with quinolone eardrops the incidence
was 17.3 per 10,000 person years as compared to 11.4 per 10,000 person years in those treated with
neomycin/hydrocortisone eardrops. Despite being higher in the quinolone group, the incidence of a
persistent perforation was very low which implies that clinicians need to balance this increased risk
against the risk of sensorineural hearing loss caused by non-quinolone antibiotic eardrops or the ear

infection itself.

Conclusion

Recent evidence shows that water precautions do not prevent children with tympanostomy tubes
from developing TTO. It is important that clinicians take note of this evidence and advise parents and

children accordingly.

The recommendation for eardrops as a first-line treatment in children presenting with ATTO is
supported by recent evidence. Antibiotic-corticosteroid drops appear to be more effective than

antibiotic-only drops.



Quinolone eardrops are linked to a higher risk of persistent perforation of the eardrum after
tympanostomy tube extrusion, though this risk needs to be balanced against potential ototoxicity of
non-quinolone antibiotic eardrops and the ear infection itself. The clinical relevance of this finding

however is up for debate.

Key points

e Water precautions do not protect children with tympanostomy tubes from developing TTO;

e Antibiotic-corticosteroid eardrop are most effective as the first line treatment of ATTOs.
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