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Abstract

Objective: This project aims to look at the Audiovestibular Physician’s practice at Salford and how closely it aligns with the gold standard guidelines set in the protocol lately published by the British Association of Audiological Physicians. 

Method: An audit was done retrospectively on 20 patients suffering from sensorineural hearing loss. As such, patient notes were utilised to ascertain which aetiological investigations have been completed and which were not. Any inadequacy in the aetiological work up has been dissected to help know the underlying reasons. 


Results: All patients had a thorough history taken and were comprehensively physically examined. 95% of patients underwent imaging in the form of MRI/CT. 80% received CMV testing. 75% underwent ECG testing. 60% received family hearing tests. Only 35% had ophthalmology examinations and 25% underwent urine and genetic testing. 


Conclusion: In some cases, the low compliance rates were due to the Audiovestibular Physician not ordering the investigation as part of the aetiological work up. This could be improved with the use of a dedicated checklist to act as an aid to the physician. Moreover, genetic counselling has been proposed to attempt to boost the compliance rates with genetic testing and similarly, leaflets briefing patients’ families about the importance of undergoing hearing tests themselves is another promising proposition to help improve the adherence rates.
Introduction

The number of children born with a hearing impairment is on the rise, and more than 1 out of every 1,000 children are now affected by this devastating syndrome(1). There is a lot of variability to this phenomenon, as more than 300 conditions can lead to different degrees of hearing impairment(2). Before delving into this subject further, the classification of the severity of hearing impairment needs to be discussed. The WHO has recommended the following categorisation of hearing loss:
	Grade and Degree of Hearing Impairment
	Mean Hearing Loss as Per Pure-Tone Audiogram
	Description of Implications it has on the Person

	0- None
	0-25 dB
	Very minimal hearing troubles

	1- Slight
	26-40 dB
	Trouble hearing soft speech

	2- Moderate
	41-60 dB
	Trouble hearing normal speech

	3- Severe
	61-80 dB
	Only hears loud speech

	4- Profound
	81dB or Higher
	No sounds, only vibrations


Figure 1: Grades of hearing impairment, as per the WHO. Adapted from (3).

Furthermore, hearing loss can be grouped into several types, according to the nature of the impairment and where it originates from. The ear itself is further divided into outer ear, middle ear and inner ear, as depicted in the figure below. They all contribute to the transmission of soundwaves to the brain. Hence, problems might arise in any of these areas. 

[image: ]Figure 2: This is a depiction of the ear’s structure. The outer ear consists of the auricle and external auditory meatus. The middle ear borders are demarcated by the tympanum, laterally, and the round window, medially. Last but not least, the inner ear consists of everything from the cochlea and beyond. Adapted from (4). 


Problems originating anywhere in the outer ear or middle ear lead to a hearing loss of conductive nature. This could be due to underdevelopment of the auricle or malformation of the bony structures in the middle ear, conditions named microtia and otosclerosis respectively(4). Hence, sound conduction along these structures is not achieved. On the other hand, problems associated with the structures residing in the inner ear and beyond, all the way to the cortex, belong to a group collectively referred to as sensorineural hearing loss. This type of hearing loss makes up the vast majority of congenital cases of hearing impairment, with perinatal infections as well as various genetic diseases, both of syndromic and non-syndromic nature, belonging to this group(5). Likewise, this disturbs the transmission of soundwaves to the brain, as transduction of signals into neural activity is not attained. Finally, a combination of conductive and sensorineural damage can present as hearing impairment of mixed aetiology, and is therefore referred to as mixed hearing loss(4,6). 

The early years of life are known as a sensitive period, where children start to familiarise themselves with their surroundings, by listening to sounds and linking them with certain notions or associations. Hearing impairment has profound implications as this phase of language acquisition and global development gets adversely affected. This demonstrates how much of a threat this national health problem poses to the population, and it’s pivotal that swift identification and early intervention is sought after, in order to prevent delays in speech and language development(7). Not only that, but also studies have signified how abnormal hearing dampens intellectual and emotional growth, reiterating how critical it is to locate such abnormalities as soon as possible and lessen the deteriorative impacts they might have in the long run(8).   Such identification programmes occur in the form of newborn hearing screening, which aims to pinpoint individuals with subpar hearing abilities, so that prompt management, either therapeutically or even in the form of educational programmes, is attained. All newborns should be offered screening in their first month of life, in which two automated tests are performed(9). One is the otoacoustic emissions test, which aims to measure vibrations normally produced by hair cells in the cochlea upon responding to sounds.  The other is auditory brainstem response test, in which electrodes are attached to the patient in attempt to record brainwave activity and determine whether it’s adequate or not(10).

Once a newborn supposedly fails the screening, a referral to an audiologist takes place who will perform a few tests to confirm both the type and degree of hearing loss. The audiologist will then work hand in hand with a paediatrician to eventually decide on a suitable management plan. At the same time, an Audiovestibular Physician will order certain investigations to get to the root of the hearing loss, in accordance with the recently updated guidelines published by the British Association of Audiological Physicians (BAAP) on the medical evaluation of infants with congenital hearing loss. The results of these aetiological investigations, as per the guideline, will certainly aid the medical team in coming to a conclusion with regards to the diagnosis and the ensuing management plan(11). 

Based on BAAP’s guidelines, Salford Royal Hospital designed a policy to be used locally within their trust. This protocol lays out different recommendations on the evaluation of unilateral permanent child hearing impairment (PCHI), bilateral mild-moderate PCHI and bilateral severe-profound PCHI.  These recommendations come in the form of phase 1 investigations, followed by phase 2 investigations if the need arises. The phase 1 investigations are as follows:
· History- to look for any risk factors such as the mother’s use of any ototoxic medications during the pregnancy period or the occurrence of a perinatal infection
· Physical Examination- to look out for any unusual facial features which could point to syndromic conditions associated with hearing impairment
· CMV Test- one of the most common causes of sensorineural hearing loss
· Family Hearing Tests- to look for any sign of familial inheritance
· Ophthalmology Exam – to look for any squints or refractive errors, or possible retinal problems in bilateral hearing loss cases
· Imaging- to look for any possible malformations within the ear or brain
· Urine Testing- to look for any haematuria or proteinuria that could indication the presence of a syndrome associated with hearing impairment (only in bilateral cases)
· Genetic Testing- particularly for the GJB2 and GJB6 genes (only in bilateral cases)
· ECG- to check the QT interval of people with evidence of vestibular hypofunction (only in bilateral severe-profound cases)

Furthermore, investigations listed under phase 2 could be ordered afterwards, if the Audiovestibular Physician deems there is a need for them. One of them is serology for viruses such as Toxoplasmosis, Syphilis, HIV and Rubella, as all of them are linked certain degrees of sensorineural hearing loss(12). Chromosomal studies, vestibular investigations, renal ultrasound, immunological antibodies and metabolic screens could all be sought based on a case by case basis. However, phase 2 investigations are beyond the scope of this study.

This is an audit looking at the degree of compliance from the Audiovestibular physician at Salford Royal Hospital with the gold standard practice set in BAAP’s protocol. The results of this audit will help the medical team at Salford know where they stand as far as their practice is concerned. Running the correct investigations from their behalf will assist the paediatricians in making the most informed decisions regarding the care of the child concerned, and that will definitely have positive implications in the long haul.











Method

Study design: This retrospective case study was performed via looking at electronic record notes as well as handwritten ones of patients under the care of the Audiovestibular Physician at Salford Royal Hospital. These notes include correspondence between various personnel in the healthcare team, including audiologists, paediatricians and radiologists amongst others. Upon analysing these documents, it becomes clear to see what investigations were offered. The audit takes into account the degree of the hearing loss, as well as whether it is unilateral or bilateral, as there are nuances in proposed investigations between them, as per the protocol. Subsequently, it has been noted as to whether the patient went on to receive the relevant test, or not, for various reasons that will be dissected later on in the results section of the report. 


Sample: The sample size is 20 patients suffering from sensorineural hearing loss. It contains patients who failed the newborn hearing screening test, or who initially passed it but then went on to suffer from hearing problems and therefore got referred to the Audiovestibular physician by the audiologist or GP. Moreover, only patients who have completed the evaluation process have been included. Patients who are still in the evaluation process or who are pending further evaluation have been excluded as they would not be eligible to take part in this audit. 

Fourteen (14) males and six (6) females make up this cohort, however, these numbers are not meant to represent the true ratio of children with sensorineural hearing loss of some extent. Among these 20 patients, there are twelve (12) cases of unilateral hearing loss while there are eight (8) cases of bilateral hearing loss, and likewise, these numbers are also not meant to reflect UK’s population figures as they are incidental and not a true representative of the actual population of children with sensorineural hearing loss. 


Outcome Measures: Salford Royal’s policy, based on BAAP’s guidelines, serves as a benchmark for this audit. The aim of this audit is to determine how the practice of the Audiovestibular Physicians at Salford Royal Hospital closely aligns with the protocol. As earlier mentioned, the protocol has separate guidelines for differing circumstances. That being said, it’s recommended to take a thorough history, physically examine, and order the following investigations for all those with unilateral hearing loss: family hearing test for 1st degree relatives, Cytomegalovirus test, imaging in the form of a CT scan of petrous temporal bones and a MR scan of the inner ear and internal auditory meatus, ophthalmology exam. In the case of bilateral mild-moderate hearing loss, patients should also undergo genetic testing and urine analysis. Last but not least, the protocol advocates ECG testing to be ordered by the Audiovestibular Physician as part of the first line aetiological investigations.









Results
The findings of this audit will be categorised into three distinct groups: unilateral hearing loss, bilateral mild-moderate hearing loss, bilateral severe-profound hearing loss, to reflect the practice in the clearest way possible. They will be discussed in this respective order.


Figure 3: A representation of the number of investigations completed, as part of the aetiological assessment, for patients with unilateral hearing loss.

As depicted in the figure above, the Audiovestibular Physician was able to complete the history-taking and physical examination parts of the aetiological assessment for all 12 patients with unilateral hearing loss. However, other parts appear to fall short, for various reasons. The compliance rates were 92% for imaging, 83% for CMV test, 75% for family hearing tests and 25% for ophthalmology input. As far as the CMV test is concerned, two patients were not able to have it done as they were born outside of the UK; one was born in Africa and the other was born in Syria. The one patient who did not receive imaging was actually offered the test but did not attend the appointment for personal reasons. For one patient, a referral was made for them to receive an ophthalmology test as well as arrange for their first degree relatives to undergo hearing tests, however there wasn’t any evidence of correspondence afterwards to show that these investigations have indeed taken place. The rest of the patients who did not receive either of these investigations did not get a referral to the relevant departments in the first place.


Figure 4: An illustration of the compliance figures for patients with bilateral mild-moderate hearing loss

The figure above highlights the aetiological assessment of the 4 patients with bilateral mild-moderate hearing loss included in this audit. Notably, there were 100% compliance rates with the comprehensive history-taking and physical examination aspects. However, on the other end of the spectrum lies the 0% compliance rate with completing genetic testing. On two occasions, it has been in fact offered to the patient but the patients’ parents themselves rejected it for the time being. Contrarily, it has not been offered to the two other patients. The compliance rates for the rest of the investigations were 75% for both CMV testing and imaging, 50% for family hearing tests and 25% for ophthalmology examination as well as urine dipstick testing. These investigations were not requested as part of the work up in the vast majority of the cases. However, there was one patient who supposedly had an MR scan, a urine dipstick and a family hearing test for first degree relatives all arranged, but there wasn’t any evidence of follow-up. Furthermore, the one patient who did not receive CMV testing was over 11 years of age, rendering it out of the physician’s hands.


Figure 5: A visual aid showing the adherence rates for completion of aetiological investigations for patients with bilateral severe-profound hearing loss.

As denoted by the figure above, all 4 patients with bilateral severe-profound hearing loss underwent imaging, were physically examined and had histories taken from them during consultations. There was a 75% compliance rate with CMV testing, as it was not possible in one instance due to the patient being over 11 years of age.  Likewise, ophthalmology examinations and ECG testing had 75% compliance rates, with both not being ordered for one patient. There was a 50% compliance rate with genetic testing, with one patient not having it brought up to them during the consultation and the other had it arranged but there was no evidence of follow up and thus, it has not took place in both occasions. There was a low compliance rate of 25% with urine dipstick testing, and likewise, two patients had it arranged but there wasn’t any evidence of correspondence afterwards and one other patient did not receive it as it was not part of their work up. Last but not least, family hearing tests had a similar low rate of 25%, with one patients’ parents declining it and a further two patients had it arranged but failed to attend for unknown reasons.

The aetiological investigations have proved to be fruitful on some occasions, as aetiologies were found in 11 patients. Three patients were found to have a congenital CMV infection, and one patient’s mother had contracted German Measles, also known as Rubella, during pregnancy. Three patients had their aetiologies discovered, as part of the history-taking process; two patients were found to be born prematurely, and have stayed in the Neonatal Intensive Care Unit for a couple of weeks so that must have had implications with regards to the hearing loss. The third patient turned out to be a case of gentamicin ototoxicity, as it was a Cystic Fibrosis patient who was receiving an antibiotics course for recurrent infections. Two patients had their aetiologies identified through CT scanning, as one had bilateral partial cochlear dysplasia and the other had an absent left cochlear nerve as well as a maldeveloped cochlea as proven by the imaging. Lastly, two patients had neurological conditions; one of them had cerebral palsy and the other got diagnosed with Auditory Neuropathy Spectrum Disorder. The remaining 9 patients had unknown causations underlying their hearing impairments. 






















Discussion

Evaluation of Method
Due to the retrospective nature of this study, accurate auditing of practice in the workplace was plausible. In other words, all participants in the study including the Audiovestibular Physician himself weren’t entirely aware that there would be an audit taking place in the near future, and therefore, the findings are indeed a good reflection of the standard of work normally practiced at the centre. However, one drawback of this audit is that it only relies on adequate filing of correspondence between the personnel involved in the care of the children. Hence, any possible communication or arrangement for any recommended investigations that has not been documented was unfortunately left out.
Another thing to note is the small sample size of 20 patients. Although small sample sizes are known to decrease statistical power or significance of a particular study, the main aim of this audit was to look at how closely the practice of the Audiovestibular Physician at Salford closely aligns with the guidelines set in the protocol. The figures attained in this study are not supposed to reflect anything about sensorineural hearing loss and its incidence, so the prevalence of the different degrees of hearing impairment and the distribution amongst genders are not to be taken with any statistical significance.

Interpretation of Results
It is only appropriate to discuss one investigation at a time, look at the frequency of employing it and then analyse the reasons behind any insufficiency, both from the perspective of the physician as well as that of the patients and their families. 

Starting with the history and examination aspects of the assessment, the Audiovestibular Physician had a perfect compliance rate in all three sets of patients. Although some might belittle these investigations, they are absolutely pivotal in attaining the best clinical picture of the patient. Many symptoms and signs are picked up from taking a history and physically examining a patient, which undoubtedly helps the physician come to a diagnosis and a subsequent appropriate management plan for the patient. The comprehensive medical history must include enquiry about the gestation period and the general health both of that the mother and the infant. Detailed family history should be obtained as well, up to at least three generations, particularly questioning about hearing impairments and any known risk factors associated such as meningitis(13). As earlier stated, many dysmorphic features could also be picked up during physical examination and it is reassuring that the Audiovestibular Physician was able to perform both of these steps. 

Testing for the Cytomegalovirus is another crucial part of the aetiological assessment conducted on infants with sensorineural hearing loss. Out of the 20 patients requiring CMV testing, 16 patients eventually received it, giving an 80% compliance rate. After analysing the reasons, the test was actually not possible on all four patients lacking the test as part of their work up, proving that the Audiovestibular Physician is always requesting it whenever feasible. It is the most common environmental cause of congenital sensorineural hearing loss in developed countries, with the ability to cause both unilateral and bilateral hearing loss of severe to profound degree.  It should always be checked for regardless of the child’s health state, as most neonates seem healthy at first but then later on develop manifestations of the disease including progressive hearing loss(14,15). Prompt identification of the virus is ideal as it has been proven that apt initiation of antiviral therapy within the first month of life, specifically valganciclovir, for a period of 6 months could vastly minimise the deteriorative impacts on hearing(16). Along the same lines, prenatal antiviral therapy has great therapeutic potential as it is currently in the latter stages of clinical trials, but this is out of the scope of this study(17). 

Family hearing tests must be requested for all patients, and that involves inviting all first-degree relatives for audiological assessment. This assessments comes in various forms as hearing tests are age-specific, like the use of visual reinforcement audiometry for one to two year old children(18). Family hearing tests were successfully conducted with 12 (60%) patients’ family members having their hearing abilities formally assessed. The blame for this shortage lies both on the Audiovestibular team and the patients, as denoted by the case notes. One patients’ parents declined it as they felt it was futile, two failed to attend, a further two had it arranged but there wasn’t any follow up later, and the remaining three patients did not get it requested as part of their work up. Although 3 out of 20 is not a large ratio, it is absolutely essential to offer family hearing tests for 100% of patients, as the aetiological assessment is falling short. Not only does identifying other affected family members helps them receive the correct treatment themselves, but also it assists the physician in determining the inheritance pattern and hence, detecting possible carriers of genetic hearing loss. That being said, perhaps a leaflet briefing patients’ parents about the importance of family hearing tests is needed. This will in turn convince any reluctant parents undermining this test to undergo assessment of their hearing abilities, as that will have serious implications on any future familial plans they have(19).

Ophthalmology examination is an integral feature of the first phase of aetiological investigations. Any person with impaired hearing will undoubtedly start to heavily rely on visual cues during communication. Around half of children with permanent hearing impairment are found to have optical anomalies, ranging from squints and refractive errors to retinal problems(20), reiterating how vital it is to detect any abnormalities and address them promptly to not let the child’s progression with developmental milestones get affected. Moreover, eye examination provides valuable diagnostic evidence as it allows the physician to identify any possible syndromic associations. Rosenberg-Chutorian syndrome and Usher syndrome are two conditions involving hearing loss that could be associated with visual impairments, with the former linked with optic atrophy and the latter with retinal degeneration(21,22). Linking this back to the study, only a mere number of patients received this investigation, 7 (35%). This is a huge detriment to the aetiological assessment, as the physician might miss out on valuable information with both diagnostic and therapeutic relevance. After considering the case notes, the major reason as to why patients are not receiving this invaluable test is that no referral has been made. Hence, the blame lies on the Audiovestibular team as the protocol clearly states the need for a full ophthalmology assessment. Perhaps a dedicated checklist of investigations could help the team make sure the patients get referred to the relevant teams for the investigations to take place. Afterwards, the Audiovestibular team must make sure that their colleagues in the ophthalmology department are acting on this, as the insufficiency might be due to a communicatory problem. 

Neuroimaging has to be conducted on all patients, as there might be underlying abnormalities ranging from the inner ear structures possibly all the way to the inferior temporal gyrus, the cortical area responsible for processing auditory signals. Two imaging modalities exist, in the form of MR scanning of the inner ear and internal auditory meatus and CT scanning of petrous temporal bone. In terms of aetiology, the former is superior in detecting anomalies involving the auditory pathway, starting from the vestibulocochlear nerve leading up to the intracranial structures, such as cochlear nerve aplasia. Whereas the latter is better at locating bony malformations within the inner ear, such as an enlarged vestibular aqueduct that is seen in disorders such as Pendred syndrome and CHARGE syndrome, two conditions known to cause sensorineural hearing loss(23).  Although one would understand parents’ reluctance at having their child undergo neuroimaging, particularly with radiation exposure to their child during CT scanning and possible anesthesia risks if the MRI scan is done after 3 months of age, the benefits far outweigh the risks(24). Gladly, the parents do in fact acknowledge that, as proven by the numbers who underwent this investigation. There is a near perfect compliance rate with this crucial ‘Level 1 Investigation’, as 19 out of 20 patients underwent some form of neuroimaging and the only patient who didn’t receive one missed the appointment, meaning that a scan has been requested in all consultations. Some patients had scans with positive findings and thus confirmed their diagnoses, signifying how urgent it is to perform this investigation so that a suitable management plan gets underway as soon as possible. A testament to this is one of the patients in this study, who was found to have cochlear nerve aplasia through scanning, and this finding had huge implications as it is one of the absolute contraindications to cochlear implantation(25). 

When it comes to patients with bilateral hearing impairment, their urine has to be examined in the form of dipstick test, a simple non-invasive test of huge benefit. This is to look for any abnormal excretion of protein or blood, as these might provide an indication as to what the aetiology is. Common aetiologies associated with such findings include Alport Syndrome and Branchio-oto-renal Syndrome, also known as Melnick Fraser Syndrome. Kidney damage is present in both conditions, along with bilateral sensorineural hearing loss(26,27). If a patient’s urine sample is confirmed to have albuminuria or haematuria, the Audiovestibular Physician then proceeds to order a metabolic screen on blood and urine as part of the more specialised level 2 investigations to get to the root of the cause, but this is out of the scope of this study. With regards to urine testing and how often it gets completed as part of the aetiological work up, it has a really low compliance rate of 25%. Out of the 8 patients presenting with bilateral hearing loss, only a surprising number of 2 patients eventually had their urine tested. It is startling to get a number this low, considering how easily accessible this investigation is. Moreover, half of the patients who didn’t receive this test had it arranged as evident in the correspondence between the Audiovestibular Physician and the audiologist, yet there wasn’t any proof of follow up for one reason or another. The other 3 patients did not get this arranged as part of their aetiological assessment, highlighting a clear problem in the practice. Similar to the solution for the lack of ophthalmology input, a dedicated checklist could be utilised in this area as well in order to improve the practice, as urine testing has proved to be a crucial part in the examination of patients with hearing impairments of bilateral nature. 

Whenever patients present with bilateral hearing loss, a genetic origin should be suspected and as such, they should be tested for any possible genetic mutations responsible for the impairment. There are a myriad of genes implicated in hearing impairment, but the most prominent of them all are the GJB2 and GJB6 gene mutations, with both following an autosomal recessive pattern. Unlike syndromic causes, which manifest themselves with hearing loss amongst other symptoms, mutations in such genes lead to hearing impairment being the solitary symptom. Not all non-syndromic causes follow an autosomal recessive pattern of inheritance though, as 20% of them are autosomal dominant, X-linked or mitochondrial(28). With regards to the GJB2 and GJB6 genes and their autosomal recessive nature, patients often present with neither of their parents having issues with their hearing, so it is vital that these genes are tested for mutations. GJB2 gene mutations are more common though than its counterpart, with its most common mutation being carried by 1 in 40 British Caucasians(29). Testing for such mutations not only provides pertinent diagnostic evidence, but also guides management plans. It has been proposed that patients with GJB2 have better outcomes with cochlear implants than those without the mutations. Plus, studies have established a direct relationship between the early administration of cochlear implants and superior results in speech and language, with a particular cutoff age of 3.5 years(30). This signifies how it is of paramount importance that these investigations take place as soon as possible, without experiencing any delays in any phase of the referral process. 

Genetic testing was only done on 2 patients, leaving 6 others living in an uncertainty as to whether or not a genetic mutation underlies their hearing deficits. Like urine testing, it has a really low adherence rate of 25%. Among these six patients, two declined this investigation because their parents did not believe it’s a serious matter that needs to be looked at, so it wasn’t one of their priorities at the time of diagnosis. The other four patients have not been offered this investigation at all, meaning that the root of this low adherence to the protocol is multifactorial. The first factor is the lack of adherence to the protocol in terms of the management of patients, which could be improved with the use of a checklist, as previously stated.  The second and far more important factor is the common reluctance and unwillingness of patients to have their children tested for possible genetic mutations.  This stems from the anxiety they have because of the possible, serious repercussions that might follow a positive result, as it would grow huge concerns about the health of their child. Additionally, they might get a sense of guilt afterwards if one of them is a carrier(31). Therefore, they tend develop an avoidance coping strategy, which although might be psychologically better for themselves, could prove to be detrimental to their child’s state, as it undoubtedly affects the way the hearing impairment is approached with regards to management. This situation could be ameliorated with the introduction of genetic counselling, both before and after the testing(32). Prior to the testing, counselling could be delivered by nurses, who can educate parents on the significance of genetic testing and focus on the positive implications of it like the fact that early detection of abnormalities could vastly improve the prognosis of their child. As opposed to the more informative style beforehand, a larger emphasis would be placed on the psychological aspect when counselling parents afterwards, with a greater focus on providing support to those who get a positive test result. In more complex cases, nurses can always refer the patient to a geneticist, who would be more qualified to provide the suitable support to the family and answer any questions about the test result and what it would mean for them, both short and long term.

The last investigation to be considered in this study was electrocardiography, and it should only be offered to patients with severe or profound degree of hearing loss. This is particularly important as it would help diagnose and treat serious complications a patient with Jervell and Lange-Nielsen Syndrome might get. Patients that are diagnosed with this possible, deadly syndrome could present with bilateral, severe sensorineural hearing loss as well as sudden syncopal episodes. Upon investigating them, they would be found to have a prolonged QT interval on the ECG. Children with such findings would need to be reviewed urgently by a paediatric cardiologist(29). Other signs might be present that would aid physicians in their clinical judgement as to whether or not the child in question does indeed have this very rare condition found in 1 in 600,000 people. They include delayed milestones in motor development such as sitting and walking due to vestibular hypofunction, in addition to a family history of sudden death attributable to fatal arrhythmias. More than half of children with this syndrome who are left untreated go on to die before the age of 15, so it is profoundly important to rule it out with the assistance of an ECG whenever severe, bilateral sensorineural hearing loss is in question(33). With regards to the Audiovestibular team at Salford, they have managed to do so in 3 out of 4 cases, managing a compliance rate of 75% and the sole patient who didn’t receive it was clinically adjudged not requiring an ECG. The Audiovestibular physician deemed it unnecessary as the aetiology behind the hearing loss became apparent through history taking. It was a Cystic Fibrosis patient with a proven case of post-gentamicin ototoxicity, yielding a bilateral high-frequency sensorineural hearing loss, a typical adverse effect of this drug. Furthermore, it wasn’t offered because a recent one was in fact done on the patient and it was reported as normal. Ultimately, the Audiovestibular Physician had a high compliance rate with the electrocardiography investigation and therefore no recommendations are advised for the practitioner and his team. give

















[bookmark: _GoBack]Conclusion
This audit was completed with the aim of ensuring optimal care is provided to the patient. Retrospective inspection of case notes of 20 patients under the care of the Audiovestibular Physician at Salford was accomplished, and the aetiological work up for each patient was closely scrutinised against the defined standard set in the protocol. Upon completion, there are many conclusions to be drawn from this study.

There is a clear room for improvement in the means of completing the following investigations: Ophthalmology Examinations, Family Hearing Tests, Urine Dipstick Testing and Genetic Testing. Various solutions have been proposed but the main one comes in the form of implementing a dedicated checklist that will serve to standardise the level of care received by patients fulfilling the same criteria. Leaflets can be deployed to inform the patients’ families about the significance of having them undergo hearing tests. Likewise, genetic counselling both before and after genetic testing can be provided to and will serve to support patients and their families throughout the aetiological assessment process. 

These recommended actions, if effected by the Audiovestibular Physician and his team, will improve the adherence to BAAP’s protocol and will in turn improve the level of care. A further audit should be undertaken in the near future to measure the response to the outcome of this audit.
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Bilateral Severe-Profound Hearing Loss

Number	History	Physical Exam	CMV Test	Imaging	Ophthalmology Exam	Family Hearing Test	Urine Dipstick	Genetic Testing	ECG	4.0	4.0	3.0	4.0	3.0	1.0	1.0	2.0	3.0	
Aetiological Investigations Completed



Unilateral Hearing Loss

Number	History	Physical Exam	CMV Test	Imaging	Ophthalmology Exam	Family Hearing Test	12.0	12.0	10.0	11.0	3.0	9.0	
Aetiological Investigations Completed



Bilateral Mild-Moderate Hearing Loss

Number	History	Physical Exam	CMV Test	Imaging	Ophthalmology Exam	Family Hearing Test	Urine Dipstick	Genetic Testing	4.0	4.0	3.0	3.0	1.0	2.0	1.0	0.0	
Aetiological Investigations Completed
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