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Investigation in the value of vertical access to the tympanic membrane from 
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A B S T R A C T   

Myringotomy is a well-accepted method for diagnosing and treating otitis media in dogs having an intact 
tympanic membrane. In a recent study, the contamination rate of middle ear aspirates from the external ear canal 
via myringotomy was 67%. To evaluate the iatrogenic contamination rate of the middle ear aspirates by material 
from the ear canal, using a novel technique: Vertical access to the tympanic membrane from beneath the patient. 
Thirty-six ears from 20 canine Fresh cadavers with a CT scan negative for otitis externa and otitis media were 
video-otoscopically flushed with the ear upside. The instillation of the fluorescent dye into the ear canal and 
immediate retrieval were performed. With the patient positioned on a custom-made fenestrated table plate, a 
modified video-otoscopically guided myringotomy approaching the tympanum vertically from underneath, was 
performed. Contamination rates were assessed by the visual detection of fluorescent dye within the aspirated 
fluid, either by yellow staining solely, or a positive fluorescence test. Cytology and microbial cultivation were 
accomplished. 

Middle ear sample contamination by the material from the ear canal was identified in 2 of 36 (5.55%) ears. 
Neither a change in colour nor fluorescence was detected in 34 of 36 (94.44%) middle ear samples. Sixteen of 36 
(44.44%) external ear canal samples and 4 of 36 (11.11%) middle ear aspirates had positive bacterial culture. 
This novel technique is a promising method for middle ear material collection in patients with concurrent otitis 
externa.   

1. Introduction 

Otitis externa (OE) is one of the most common diseases (7.5 - 16.5%) 
in small animal practice (Fraser, Gregor, Mackenzie, Spreull & Withers, 
1969). In chronic cases, it can extend to otitis media (OM) (Fraser et al., 
1969). According to Cole, Kwochka, Kowalski and Hillier (1998), a high 
percentage (82%) of dogs with chronic OE may develop concurrent OM, 
with the majority (71%) of reported cases having an intact tympanic 
membrane (TM) (Cole et al., 1998). Diagnosis of OM can be challenging, 
and a variety of diagnostic procedures has been reported. Cytological 
examination and microbial culture of middle ear cavity (MEC) contents 
sampled via myringotomy (Cole et al., 1998; Griffin, 2006; Shell, 1988). 
video-otoscopy (VO) and computed tomography (CT) or magnetic 
resonance imaging (MRI) are currently applied to diagnose OM 

(Belmudes et al., 2018; Classen, Bruehschwein, Meyer-Lindenberg & 
Mueller, 2016; Garosi, Dennis & Schwarz, 2003). For detection of 
middle ear disease, such procedures as radiography, ultrasound of MEC, 
tympanometry with handheld tympanometers, otoscopy and palpation 
of TM with a blunt probe, as well as virtual otoscopy were evaluated in 
canine ears (Classen et al., 2016; Hol, Walker, 1997; Little, Lane, 1989; 
Strain, Fernandes, 2015). CT scans have become widely available and 
currently are considered the gold standard for diagnosis of middle ear 
problems (Classen et al., 2016). Nevertheless, although as little as 0.1 
mL of saline could be detected within the MEC on CT scans according to 
a pilot study (Cole, Samii, Wagner & Rajala-Schultz, 2015), this tech
nique may occasionally overlook debris within the MEC (Cole et al., 
2015). 

Co-existing OM is an important cause for unsuccessful treatment of 
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OE (Lane, Little, 1986). OM is a well-recognized perpetuating factor of 
chronic OE14 and if unrecognized or untreated will often cause recurrent 
OE (Griffin, 2010; Paterson, 2016). Thus, OM should always be excluded 
in chronic or recurrent OE (Cole, Kwochka, Podell, Hillier & Smeak, 
2002; Logas, 1994; Rose, 1977). Detection of fluid within the MEC is 
suggestive either for infectious OM (Dickie et al., 2003), or for a 
non-infected fluid filled MEC. Bacterial infections of the MEC tend to 
progress and may cause changes of the middle ear wall, or even otitis 
interna (OI). In addition to the aforementioned conditions, primary 
middle ear diseases have been described less frequently as OM with 
effusion in boxers and primary secretory otitis media (PSOM) in Cavalier 
King Charles Spaniels (CKCS) (Cole et al., 2015; Miller, Griffin & 
Campbell, 2013; Paterson, 2018). Therefore, material collection from 
the MEC and further analysis are necessary to differentiate between 
inflammatory infectious and non-infectious causes. 

Myringotomy is a minimally invasive method providing access to the 
MEC for different purposes (Rose, 1977). It may lead to pressure 
reduction of the MEC, specimen collection for cytology and microbial 
cultures, and administration of drugs into the MEC (Bruyette & Lorenz, 
1993; Rose, 1977). In a previous study by Reinbacher, Kneissl, Hirt, 
Spergser and Panakova (2020) on canine cadavers free from otitis, 
specimens from the MEC sampled via video-otoscopically controlled 
myringotomy were contaminated with material from EEC in over 67% of 
cases. In this study, contamination of MEC aspirates was confirmed by 
the presence of fluorescent dye introduced into the EEC before aspira
tion. Their hypothesis was, that during the myringotomy the gravity 
might help to transfer the EEC content into the MEC. The authors 

assumed, that the effect of gravity was the main cause for the high 
contamination rate in the samples obtained via myringotomy.23 In this 
way, the erroneous diagnosis of bacterial OM would possibly influence 
therapeutic decision making. Furthermore, contamination of a previ
ously sterile MEC could potentially harm the patient and should be 
avoided. Therefore, a new sampling method allowing for the retrieval of 
MEC material with a minimized contamination risk is necessary. Our 
hypothesis was, that the novel modified myringotomy technique would 
prevent contamination of MEC aspirates from the EEC. With the patient 
in lateral recumbency on the working table and the examiner under
neath the patient, approaching the examined EEC vertically through the 
opening of this table plate, the effects of gravity would rather support 
spontaneous clearance of the EEC from the fluid remnants from the 
previous flushing. 

2. Methods and materials 

2.1. Inclusion criteria 

The cadavers of 20 dogs of different breeds, sex and age euthanized 
for medical reasons unrelated to the present study were included 
(Table 1). To prevent influences of post mortem changes, all procedures 
were performed within 4 h after euthanasia. In cases of unilateral ear 
disease detected by the criteria described below, only the ear without 
any macroscopic signs of disease was included and further evaluated. 

Table 1 
Details of results of myringotomy in vertical access to tympanic membrane in 36 ears.  

Cadavers Presence of the fluorescence in the specimen (yellow 
colour) 

Microbial culture from the EEC Microbial culture from the MEC 

1 Golden Retriever R*: NO R: Bacillus licheniformis R: Negative  
L*: NO L: Streptococcus lutetiensis L: Negative 

2 Dogo Argentino R: NO R: Negative R: Negative  
L: NO L: Negative L: Negative 

3 Dachshund R: YES R: Negative R: Negative  
L: No L: Klebsiella pneumoniae L: Negative 

4 Mix L: NO L: Pseudomonas aeruginosa L: Negative 
5 Chihuahua R: NO R: Negative R: E.coli, Klebsiella oxycota  

L: NO L: E.coli, Klebsiella oxytoca L: E.coli, Klebsiella oxycota, Staphylococcus 
pseudintermedius 

6 Bearded Colli R: NO R: Staphylococcus pseudintermedius R: Negative 
7 Dachshund R: NO R: Staphylococcus pseudintermedius R: Negative  

L: NO L: Negative L: Negative 
8 Small Münstländer R: NO R: Bacillus spp. R: Negative  

L: NO L: Moraxella canis L: Negative 
9 Landseer R: NO R: Negative R: Negative  

L: NO L: Negative L: Negative 
10 Pekingese R: NO R: Negative R: Negative  

L: NO L: Streptococcus canis L: E.coli 
11 Eurasier R: NO R: Negative R: Negative  

L: NO L: Negative L: Negative 
12 Labrador Retriever R: NO R: Staphylococcus hominis R: Negative  

L: NO L: Staphylococcus hominis L: Negative 
13 Mix L: NO L: Bacillus cereus L: Bacillus cereus 
14 German Shepherd R: NO R: Enterococcus mundtii, Streptococcus 

canis 
R: Negative  

L: NO L: Bacillus mycoides L: Negative 
15 Pit Bull Terrier R: NO R: Negative R: Negative  

L: NO L: Negative L: Negative 
16 Mix R: NO R: Negative R: Negative  

L: YES L: Negative L: Negative 
17 Chihuahua R: NO R: Negative R: Negative  

L: NO L: Negative L: Negative 
18 Shetland Sheepdog R: NO R: Negative R: Negative 
19 Bernese Mountain 

Dog 
R: NO R: Negative R: Negative  

L: NO L: Negative L: Negative 
20 French Bulldog R: NO R: Negative R: Negative  

L: NO L: Acinetobacter radioresistens L: Negative  

* R (Right), L (Left), EEC (external ear canal), MEC (middle ear cavity). 
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2.2. Exclusion criteria 

Ears with signs of OE, perforated or non-visualized TM and ears, 
where CT scans demonstrated middle ear effusion, were excluded. 
Otoscopy with a handheld otoscope was used to rule out macroscopi
cally inflamed ear canals. Furthermore, cytology samples from the EEC 
stained by a commercial Romanowsky stain (LT-SYS® Diff-Quick, labor 
+ Technik Eberhard Lehmann GmbH; Berlin, Germany) were evaluated 
to detect inflammatory cells and bacteria or yeast, and to finally exclude 
ears with infection. 

2.3. Custom-made myringotomy table 

The custom-made wooden table plate was composed of two con
nected parts and positioned on two pairs of metal legs (120 cm height) 
connected with metal construction. The longer part of the plate 
(120×80 cm) was intended to accommodate the patient’s body and was 
connected to the shorter part (25×80 cm) for the head at an angle of 30◦. 
The shorter part had a rectangular otoscopy window (15×15 cm) 
located in the right corner of the table and was suited for the manipu
lation of the patient’s head from below the patient (Fig. 1a, b). 

2.4. Study protocol 

Swabs for microbial cultivation and cytological assessment were 
obtained from the deep portion of all EECs initially, followed by oto
scopic examination with a handheld otoscope in all cadavers. A CT scan 
of the MEC was performed to evaluate both middle ears. Cadavers were 
positioned in sternal recumbency with the head positioned on a radio
lucent pillow. Images were acquired in soft tissue and bone algorithms, 
reconstructed utilizing multislice CT units (Emotion 16-slice configu
ration; Siemens AG Medical Solutions; Erlangen, Germany, kVp 120 to 
140, mA 80 to 100, slice thickness and index 0.8 - 3 mm and 16 × 0.6 
mm collimation, respectively). 

First, VO (Karl Storz GmbH & Co.KG, Berlin, Germany) was per
formed with the cadaver in lateral recumbency in a classical position; 
the ear under evaluation was directed upwards. The EEC was flushed 
with sterile 0.9% sodium chloride for at least 5 min, mimicking real 
conditions. If present, excessive amounts of hair or cerumen were 
removed from the EEC under video-otoscopic control to facilitate good 
access to the TM. After the TM was visualized, the residual flushing fluid 
was cautiously removed by gentle suction with a vacuum-pump (Vet
pump ® 2 69,321,601: Karl Storz GmbH & Co.KG) attached to a soft 
feeding tube with the end cut 5 cm from the tip (Rüsch feeding tube 
Eruplast ®, No.1, Rüsch Uruguay LTDA; Montevideo, Uruguay). Then, 
another tube was passed through the working canal of the video- 
otoscope, and intense yellow fluorescent dye (Fluorescein 1%, Lekareň 
Unimed Pharma; Bratislava, Slovakia) diluted with sterile 0.9% saline (1 
drop fluorescent dye in 5 mL saline) was instilled into the deep portion 
of the EEC. The remaining yellow fluid was removed by vacuum-pump 
suction under the video-otoscopic control. Subsequently, the cadaver 
was placed on the custom-made myringotomy table, turned with the 
flushed ear directed downwards and with the head positioned over the 
“otoscopy window” (Fig. 1a). Next, myringotomy was performed after 
inserting the video-otoscope into the ear canal from underneath the 
table through the “otoscopy window”. An assistant was manipulating 
the dog’s head to optimize access to the TM. Once the video-otoscope 
was in the correct position and the TM was well visualized, a myr
ingotomy needle of 1.5 mm diameter (myringotomy needle 67071XS, 
Karl Storz GmbH & Co. KG) was inserted through the working canal into 
the MEC (Fig. 1b), perforating the TM in the caudoventral aspect of the 
pars tensa (Fig. 2), thereby avoiding the “umbo”. The needle stilet was 
removed and an empty sterile 2 mL syringe was attached to the conus of 
the myringotomy needle followed by an effort to aspirate the MEC 
content. If no fluid could be aspirated, another 2 mL syringe with sterile 
saline was attached to the myringotomy needle, 1 mL of saline was 

administered directly into the MEC and re-aspirated. MEC aspirates 
were sampled for further analysis. Immediately after the procedure, the 
cadaver was turned back with the examined ear directed upwards, and 
the TM was inspected with the video-otoscope to confirm the presence of 
the just created TM perforation. 

Fig. 1. Performing myringotomy in vertical access to the tympanic membrane 
from beneath the patient on a cadaver positioned in lateral recumbency on 
custom-made myringotomy table with 120 cm hight and an otoscopy window 
in 15 × 15 cm. (A) Positioning the video-otoscope without flushing in the ear 
canal to visualize tympanic membrane on the custom-made table. (B) Insertion 
of the myringotomy needle through ear canal and sampling from middle 
ear cavity. 
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2.5. Further laboratory analysis 

2.5.1. Cytology 
Cytology samples from the deep portion of each EEC were collected 

in the beginning of the procedure, immediately after sampling for 
microbiology, and prior to otoscopy with the handheld otoscope. 
Cytology samples were obtained via cotton swabs and rolled over the 
microscopy slide, air dried and stained with a Romanowsky type stain. 
One drop of the MEC aspirate was placed on a slide, air-dried, stained 
and examined microscopically for the presence of inflammatory cells, 
ciliated epithelia and microorganisms (rods, cocci, and yeast). Each slide 
was screened at low power (40x) magnification, and consecutively, 10 
fields were scanned with high-power magnification (1000x) under oil- 
immersion. With this magnification, fields were screened and inflam
matory cells, bacteria and yeast were counted. Detection of ≥ 4 mean 
bacteria and/or yeast counts per high power field, as well as the pres
ence of inflammatory cells, were consistent with inflammation/infection 
of the EEC, resulting in rejection of the sample for further analysis 
(exclusion criteria). 

2.5.2. Sample analysis 
Visual analysis of the aspirated fluid specimen within the syringe 

with regard to colour (yellow or colourless) was performed by a person 
blinded to the dog’s data. The same person evaluated for the presence of 
fluorescence of three sample drops applied on filter paper by use of a UV- 
light lamp (Atlas Fluotest, Karl Schreiner GmbH; Vienna, Austria). 
Positive fluorescence, as well as yellow staining of the fluid sample, 
indicated contamination of the MEC aspirate by material from the EEC. 

2.5.3. Microbial culture 
For microbial cultivation, swab (Transwab, medical Wire & Equip

ment Co; Corsham, UK) samples were obtained from the deep portion of 
each EEC. Microbial cultivation of the MEC content was performed on 
samples obtained by the new myringotomy technique described above. 
Swab samples and aspirates were streaked onto Columbia agar with 5% 
sheep blood (BBL™, BD Diagnostics, Heidelberg, Germany) and Choc
olate II agar (BBL™, BD Diagnostics, Heidelberg, Germany) both incu
bated at 37 ◦C under microaerobic conditions, and onto Sabouraud 
Dextrose agar (BBL™, BD Diagnostics, Heidelberg, Germany) incubated 
in ambient air at 28 ◦C. Culture plates were daily examined for growth 
up to 7 days of incubation. Isolates were identified by matrix-assisted 
laser desorption/ionization-time of flight (MALDI-TOF) mass spec
trometry (Bruker Daltonik GmbH, Bremen, German). 

2.6. Statistical analysis 

Statistical analysis was made on applying SPSS software (IBM Corp; 
USA) on the base of cross-tabulation. Associations between microbial 
cultures from EECs and MECs were calculated by Fisher’ s exact test. The 
significant rate of non-contaminated MEC aspirates was between 0% to 
13%. 

3. Results 

From the 20 cadavers under investigation, 36 ears were included in 
this study. Four ears were excluded due to perforated TMs during per
forming VO and ear flush. CT scans from MECs were performed in all 20 
cadavers, and none of the ears had signs of effusion within the MEC. In 
one cadaver (CAD 20), a 9-year-old French bulldog, thickening of the 
middle ear wall was detected on CT scans, which is a common finding in 
this breed, but no effusion was present. Therefore, this cadaver was also 
included. 

The contamination rate of the MECs, as indicated by the presence of 
the fluorescent dye as well as microbial culture results of both EECs and 
MECs are shown in Table 1. In all 36 ears, no fluid, but only air was 
obtained with initial aspiration, and therefore, 1 mL sterile saline was 
administered into each middle ear through the myringotomy needle as 
described above, which was immediately retrieved. In only two of 36 
(5.55%) samples from the MECs yellow staining, indicative of contam
ination, was detected (from the right ear in CAD 3 and from left ear in 
CAD 16). The remaining 34 samples (94.44%) were also negative for 
fluorescence by the UV-light on the filter paper. 

In none of the samples from the EEC as well as the MEC inflammatory 
cells and rods were detected on cytological evaluation. The mean 
number of cocci and yeast in cytology from the EECs were less than 4 per 
high power field (1000x), further supporting the absence of OE. No 
bacteria and yeast were seen from MEC specimens. 

Only 16 (44.44%) of 36 EEC samples had positive bacterial cultures 
and predominant bacteria were Staphylococcus pseudintermedius, Staph
ylococcus hominis, Bacillus spp., Streptococcus spp. and Klebsiella spp. 
Microbial cultures were positive only in four of 36 MEC samples 
(11.11%) (CAD 5 right ear: E.coli, Klebsiella oxycota, CAD 5 left ear: E. 
coli, Klebsiella oxycota, Staphylococcus pseudintermedius, CAD 10 left ear: 
E.coli, CAD 13 left ear: Bacillus cereus). No microorganisms were isolated 
from 32 of the 36 (88,89%) MEC specimens. In two of four cases, 
identical bacterial species (CAD 5 left ear: E.coli, Klebsiella oxycota, CAD 
13 left ear: Bacillus cereus) were cultivated from both EECs and MECs; 
though, contamination was not demonstrated based on the colour/ 
fluorescence of the MEC aspirates (Table 1 and 2). Staphylococcus pseu
dintermedius was also isolated from the MEC in CAD 5 (one ear), but not 
from the particular EEC. One cadaver (CAD 5 right ear) had a positive 
microbial culture from the middle ear (E.coli, Klebsiella oxycota), but a 
negative culture result from the EEC. The two dye-contaminated aspi
rates revealed negative microbial cultures in both EECs and MECs. 
Therefore, no association was seen between positive bacterial cultures 
and two contaminated aspirates (Table 2). The MEC aspirates were 
contaminated by the EEC in 5.55% (2/36), meaning this procedure 
provided non-contaminated material. 

4. Discussion 

Dogs with chronic or recurrent OE of more than 6 months duration 
may frequently develop concurrent OM (Cole et al., 1998, 2002; Rosy
chuk & Bloom 2010). Different authors have studied the importance of 
ruling out OM in patients with chronic OE even with intact TM. In an 
early study by Spruell, 52 from 100 cases with OE had OM with a 
perforated TM. However, myringotomy was not carried out in the 
remaining 48 ears with the intact TM (Spreull, 1964). More than 70% of 
OE cases with concurrent chronic OM were reported to have an intact 
TM in more recent studies (Cole et al., 1998, 2002). In contrast, in 

Fig. 2. External ear canal with intact semi-transparent tympanic membrane, 
pars flaccida (red arrowhead) on the dorsal part, the manubrium malleus (green 
arrowhead), pars tensa on the dorsal part (blue arrowhead) with an optimal and 
safe region for myringotomy in caudoventral quadrant (black dot). 
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Palmeiro’s study, only 4.7% of 44 dogs with OM had an intact TM 
(Palmeiro, Morris, Wiemelt & Shofer, 2004). In a more recent study 
evaluating 214 ears of 122 dogs with chronic OE, 87 middle ears 
(40.7%) were found to have abnormalities on CT scans. Patients with 
proliferative OE had significantly more often changes indicative of OM 
(68%) in comparison to dogs with purulent OE (44.6%) (Belmudes et al., 
2018). 

Cytological evaluation of middle ear samples has been considered a 
crucial in the evaluation of the aspirate, while microbial culture was 
believed to be less reliable (Nuttall, 2016). It has been shown, that 
different bacteria may be isolated from two separate cultures from the 
same area of the EECs (Rosychuk & Bloom 2010; Schick, Angus & 
Coyner, 2007). In our study, though no microorganisms were detected 
on MEC cytology smears, it should be considered, that the retrieved 
material was already diluted with 1 mL saline, possibly leading to 
erroneously negative results. Centrifugation of the aspirate might be 
helpful, though the standard amount of 1 ml could not be collected from 
each MEC in our samples. Moreover, microbial cultures from the MECs 
were positive in only 4 out of 36 ears. In two of them, identical bacterial 
species were cultivated from corresponding EECs as well. There is a 
small chance that middle ear contamination occurred during the myr
ingotomy procedure in these two samples, although the aspirated sam
ple from the MEC did not match the criteria for contamination. In an 
early study on 30 dogs (60 ears) free from OE and OM identical bacterial 
species hardly ever were recovered in both EECs and MECs (Mastuda, 
Tojo, Fukui, Imori & Baba, 1984). In our study, only in one case different 
bacterial species were isolated from the MEC (CAD 10 left ear: E. coli) 
and corresponding EEC specimen (CAD 10 left EEC: Streptococcus canis). 
A positive microbial culture from the MEC aspirate (CAD 5 right ear: 
E. coli, Klebsiella oxytoca) and a negative from the corresponding EEC 
was seen only in one ear, but there was no history with regard to pre
vious ear disease available for this dog. Since Enterobacterales (e.g. 
E. coli, Klebsiella spp.) may also be present in the oropharynx and the 
upper respiratory tract (Daodu, Amosun & Oluwayelu, 2017), transition 
to MEC through the eustachian tube may also be another explanation of 
this positive culture of MEC. 

Myringotomy is the best method to access the middle ear cavity in 
OM with an intact TM, or in the management of PSOM in CKCS (Bruyette 
& Lorenz, 1993; Owen, Lamb, Lu & Targett, 2004; Rose, 1977). The utter 
importance to avoid contamination of the MEC during myringotomy, 
especially when sampling through infected EECs, cannot be over
emphasized. Alternatively, specimens may be collected by more inva
sive surgical procedures such as ventral or lateral bulla osteotomy 
(Doyle, Skelly & Bellenger, 2004). Thus, these procedures are recom
mended only in end-stage middle ear disease or in conditions, which are 
not responsive to medical treatment (Krahwinkel, Pardo, Sims & Bubb, 
1993). 

The benefits of the new myringotomy technique described herein 
include prevention of sample contamination from the EEC and avoid
ance of the iatrogenic spread of infection from the EEC into the MEC. 
Performing this novel myringotomy technique may be physically chal
lenging and training of this technique on cadavers prior to application 
on living patients seems to be mandatory. Furthermore, accomplishing 
this new technique in patients with stenotic or proliferative ear canals 
might prove more demanding or even impossible. 

The high contamination rate (67%) of MEC samples with material 
from EEC reported in a previous study by Reinbacher et al. (2020) using 

the traditional myringotomy technique might highlight the value of this 
novel technique in order to avoid MEC contamination. 

5. Conclusions 

This new method - vertical access to the tympanic membrane from 
beneath the patient - was successfully tested in cadavers with a very low 
contamination rate (5.55%). Based on our results, gravity is assumed to 
be the major reason transferring contamination from the EEC to the MEC 
during myringotomy. This new approach needs to be further evaluated 
in canine patients with chronic ear problems in future studies, in order to 
rule out middle ear disease in the initial phase of treatment. The 
markedly reduced contamination rate might further favour veterinar
ians to perform this method in cases where myringotomy is indicated. 
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