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Abstract 

Introduction: The management of bleeding in exclusive endoscopic ear surgery (EES) is largely 

dependent on epinephrine use. However, to date its suitability and safety has not been assessed. The 

aim of the present study would be to assess the safety profile of topical application and/or local 

infiltration of diluted epinephrine during EES regarding the intra- and postoperative periods. We 

hypothesize that epinephrine may be safely used during EES. 

Methods: Retrospective analysis of 90 EES cases performed at the University Hospital of Modena, 

Italy. Patient’s charts and video recordings of the operations were assessed.  

Results: Epinephrine was used in all cases for hemostatic purposes as following: (1) diluted 

epinephrine (1:200.000) injection: mean 1.2 mL (range: 0 - 3.5) corresponding to 0.006 mg (range 0 - 

0.018) and (2) topical application (1:1000) directly in the surgical field: mean 7 cottonoids (range: 0 - 

18) corresponding to mean 0.56 mg (range: 0 - 1.44). No major cardiovascular adverse effects were 

assessed. Only 2 intraoperative hypertensive events were recorded. One sensorineural hearing loss 

was observed in a case of cholesteatoma involving the stapes; no facial palsy occurred during the 

study period.  

Conclusion: The combined use of local injection and topical epinephrine is a safe and effective 

strategy to control bleeding in exclusive EES, when used within the dilutions and quantities reported 

in this study. 
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Introduction 

Endoscopic ear surgery (EES) is gaining popularity worldwide for the treatment of a variety of 

conditions, from cholesteatoma of the middle ear to pathologies of the lateral skull base. One of the 

most significant advantages of the endoscopic technique is the direct and clear visualization of 

anatomical structures [1]. However, the endoscope is located directly in the operating field, where it 

can easily be soiled, causing a deterioration of the surgical view. As EES is largely a one-handed 

technique, it is not possible to use the surgical instruments simultaneously to the suction as in the 

microscopic technique. Moreover, the external auditory canal (EAC) and the tympanic cavity 

constitute a very small and delicate surgical field, where even small amounts of blood may seriously 

impair the quality of vision, threaten the continuation of surgery or force the surgeon to switch to an 

open approach. It has been shown that uncontrolled bleeding during other endoscopic procedures 

correlate with a higher rate of complications and prolonged operative time [2,3]. 

Currently, this topic has not been investigated for EES. A descriptive study on the management of 

bleeding during EES has been recently published, showing reasonable bleeding control through 

widely available hemostatic agents [4]. One of the most commonly applied measures to maintain a 

bloodless surgical field is the application of epinephrine, a non-selective alpha-agonist 

vasoconstrictor. Epinephrine may prevent or control bleeding in two parallel ways during EES: it can 

be injected into the EAC skin prior to the elevation of the tympanomeatal flap, and epinephrine-

soaked cottonoid patties can be used to pack off areas of bleeding and, at the same time, absorb the 

excess of blood [5]. 

Epinephrine-related side effects have been reported in the literature [6-8], most of them are the 

results of its intravascular administration. Among these, blood pressure changes (temporary 

hypotension or hypertension crisis), tachycardia or cardiac arrhythmia should be mentioned. 

Furthermore, there is some concern about the possible masking of arterial bleeding by epinephrine, 

which could induce post-operative bleeding, when the vasoconstrictive effect has disappeared [9]. 

Studies on endoscopic sinus surgery have revealed that use of topical epinephrine has some minimal 

systemic vascular effects and generally does not correlate with an increased risk of epistaxis [7, 9-11]. 

In this context, during EES, too strong vasoconstriction inside the middle ear could lead to local 

complications, such as facial nerve palsy or sensorineural hearing loss (SNHL). 

The aim of the present study is to assess the safety profile of topical application and/or local 

infiltration of diluted epinephrine during EES regarding the intra- and postoperative periods. We 

hypothesize that epinephrine may be safely used during EES. 
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Materials and Methods 

A total of 90 consecutive cases of exclusive, transcanal EES for middle ear pathologies performed at 

the University Hospital of Modena were retrospectively analyzed. Data from patient’s charts, surgical 

and anesthesiology reports were collected. In particular, information regarding patient age, gender, 

ear pathology, comorbidities and personal medications were retrieved. General surgical details 

(surgical time, type of anesthesia, blood pressure and heart rate) were collected and analyzed. The 

volume in mL of injected epinephrine (1:200.000) contained in 2% carbocaine was recorded. The 

number of epinephrine (1:1000)-soaked cottonoids used during each procedure in the EAC and the 

middle ear was assessed from the study of the surgical videos. The absolute values in mg epinephrine 

injected and topically applied were calculated. Moreover, the blood pressure and mean arterial 

pressure (MAP) were assessed throughout the intervention. 

To assess the safety profile of epinephrine, both intraoperative and post-operative possible adverse 

reactions were taken into consideration, according to a set of basic criteria for causality assessment 

(temporality, strength, biologic gradient and plausibility), according to a previously published study in 

endoscopic sinus surgery [8]. 

Facial nerve paralysis and SNHL were included as adverse reactions to epinephrine only in cases 

where they could not be reasonably attributable to the surgical procedure itself. Intraoperative or 

postoperative cardiac events were defined as the necessity for additional electrocardiographic 

monitoring, further cardiac evaluation from a cardiologist, or prolonged hospital stay. Post-operative 

hemorrhage from the surgical site was also considered as a possible complication. Statistical analysis 

was performed with GraphPad Prism 7 (GraphPad Software, Inc, La Jolla, California). 

Results 

Patients 

A total of 90 patients were enrolled in the present study (51 males and 39 females). The patient’s 

characteristics including the performed surgeries are summarized in Table 1. The mean surgical time 

was 97.43 minutes; the mean hospital stay was 1,61 days.  

Regarding blood thinning medications, anticoagulation was used in 1 patient and stopped 1 day 

before surgery, whereas anti-aggregation with acetylsalicylic acid was used in 3 patients and stopped 

7 days before, ticlopidin was used in 1 patient and stopped 5 days before surgery. 

Intraoperative assessment 
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Epinephrine was used in all cases for hemostatic purposes as following: (1) diluted epinephrine 

(1:200.000) injection into the EAC skin: mean 1.2 mL (range: 0 - 3.5) corresponding to 0.006 mg 

(range 0 - 0.018) and (2) topical application (1:1000) directly in the surgical field (EAC and middle 

ear): mean 7 cottonoids (range: 0 - 18) corresponding to mean 0.56 mg (range: 0 - 1.44). 

Intraoperative blood pressure peak values were recorded as: mean systolic blood pressure 94.04 

mmHg (range: 52-155), mean diastolic blood pressure 57.34 mmHg (range: 32-95) and mean MAP 

69.57 mmHg (41-115). Mean heart rate was assessed as 66.3 beats per minute (range: 45-126). Mean 

MAP values were correlated to injected (Figure 1A) and topically applied epinephrine (Figure 1B). No 

statistically significant effect of epinephrine on blood pressure was observed. Similarly, no 

correlation of injected or applied epinephrine on heart rates was observed. 

The comparison of epinephrine used and type of intervention revealed higher values for 

cholesteatoma surgery and tumor removal compared to stapedotomies (Figure 2). The highest mean 

MAP however did not differ between the interventions.  

Complications 

Two cases of intraoperative high blood pressure were recorded; otherwise no other intraoperative 

complications were documented (Table 2). Postoperative complications included one SNHL in a 

patient after cholesteatoma removal. In this case, the cholesteatoma involved the stapes and its 

removal most probably caused the SNHL. Otherwise no systemic complications or cardiovascular 

events were described. Two local bleedings occurred during the hospital stay, none of them required 

a revision surgery. No intraoperative conversion to open approaches due to excessive bleeding was 

necessary. 

Discussion  

This study assesses the safety of injected and topically applied epinephrine during exclusive, 

transcanal endoscopic middle ear surgery. We observed no systemic or local adverse effects related 

to epinephrine. Moreover, all surgeries could be safely performed using an exclusively endoscopic 

technique. 

Literature on epinephrine use in ear surgery is scarce. Investigations regarding functional endoscopic 

sinus surgery (FESS) showed that local injection of epinephrine lead to significant changes of 

hemodynamic parameters directly after infiltration as compared to topical epinephrine [10]. 

Contradictorily to this finding, even systemic hypotension after local injection with epinephrine alone 

was reported [10].  Intraoperative hemodynamic monitoring during the use of topical epinephrine in 
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FESS showed no significant changes in the majority of patients, even though a transient elevation in 

blood pressure was found in a subset of patients [6]. Possible cardiovascular alterations are therefore 

less likely to be provoked by the topical use, than by the injection of epinephrine [8,10]. Our data 

suggests no correlations regarding the quantity of epinephrine used and MAP or heart frequency. 

Moreover, we observed no cardiovascular events in our cohort with only two cases of intraoperative 

high blood pressure. These findings indicate, that epinephrine used during ear surgery may be 

considered safe from a cardiovascular point of view. However, we have to consider that possible 

toxic side effects of epinephrine such as hypertensive crisis, pulmonary edema, cardiogenic shock or 

even cardiac arrest are reported [12]. The causing mechanism has not yet been conclusively clarified, 

but epinephrine plasma levels after topical application are also elevated [13,14]. Therefore, it is 

advisable to apply epinephrine with utmost care during EES.  

In our opinion, to prevent such side effects the applied concentration of epinephrine may play a 

crucial role. We used a dilution of 1:200.000 regarding injected epinephrine, which has a similar 

effect on vasoconstriction in the EAC compared to higher epinephrine concentrations [15]. Even 

lower concentrations (1:400.000) were shown to have a similar hemostatic effect in head and neck 

surgery but were not studied in ear surgery to date [16]. For topical application we used epinephrine 

soaked cottonoids in a dilution of 1:1000 similarly to the concentration used in FESS [10]. Optimal 

topical epinephrine concentration in FESS was evaluated as 1:2000 with shorter operation time and 

less bleeding compared to 1:10.000 and 1:50.000. However, plasma epinephrine levels were higher 

with less dilution and elevated intraoperative blood pressure occurred more often compared to the 

lower concentrations [17]. Even if we did not observe significant adverse effects of epinephrine use 

in EES, lower topical and injected epinephrine concentrations should be further investigated in EES. 

This may have important future implications as life expectancy and corresponding cardiovascular 

comorbidities are increasing and possible adverse effects may be more frequent. In our opinion 

intraoperative patient’s safety is of utmost importance. 

Regarding local complications due to application of epinephrine in the middle ear, we observed one 

case of SNHL. In this patient, the cholesteatoma eroded the stapes and its cleaning was surgically 

challenging. Therefore, the causative event for SNHL in this case is difficult to conclusively determine. 

Nonetheless an effect of topical applied epinephrine has to be considered, as topical epinephrine 

applied to the round window membrane can cause a transient reduction of 60% in cochlear blood 

flow [18]. However, in this study no postoperative SNHL as compared to preoperative measurements 

was observed [18]. Moreover, together with Propofol-induced hypotension, topical epinephrine is 

thought to elevate the auditory brainstem response threshold during the application time [19]. In 
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conclusion, topical epinephrine may cause local impaired hemodynamics and insufficient 

autoregulation of cochlear blood flow, eventually leading to SNHL. One solution for this problem 

would be the use of cottonoids without epinephrine at proximity of the inner ear, especially the 

round and oval windows. 

No facial nerve palsy was observed in our cohort. However, it has been shown, that topical 

application of local anesthetics with epinephrine on the facial nerve reduces its blood flow and 

elevates the threshold for evoked muscle action potentials in a dose and time dependent manner 

[20]. Despite these observations, the facial nerve function was fully restored after a certain time.  We 

have to emphasize that topical application of adrenaline on a denudated facial nerve should be 

avoided in any circumstances.  

In conclusion, data from the present study showed that the combined use of local injection and 

topical epinephrine is a safe and effective strategy to control bleeding in exclusive EES, when used 

within the dilutions and quantities reported in this study. 
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Tables 

 

Table 1: Patient characteristics 

Demographics  

Age in years (range) 42 (3 - 83) 

Female : male 39 (43%) : 51 (57%) 

Left : right 49 (54%) : 41 (46%) 

  

Relevant Comorbidities   

Cardiovascular disease 23 

Endocrine disease 16 

Lung disease 5 

Coagulopathy 1 

  

Cardiovascular medication   

Antiaggregation 4 

Anticoagulation 1 

Betablocker 8 

Diuretics 7 

ACE-Inhibitor 7 

Sartane 2 

Calcium antagonist 4 

Statin 7 
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Surgical procedures  

Tympanoplasty Type I 39 (43,3%) 

Stapedotomy 25 (27,8%) 

Cholesteatoma removal 13 (14,4%) 

Ossiculoplasty 6 (6,7%) 

Explorative tympanotomy 4 (4,4%) 

Tumor removal 3 (3,4%) 

 

 

 

Table 2: Intraoperative and postoperative complications 

Complication Intraoperative Postoperative 

Facial palsy 0 0 

Sensorineural hearing loss 0 1 

Cardiovascular events 0 0 

High blood pressure 2 0 

Bleeding 0 2 
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Fig. 1. Peak mean arterial pressure (MAP, mmHg) after injection (Panel A) or topical application 

(Panel B) of epinephrine. Values are represented as mean +/- standard deviation 

 

 

 

Fig. 2. Amount of injected and topical epinephrine depending on type of performed surgery. Values 

are represented as mean +/- standard deviation 
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