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Abstract
Purpose To develop and validate a bleeding score that could be applied in endoscopic ear surgery (EEarS).
Methods A prospective validation study was performed. A new bleeding score, called “Modena Bleeding Score” (MBS), was 
created by the authors. It provides five grades for rating the surgical field during EEarS procedures (from grade 1—no bleed-
ing to grade 5—bleeding that prevents every surgical procedure except those dedicated to bleeding control). A preliminary 
“face validity” was performed by 18 ENT specialists to assess possible misunderstandings in interpreting the scale. Then, 15 
videos of endoscopic ear surgery procedures, each divided into three parts (t0, t1, and t2), were subsequently evaluated by 
15 specialists, using MBS. The videos were randomly selected and assigned. Intra-rater reliability and inter-rater reliability 
were calculated. The clinical validity of the instrument was calculated using a referent standard (i.e., four ENT experts whose 
ratings were compared to those obtained by the former sample).
Results The face validity showed a good consensus about the clarity and comprehension of the scale; both intra and inter-
rater reliability demonstrated good performance (intra-rater reliability ranged from 0.741 to 0.991 and inter-rater reliability 
was 0.790); clinical validity also showed positive values, ranging from 0.75 to 0.93.
Conclusions MBS has proved to be an effective method to rate surgical field during EEarS, with good-to-excellent perfor-
mances. Its use would possibly help comparisons of groups in clinical trials or comparisons between studies.

Keywords Endoscopic ear surgery · Modena Bleeding Score · Surgical field rating · Endoscopic surgery · Middle ear 
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Introduction

Nowadays, endoscopy is applied to a wide range of fields, 
both for diagnostic and interventional purposes. One of the 
most significant advantages of endoscopy is the direct and 
clear visualization of anatomical structures during the entire 
procedure. Anyway in endoscopic techniques, the tip of the 
endoscope lies directly inside the surgical field. This can 
lead to blood or debris adhering to the endoscope with sub-
sequent deterioration of vision.

Bleeding, in particular, could seriously impair the qual-
ity of the surgical field. Bleeding control is even more cru-
cial in small highly vascular cavities, such as the paranasal 
sinuses or the joints, where very small amounts of blood can 
lead to the termination of surgery. Uncontrolled intraopera-
tive bleeding during endoscopy may result in a poor view 
of anatomical landmarks, prolonged operative time, and 
threat of surgical performance with possible higher rate of 
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complications, as shown by the experience of many authors 
in endoscopic sinus surgery (ESinS) [1–4].

The clarity of surgical field is, hence, very important and 
a number of bleeding control methods, in different surgical 
scenarios, are available. Nevertheless, their comparison in 
terms of effectiveness is complex, also because, to present 
authors’ knowledge, validated and universally accepted 
methods to assess the quality of the surgical field and quan-
tify bleeding are not widespread.

Endoscopic instrumentation, techniques, and knowledge 
have improved during the last few years, and we believe that, 
in the future, endoscopic surgical techniques will increase 
their importance in otologic surgery. Factors considered 
crucial drawbacks in endoscopic ear surgery (EEarS) are 
the fact that is a one-handed technique, and that bleeding 
control in such a small space (i.e., tympanic cavity) could 
be very challenging.

The Fromme–Boezaart grading scale is a well-known 
method to assess intraoperative bleeding, which was vali-
dated for ESinS only [5, 6]. The drawback of Fromme–Boe-
zaart scale is that it depends on the frequency of suctioning 
to cleanse the surgical field, so it could not be applied in 
surgeries where suction instruments are used to elevate or 
dissect tissues. In addition, the Wormald scale was created 
to assess bleeding, but with a marked specificity for ESinS, 
since it is mainly based on the time required to fill the sphe-
noid sinus [6].

At the present time, neither specific nor validated methods 
of rating quality of the surgical field in EEarS are available.

The aim of this paper would be to develop, describe, 
and validate a bleeding scoring system for EEarS, named 
“Modena Bleeding Score” (MBS). The use of a uniform and 
validated bleeding score could facilitate the comparison of 
results between groups in trials or of results from different 
studies.

Methods

The Modena Bleeding Score (MBS)

The MBS is a categorical scale written in the English lan-
guage, developed to estimate the quality of the surgical 

field in relation to bleeding during the surgical procedure. 
It is composed by five different levels (from “Grade 1—no 
bleeding” to “Grade 5—bleeding that prevents every surgi-
cal procedure except those dedicated to bleeding control”) 
(Table 1).

Face validity

To assess the face validity, the MBS was presented to a sam-
ple of surgeons from the Otorhinolaryngology Department 
of the University Hospital of Modena (Italy). After a 2-h 
training, all the surgeons were asked to answer to the follow-
ing questions for each score level: (1) Is this the level that 
took longer to be understood? (2) Is this level expressed in 
a clear and comprehensible way? (3) Do you think this level 
can be expressed more clearly?

In addition, some personal information was requested 
(socio-demographic data and information about the activity 
performed as a surgeon).

Intra‑rater and inter‑rater reliability

Fifteen surgeons currently working at the Otorhinolaryn-
gology Department of the University Hospital of Modena 
gave their approval to be involved in the study as assessors 
for measuring intra-rater and inter-rater reliability. Fifteen 
videos were randomly selected from the archive of the video 
recordings of endoscopic ear surgical procedures performed 
at our department. In each video, three bleeds were detected 
(t0, t1, and t2). Considering that each evaluator watched 
three video recordings, each of which containing three 
bleeding, a number of evaluators equal to 15 were sufficient 
for a study of agreement relative to a scale of five-item rat-
ing [7].

Each evaluator was asked to evaluate the same randomly 
selected video twice, at 15-day distance using the MBS 
(intra-rater reliability). Each evaluator was also asked to fill 
out the questionnaire in relation to three other videos: the 
evaluations thus obtained were subsequently compared to 
those of the other evaluators (inter-rater reliability). Intra-
rater reliability was calculated using Spearman’s rank cor-
relation coefficient ranging from 1 (perfect negative corre-
lation) to 1 (perfect positive correlation), while Intraclass 

Table 1  Modena Bleeding 
Score

Scoring

No bleeding 1
Bleeding easily controlled by suctioning, washing, or packing without any significant modifica-

tion or slowing of surgical procedure
2

Bleeding slowing surgical procedure 3
Most of the maneuvers dedicated to bleeding control 4
Bleeding that prevents every surgical procedure except those dedicated to bleeding control 5
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Correlation Coefficient [8, 9] was used for calculating inter-
rater reliability (less than 0.40: poor; between 0.40 and 0.59: 
fair; between 0.60 and 0.74: good; between 0.75 and 1.00: 
excellent).

Clinical validity

The clinical validity of the MBS was calculated using a gold 
standard. A group of four medical specialists in otorhino-
laryngology (not involved in other areas of this study) col-
legially viewed and evaluated all the 45 bleedings present 
in the 15 selected videos. After extensive discussion, the 
group defined a unanimous score through the MBS for each 
bleeding (to be referred to as referent standard). The ref-
erent standard evaluations were then compared with those 
obtained for inter-rater reliability. The agreement level 
was calculated through the Cohen “K” [10] (< 0 no agree-
ment; 0–0.20 slight agreement; 0.21–0.40 fair agreement; 
0.41–0.60 moderate agreement; 0.61–0.80 substantial agree-
ment; 0.81–1 perfect agreement).

Results

Face validity

The sample was composed by 18 ENT surgeons working at 
the University Hospital of Modena: all participants attended 
the training and answered the questionnaire related to the 
examinations of the face validity. As described in Table 2, 
the 61.1% (N = 11) of the sample was composed by males, 
while the most represented age group was between 26 and 
35 years. Six surgeons (33.3%) had already used a ques-
tionnaire for the evaluation of bleeding. Of all participants, 
55.6% (N = 10) read more than 30 scientific papers per year 
and only two surgeons (11.1%) had been working for more 
than 20 years at the Otorhinolaryngology Department. The 
average time used to complete the questionnaire was 34.2 s 
(DS = ± 11.6), with a minimum value of 20 and a maximum 
of 60 s.

Table 3 shows the values obtained from the scale in terms 
of clarity and understanding. The scale item that took more 
time for understanding was the Grade 2 (N = 8; 44.4%). The 
consensus about the clarity and comprehension of the vari-
ous items was great for item 1 (100%) and extremely positive 
for the other items (94.4%). For items 2, 4, and 5, sugges-
tions were also made for possible changes to be made, as 
described in Table 3.

The intra-rater reliability analysis gave positive and 
encouraging results: Spearman’s rank correlation coef-
ficient values were all greater than 0.700 (ranging from 
0.741 to 0.991) and statistically significant present for all 

three evaluations (t0, t1, and t2) (Table 4). The inter-rater 
reliability was excellent as the coefficient is equal to 0.790 
(Table 5).

Clinical validity

The clinical validity of the instrument was extremely posi-
tive and encouraging: K = 0.75 for bleeding at t0, K = 0.93 at 
t1, and K = 0.85 for bleeding at t2.

Discussion

Surgical field quality and good visualization are considered 
crucial points for surgeons, and studies that compare inter-
ventions to improve those factors are present in the litera-
ture [1–4]. For this reasons, methods for quantifying surgical 
field quality have been proposed in the past.

Bleeding is most probably the main factor that can influ-
ence visualization during endoscopic procedures. Bleeding 
control is even more crucial in small and highly vascular 
cavities, where even very little bleeding can threaten the 
continuation of surgery. For example several studies have 
been carried out to evaluate the impact of anesthesia (anes-
thetic drugs, types of anesthesia, and ventilation modali-
ties) on the quality of surgical field and bleeding [11–15]. 
Most of them were performed in endoscopic sinus surgery 
(ESinS), where issues related to small room and one-handed 

Table 2  Socio-demographic 
characteristics of the sample 
and information about the 
experience in surgical clinical 
setting

Median N %

Age
 26–35 26–35 11 61.1
 36–45 4 22.2
 46–55 2 11.1
 56–65 1 5.6

Sex
 Male nc 11 61.1
 Female 7 38.9

Have you already used ques-
tionnaires for the assessment 
of bleeding?

 Yes nc 6 33.3
 No 12 66.7

Scientific articles read in 
1 year concerning ENT 
surgery

 6–10 > 30 1 5.6
 11–15 0 0
 16–20 3 16.7
 21–25 2 11.1
 26–30 2 11.1
 > 30 10 55.6
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maneuvering are present, as in EEarS. The methods used to 
quantify bleeding during ESinS can be broadly divided into 
two main categories, namely objective quantifications and 
subjective quantifications:

• An objective quantification is based on the measurement 
of blood loss during the surgical procedure. For example, 
a method for assessing blood loss consists in measuring 
the volume of suctioned fluids [13, 14]. Beule et al. have 
described a method, which compares the preoperative 
hemoglobin (Hb) in patient’s blood with concentration of 
Hb in the suction unit. Although these methods employ 
objective parameters, they have the disadvantage of not 
being easily accessible for immediate use, due to their 
duration, expensiveness, and requirement of specific lab-
oratory for analysis. Moreover, they do not consider the 
amount of blood ingested by the patient and do not take 
into account the irrigation solution. These procedures can 

give only an overall impression of bleeding, describing 
the total amount of blood loss at the end of surgery, and 
are not able to describe bleeding during procedures time 
by time.

• A subjective quantification is based on scales for assess-
ing surgical field visibility. Those methods give a meas-
ure of bleeding during the surgical time, making them 
dynamic instruments. For example, the visual analog 
scale (VAS) has been used in several studies [13–15]. 
VAS is a simple 10-point numeric rating scale, rang-
ing from 0 (namely no visual impediment) to 10 (worst 
vision). The most important limitation in using a VAS in 
this very topic is that the individual interpretation of the 
scale prevents a strong inter-rater reliability [16]. The 
Fromme–Boezaart scale is a six-point scale based on 
the frequency of suctioning required to maintain clear 
visibility of the surgical field [5] (e.g., Grade 1 Slight 
bleeding–no suctioning of blood required or Grade 
4 Moderate bleeding—frequent suctioning required. 
Bleeding threatens surgical field directly after suction 
is removed). Fromme–Boezaart scale was validated on 
ESinS, and to present authors’ knowledge, this is the 
only validated scoring system for surgical field in the 
literature [6]. Drawback of this scale is its dependence 
on a single action (i.e., suctioning) for rating. In EEarS 
suction instruments are used very frequently for dissect-
ing/elevating tissues, and this could potentially alter the 
rating. Moreover, some sets of suctioning instruments for 
dissection in EEarS are becoming popular (e.g., Panetti 
set, Spiggle and Theis, Germany) and this would make 
the Fromme–Boezaart unsuitable for EEarS. The Wor-

Table 3  Analysis of face validity

Is this the level that took 
longer to be understood?

Is this level expressed in a 
clear and comprehensible 
way?

Do you think this level can 
be expressed more clearly?

Recommendations to increase the clarity of the 
scale

Grade 1 0 Yes: 18 (100%) No: 18 (100%) None
Grade 2 8 (44.4%) Yes: 17 (94.4%) Yes: 3 (16.7%) Easily controlled, not slowing surgical proce-

dure
Grade 3 1 (5.6%) Yes: 17 (94.4%) Yes: 1 (5.6%) None
Grade 4 1 (5.6%) Yes: 17 (94.4%) Yes: 2 (11.1%) Add the following sentence: “Change of surgi-

cal strategy due to bleeding”
Grade 5 7 (38.9%) Yes: 17 (94.4%) Yes: 5 (27.8%) Add the following sentence: “Bleeding causing 

interruption of the surgical procedure”
Impossibility to proceed with surgical steps
Bleeding makes any surgical procedure impos-

sible

Table 4  Intra-rater reliability

First video view

t0 t1 t2

Second video view
 t0 ϱ = 0.741

p = 0.002
 t1 ϱ = 0.991

p < 0.001
 t2 ϱ = 0.788

p < 0.001

Table 5  Inter-rater reliability Intraclass correlation 95% Confidence interval F test with true value 0

Lower bound Upper bound Value df1 Df2 p

Single measures 0.790 0.502 0.924 4.77 14 28 ≤ 0.001
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mald scale is a 11-point scale, based on number of oozing 
points as well as on the time required to fill the sphenoid 
sinus [6]. Size of the sphenoid and its ostium can impact 
on filling time, so the scale can be less precise. Moreover, 
this scale refers to a specific anatomical structure used to 
quantify bleeding (sphenoid sinus), and this would make 
inapplicable to the other surgical fields, similarly to the 
Fromme-Boezaart.

For the above-mentioned reasons, we decided to intro-
duce and validate a bleeding score that could fit to EEarS, 
independently from a specific instrument or anatomical 
structure. In our study, the MBS has shown to be immedi-
ately clear, in fact, at the face validity, no evaluator needed 
more than 1 min to read and completely understand the 
scale. It was particularly important that each level of the 
scale has received a close unanimous favorable impression 
about clarity and comprehension (four out of five items were 
of great positive consensus). The analysis carried out on a 
representative sample (in which 66% of participants have not 
previously used questionnaires to grading surgical bleeding) 
has shown that the point two of the scale was the most diffi-
cult to be understood. This may be interpreted as difficulty to 
define the meaning of “slowing” surgical procedures. More-
over, the definition “slowing” was susceptible to subjective 
judgment. Although this mentioned limitation observed dur-
ing the face validity, a greater uniformity of opinion in scor-
ing by evaluation of the videos has been observed.

About performances of MBS, both intra-rater (Table 4) 
inter-rater (Table 5) reliability gave positive results. The 
intra-rater reliability ranged from 0.741 to 0.991, while the 
inter-rater reliability was excellent: 0.790. Equally encour-
aging result was obtained in clinical validity; the compari-
son between inter-rater reliability and the referent standard 
(referred to the group that collegially evaluated all videos 
during clinical validity phase) produced a range of values 
from 0.75 to 0.93, corresponding to an agreement level from 
substantial to perfect.

Like other scales, the MBS is able to give only a subjec-
tive evaluation of bleeding during surgery. As previously 
emphasized, a qualitative measure better applies in most 
cases to this purpose, and are, at the present time, the most 
popular type of grading. Although the qualitative evaluation 
performed by the mentioned scales does not give an accurate 
quantification of blood loss during surgical procedures, they 
are dynamic and easy instruments that enable the rater to 
quickly compare different surgical scenarios.

Present authors deem that the independence of the MBS 
from suctioning during surgery represents a significant 
advantage. In fact, suction is also used for performing some 
surgical steps, particularly during the elevation of the tym-
pano-meatal flap. Moreover, as mentioned above, elevators 
with integrated suction cannulae are becoming popular, and 

at the present time, bleeding control could be achieved in 
several ways: hemostatic drugs, hemostatic devices, techni-
cal actions (such as packing or waiting), or different anes-
thetic strategies.

Eventually in the future, the effectiveness and comparison 
of different methods for achieving bleeding control in the 
context of EEarS could be better investigated applying the 
MBS. A further possible advantage is that nothing uniquely 
and exclusively related to a surgical specialty is present in 
the MBS. This feature would potentially increase its applica-
tion to the other type of surgeries (e.g., ESinS, microscopic 
ear surgery, etc) after appropriate and dedicated validation 
studies.

Conclusion

MBS is an effective method to rate surgical field during 
EEarS. It was proved to be easily and readily understand-
able, with good-to-excellent intra-rater and inter-rater reli-
ability. It does not depend on the use of a specific instrument 
(i.e., suction) for the rating. Hence, although validated for 
EEarS, its application could potentially extend to other sur-
gical fields.
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