The

Laryngology
& Otology

cambridge.org/jlo

Journal of

Main Article

Dr A Preti takes responsibility for the integrity
of the content of the paper

Cite this article: Mozzanica F et al. Effect of
surgery, delivery device and head position on
sinus irrigant penetration in a cadaver model.
J Laryngol Otol 2021;135:234-240. https://
doi.org/10.1017/5S0022215120002662

Accepted: 7 July 2020

Key words:
Paranasal Sinuses; Sinusitis; Nose

Author for correspondence:

Dr Andrea Preti,

Department of Medicine and Surgery,
University of Insubria, via Guicciardini 9,
21100 Varese, Italy

E-mail: andrea.preti87@gmail.com

Fax: +39 0332 393640

© The Author(s), 2021. Published by
Cambridge University Press. This is an Open
Access article, distributed under the terms of
the Creative Commons Attribution licence
(http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted re-use,
distribution, and reproduction in any medium,
provided the original work is properly cited.

Effect of surgery, delivery device and head
position on sinus irrigant penetration in a
cadaver model

F Mozzanical?2, A Pretil:3, F Bandi*®, E Fazio®, A Cardellal?, S Gallo®,

C Bulgheroni®, A Yakirevitch?, R Gera! and P Castelnuovo*®

'Department of Otorhinolaryngology, Ospedale San Giuseppe IRCCS Multimedica, Milan, Italy, 2Department of
Clinical Sciences and Community Health, University of Milan, Italy, Departments of *Medicine and Surgery,
4Biotechnology and Life Sciences, University of Insubria, Varese, Italy, *Department of Otorhinolaryngology, ASST
Sette Laghi, Varese, Italy, °Department of Otorhinolaryngology, Ospedale di Desio, Monza Brianza, Italy and
"Department of Otorhinolaryngology - Head and Neck Surgery, Sheba Medical Center and Sackler School of
Medicine, Tel Aviv University, Israel

Abstract

Objective. The extent of surgery, the type of device used and head position may influence
nasal irrigation. The aim of this study was to determine the effectiveness of topical irrigant
delivery to the paranasal sinuses according to these factors.

Method. Four cadaveric heads underwent four stepwise endoscopic dissections. Irrigations
were evaluated after every stage using different delivery devices (squeeze-bottle, gravity-
dependent device and syringe) in two head positions (nose-to-sink and vertex down).
Irrigant penetration into each sinus was estimated using a four-point scale.

Results. A significant positive effect of surgery was demonstrated for each sinus as well as for
the delivery device. High-volume irrigant devices are more effective, and the head position
plays a significant role in irrigant distribution to the frontal sinus.

Conclusion. This study further confirms the efficacy of high-volume irrigant devices. A vertex
down position during the irrigation could improve delivery to the frontal sinus, and the
widening of the ostia increases irrigant access to the sinuses.

Introduction

Chronic rhinosinusitis is a common medical condition affecting up to 15 per cent of the
Western population.' Several therapeutic approaches are available for chronic rhinosinu-
sitis treatment; however, in case of failure of medical treatment, endoscopic sinus surgery
represents a valuable alternative.” Endoscopic sinus surgery should not be considered as
the only treatment, but rather as an adjuvant modality to remove the disease burden and
increase the efficacy of post-operative medical therapy.” Endoscopic sinus surgery
improves the drainage of the nasal sinuses and the delivery of topical medication to the
sino-nasal mucosa after surgery.2 For this reason, post-operative management represents a
critical factor in treating chronic rhinosinusitis patients. Nasal irrigations are often pre-
scribed (grade 1A recommendation) because it has been demonstrated that they promote
cleansing of the nasal cavities, wound healing, and reduction of oedema and nasal
discharge after surgery.*’

Several factors may influence the efficacy of nasal irrigation in the post-surgical con-
dition. Firstly, the extent of surgery has a major impact on the irrigant penetration
into the sinuses. Previous studies suggest that sinus irrigation improves with the widening
of the sinus ostia (as a result of endoscopic sinus surgery)>® while unoperated patients
have inconsistent and very limited sinus distribution.” Secondly, the device selected to
irrigate the sinuses seems to significantly affect the efficacy of the nasal irrigation itself.
High-volume devices have been demonstrated to be superior to low-volume devices in
delivering solutions to the paranasal sinuses.”® No clear superiority among the different
high-volume devices has been reported so far. Harvey et al.” found that high-volume
gravity-dependent devices offered the greatest distribution of irrigant after any surgery,
whereas Brenner et al.’ found that high-volume gravity-dependent devices were less
effective than positive pressure devices in irrigating the maxillary sinus after balloon dila-
tation. Lastly, head position also seems to play a role in the distribution of irrigant into the
sinuses. Many commercial products recommend the application with the head lowered in
the ‘nose-to-sink’ position. Previous studies demonstrated that the efficacy of frontal dis-
tribution of the irrigant improves in a vertex down position, whereas the same position
negatively affects the sphenoid irrigation.'®""

Even if the above-mentioned factors may influence the efficacy of nasal irrigation, the
combined effect of these three factors was not studied at the same time in any of the pre-
vious studies. In the absence of this information, it appears difficult to correctly prescribe
nasal irrigation in the post-treatment care of patients undergoing endoscopic sinus
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Fig. 1. Specimen preparation. (a) Visualisation port for the maxillary sinus was performed using a Caldwell-Luc approach. (b) For the frontal sinus, the anterior
table of the frontal sinus was drilled at the level of supraorbital rim, 1.5 cm off the midline. (c) For the sphenoid sinus, the cranium and the brain were removed, and

the planum sphenoidale was drilled.

surgery. The aim of this study was to determine the effective-
ness of topical delivery to the paranasal sinuses before and
after endoscopic sinus surgery according to the extent of sur-
gery, the irrigation device and the head position.

Materials and methods

The Department of Otorhinolaryngology, University of
Insubria, Italy, provided institutional approval for the anatom-
ical specimen use of human cadaver heads. All aspects of the
study were performed within the sinus dissection laboratory of
the Department of Otorhinolaryngology.

Specimen preparation

Cadaveric heads were initially evaluated by nasal endoscopy
(0 and 30-degree 3mm rigid endoscopes (Karl Storz,
Tuttlingen, Germany) in order to rule out any anatomical anom-
alies that could interfere with the study.'> Four adult cadaveric
heads (two males and two females) without evidence of prior
sinus surgery, nasal septum perforation, deviated nasal septum,
aberrant nasal turbinates or sino-nasal disease were selected.

Visualisation ports were created in order to evaluate the
lumen of frontal, maxillary and sphenoid sinuses using a 4
mm 30-degree endoscope. The anterior table of the frontal
sinus was drilled at the level of the supraorbital rim, 1.5 cm
from the midline, in order to visualise its lumen. For the max-
illary sinus, a Caldwell-Luc approach was performed. Finally,
the cranium and the brain were removed and the planum
sphenoidale was drilled in order to visualise the interior of
the sphenoid sinus (Figure 1). Each cadaver head underwent
four stepwise endoscopic dissections performed by a single
surgeon. The four levels of dissection ranged from ‘undis-
sected’ to ‘maximal dissection’ (see Table 1).

Delivery devices

A total of three different delivery devices for nasal irrigation
were used. The same solution was used for all the devices.
Similar to the study of Moffa et al.,'* the solution was prepared
using methylene blue dye diluted in a balanced saline solution
at a concentration of 12.5 per cent (1:8 dilution). This was
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done in order to tint the solution dark blue so that it could
be visualised endoscopically but not so dark as to stain the
sino-nasal mucosa. The tested delivery devices were: a 20 ml
syringe without a needle; a 240 ml high-volume, high-pressure
squeeze bottle; and a 250ml high-volume, low-pressure
gravity-dependent douching device.

Head position

The ‘nose-to-sink’ and the ‘vertex down’ positions were tested.
In the ‘nose-to-sink’ position, the head was placed with the
nose facing 45° downward. In the ‘vertex down’ position the
head was put with the nose facing 90° downward.

Nasal irrigation and measurement of penetration

Irrigation was performed according to the following sequence:
syringe, squeeze bottle and high-volume gravity-dependent
device. To minimise bias, a single investigator performed all
irrigations. The heads were irrigated with tap water between
irrigations until previously administered dye was completely
removed.

Measurement of the irrigant penetration into each sinus
was video recorded using an endoscope which was inserted
through the visualisation ports. Assessment of the irrigant
penetration using digital videos, stored in an anonymous
form and presented in a random fashion, was conducted by
two investigators, blinded to the delivery device, extent of sur-
gery and head position. None of the investigators were
involved in specimen preparation or nasal irrigation. Similar
to the study of Chen et al,"> an ordinal 4 point scale (0 =no
irrigation; 1=Dbubbling at the ostia; 3 =trickle through the
ostia; 4 = free flow) was used to evaluate the amount of irrigant
entering each sinus. In case a difference of more than one
occurred between the two investigators, a third investigator
assessed the videos and decided on the two ratings.

Statistical analysis

The inter-rater reliability was evaluated with two-way
mixed-effects model (consistency definition) intraclass correl-
ation coefficients. Intraclass correlation coefficient values were
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Table 1. Dissection steps

F Mozzanica, A Preti, F Bandi et al.

Dissection step

Sinus Step 0 Step 1 Step 2 Step 3

Maxillary Undissected Uncinectomy Antrostomy 5 mm Maxillectomy type 27

Frontal Undissected Draf | Draf lla Draf Il

Sphenoid Undissected Superior turbinectomy 5mm ostium Removal of the sphenoid face

3.5

25

Irrigant penetration

0.5

=it Sphenoid
----- Maxillary
Frontal

Fig. 2. Sinus irrigant delivery according to surgery.
The results are reported as median value of irrigant
penetration. -

Table 2. Results of chi-square analysis on the sinus delivery score regardless of
head position and delivery device

Sinus Surgery Step 0 Step 1 Step 2 Step 3
Maxillary Step 1 0.001 - 0.001 0.001
Step 2 0.001 0.001 - 0.001
Step 3 0.001 0.001 0.001 =
Frontal Step 1 0.001 - 0.001 0.001
Step 2 0.001 0.001 - 0.109
Step 3 0.001 0.001 0.109 -
Sphenoid Step 1 0.001 - 0.001 0.001
Step 2 0.001 0.001 = 0.045
Step 3 0.001 0.001 0.045 -

The statistically significant level for this comparison was set at 0.05

interpreted as follows: equal to or less than 0.20 = poor agree-
ment; 0.21-0.40 = fair agreement; 0.41-0.60 = moderate agree-
ment; 0.61-0.80 good agreement; and 0.81-1.00 very good
agreement.'"* The chi-square test was used to evaluate the
effect of surgery, delivery device and head position on irrigant
penetration within the sinuses. In order to control the
increased risks of type 1 errors because of the large number
of comparisons assessed with the chi-square test, Bonferroni
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Step number

corrections were performed when needed. Statistical analysis
was performed using SPSS® (version 25) statistical software.

Results

Four cadaveric heads were used in this study. A total of 288
irrigations were performed and documented in digital videos.
Twenty-one of the total number of irrigations were excluded
because of incorrect camera positioning which resulted in dif-
ficulty rating these cases. The remaining 267 videos were eval-
uated. The overall concordance among investigators was very
good (r=0.88 at intraclass correlation coefficient).

Effect of surgery on sinus penetration

Distribution of the irrigant within the unoperated paranasal
sinuses was limited, regardless of the head positioning and
the delivery technique employed. The frontal sinus, in particu-
lar, was not penetrated at all by the irrigant in the unoperated
state. However, a significant effect of surgery on irrigation was
demonstrated with the chi-square test (p=0.001, p=0.001
and p=0.001 for the sphenoid, maxillary and frontal sinus,
respectively; Figure 2). As far as the maxillary and sphenoid
sinuses are concerned, the chi-square test demonstrated a posi-
tive effect for each one of the surgical steps (Table 2). For the
frontal sinus, the chi-square test demonstrated a positive effect
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Table 3. Results of chi-square analysis on the sinus delivery score according to device and surgery step

Sinus Surgery Device Syringe Squeeze bottle Gravity dependent
Maxillary Step 1 Squeeze bottle 0.001 - 0.432
Gravity dependent 0.001 0.432 -
Step 2 Squeeze bottle 0.001 - 0.761
Gravity dependent 0.003 0.761 -
Step 3 Squeeze bottle 0.001 - 0.522
Gravity dependent 0.001 0.522 -
Frontal Step 1 Squeeze bottle 0.001 - 0.621
Gravity dependent 0.003 0.621 -
Step 2 Squeeze bottle 0.001 - 0.052
Gravity dependent 0.001 0.052 -
Step 3 Squeeze bottle 0.001 - 0.051
Gravity dependent 0.001 0.051 -
Sphenoid Step 1 Squeeze bottle 0.001 - 0.478
Gravity dependent 0.034 0.478 -
Step 2 Squeeze bottle 0.001 - 0.322
Gravity dependent 0.001 0.322 -
Step 3 Squeeze bottle 0.001 - 0.001
Gravity dependent 0.001 0.001 -

Table shows the results of chi-square analysis on the sinus delivery score according to the three different delivery devices (syringe, squeeze bottle and gravity dependent device) and the four
steps of surgery. Due to the large number of comparisons assessed with the chi-square test, Bonferroni corrections were performed, and the p-value was set at 0.017.

of surgery, but no difference between step 2 and step 3 in the
distribution of irrigant inside the sinus was demonstrated.

Effect of delivery device on sinus penetration

When considering the effect of delivery device alone, regard-
less of surgery and head position, the chi-square test demon-
strated a significant effect of delivery device on the irrigant
distribution inside the sinuses (p=0.001, p=0.001 and
p =0.001 for the sphenoid, maxillary and frontal sinus, respect-
ively). In particular, the irrigant distribution score obtained
using the syringe was significantly lower than those obtained
using the squeeze bottle and the gravity-dependent device in
all three sinuses. On the other hand, when considering the com-
bined effect of delivery device and surgery, no differences in the
irrigant distribution between the squeeze bottle and the gravity-
dependent device were demonstrated at the chi-square test for
the maxillary and frontal sinus in all the surgical steps, while
the squeeze bottle assured a better irrigation of the sphenoid
sinus at step 3 of surgery (Table 3 and Figure 3).

Effect of head position on sinus penetration

When considering the effect of head position alone on irrigant
distribution in the sinus, the chi-square test demonstrated a
significant effect of the head position only for the frontal
sinus (p=0.239, p=0.331 and p=0.003 for the sphenoid,
maxillary and frontal sinus, respectively). When evaluating
the combined effect of head position, delivery device and
extent of surgery on the distribution of irrigant in the sinus,
the vertex down position significantly improved the frontal
distribution of irrigant with both the squeeze bottle (p =0.001
and p =0.002 for step 2 and 3 of surgery, respectively) and the
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gravity dependent device (p =0.003 and p =0.003 for step 2
and 3 of surgery, respectively; Figure 4).

Discussion

In the present study, the combined effect of surgery, delivery
device and head position on the irrigant penetration into the
sinuses was studied using direct intra-sinus endoscopic visual-
isation. According to our results, a high level of concordance
among the investigators was demonstrated suggesting high
internal validity of the irrigation scoring system used. This
data is in accordance with data reported by Roxbury et al.'”
who studied the irrigation distribution within the frontal
sinus using a five-point scale and reported high inter-observer
agreement.

The extent of surgery significantly affects distribution of the
solution inside the paranasal sinuses. Similar to the study of
Wormald et al,'® a limited distribution of irrigant within
the unoperated sinuses was demonstrated. Specifically, the
frontal sinus was not irrigated at all in the unoperated stage.
These findings are in agreement with those of Zhao et al.'’
who studied sinus irrigation before and after surgery using a
computational fluid dynamics simulation, demonstrating that
the frontal sinuses were not penetrated by any irrigation
pre-operatively.

On the other hand, a significant improvement of sinus
penetration was demonstrated as the sinus ostia became
wider. Similar results were reported by several previous studies.
Harvey et al.,> who studied the effect of endoscopic sinus sur-
gery on paranasal sinus distribution of topical solutions in 10
cadaver sinus systems, demonstrated that endoscopic sinus
surgery greatly enhanced delivery of nasal solutions, regardless
of delivery device type. Singhal et al.® studied the sinus pene-
tration of irrigant according to 3 steps of surgical dissection in
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(a)

Irrigant penetration

Step number

=l Squeeze bottle
----- Gravity dependent
==« Syringe

(b)

Irrigant penetration

Step number

=l Squeeze bottle
----- Gravity dependent
= + Syringe

(©)

Irrigant penetration

Step number

=8 Squeeze bottle
----- Gravity dependent
- + Syringe

Fig. 3. Sinus delivery according to surgery and delivery device in each of the parana-
sal sinuses: (a) sphenoid, (b) maxillary and (c) frontal. The results are reported as
median value of irrigant penetration.

10 cadaver heads and found that a wider sinus ostium resulted
in better penetration of irrigant. In addition, in a recent review,
de Paiva Leite and Douglas'' concluded that functional endo-
scopic sinus surgery improves the reach and delivery of irriga-
tion solutions to the paranasal sinuses.

Interestingly, in the present study, no difference was
demonstrated between step 2 and 3 in the distribution of solu-
tion within the frontal sinus, thus suggesting that a Draf III
procedure does not assure a better distribution of irrigant
than a Draf Ila procedure. This finding is counterintuitive
since, as opposed to the sphenoid and maxillary sinus, pene-
tration of the irrigant into the frontal sinus is not proportional
to the size of sinus ostium. It is possible that this phenomenon
might be related to the removal of the upper portion of nasal
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septum which shunts the flow of solution before it reaches the
frontal sinus. This hypothesis is in accordance with the find-
ings of Zhao et al,'”” who analysed the impact of removal of
the superior nasal and interfrontal septum during the Draf
I procedure through computational fluid dynamics and
reported a premature spillage of the irrigant across the resected
septum thus reducing its frontal penetration. Moreover,
Roxbury et al."> did not find any significant improvement in
distribution of irrigation when a larger septectomy was
performed during Draf III.

Regarding the delivery device, a significant effect on sinus
irrigation was demonstrated. In particular, the squeeze bottle
and the gravity-dependent devices demonstrated a better
sinus penetration than the syringe in each of the different sur-
gical steps analysed. These findings are in agreement with pre-
vious reports. Harvey et al.” found that high-volume devices
greatly enhanced ability to deliver solutions to the paranasal
sinuses. Valentine et al.® studied the efficacy of nasal douching
after endoscopic sinus surgery by means of a squeeze bottle
and pulsed nebuliser. They reported that the squeeze bottle
was more efficient in delivering saline to the nose and parana-
sal sinuses. Thomas et al.” concluded in their review of litera-
ture that a high-volume delivery device is the optimal
technique of penetrating any particular sinus. Interestingly,
in our sample, no differences were demonstrated in the irri-
gant distribution obtained by the gravity-dependent device
and squeeze bottle for the frontal and maxillary sinuses.
However, the squeeze bottle assured a better irrigation of the
sphenoid sinus as opposed to the gravity-dependent device
at step 3 of surgery. It is possible that these differences
might be related to characteristics of the devices. The solution
is delivered from the squeeze bottle by positive pressure.
Hence, we can speculate that removal of the superior nasal
and interfrontal septum during the Draf III procedure (with
consequent flow of solution through the septal window and
out the contralateral nostril) might be less relevant if the irri-
gant is delivered by positive pressure. This hypothesis is in
accordance with the findings of de Paiva Leite and
Douglas'' who reported that Draf III procedures may reduce
irrigation of the other sinuses.

It is important to note that head position significantly
affects sinus irrigation. Distribution of the irrigant within the
frontal sinus improved in the vertex down position. These
data are in accordance with those of Beule et al'® who
found that the head down and forward position assured a
clear superiority in distribution to the frontal sinus.
Interestingly, there was no significant advantage of the head
position for maxillary and sphenoid sinuses. Also, Singhal
et al® did not find any significant effect of head position on
the irrigant distribution within the sphenoid and maxillary
sinuses.

This study has several limitations. First of all, only four
cadaveric heads were used because of limited availability and
cost. Consequently, only limited information regarding inter-
subject variability related to the nasal cavity anatomy (an
important factor of medication distribution) could be inferred,
thus limiting the generalisability of our results. In addition, use
of the cadaveric specimens further limits the clinical general-
isation since no information regarding the patient’s comfort
using the devices could be collected. Also, due to use of cadav-
eric specimens, we were unable to analyse the effect of breath-
ing, mucosal inflammation and mucociliary clearance on the
distribution of solution in the sinuses. The use of methylene
blue may be considered an additional limitation of this study
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because residual staining following its administration could
not be entirely removed from the specimens by rinsing with
water and therefore the extent and intensity of sinus irrigation
might be overestimated. In addition, the order of irrigation was
always the same, and it is consequently possible that this could
have affected the results (order effect). Moreover, the investiga-
tors were not fully blinded because the extent of surgery might
be inferred through intra-sinus visualisation. Finally, the
methodology chosen only permits the irrigant volume that
reaches the sinuses to be assessed semi-quantitatively and
does not permit evaluation of the real dynamics of the nasal
irrigation flow.

Nasal irrigation represents the key element in post-operative care after
endoscopic sinus surgery

Several factors may influence the efficacy of nasal irrigation including
extent of surgery, head position and delivery device

Nasal irrigation was more effective as the sinus ostia became wider
through surgery

The vertex down position facilitates the irrigation of the frontal sinus
High-volume devices offer better irrigation than syringes

The squeeze bottle offers a better irrigation of the sphenoid sinus than
the gravity-dependent device after DRAF III

Conclusion

Nasal irrigation represents a mainstay of the post-operative treat-
ment of chronic rhinosinusitis that provides cleansing of the
nasal and paranasal cavities and delivery of topical drugs. The
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sinus VD. Step 0 was not reported because the irrigant
penetration was 0 in each trial.

current study further confirms the efficacy of high-volume
devices in irrigating the sinuses after surgery. A vertex down pos-
ition during the irrigation could improve delivery to the frontal
sinus. Furthermore, widening of the ostia by means of endo-
scopic sinus surgery improves irrigant access to the sinuses.
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