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Evaluation of mucociliary clearance in the postoperative
period after a maxillary sinus surgery
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Abstract

Aim — evaluation of the local function of the mucociliary clearance
(MCC) in the postoperative period in patients with foreign bodies in
the maxillary sinuses, who have undergone various surgical treatment.

Material and methods. Using an original analysis technique for high-
speed digital video recording of a microscopic picture of a specimen,
obtained by brush biopsy from specific regions of the nasal cavity
and paranasal sinus under endoscopic control, the MCC of the nasal
mucosa was evaluated in the control group (n=60) and in the group of
patients, who received various surgery (n=60) of maxillary sinuses.

Results. We obtained the data on persistent and apparent local MCC
disorders in the field of the surgical intervention in the postoperative
period.

Conclusion. Surgical interventions with access not in the area of the
natural ostium of the maxillary sinus are more gentle, since they do not
injure the mucociliary clearance in the key region — the ostium.
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WUccnepoBaHne MyKoUUIMApPHOro KiIMpeHca
B NocrneonepaumoHHOM nepuoae npu passinyHbixX
BMeLuaTesNibCTBaxX Ha BEePXHeYesSIloCTHOM nasyxe

O.B. Mapees?, I'.O. Mapees', 1.B. ®epgocos?, N.10. Epmakos’

AHHOTaUus

Llenb — oueHka nokansHov dyHkumm MLIK B nocneonepauyoHHOM
nepvoge y 60s1bHbIX C UHOPOAHBLIMU TENAMM BEPXHEYEMOCTHBIX Na3yx
npu pasnuyHbIX cnocobax NPoBEAEHNA XMPYPruyeckoro BMeLLaTenb-
CTBa Ha BEPXHEYENIOCTHOM Nasyxe.

Matepuan u metogbl. C NOMOLLIO OPUrMHAIIbHON METOAMKMN aHa-
113a BbICOKOCKOPOCTHOM LM(PPOBOIA BUAEO3ANMCH MUKPOCKOMNHECKOM
KapTWHbI Npenapara, nosy4eHHoro nytem 6paLl-6Moncumn 3 nHTepe-
CYHOLLMX 30H MOSIOCTM HOCA M OKONOHOCOBLIX NadyX Nof, 3HA0CKONUYe-
CKUM KOHTpOneM, npoeefeHa oueHka MUK cnnancton nonocty Hoca B
KOHTpOsbHOW rpynne (n=60) 1 B rpynne 605bHbIX NOCIe XMPYPrm4ecKmnx
BMeLlaTenscTB (n=60) No NoBody MHOPOAHbIX TEN BEPXHEHENOCTHbIX
nasyx.

Pe3ynbTatbl. [onyyeHbl AaHHbIe, CBUAETENLCTBYIOLME O Pa3BUTMKN
CTOWKMX M BblPaXXEHHbIX JIOKanbHbIX HapyLeHuii MLIK B o6nactu one-
paTMBHOIO BMeLUaTeNnbCTBa B NOCNeonepaunoHHOM nepuoge.

BbiBOAbI. X1pypruyeckne BmeLLaTenscTea ¢ 4OCTYNOM He B 06-
NacTn eCTECTBEHHOIO COYCTbSl BEPXHEYENOCTHON Nasyxu ABAAOTCA
6onee WaaALWLmMMK, Tak Kak He U3MEHST MyKOLMMAPHBIA KNMPEHC B
KMHO4EeBOWN 30He — B 06N1aCTh COYyCTbA.

KntoyeBble cnoBa: MyKOLMIMAPHBIA KNMPEHC, BEPXHEYENoCTHas
nasyxa, MHOpPOAHbIE Tefla BEPXHEYESIOCTHBIX Na3dyX, SHAOCKONMYecKas
aHTPOCTOMMS, SHAOCKONMYECKan TpaHCMaKCUNNapHas ranMopoTOMMS.

KOHNMKT MHTEepecoB: He 3asBieH.
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m INTRODUCTION

Mucociliary clearance (MCC) represents a non-
specific mechanism that provides local protection to the
respiratory mucosa from external influences, including
infection. The main protective function of the nose
and paranasal sinuses is implemented by the mucous
membrane, which is covered with pseudostratified
epithelium consisting of ciliated, goblet, as well as
short and long intercalary epitheliocytes. MCC is
damaged in various processes, both acute and chronic
[1, 2, 3]. In addition, there are known diseases that
are characterized by congenital defects of the human
epithelium ciliated system. Furthermore, various
drugs also affect the MCC (for example, intranasal
decongestants increase by several folds the time of
mucociliary transport).

The development of chronic processes in the nasal
cavity and paranasal sinuses is primarily associated
with the defects in the MCC system of the mucous
membrane in the nasal cavity and paranasal sinuses.
Impairment of the evacuation of discharge from the
sinuses, as well as dysfunction of the anastomoses,
represents a scientifically proven basis for the
development of endonasal sparing rhinosurgical
techniques, in particular, the so-called Functional
Endoscopic Sinus Surgery technique, which has
been widely implemented worldwide in recent
decades [3, 4, 7].

However, it is quite challenging to monitor the
MCC in vivo. Few studies have investigated the
MCC, especially in the area of the paranasal sinuses
and nose. The available Russian fundamental study [1]
describes methods of studying the MCC at the micro
level and provides data on MCC changes in various
pathologies, but there is no data about MCC studies
during rhinological surgeries and in the postoperative
period. Concurrently, most rhinologists are well aware
of such problems as excessive formation of crusts and
the specific local accumulations of mucus on the
nasal mucosa are detected locally during endoscopic
examination in certain areas in a number of patients
after interventions on the nasal cavity and paranasal
sinuses. The issues on MCC formation during the
postoperative period in the nasal cavity have not been
sufficiently studied [7].

One of the most important studies in this area was
presented by Finnish scientists. In 2006, J. Myller
et al. published the results of their study [7], which
measured MCC parameters in 27 patients with chronic
and acute recurrent rhinosinusitis. The patients
underwent surgery, and in some cases, the removal of
the uncinate process and antrostomy were performed,
while in other cases, only antrostomy was performed.
The MCC study was conducted using sterile human
albumin labeled with technetium-99, and the shooting
was performed with a gamma camera for 40 minutes.
The labeled material was injected into the maxillary
sinus by puncture in the lower nasal passage (total
radiation dose 40 uCi for bilateral examination). The
authors showed that, on average, MCC activity reaches
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87.2% of the normal during surgery with the removal
of the uncinate process and 94.2% with antrostomy.
Three cases were recorded when the MCC activity
was less than 50% of the norm, two cases during the
intervention with the removal of the uncinate process,
and one case with antrostomy. It is interesting to note
that similar results were achieved during examination
nine months after surgery. In the study immediately
after it, in approximately half of the cases (51.9% in
each of the 14 cases, respectively), MCC was not only
below the normal, but also showed no movement of
the labeled substance as a whole during the entire
40 minutes. The authors concluded that the endoscopic
intervention had a significant effect on the restoration
of the functional state of the mucous membrane in the
paranasal sinuses. They also reported that there was a
comparatively low significance, whether the surgery
was performed with the uncinate process resection or
without it. In addition, in the conclusion, they noted
that the restoration of the MCC almost never occurs
to the average normative values according to the used
method of measuring MCC and never exceeds them.

According to the data of Elwany S and Hisham M
[8] obtained using the saccharin test, in the group of
patients with chronic rhinosinusitis, the MCC time
was 37.0 = 15.7 min, while it approached on average
to normal values and amounted to 20.3 = 7.5 min
after surgery.

A.J. Bizaki, et al. [9] performed a large-scale
comparison of MCC in patients who underwent an
endoscopic intervention in the maxillary sinuses, as
well as balloon dilatation of the ostium of the maxillary
sinuses. A gamma camera and human albumin labeled
with technetium-99 were used to study MCC, as well
as a saccharin test and an endoscopic technique with
the use of methylene blue. Subjectively, the results
of the surgical interventions were assessed using
the SNOT-22 questionnaire. The authors noted
statistically significant differences in these groups in
assessing the subjective state (not in favor of endoscopic
interventions); MCC studies have shown no significant
difference between the different approaches. It was
also noted that the saccharin test does not completely
reproduce the data obtained using the labeled agent
or endoscopic examination with methylene blue, and
these differences were statistically significant.

Thus, in the contemporary literature, the issue of
the state of the mucous membrane and MCC in the
postoperative period is not widely covered; moreover,
the available data is contradictory. The conventional
assessment of MCC using the saccharin test is seldom
applicable in this case, since this refers to its local
changes in certain sites of the nasal cavity, which
cannot be evaluated using this method.

m AIM

The study aimed to assess the local MCC function
in the postoperative period among patients with foreign
bodies of the maxillary sinuses using various methods
of surgical intervention in the maxillary sinus.
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m MATERIAL AND METHODS

We have developed a modern method for assessing
MCC using a contemporary high-speed digital
video recording of the microscopic presentation of
the preparation with its subsequent mathematical
processing.

Image registration was performed in transmitted
light using a Zeiss microscope and a Zeiss 100/1.25 field
lens with a numerical aperture and oil immersion.
The light source is a 1 W green light-emitting diode
installed in an illuminator with a plastic collector
lens. The illuminator is placed under the stage of the
microscope in such a way that the image of the light-
emitting diode is projected using the collector lens
into the plane of the iris aperture diaphragm of the
microscope’s achromatic condenser. The maximum
numerical aperture of the condenser (at fully open
diaphragm) is 0.65. A photograph of the apparatus is
presented in Figure 1.

The image of ciliated epithelial cells was
recorded using a digital complementary metal oxide
semiconductor camera acA 1920—155um (Basler,
Germany) with a maximum image resolution of 1920
x 1200 pixels at a frame rate of 164 frames per second.
The size of one pixel corresponds to 5.86 x 5.86 microns
in the object plane of the microscope. The camera was
controlled using a software developed in the LabVIEW
environment. To measure the ciliary action frequency,
the image size was reduced to 200 x 200 pixels. Also,
the frame rate was increased to 400 frames per second.

A series of 4000 frames with the duration of
10 seconds was used for measurements. This enables
ciliary action measurements of up to 200 Hz with a
frequency resolution of 0.1 Hz. The recorded series
of images was processed using a specially developed
program. The processing algorithm includes the
following operations.

1. Loading a series of 4000 images into the computer
memory.

2. Selection by the operator of the site of interest,
namely the image area within which the ciliary action
frequency is measured.

3. Construction of sequences of the changes in
the brightness of each pixel in time (for
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PucyHok 1. O6wymii Bug yctaHoBku 4sisi uccnegosannsa MUK.
Figure 1. General view of the facility for MCC analysis.

A series of video images of cilia are presented in
Figure 3.

A separate area for researching video recording
frames marked in the software is presented in Figure 4.

The study included 60 patients with foreign bodies of
the maxillary sinus. The study group included patients
aged 18—50 years old, and their foreign bodies in the
maxillary sinuses were exclusively due to previous
endodontic interventions on the teeth of the upper jaw.

The study excluded patients with a history of chronic
diseases of the paranasal sinuses, as well as with
burdened allergic anamnesis. The disease duration was
from 1 month to 3 years. The patients were divided into
two equal groups of 30 people, each of which underwent
surgical treatment. In group I, patients underwent
surgery using the endoscopic endonasal approach to

example, for a site of 10 x 10 pixels, 100 rows
0of 4000 points in each are plotted).

4. Calculation of modified periodograms
with a Hanning window for each series using
the fast Fourier transform algorithm.

5. Construction of an estimate of the
power spectrum of the pixel brightness
fluctuations within the region of interest as
an average of the modified periodograms.

6. Detection of peaks in the power
spectrum.

7. Isolation of the peak corresponding
to the fundamental frequency of the cilia

s mEaE

oscillations (first harmonic).
A general view of our software is presented
in Figure 2.

www.innoscience.ru

PucyHok 2. Bug N0 gnsa nccnegoarnsa MUK, pa3pabotaHHoOro Hamu.
Figure 2. Software for MCC analysis, developed by the authors.
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vasoactive drugs and smoking were
forbidden during several hours
prior to the study.

m RESULTS AND
DISCUSSION

The results of the study are
presented in table 1 (data are
presented one month after the
surgery in groups I and II) and in
table 2 (data four months after the
surgery in groups I and II).

According to our data, a
significant decrease was noted
in MCC indicators in the early
postoperative period (after
1 month) in patients operated
on by endoscopic antrostomy
(group I). The revealed difference
in MCC value between the control

PucyHok 3. Cepusi KagpoB MUKPOCKOMNYECKOU LinehpOBOV 3arncy LnmmapHoOro SrnuTesus. group and group I was statistically
Figure 3. A series of shots of microscopic digital recording of the ciliary epithelium. Signiﬁcant (tnoted = 2'02= p= 0.46
with the number of degrees of
freedom f = 88; t_, .. = 1.99 with
1 a significance level of p = 0.05).
= There were also statistically
significant differences between
groups Il and I (t_ ., =2.09,p=
0.41 with the number of degrees of
freedom = 58; t,,. = 2.00 with a
significance level of p = 0.05).

In the group II patients who

DN N underwent surgery by transmaxillar

L —E endoscopic antrostomy using a

| — N 1 — TS trocar or funnel, no statistically

i S = significant changes in MCC
——p 5 e F ¥ " indi i

1 f—— =} s amd indices relative to the control group

e st LB e R ; were registered (tnoted = 0.26, p =

0.79 with the number of degrees of

freedom f = 88; ttable = 1.99 with
PucyHok 4. BrigeneHHas [51s 06paboTku 061actb Kagpa a Signiﬁcance level Ofp — 0_05).

C N306paxkeHnem ynnmapHoro arinTesivs. . . . .
11300p P ) ; y A decrease in these indicators was also noted in the
Figure 4. The area of the shot with the image of the ciliary

epithelium, selected for processing. patients of group I and four months after surgery with a

Frequency

the maxillary sinus (endoscopic antrostomy). In group  FrEiFsisiiase Bl o K i

11, access to the maxillary sinus was performed using examined patients the spectrum B0y

endoscopic transmaxillar antrostomy (using the Storz F, Hz

trocar or VS Kozlov—VN Krasnozhen funnel). Control group 60 11.76 +2.56
The control group consisted of 60 healthy individuals Patients after

without any pathology of the nasal cavity and paranasal gﬂ?rgss(t:gr%; % > +246

sinuses. The control group included individuals based Patients after

on voluntary informed consent, after an endoscopic ‘g‘rﬂfgfgm;’f 30 10.94 +1.89

examination of the nasal cavity, which revealed the
ab§ence of obstacles to taking a brush biopsy from the Tabnunya 1.Pe3ynestatel uccnegosanns aktmsHoctn MUK B
middle meatus. riocsieonepaLoHHOM nepuose y PUHOOMMHECKNX 60sbHbIX
Bmsh blopsy Sample was taken under endoscopic B CpaBHEHMMN C KOHTPOJIbHOV rpynrnovi Yepe3 1 mecsiy rocne
. orepaTyBHOIO BMeLLaTe/IbCTBa
guidance from the nasal mucosa of the area of the P ) ,
. . Table 1. MCC fucnction study results in the 1 months of
natural ostium. Straight and curved Storz brushes, as

5 . postoperative period, in rhinological patients, in comparison
well as Olympus, Bioline, etc. were used. The intake of  with the control group
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Frequency of the

Group of Number of + h Mean

) . first harmonic e
ex:tIi“eI:tesd ex:tlgn;:fsd of the spectrum de\;lamtlon

P P F, Hz

Control group 60 11.76 +2.56

Patients after
endoscopic 30 6.05 +1.34
antrostomy

Patients after

transmaxillar 30 11.23 +2.16
antrostomy

Tabnuya 2. PesynbtaTtsl nccrnegosaHmsa aktuBHocty MUK

B 110C/1€0MEPAaLMOHHOM NEPUOAE Y PUHOSIOTNHECKUX OOSTbHbIX
B CpaBHEHWUN C KOHTPOJIbHOV rpyrrnovi 4epes 4 mecsua rnocre
ornepaTvBHOIro BMeLLAaTesbCTBa

Table 2. MCC fucnction study results in the 4 months

of postoperative period, in rhinological patients, in comparison
with the control group

certain tendency to their improvement (table 2). In this
case, no statistically significant differences were noted
between the results of assessing the MCC of groups |
and II, although there was quite a large variability in
the results of group II.

Thus, we can conclude on the significant influence
of surgical interventions on the MCC in the area where
the intervention occurred. Local surgical trauma to
the mucosa leads to a decrease in the frequency of the
ciliary action of the epithelium, an increase in the time
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of mucus transport in this area, and mucostasis, which
contributes to the formation of thicker mucus, followed
by the formation of crusts in this area.

Interestingly, the indices of the local MCC improve
only partially over time in the postoperative period.
These phenomena, when they develop in the key area
of the sinus anastomoses, can also contribute to the
mild impairment of the evacuation of secretions from
the paranasal sinuses. Similar results were obtained by
international authors in the study of the restoration of
the ciliary epithelium and its functional organization
after rhinosurgical interventions [8], as well as in the
study of the role of removal of the uncinate process [9].

m CONCLUSIONS

Surgical intervention for sinusitis caused by foreign
bodies, which represent secondary changes in response
to an inflammatory reaction and irritation of the
mucous membrane, with no access to the area of the
natural sinus ostium, taking into account local changes
in the MCC, is in this case more sparing, since it does
not impair the transport function of the mucosa in the
area of the sinus ostium. »=

Conflict of interest. The authors declare no conflict
of interest.

5. Rikhel'mann G, Lopatin AS. Mucociliary transport: experimental
and clinical evaluation. Rossiiskaya rinologiya. 1994;4;33—47. (In
Russ.). [PuxenbmanH I, Jlonatun A.C. MyKoLWIMApHBIM TpaHC-
MOPT: SKCIIEpUMEHTaIbHAs M KIMHUYecKas olieHKa. Poccuiickas
punonoeus. 1994;4;33—47].

6. Apostolidi GK. Endoscopic surgery of the maxillary sinuses for
chronic sinusitis. Vestnik natsional’ nogo mediko-khirurgicheskogo
tsentra im. N.I. Pirogova. 2007;2(1);75—82. [Anoctonunu " K.
DHIO0CKOTMYECKash XUPYPTHUSI BEPXHEUETIOCTHBIX Ta3yX MpHU
XPOHUYECKUX TaliMOpUTaX. BecmHuK HAYUOHANbHO20 MeOUKO-
xupypeuueckoeo uenmpa um. H.U. ITupoeosa. 2007;2(1);75—82].

7. MyllerJ, Toppila-Salmi S, Torkkeli T, Heikkinen J, Rautiainen M.
Effect of endoscopic sinus surgery on antral mucociliary clearance.
Rhinology. 2006;44(3):193—196.

8. Elwany S, Hisham M, Gamaee R. The effect of endoscopic sinus
surgery on mucociliary clearance in patients with chronic sinusitis.
Eur Arch Otorhinolaryngol. 1998;255(10):511—4.

9. Bizaki AJ, Numminen J, Taulu R, Rautiainen MA. Controlled,
Randomized Clinical Study on the Impact of Treatment on
Antral Mucociliary Clearance: Uncinectomy Versus Balloon
Sinuplasty. Ann Otol Rhinol Laryngol. 2016;125(5):408—14.
doi: 10.1177/0003489415618676

www.innoscience.ru

27




