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ABSTRACT

Objective: This study aimed to objectively evaluate the sinus volume restoration after surgery in children with chronic maxillary atelectasis
(CMA).

Methods: This was a prospective study with 25 children aged between 6 and 17 years with CMA operated in our department.

Results: All the patients underwent endoscopic maxillary sinus surgery. Postoperative computed tomography (CT) was performed in 14 children,
and restoration of the affected sinus ventilation was found in all of them. Volumetric measurements before and 6 months after the surgery were
performed in 12 children. The results revealed a statistically significant change of volume in both healthy (13.0£5.6 cm? versus 12.6+5.6 cm?,
p=0.003) and diseased (6.2+4.3 cm?® versus 4.9+3.0 cm?, p=0.008) sinuses. To prove the difference in size changes between the healthy and af-
fected sinuses, the ratio of the postoperative to preoperative sinus volume was calculated. These ratios were then compared using the parametric
t-test and the non-parametric Mann-Whitney test. Thus, excluding the age-related growth of sinus, we found a statistically significant increase in
the volume of the diseased sinus compared with the healthy ones after endoscopic sinus surgery (1.04+0.03 to 1.27+0.18, p=0.001).
Conclusion: CT-based measurement of sinus volume before and after surgery is a convenient, reproducible, and reliable method for the
assessment of surgery effectiveness. The endoscopic middle meatal antrostomy is an effective surgical treatment for patients with CMA
that leads to sinus enlargement.
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However, the possibility of re-expansion of the maxillary si-
nus after surgery had not been clear earlier. Recent publica-
tions, based on modern computed tomography (CT), have
shown that remodeling and enlargement of the sinus might be
achieved after surgical treatment (10).

Introduction

The study of chronic maxillary atelectasis (CMA) started with the
first description by Montgomery in 1964 (1), continued with the
clarification of terminology by Soparkarin 1994 (2) to the modern

publications of long-term results of surgical treatment (3-5).
The assessment of sinus remodeling in children is complicated. For

Otorhinolaryngologists are gradually reaching the consensus
on the issue of precise definition of this disease, its causes, and
effective treatment (6, 7).

CMA is almost always considered as an indication for surgery,
and endoscopic middle meatal antrostomy is suggested to be
the gold standard of treatment. It was found that this surgery
stops the progression of atelectasis and restores the ventila-
tion of the sinus (6, 8, 9).
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the evaluation of treatment effectiveness, the volume of the sinus
after surgery should be compared not only with the preoperative
measurements but also with the volume of contralateral sinus.

The first successful results of such studies had been published
in case reports (11, 12) and small case series (13) of pediatric
patients, but the conclusions were based on the changes in lin-
ear dimensions. Meanwhile, a graphic software of the modern
CT scans has made the direct measurement of sinus volume
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Figure 1. Endoscopic view of the lateral wall of the nasal cavity in patient with chronic maxillary atelectasis before surgery (a), intraoperatively
(b), and 6 months after surgery (c). Left nasal cavity, endoscope 0.

simple and precise (14-16). Giant C. Lin (4) reported an effec-
tive application of this capability in adult patients with CMA.
There are no published studies in children yet.

We report the results of CT-based volumetric measurements
of sinuses in children with chronic maxillary sinus atelectasis,
operated at our department.

This study aimed to objectively evaluate the maxillary sinus
volume in children before and after surgical treatment of CMA.

Methods

We conducted a prospective study of 25 children aged be-
tween 6 and 17 (mean age, 11.6) years with CMA, confirmed
by clinical examination and multispiral CT (MSCT) (Table 1
and Figure 1). The study was approved by National Medical
Research Center for Children’s Health Federal state autono-
mous institution of the Russian Federation Ministry of Health
institutional review board (No:11, 12/09/2018). Informed con-
sent was obtained from all the patients included in this study.
There were 16 female (64 %) and 9 male (36%) patients. In 11
patients, the right maxillary sinus was involved in the process,
13 patients had atelectasis of the left maxillary sinus, and 1 pa-
tient presented with a bilateral process.

A total of 17 children presented with nasal congestion, 6 with
recurrent purulent discharge, 3 with headache, and 2 with
cough. Facial asymmetry and enophthalmos were noted by

Main Points:

Definite computed tomography signs of chronic maxillary
atelectasis (CMA) were found in all the children who were
examined.

There was a significant increase in the volume of maxillary
sinuses after surgery, both on the diseased and the healthy
sides, which may be because of the age-related growth of
sinuses.

Analysis of the ratios revealed a significant increase in the
volume of the operated sinuses compared with the healthy
side sinuses.

The endoscopic middle meatal antrostomy is an effective
surgical treatment for children with CMA, that leads to sinus
enlargement.
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parents in 3 children. Ophthalmological examination of the pa-
tients confirmed enophthalmos in only these patients and had
revealed no cases of diplopia.

Several children had concomitant ear-nose-throat diseases
(Table 1), with 7 patients having nasal septal deviation to the
ipsilateral side, 1 having a contralateral deviation, and 2 pre-
senting with adenoid hypertrophy with clinical manifestations.

Surgical Technique

All the patients underwent endonasal endoscopic maxillary sinus
surgery under general anesthesia. We considered the maxillary at-
electasis without any clinical symptoms as an indication for surgical
treatment owing to its impact on the growth of the facial skeleton.

A significant lateralization of the uncinate process and of the
medial wall of the maxillary sinus was found intraoperatively in all
patients (Figure 1a). The uncinate process was partially resect-
ed at its inferior part using backbiting forceps. Next, the natural
ostium of the maxillary sinus was identified with a probe and
was enlarged inferiorly, posteriorly, and anteriorly. In patients in
whom the uncinate process was tightly adhered to the orbital
wall, the approach to the sinus was performed by perforation
and enlargement of the fontanelle inferior to the uncinate. We
aimed to create the widest possible ostium within the bounds of
the inferior turbinate, the orbit, the posterior wall of the maxil-
lary sinus, and the nasolacrimal duct (Figure 1b).

In all operated patients, the maxillary sinus was filled with mu-
cin, which was removed intraoperatively. Endoscopic examina-
tion of the sinuses revealed decreased sinus volume and lower
position of the inferior orbital wall.

At the end of the surgery, the wound surface at the middle me-
atus was covered with Surgicel sponge. There were no compli-
cations during the postoperative follow-up.

In 6 patients, endoscopic sinus surgery was combined with en-
doscopic septoplasty, and adenoidectomy was performed in
2 patients. Also, simultaneous tympanoplasty, choanoplasty,
and inferior turbinoplasty were performed in 3 different pa-
tients with corresponding concomitant pathologies.

Computed Tomography and Volumetric Measurements
We performed MSCT with 0.6 mm slice thickness using a
Discovery CT 750 HD scanner (General Electric Healthcare,
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Figure 2. Volumetric measurements of the chosen segmented area of
the maxillary sinus.

Figure 3. Computed tomography scans of the patient with left-sided
chronic maxillary atelectasis before (a) and after (b) surgery.

Figure 4. Air-flow column mode computed tomography scans of

the patient with chronic maxillary atelectasis before (a) and after (b)
surgery demonstrating postoperative restoration of the ventilation of
the right sinus.

Waukesha, USA). Further image processing and data analysis
were performed with the diagnostic software Volume Viewer
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AW VolumeShare (GE Medical Systems SCS, France) using
both linear and volumetric measurements of the selected seg-
mented area (Figure 2). CT was performed before surgery and
6-8 months postoperatively.

For the objective assessment of the results, we evaluated sinus
pneumatization, ostium patency, and pre- and postoperative
sinus volumes, both on the affected and contralateral sides.
The ratio of volume change was calculated on the affected
(K1) and contralateral sides (K2).

Statistical Analysis

Data analysis was performed using the following statistical pa-
rameters: arithmetical mean (M), standard deviation (SD), me-
dian (Me), 25t and 75" percentiles (Q1 and Q3, respectively).

The Shapiro-Wilk test was used for the assessment of normal-
ity of the patient sample. We compared the pre- and postop-
erative volumes of both healthy and affected sinuses using the
paired Student’s t-test and the Wilcoxon signed-rank test. The
ratio of the preoperative sinus volume to postoperative volume
between healthy and affected sinuses was compared using the
independent t-test and the Mann-Whitney test. The p-value
for detecting the statistical significance of differences was set
at the level of p<0.05.

Results

A positive outcome of the surgery regarding the reduction of
clinical manifestations was noted in all 25 patients.

A control examination 6 months after the surgery demonstrat-
ed a reduction or almost complete elimination of complaints,
including nasal congestion, headache, and nasal discharge. The
improvement in nasal breathing in some patients was probably
because of the simultaneous adenoidectomy, septoplasty, and
turbinoplasty (Table 1).

In all the patients, preoperative CT scans showed reduced vol-
umes of the affected sinus compared with the contralateral
side, lateralization of the uncinate process, and opacification
of the atelectatic maxillary sinus with depression of the orbital
floor (Figure 3a). During the air-flow column CT mode, the af-
fected sinus looked "absent” on the scans (Figure 4a).

Postoperative CT was performed in 14 children, and in all of
them, ventilation of the affected sinus was completely restored
(Figures 3 and 4). In other patients, CT was not performed ow-
ing to a short postoperative period or refusal by parents.

Volumetric measurements before and 6 months after the sur-
gery were performed in 12 children. These patients were includ-
ed in the main group for comparison and assessment (Table 2).

The study revealed that the average volume of the affect-
ed sinus in the group before the surgery was 4.9+3.0 cm3;
and 6 months after the surgery, it increased to 6.2+4.3 cm?®
(p=0.008).

Moreover, the volume of the contralateral healthy sinus also
significantly increased. The mean value in this group before the
surgery was 12.6+5.6 cm?® and after the surgery was 13.0£5.6
cm?® (p=0.003).
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Table 2. Maxillary sinuses volumes before and after surgery

Diseased sinus, cm?

Non-diseased sinus, cm?

N Before After Before After K1 K2

1. 11.0 16.0 250 25.0 1.45 1.00

2. 47 5.8 8.4 1.23 1.06

3. 1.6 24 7.0 1.50 1.09

4, 22 3.1 13.3 13.9 1.41 1.05

5. 32 3.6 11.5 11.8 1.183 1.03

6. 45 4.9 17.4 17.4 1.09 1.00

7. 4.6 4.8 11.0 11.0 1.04 1.00

8. 9.1 12.7 18.0 19.0 1.40 1.06

9. 8.1 10.0 16.0 16.7 1.23 1.04
10. 3.0 45 10.4 111 1.50 1.07
1. 2.8 29 75 1.04 1.00
12. 35 4.2 6.9 1.20 1.03
M+SD 4.9+3.0 6.2+4.3 12.6+5.6 13.0+5.6 1.27+0.18 1.04+0.03
p1 0.008* 0.003* 0.001***

Me [Q1; Q3] 4.0[2.9;6.4] 4.7 [3.4;7.9] 11.3[7.7,16.7] 11.5[8.0;,17.0]  1,23[1.11;1.43] 1.04[1.00;1.06]
p? 0.003** 0.012** 0.000****

* Student’s t-test; ** Wilcoxon test; *** Independent t-test; **** Mann-Whitney test

Therefore, the decisive factor for determining the outcome
of surgery was a comparison of the ratio of preoperative and
postoperative volumes of the affected and healthy sides.

The ratio of postoperative volume to preoperative volume of
the affected side (K1) was 1.27+0.18; and on the healthy side
(K2), it was 1.04+0.03 (p=0.001).

Thus, a significant increase of the affected sinus volume af-
ter surgery was detected also in relation to the healthy side
(Table 2).

Discussion

Our results revealed a statistically significant change in volume
for both healthy and diseased sinuses. To prove the difference
in size changes between the healthy and affected sinuses be-
fore and after surgery, the ratio of the sinus volume after sur-
gery to the volume before surgery was calculated. These ratios
were then compared using the parametric t-test for indepen-
dent samples and the non-parametric Mann-Whitney test.

This method allowed to exclude the age-related growth of
sinus and showed that there was a statistically significant in-
crease in the volume of diseased sinus after endoscopic sinus
surgery compared with that of the healthy side sinus.

Interest in maxillary sinus atelectasis is growing exponentially.
One of the first systematic reviews was published in 2008, and
at that time, only 105 cases in adults were described (6).

In the next decade, there was an explosion in the number of
publications about silent sinus syndrome with a demonstration
of long-term treatment results (3, 4, 9,10, 13, 17).

However, a vast majority of articles is devoted to adults, and
there are still very few publications on maxillary sinus atelecta-
sis in children (11-13).

In 2014, Chang et al. (11) have presented the results of surgical
treatment of a 7-year-old child with chronic maxillary sinus at-
electasis with 1-year follow-up after endoscopic sinus surgery.
In 2016, Rosa et al. (12) described the case of surgical treatment
of a 10-year-old patient with chronic maxillary sinus atelecta-
sis with 6 months of follow-up. In 2017, Farneti (13) published
a retrospective review of 6 pediatric patients with silent sinus
syndrome, operated between 2001 and 2014. According to the
authors, chronic maxillary sinus atelectasis should be considered
as one of the causes of spontaneous headache in children, and
endoscopic sinus surgery is an effective treatment.

We present our case series of chronic maxillary sinus atelecta-
sis in children. Our group was slightly different in age parame-
ters and accompanying factors from the Farneti's group, which
included 6 children, 5 of whom were radiologically examined.
In our study, there were more patients (n=25), and they were
older (6 to 17 years old with a mean age of 11.6 years) than
patients in the Farneti group (7 to 14 years old with a mean
age of 9.8 years). It should be mentioned that small maxillary
sinus (anatomical variation) could be mistaken for atelecta-
sis. A distinction should be drawn between the 2 conditions:
anatomically small maxillary sinus and chronic atelectasis. We
only considered patients with signs of negative pressure in the
sinus (lateralization of fontanelle and uncinated process) as
chronic atelectasis.

In contrast to the study by Farneti, in which majority of the
patients (83.3%) were boys, in our series, most of the patients
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were girls (16 patients, 64 %). Thus, we hypothesize that there
is no gender predisposition in the formation of maxillary sinus
atelectasis. Moreover, as the laterality bias of the disease, both
in our group and in the Farneti case series, half of the patients
had lesions of the right sinus and half had lesions of the left
sinus.

The surgical management in both the case series was the same
endoscopic middle meatal antrostomy. CT was performed to
evaluate the effectiveness of the surgery.

There is still no consensus among researchers on how to eval-
uate the results of surgical treatment of chronic maxillary si-
nus atelectasis. At first, the authors assessed clinical manifes-
tations, restoration of pneumatization according to CT, and
stopping of enophthalmos progression (6, 17). The authors
then used CT to evaluate the size of the sinuses before and
after surgery (5).

However, in adults, the enlargement of the sinus in the post-
operative period might be clearly interpreted as the success of
the surgery, but in children, it is more difficult to evaluate the
result. There is a physiological growth of facial bones and pa-
ranasal sinuses in children. The comparison of pre- and post-
operative sizes of the affected sinus is not indicative for the
evaluation of the effectiveness of surgery. Obviously, it is nec-
essary to evaluate the changes in the sinus size relative to the
healthy side.

Furthermore, it is important which parameters should be eval-
uated considering the physiological growth of facial bones.
Chang (11), for example, measured the greatest height and
width of both the maxillary sinuses before and 6 months after
surgery and then calculated the difference between the maxi-
mum dimensions of diseased and non-diseased sinuses before
and after surgery.

Farneti compared the preoperative and postoperative ratios of
heights and widths of the diseased sinus and the contralateral
sinus and demonstrated complete re-ventilation in 4 patients
with an almost complete re-expansion of the maxillary sinus.

However, age-related growth of maxillary sinus is dispropor-
tional (15). Therefore, an assessment of only the maximum
width and height of the sinus may not be entirely represen-
tative.

We believe that the most informative and reliable method for
assessing the maxillary sinus before and after surgery is to
measure its volume.

Actually, the volumetric measurements have already been
performed in adults. Eyigor et al. (7) have investigated the cor-
relation between radiological and clinical findings in patients
with radiologically asymmetrical reduced maxillary sinus vol-
ume. The authors measured the maxillary sinus volume and
the thickness of the retroantral fat tissue, the infraorbital bone
curve, the uncinate lateralization, and the middle concha di-
ameter. The study revealed a statistically significant difference
between the healthy side and the pathological side in terms of
maxillary sinus volume in the enophthalmos group. Unfortu-
nately, the authors did not repeat these measurements after
surgery.
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In another retrospective study, Lin et al. (4) have analyzed CT
scans of paranasal sinuses of 22 adult patients operated be-
tween 2005 and 2013. The following radiologic parameters in
adults with chronic maxillary atelectasis were measured: maxil-
lary sinus volume on the diseased side (DS), orbit volume at the
DS, midorbit height (MOH) at the DS, maxillary sinus volume at
the contralateral side (CS), orbit volume at the CS, and MOH
at the CS. The authors proved that the 3-dimensional volu-
metric analysis is a unique way of examining CMA. The study
demonstrated that spontaneous orbit-volume improvement
and maxillary sinus re-expansion can occur after endoscopic
sinus surgery, but the change in volume does not completely
normalize to the volume of the unaffected side (4).

It is worth to remember that in a study conducted by Chari-
ba et al. (3), the authors did not measure the volume of sinus
in patients with silent sinus syndrome but calculated the
volume from the formula based on height and width. Such
measurements have not yet been performed in children with
CMA, although there are published reports on age-related
volumes of paranasal sinuses in healthy population (15). For
example, Park et al. (15) in 2010 measured the volume of air
cavities of the paranasal sinuses and evaluated the normal
development of paranasal sinuses in all age groups in the
Asian population.

Giacomini et al. (16) showed that the volume measurements of
maxillary sinus may be useful to identify diseases affecting the
paranasal sinuses. They developed a special automated tool for
maxillary sinus volume assessment. An average total maxillary
sinus volume of 14.7+4.4 cm?® was found in the evaluated pa-
tients.

Degermenci et al. (18) performed a retrospective volumetric
CT study on 361 children and presented the data for studies
relative to the development of the maxillary sinus.

We tried to eliminate the existing lack of approaches to as-
sessment of the maxillary sinus volume in children with CMA.
Over a period of several years, we performed volumetric mea-
surements, and now the number of our patients is sufficient
for analysis and publication.

In conclusion, CT-based measurement of sinus volume before
and after surgery is a convenient, reproducible, and reliable
method for the assessment of effectiveness of surgery. Our
data demonstrate that the endoscopic middle meatal antros-
tomy not only prevents the progression of atelectasis but also
creates the conditions for spontaneous sinus enlargement,
maintaining the normal development of the child's facial skel-
eton.
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Informed Consent: Written informed consent was obtained from the
patients who agreed to take part in the study.

Peer-review: Externally peer-reviewed.



B-ENT 2020; 16(3): 141-7

Author Contributions: Supervision-Y.R, UM, Design-Y.R, UM, Re-
sources - Y.R, AP, |.M; Materials — UM, AP., ZM,; Data Collection and/
or Processing — A.P., M., ZM.; Analysis and/or Interpretation—A.P.,, Y.R,
ZM; Literature Search — U.M,, .M.; Writing Manuscript - Y.R, A.P., UM,
Z.M.; Critical Review — Y.R.

Conflict of Interest: The authors have no conflict of interest to de-
clare.

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

References

1.

Montgomery W. Mucocele of the maxillary sinus causing enoph-
thalmos. Eye Ear Nose Throat Mon 1964; 43: 41-4.

Soparkar CN, Patrinely J, Cuaycong M. et al. The silent sinus syn-
drome. A cause of spontaneous enophthalmos. Ophthalmology
1994, 101: 772-8. [CrossRef]

Chariba I, Darghal K, Lazard D, Lecanu J, Sain-Oulhen C. Etude
rétrospective sur le silent sinus syndrome: a propos de 13 cas. An-
nales francgaises d'Oto-rhino-laryngologie et de Pathologie Cervi-
co-faciale. 2013; 130: A92-A93. [CrossRef]

Lin G, Sedaghat A, Bleier B et al. Volumetric analysis of chronic max-
illary atelectasis. Am J Rhinol Allergy 2015; 29: 166-9. [CrossRef]
Martinez-Capoccioni G, Varela-Martinez E, Martin-Martin C. Si-
lent sinus syndrome an acquired condition and the essential role
of otorhinolaryngologist consultation: a retrospective study. Eur
Arch Oto Rhino Laryngol 2016; 273: 3183-8. [CrossRef]

Brandt M, Wright E. The silent sinus syndrome is a form of chronic
maxillary atelectasis: a systematic review of all reported cases. Am
J Rhinol 2008; 22: 68-73. [CrossRef]

Eyigor H, Cekic B, Turgut Coban D, et al. Is there a correlation be-
tween the clinical findings and the radiological findings in chron-

Rusetsky et al. Chronic maxillary atelectasis in children

ic maxillary sinus atelectasis? J Craniomaxillofac Surg 2016; 44:
820-6. [CrossRef]

Behbehani R, Vacareza N, Bilyk J, Rubin P, Pribitkin E. Simultane-
ous endoscopic antrostomy and orbital reconstruction in silent
sinus syndrome. Orbit 2006; 25: 97-101. [CrossRef]

Pula J, Mehta M. Silent sinus syndrome. Curr Opin Ophthalmol
2014; 25: 480-4. [CrossRef]

Kram Y, Pletcher S. Maxillary sinus posterior wall remodeling fol-
lowing surgery for silent sinus syndrome. Am J Otolaryngol 2014;
35:623-5. [CrossRef]

Chang DT, Truong MT. A child with silent sinus syndrome and
spontaneous improvement after sinus surgery. Int J Pediatr Oto-
rhinolaryngol 2014; 78: 1993-5. [CrossRef]

Rosa F., Figueirinhas R, Oliveira J, Aimeida E Sousa C. Silent sinus
syndrome in children. Acta Otorrinolaringol Esp 2018; 69: 51-2.
[CrossRef]

Farneti P, Sciarretta V, Macri G, Piccin O, Pasquini E. Silent sinus
syndrome and maxillary sinus atelectasis in children. Int J Pediatr
Otorhinolaryngol 2017; 98: 150-7. [CrossRef]

Kirmeier R, Arnetzl C, Robl T, Payer M, Lorenzoni M, Jakse N. Re-
producibility of volumetric measurements on maxillary sinuses. J
Oral Maxillofac Surg 2011; 40: 195-9. [CrossRef]

Park IH, Song JS, Choi H et al. Volumetric study in the develop-
ment of paranasal sinuses by CT imaging in Asian: a pilot study. Int
J Pediatr Otorhinolaryngol 2010; 74: 1347-50. [CrossRef]
Giacomini G, Pavan ALM, Altemani JMC et al. Computed tomog-
raphy-based volumetric tool for standardized measurement of
the maxillary sinus. PLoS One 2018; 13:e0190770. [CrossRef]
Gaudino S, Di Lella GM, Piludu F, et al. CT and MRI diagnosis of
silent sinus syndrome. Radiol Med 2013; 118: 265-75. [CrossRef]
Degermenci M, Ertekin T, Ulger H, Acer N, Coskun A. The age-re-
lated development of maxillary sinus in children. J Craniofac Surg
2016; 27: e38-44. [CrossRef]

147 DEE—


https://doi.org/10.1016/S0161-6420(94)31267-X
https://doi.org/10.1016/j.aforl.2013.06.301
https://doi.org/10.2500/ajra.2013.27.4173
https://doi.org/10.1007/s00405-016-3965-x
https://doi.org/10.2500/ajr.2008.22.3118
https://doi.org/10.1016/j.jcms.2016.04.004
https://doi.org/10.1080/01676830600671516
https://doi.org/10.1097/ICU.0000000000000106
https://doi.org/10.1016/j.amjoto.2014.05.007
https://doi.org/10.1016/j.ijporl.2014.08.002
https://doi.org/10.1016/j.otorri.2016.11.007

https://doi.org/10.1016/j.ijporl.2017.05.005
https://doi.org/10.1016/j.ijom.2010.10.008
https://doi.org/10.1016/j.ijporl.2010.08.018
https://doi.org/10.1371/journal.pone.0190770
https://doi.org/10.1007/s11547-012-0822-x
https://doi.org/10.1097/SCS.0000000000002304

