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ARTICLE INFO ABSTRACT

Background: Nasal Polyposis is a benign tumor in nasal or paranasal mucosa, which confronts difficulties in
management of healing after treatments with surgery. The aim of this study was to evaluate the effects of
Spray Cryotherapy (SCT) on management of healing in patients with nasal polyposis who undergone functional
endoscopic sinus surgery.

Methods: In this prospective, clinical trial study, we investigated on 40 patients with nasal polyposis that had
indication for functional endoscopic sinus surgery. Patients were divided randomly into two parallel group;
cryotherapy (with SCT) and placebo (without SCT). Evaluation of healing after surgery was evaluated with
Lund-Mackay and The Sino-nasal outcome test (SNOT-22)-22 scores.

Result: Postoperatively, Lund-Mackay and SNOT-22 scores were significantly decreased in both groups, however
these scores were significantly lower in cryotherapy group in comparison with placebo group. Also there were no
reported serious side effects in both groups.

Conclusion: In this paper, we concluded that usage of SCT is an effective and safe method on management of
healing and develops recovery rates in patients with nasal polyposis undergoing functional endoscopic sinus
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1. Introduction

Nasal polyposis (NP) is a subgroup of chronic rhino sinusitis family
which is defined as swellings, inflammation and discharge of nasal or
paranasal mucosa. The exact etiology of this problem still remains un-
known however it has been proven that eosinophils play a pivotal role
in pathogenesis of the disease [1]. The prevalence rate of NP has been re-
ported 0.2% to 4% in different studies which has been also reported to be
more common in male population [2]. NP is divided into two types;
symptomatic and asymptomatic NP, the symptoms of NP include, but
no limited to, nasal packing or obstruction, sneezing, post-nasal drip,
congestion, anosomia/hyposmia and facial pressure and pain [3,4]. Mid-
dle meatus and osteomeatal complex are the most common places for
NP. Based on site of involvement, NP is divided into 3 grades: 1 which
occurs in middle meatus, 2 that takes place middle turbinate and 3
that causes total obstruction. It is also noteworthy to mention that this
inflammation is concomitant with allergy and infections such as fungal
infection. The topical nasal steroid drops and oral antihistamine or short
term of systemic steroids are often good choices of treatments for
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controlling the symptoms, however based on studies, surgery is a better
choice that causes restoration of quality of life in recurrent or chronic NP
[5]. Cryotherapy is a new modality and a novel method used to healing
of wounds and normalization of mucosa in aerodigestive tract [6]. Spray
cryotherapy (SCT) includes a cryoprobe and gas cryogen (nitrogen or
carbon dioxide), utilized based on Joule-Thompson which affects on
contact tissue ablation by cooling and freezing in temperature of —40
to —90 °C [7]. Recently SCT has been widely used for management of
malignant and nonmalignant tumors in oncology, ophthalmology, and
gastroenterology [8,9]. Other usages of SCT include ablation of tumors,
treating infections, pain suppression, performing bronchoscopic biop-
sies, and also cosmetic surgery [10]. Additionally SCT can also be utilized
by noncontact spray of liquid nitrogen with low-pressure (2 to 4 psi),
which is a safe and effective method in managing benign diseases of air-
way system [11]. Although, there are limited number of studies about
effects of SCT in management of tumors in ear, nose, and throat (ENT),
this method has been proven effective in rabbit models of rhinosinusitis
[12]. SCT can be also used to improve voice qualities of patients who had
been underwent transoral resection of early glottic cancers [13]. Based
on prior studies about the effectiveness of SCT, in this study I hypothe-
sized that SCT can be also effective in management of NP, so the aim
of current study was to evaluate the outcomes of SCT usage in manage-
ment of postoperative healing in the patients undergoing surgical resec-
tion of NP.
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2. Methods and materials
2.1. Study design

In this prospective, controlled, randomized clinical trial that has
been approved in Iranian registry of clinical trial (IRCT), 54 consecutive
adult patients with NP were referred to Amin Hospital-Isfahan- Iran in
2015-2017. So 40 of 54 patients were enrolled to the study according
to inclusion and exclusion criteria (18 males and 22 females). In this
context, patients were diagnosed with clinical, preclinical and imaging
finding such as CT scan (scored with Lund-McKay) and endoscopic eval-
uation. The mean age of patients was 43.22 + 15.04 years. The inclu-
sions criteria were: 1) patients with bilateral nasal polyposis (grade 2
or 3) who had indication for functional endoscopic sinus surgery
(FESS), 2) age of 18 to 70 years 3) absence of any cardiovascular, neuro-
logical, respiratory and kidney diseases and malignant tumors, 4) Lund-
McKay score > 10, 5) having informed consent in order to participate in
the study. It should be also noted that patients with a history of pervious
surgeries on nasal polyposis or FESS were not meeting inclusion criteria.
Furthermore, patients who faced severe side effects were excluded from
the study.

Before operations, the Lund-Mackay Score and Sino nasal outcome
test or SNOT-22 were performed for all patients by an ENT surgeon
who was blinded about type of groups (Cryotherapy or placebo groups).
The Land-Mackay score is a CT scan evaluation in coronal and axial view.
In the Land-Mackay, sinuses are divided into 12 parts of left and right si-
nuses which include anterior and posterior ethmoid sinuses, sphenoid
sinus, frontal sinus, maxillary sinus and ostiomeatal complex. So the
Land-Mackay is according to the fluid accumulation or mucosal inflam-
mation severity of each sinus and is scored as 0 (complete lucency or
mucosal thickening without fluid collection), 1 (partial lucency or

mucosal thickening with fluid collection or moderate to severe mucosal
thickness) and 2 (complete opacity) and also ostiomeatal complex is
scored O (without obstruction) or 2 (with obstruction). In this regard,
the scoring in the Land-Mackay is between 0 (complete lucency in all si-
nuses) to 24 (complete opacity in all sinuses) [14]. The SNOT-22 is an
outcome measurement-test in rhino sinusitis patients, that includes
22 questions and is scored 0 to 110 [15]. Pre-operatively, the patients
were allocated randomly into two parallel groups, the application for
randomization was OxMAR software and this method was conceal-
ment. First group or cryotherapy group was undergoing FESS with SCT
and second group or placebo group was undergoing FESS with normal
saline.

2.2. Surgical technique and post-operative management

The surgical technique of this study was according to our institute
[16]. All patients were administered with standard general anesthesia
and Functional endoscopic sinus surgery; all operations were performed
by an ENT surgeon. 10 min before surgery lidocaine and adrenaline were
administered as decongestion, prevention of bleeding and local anesthe-
sia, then 1 mL of lidocaine (10 mg/mL) and (5 pg/mL) adrenaline was
injected in submucosal of medial infundibular wall. For induction of se-
dation, 1 mg midazolam and 0.05 mg fentanyl were performed. 4-mm
rigid endoscopes with deflection angles of 0° and 30° were used accord-
ing with standard procedure (Karl-Storz, Tuttlingen, Germany). Ostium
forceps and a 4-mm microdebrider were used to uncinectomy.
Microdebrider or nonpowered instruments were used to clear maxil-
lary ostium. Infundibulectomy, middle meatal antrostomy, frontal
sinusotomy, sphenoidotomy and total ethmoidectomy were performed
to all patients. Also duration (minute) of operative was recorded for
each patient. At the end of operation, sinus cavity was treated with

Enrolment

Assessed for eligibility (n=54)

Excluded (n=14)
Inot meeting inclusion criteria (n=10)
Declined to participate (n=4)

Randomized
(n=40)

(n=20)

Allocated to Cryotherapy group.

Allocated to Placebo group.
(n=20)

Lost to follow up (n=1)

Lost to follow up (n=2)

Analysed (n=19)

Analysed (n=18)

Fig. 1. Diagram of consort in following of patients.
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Table 1
Demographic information of patients in both groups.

Characteristic Cryotherapy group Placebo group P-value
Number 20 20 -
Gender Male 10 (50%) 8 (40%) 0.52%
Female 10 (50%) 12 (60%)
Age (mean =+ SD) (years) 42.80 + 16.13 43.65 + 14.27 033"
Grade of nasal polyposis 2 6 (30%) 5 (25%) 0.72¢
3 14 (70%) 15 (75%)
Duration of operation 85.20 + 15.04 95.85 + 19.29 0.39°

(mean + SD) (minute)

@ Chi squire test.
" Independent t-test.

cryotherapy in first group and was flushed with normal saline in second
group. The suggested protocol in cryotherapy was according to previous
studies [17], so SCT was done in 4 cycles with 5 s interval. The SCT de-
vice was Brymill (Ellington, CT) CRY-AC-3 Cryogenic System. Afterward
nasal packing was performed with hemostasis (Merocel; Medtronic
Xomed Surgical Products) and was removed after 2 days. Antibiotic
such as co-amoxiclav 50 mg/kg TDS for 5 days and prednisolone 1
mg/kg/24 h for 5 days, and nasal steroids thrice daily for 1 month
were administered as postoperative care. Postoperatively, patients
were visited in 1, 2, 4, 8, and 12 weeks, and nasal cavities were debrided
with sinus endoscope. Additionally, CT scan was performed for patients
in 8 and 12 weeks after operation, so the Lund-Mackay Score and SNOT-
22 were recorded in 8 and 12 weeks after operation and this recording
was blinded. In this follow up, 1 patients of cryotherapy group and 2
patients of placebo group didn't continue study in during of follow up
(Fig. 1).

2.3. Statistics

The sample size was according to previous studies [17], in the other
similar study the standard division of Lund-McKay score was 4.01, re-
spectively. The statistical power and significance level were considered
80% and 5%, respectively. The significant difference between the mean
of two groups was considered 2.51, and the sample size was estimated
at 20 patients in each group (40 patients for all). All data were analyzed
with Statistical Package for the Social Sciences (SPSS) software (Version
24). Chi-Square test, Independent t-test and Man-Whitney test were
used to compare both groups, also Paired Samples Correlation was
used to compare Lund-McKay score and SNOT-22 in pre and post inter-
vention. In addition, number (Percent) and mean + Standard Division
were showed in all data. Also P-value <0.05 was considered a significant
threshold.

3. Results

In this current study, 40 patients with NP participated and were ran-
domly divided into cryotherapy (10 males and 10 females) and placebo
groups (8 males and 12 females), the mean age in cryotherapy and pla-
cebo groups were 42.80 + 16.13 and 43.65 + 14.27 years, respectively.

Therefore, there were no significant relationships between both groups
regarding to gender and age (P-values were 0.52 and 0.33, respectively).
According to inclusion criteria, we enrolled patients with grade 2 or 3 of
NP, so 70% of patients in cryotherapy group and 75% of patients in pla-
cebo group had grade 3 of NP. The mean duration of operation in the
cryotherapy and placebo groups were 85.20 £+ 15.04 and 95.85 +
19.29 min, with no significant correlation between two groups accord-
ing to grade of NP and duration of operation (P = 0.72 and 0.39, respec-
tively) (Table 1). Preoperatively, Lund-McKay and SNOT-22 scores were
recorded by a blinded surgeon, also there were no significant differ-
ences between two groups regarding to Lund-McKay and SNOT-22
scores (P-values were 0.23 and 0.83, respectively). Postoperatively,
Lund-McKay and SNOT-22 scores were recorded again, therefore,
Lund-McKay and SNOT-22 scores in cryotherapy group were signifi-
cantly lower in placebo group after 12 and 36 weeks (P < 0.0001, for
both). According to Paired Samples Correlation, Lund-McKay and
SNOT-22 scores were decreased significantly in both group in after
operation (P < 0.0001) (Table 2). Also there were no adverse effects in
two groups and no osteitis was reported in following up performances.

4. Discussion

Here in this study, we to evaluate the outcomes of SCT usage in man-
agement of postoperative healing in 40 patients undergoing surgical re-
section of NP. Our assessments were Lund-McKay and SNOT-22 scores;
therefore we showed that Lund-McKay and SNOT-22 scores in SCT
group were significantly lower than placebo group, meaning a better
outcome of the surgery. In this regard, our study is similar to the
study, performed by Albu [17]. Albu and colleagues evaluated the effect
of SCT on wound healing in chronic rhino sinusitis patients. It should
also be noted that the assessment in the mentioned study was Lund-
Kennedy and Perioperative Sinus Endoscopy (POSE) scores. There,
they concluded that these scores were significantly different after oper-
ations suggesting SCT as an enhancing method for wound healing. An-
other study evaluated cryotherapy as Maxillary Antrostomy Patency in
a Rabbit Model of Chronic Rhinosinusitis, in this study authors reported
enhanced maxillary antrostomy area in the group that was under ad-
ministration with cryotherapy 4 weeks after surgery. Also the authors
didn't report any side effects postoperatively [12]. In another recent in-
tervention, endoscopic spray was used to access genitourinary malig-
nancies in porcine models, therefore the results of this intervention
indicated cryotherapy to be able to raise safety and modality of treat-
ment [18]. Other usage of cryotherapy was to treat Glottic and
Subglottic Stenosis in a case report study, which was safe and promoted
treating effect in subglottic and glottic narrowing as well as SCT usage
[19]. Finley et al. [11] also evaluated the effects of SCT on management
of airway diseases. They report that SCT is highly effective on vascular
tumors as it reduces some complications such as bleeding. Also another
study suggested SCT is an effective and safe adjuvant modality on be-
nign tracheal stenosis [20]. There are of course limited number of stud-
ies about the usage of cryotherapy in otorhinolaryngology but they
approved our conclusion that SCT had more effects in promotion of
healing. Other usage of SCT was in benign airway strictures, reporting

Table 2
Result of Lund-McKay and SNOT-22 scores in baseline and after 12 and 36 weeks.
Variable Cryotherapy group, number Placebo group, number P-value®
Lund-McKay score (Mean = SD) Baseline 18.35 4 2.45, 20 17.40 4 1.90, 20 0.23
After 12 weeks 3.15+£1.53,19 721 +£1.51,19 <0.0001
After 36 weeks 263 4+ 1.16,19 6.88 4+ 1.74, 18 <0.0001
SNOT-22 score (Mean + SD) Baseline 84.80 + 12.21,20 83.85 £ 10.37,20 0.83
After 12 weeks 8.57 £ 1.57,19 18.63 4+ 4.28, 19 <0.0001
After 36 weeks 7.63 +1.57,19 18.27 +12.81,18 <0.0001

2 Man Whitney Test, SNOT-22: The sino-nasal outcome test-22.
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that SCT along with balloon dilation had more effects on improvement
of symptoms and decreased severity of airway narrowing [21]. Also in
esophageal cancer, SCT had more effects after tumor eradication and
there was no reported serious side effects in this method [22]. In the
management of xanthelasma palpebrarum, SCT was used for 4 patients
with xanthelasma which indicated better effects and fewer side effects
[23]. Other usages of SCT were in Barrett's esophagus [24], adenocarci-
noma in the parietal pleura [25], airway injury [26] and bronchial steno-
sis [27].

As a conclusion, based on results gathered from our study, along
with previous studies, SCT is an effective method with fewer or no re-
ported side effects in management of benign and malignant tumors
and injuries, especially with a better effect in mucosal tissue. In this
paper, | conclude that SCT are more effects on management of NP
after functional endoscopic surgery. There were also no serious adverse
effects in this technique. So as a suggestion, usage of SCT might be an ef-
fective and safe method in healing management of NP after surgeries.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.amjoto.2017.10.007.
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