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Original Article

INTRODUCTION

Endoscopic sinus surgery (ESS) has become a widely accepted 
procedure for the treatment of medically refractory chronic rhi-
nosinusitis (CRS) and nasal polyps [1]. Postoperative bleeding 
and adhesion formation in the middle meatus are the two most 
common complications after ESS. The former is commonly en-
countered in the early postoperative period and sometimes can 
be life-threatening due to airway compromise. The latter occurs 
in between 11% and 54% and is the most common reason for 
revision surgery [2-6]. 
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Objectives. Postoperative bleeding and adhesion formation are the two most common complications after endoscopic sinus 
surgery (ESS). The former sometimes can be life threatening and the latter is the most common reason requiring revi-
sion surgery. This study was designed to evaluate the effect of newly developed chitosan gel (8% carboxymethyl chi-
tosan, Surgi shield) on hemostasis and wound healing after ESS. 

Methods. A prospective, randomized, double-blind controlled trial was conducted in 33 patients undergoing symmetric 
ESS. At the conclusion of the operation, Surgi shield was randomly applied on one side of the nasal cavity, with the 
opposite side acting as control and the bleeding quantity of the surgical field was evaluated every 2 minutes. And 
then, Merocel was placed in the ethmoidectomized areas of the both sides. Five milliliters of Surgi shield was applied 
to the Merocel of intervention side and saline was applied to the other side. Merocel in both nasal cavities was re-
moved and 5 mL of Surgi shield was applied again to the intervention side on the second day after surgery. The nasal 
cavity was examined using a nasal endoscope and the degree of adhesion, crusting, mucosal edema, infection, and 
granulations were graded at 1, 2, and 4 weeks after surgery.

Results. Complete hemostasis was rapidly achieved in the Surgi shield applied side compared with the control side at 2, 4, 
6, 8, and 10 minutes after application of Surgi shield (P=0.007, P=0.004, P<0.001, P=0.001, and P<0.001, respec-
tively). There were significantly less adhesions on the Surgi shield applied side at postoperative 1, 2, and 4 weeks 
(P=0.001, P<0.001, and P<0.001, respectively). The degree of mucosal edema, infection, crusting, or granulation 
formation assessed by the endoscopic features in the Surgi shield applied side was not significantly different from that 
of the control side (P>0.05). No adverse effects were noted in the patient series.

Conclusion. Surgi shield containing chitosan can be used safely to achieve rapid hemostasis immediately after ESS and to 
prevent adhesion formation. 
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Along with the use of mucosal preservation techniques, nu-
merous techniques including suture medialization, partial resec-
tion of the middle turbinate, and nasal packing in the middle 
meatus have been used to prevent postoperative adhesion for-
mation. Among these, nasal packing with nonabsorbable or bio-
degradable materials remains the most common procedure to 
prevent adhesion formation and postoperative bleeding.

Normal wound healing is necessary to achieve surgical suc-
cess. However, some patients experience impaired wound heal-
ing postoperatively, requiring further surgery. Mucosal wound 
healing is a highly ordered and well-coordinated process and in-
volves proliferation of inflammatory cells to the wound, epithe-
lial closure, cell differentiation, matrix deposition and remodel-
ing. Undesirable mucosal healing is related with the blood accu-
mulation in the middle meatus [7]. Wound healing is intimately 
affected by inflammation and fibrosis which are strongly activat-
ed by coagulation cascade [8]. 

Chitosan is a natural product found in the shells of marine 
crustaceans. Chemically, it is a polysaccharide biopolymer ob-
tained by alkaline deacetylation of natural chitins. Chitosan has 
been known to have biomedically useful properties, including 
its ability to rapidly clot blood [9], hypoallergenicity [10], anti-
microbial effects [11], and solubility in the acidic environment 
of epithelial wound healing [12]. As a result, chitosan-based 
compounds appeared attractive for use intraoperatively during 
ESS [13], and has shown promising results in a human study 
[14]. Recently, new form of chitosan gel (Surgi shield, D. med, 
Seoul, Korea) that contains 8% chitosan and 92% H2O was de-
veloped to be easily applied after ESS.

In this study, we aimed to evaluate the effect of Surgi shield 
on hemostasis and wound healing after ESS in medically refrac-
tory CRS patients.

MATERIALS AND METHODS

Subjects and inclusion/exclusion criteria
A prospective, randomized, double-blinded, placebo-controlled 
trial (ClinicalTrials.gov Identifier: NCT01895933) was conduct-

ed at two tertiary academic hospitals in South Korea. Patients 
aged 20 years or older with CRS with or without polyps who 
underwent bilateral symmetric ESS from March 2012 to April 
2013 were recruited to take part in this study. All patients re-
ceived oral antibiotic therapy for more than three months prior 
to computed tomography (CT) scans and had evidence of signif-
icant disease on CT imaging. Patients meeting inclusion criteria 
were enrolled consecutively into this randomized, controlled, 
and blinded study. Ethics approval was obtained from the Inter-
nal Review Board of Dankook University Hospital (1103-022) 
and Chungbuk National University Hospital (D-2011-03-003). 
Patients were excluded if they were younger than 20 years, were 
ineligible for informed consent, had a severe septal deviation or 
massive polyposis, had systemic disease, had any history of al-
lergy to chitin or asthma, or had a history of previous sinus sur-
gery. Patients who underwent asymmetrical sinus surgery were 
also excluded.

Study medical agent
Chitosan gel (Surgi shield) is a mixture of 8% of carboxymethyl 
chitosan and 92% of H2O and was obtained from D. med (Fig. 1) 
and was applied alone and together with Merocel (Medtronic 
Xomed, Jacksonville, FL, USA) nasal packs on the ethmoid cav-
ity after ESS. This clinical trial was sponsored by D. med.

Study design
Informed consent was obtained from all patients prior to enroll-
ment. Following induction of general anesthesia, the nose was 
prepared with topical 1:1,000 epinephrine to decongest the na-
sal mucosa. Submucosal injection of 1:100,000 epinephrine was 
performed to control bleeding at the incision site at the begin-
ning of the operation. ESS was then performed bilaterally using 
meticulous mucosal sparing techniques with powered instru-
mentation by 4 surgeons (YJC, JYY, WSS, and JHM) who are 
experts in ESS.

The side of Surgi shield application was randomly assigned 
using random number generation method, with the opposite 

Fig. 1. Surgi shield (D. med, Seoul, Korea) contained in a syringe.

Table 1. Boezaart surgical field grading scale

Grade Assessment

0 No bleeding (cadaveric conditions)
1 Slight bleeding - no suctioning required
2 Slight bleeding - occasional suctioning required
3 Slight bleeding - frequent suctioning required; bleeding  

threatens surgical field a few seconds after suction is removed
4 Moderate bleeding - frequent suctioning required and bleeding 

threatens surgical field directly after suction is removed
5 Severe bleeding - constant suctioning required; bleeding  

appears faster than can be removed by suction; surgical field 
severely

Adapted from Boezaart et al. Can J Anaesth. 1995 May;42(5 Pt 1):373-6, 
with permission of Springer [15].
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side acting as control (no application of Surgi shield). Immedi-
ately after completion of surgery on each nasal cavity, the quali-
ty of the surgical field regarding bleeding and visibility was as-
sessed on a numeric rating scale introduced by Boezaart et al. 
[15] (Table 1). On the intervention side, immediately after base-
line surgical grade scoring, 5 mL of Surgi shield was applied to 
the surgical site including the middle meatus, frontal recess, eth-
moid roof, and ethmoid cavity. On the control side no material 
was applied. Application of Surgi shield was performed by the 
resident physician who did not perform the surgery and video 
was recorded for 10 minutes to evaluate surgical field grading 
later. A surgical field grade score was assessed by 2 surgeons ev-
ery 2 minutes until the cessation of bleeding or until 10 minutes 
had elapsed with the recorded video which did not contain per-
sonal information. Therefore, the surgeons were not aware which 
side was applied with Surgi shield in this study.

After the recording of the surgical field for 10 minutes, Mero-
cel was placed in the ethmoidectomy cavity of the both sides. 
Five milliliters of Surgi shield was then applied on the surface of 
the Merocel in intervention side, resulting in inflation of the 
Merocel and saline was applied to the other control side. Mero-
cel in both nasal cavities was removed and 5 mL of Surgi shield 
was applied again to the intervention side on the second day af-

ter surgery. These procedures were also performed by resident 
physician and the patients were discharged. 

Postoperatively, all patients were scheduled for follow-up vis-
its at 1, 2, and 4 weeks after surgery. All patients received a 
course of antibiotics and were instructed to perform normal sa-
line irrigation 2 to 3 times daily on each side. The nasal cavity 
was examined and photographed using a nasal endoscope for 
grading of crusting, mucosal edema, infection, and granulations 
at each visit. All parameters were graded using an ordinal scale 
(Table 2). Adhesion was graded based on the percentage of the 
vertical height of the middle turbinate taken up by the adhesion 
(Table 2). All grades were evaluated by 2 surgeons blinded to the 
application of the agents using photographed images.

To evaluate the safety of Surgi shield application, the vital 
signs, complete blood count, routine blood, routine chemistry, 
urine analysis, an electrocardiogram, and a chest X-ray were 
checked preoperatively and at 1 week postoperatively in all pa-
tients. All abnormal symptoms or signs and abnormal laboratory 
or imaging results were collected and analyzed.

Statistical analysis
Statistical analysis was performed using the SPSS ver. 13.0 
(SPSS Inc., Chicago, IL, USA). The statistical significance of he-
mostasis was analyzed using the McNemar chi-square test. A 
Wilcoxon signed rank test was used to examine the difference 
of wound healing including mucosa edema, infection, crusting, 
and granulation at each time point. The statistical advantage of 
postoperative adhesion was analyzed using the McNemar test. 
P-value less than 0.05 was considered statistically significant.

RESULTS

A total 33 patients (26 men, 7 women) with a mean±SD age of 
43.03±13.13 years completed the clinical trial. There was no 
statistically significant difference in the preoperative Lund-
Mackay CT score between the Surgi shield applied side (7.30±

2.59) and the control side (7.27±2.43) (P=0.871, Wilcoxon 
signed rank test) (Table 3).

Table 2. An ordinal scale of outcome measures evaluated by nasal 
endoscopy

Outcome measure Description

Mucosal edema
   0 No visible mucosal edema
   1 Mild mucosal edema without obliteration of the 

ethmoid cavity
   2 Severe mucosal edema obliterating most of the 

ethmoid cavity
   3 Frank polyposis
Evidence of infection
   0 No visible evidence of infection
   1 Mild mucopurulent drainage
   2 Gross mucopurulent drainage with obvious frank 

infection
Crusting 
   0 Absent 
   1 Mild 
   2 severe
Granulations 
   0 No visible granulations
   1 Mild 
   2 Moderate 
   3 Severe 
Adhesion 
   0 No adhesion present
   1 <25% of middle turbinate height
   2 Between 25% and 50% of middle turbinate height
   3 >50% of middle turbinate height

Table 3. Preoperative Lund-Mackay score between the active (Surgi 
shield*) side and the control (no intervention) side

Surgi shield Control P-value

Maxillary sinus 1.42±0.56 1.27±0.63 0.132
Anterior ethmoid sinus 1.55±0.51 1.58±0.50 0.655
Posterior ethmoid sinus 1.15±0.67 1.18±0.68 0.317
Frontal sinus 1.09±0.91 1.06±0.90 0.782
Sphenoid sinus 0.48±0.67 0.45±0.71 0.739
Ostiomeatal complex 1.64±0.78 1.70±0.73 0.317
Total 7.30±2.59 7.27±2.43 0.871

Values are presented as mean±SD. 
*D. med, Seoul, Korea.
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Comparison of hemostasis effect
The Boezaart Surgical Field Grading Scale at the baseline time 
point of 0 minute was not significant different between the Surgi 
shield applied sides and the control sides (P=0.662). However, 
the distribution of scores was significantly different at postopera-
tive 2, 4, 6, 8, and 10 minutes between the 2 groups (Table 4). 
Hemostasis was rapidly achieved on the Surgi shield applied 
side (Fig. 2). Bleeding control rate was defined as the proportion 
of patients whose bleeding grade checked using The Boezaart 
Surgical Field Grading Scale is 0 at each time point and was sig-
nificantly better in the Surgi shield side as compared with the 
control side at 2 minutes (69.70% vs. 36.36%, P=0.007), 4 
minutes (81.82% vs. 45.45%, P=0.004), 6 minutes (90.91% 
vs. 54.55%, P<0.001), 8 minutes (90.91% vs. 57.58%, 
P=0.001), and 10 minutes (93.94% vs. 54.55%, P<0.001).

Postoperative incidence of adhesion formation and its severity
Adhesion formation at the postoperative 1, 2, and 4 weeks for 
the Surgi shield applied side was observed in 2, 2, and 5 pa-
tients, respectively. And those at each time point were seen in 
13, 15, and 17 patients, respectively in control group. There were 
significantly less adhesions on the Surgi shield applied side at all 
evaluation points (P<0.05) (Table 5).

Although treatment including adhesiolysis was not required 
in patients with adhesion grades less than grade (G) 1, grades 
higher than G2 were considered to require treatment during the 
postoperative periods. Adhesion formation greater than G2 was 
observed in only 1 case at the postoperative 4 weeks in the Sur-
gi shield applied side, while those at 1, 2, and 4 weeks were seen 
in 4, 5, and 10 cases, respectively in control side. Adhesion was 
less severe on the Surgi shield applied side than on the control 
side at each evaluation time points (P<0.05). 

In addition, the severity of preoperative paranasal inflamma-
tion evaluated by Lund-Mackay CT staging system was not cor-
related with the incidence of postoperative adhesion formation 
(P=0.495) (Table 6).

Comparison of wound healing 
The degree of mucosal edema, infection, crusting, or granulation 
tissue formation assessed with the endoscopic features in the 
Surgi shield applied side was not significantly different from that 
of the control side at all evaluation points (P>0.05; Wilcoxon 
signed rank test) (Table 7).

Postoperative safety evaluation of Surgi shield
Laboratory results checked preoperatively and at 1 week post-

Table 4. Boezaart scores at 0, 2, 4, 6, 8, and 10 minutes after com-
pletion of surgery

Time 
(min)

Treatment
Boezaart score

P-value
0 1 2 3 4

Control 
rate (%)

  0 Active 9 18 3 3 0 27.27 0.662
Control 11 15 4 3 0 33.33

  2 Active 23 8 1 1 0 69.70 0.007
Control 12 13 6 2 0 36.36

  4 Active 27 5 0 1 0 81.82 0.004
Control 15 11 6 1 0 45.45

  6 Active 30 2 0 1 0 90.91 <0.001
Control 18 9 5 1 0 54.55

  8 Active 30 2 1 0 0 90.91 0.001
Control 19 10 4 0 0 57.58

10 Active 31 1 1 0 0 93.94 <0.001
Control 18 14 1 0 0 54.55
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Fig. 2. Mean value of Boezaart scores after completion of surgery. 
Hemostasis was more rapidly achieved on the Surgi shield (chito-
san; D. med, Seoul, Korea) applied side (solid line) than on the con-
trol side (dotted line) from 2 minutes after application of Surgi shield 
(P<0.05).

Control
Chitosan

Table 5. Number of patients with adhesions on the active (Surgi shield*) side compared to the control (no intervention) side at 1st, 2nd, and 4th 
weeks

Postoperative 
follow-up (wk)

Surgi shield Control
P-value

G0 G1 G2 G3 G0 G1 G2 G3

1st 31 2 0 0 20 9 3 1 0.001
2nd 31 2 0 0 18 10 4 1 <0.001
4th 28 4 0 1 16 7 6 4 <0.001

G, grade.
*D.med, Seoul, Korea.
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operatively showed no statistically significant difference. No ad-
verse side effects were noted in the patient series.

DISCUSSION

This randomized study showed that Surgi shield containing chi-
tosan achieved rapid hemostasis immediately and prevented ad-
hesion formation in patients who underwent ESS. In addition, 
this agent had no adverse effects on wound healing compared 
with no treatment alone.

In this study, the complete hemostasis rate at 2, 4, 6, 8, and 10 
minutes was 69.70%, 81.82%, 90.91%, 90.91%, and 93.94% 
in the Surgi shield applied sides and 36.36%, 15.45%, 54.55%, 
57.58%, and 54.55%, respectively in the control sides. Com-
plete hemostasis was rapidly achieved in the Surgi shield applied 
side compared with no treatment control side from 2 minutes 
after application of Surgi shield. A number of controlled animal 
and preclinical human trials have demonstrated potent hemo-
static abilities of chitosan. Klokkevold et al. [16,17] performed 
bilateral tongue incisions in some rabbit models to evaluate the 
effect of chitosan on hemostasis and reported that topical appli-
cation of chitosan to lingual incisions showed a 32%–43% im-

provement in bleeding time as compared with controls. Valen-
tine et al. [18] investigated the hemostatic properties of chitosan 
gel in the sheep CRS model by creating a standardized mucosal 
injury to the anterior ethmoid complex. They demonstrated that 
the chitosan gel applied side was significantly more hemostatic 
at 2, 4, and 6 minutes after injury compared with the control 
sides. They also evaluated the hemostatic efficacy of chitosan gel 
in patients with medically refractory CRS who underwent ESS 
and reported that the average time to hemostasis was signifi-
cantly better on the chitosan gel applied side (2 minutes, 95% 
confidence interval [CI], 2–4 minutes) as compared with the 
control side (10 minutes, 95% CI, ≥6 minutes) [14]. Our study 
showed that chitosan gel (Surgi shield) has rapid hemostatic 
ability after application to the surgical field, achieving complete 
hemostasis in 90.91% of the Surgi shield applied sides by 6 
minutes, which is consistent with previous studies. The mecha-
nism of hemostasis initiated by chitosan gel is not known. Chi-
tosan have been known to initiate hemostasis independent of 
platelets or coagulation factors [19], and scanning electron mi-
croscopy has shown that chitosan alters red blood cell morphol-
ogy and increases the affinity between red blood cells [16]. 
Therefore, the hemostatic property of chitosan may be ex-
plained through interaction with erythrocytes, linking them to-
gether to establish a cellular clot or hemostatic plug.

The present study also showed the effect of chitosan gel on 
preventing postoperative adhesion formation. Adhesion occurs 
frequently after ESS and is the most common reason for revi-
sion surgery. Previous studies reported the variable incidence of 
adhesion formation after ESS. Some studies reported 11% inci-
dence when only patients with significant scarring was included; 
however, others have shown 54% incidence when all adhesions 
are included regardless of its significance [6]. Adhesiolysis is not 
usually required in patients with mild adhesion but is needed in 
patients with moderate to severe adhesions during the postop-
erative periods. Current strategies for adhesion prevention in 
the sinonasal cavities include mucosal preservation technique, 
meticulous hemostasis, frequent postoperative careful debride-
ment, topical adhesion barrier agents and some nasal packing. 
In this study, the overall percentage of adhesions in the control 
sides was 51% and was at the higher end of the reported range 
of the previous literature (11%–54%). In addition, adhesion 

Table 6. The incidence of adhesion formation in the active (Surgi shield*) and control (no intervention) sides according to the preoperative 
Lund-Mackay scores

Surgi shield Control
P-value

G0 G1 G2 G3 G0 G1 G2 G3

CT score 0.495
   0–3 2 0 0 0 2 0 0 0
   4–7 14 1 0 0 9 6 1 1
   8–12 15 1 0 0 7 4 3 0

G, grade.
*D. med, Seoul, Korea.

Table 7. Frequencies of ordinal scale scores for parameters of wound 
healing at 1st, 2nd, and 4th weeks

Postoperative 
follow-up (wk)

Wound healing Surgi shield* Control P-value

1st Mucosa edema 0.73±0.45 0.73±0.45 >0.999
Infection 0 0 >0.999
Crusting 0.97±0.39 0.91±0.38 0.157
Granulation 0.09±0.29 0.09±0.29 >0.999

2nd Mucosa edema 0.79±0.42 0.82±0.39 0.655
Infection 0.03±0.17 0.06±0.24 0.317
Crusting 0.48±0.51 0.52±0.51 0.564
Granulation 0.18±0.39 0.18±0.39 >0.999

4th Mucosa edema 0.64±0.55 0.73±0.52 0.083
Infection 0.06±0.24 0.09±0.29 0.564
Crusting 0.09±0.29 0.12±0.33 0.317
Granulation 0.18±0.39 0.24±0.44 0.414

Values are presented as mean±SD. 
*D. med, Seoul, Korea.
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formation greater than G2, which often needs to be treated, was 
frequently observed in 30% of the control sides. In contrast, in 
the chitosan gel applied sides, the overall percentage of adhe-
sion formation was 15% and adhesion greater than G2 was ob-
served in only 1 case (3%), showing preventing effect of adhe-
sion formation of this product. This study attempted to assess 
the effect of preoperative Lund-Mackay CT scores on the inci-
dence of postoperative adhesion formation. The severity of pre-
operative paranasal inflammation did not increase the incidence 
and degree of adhesion formation. Therefore, these findings 
could suggest that chitosan gel effectively reduce postoperative 
adhesion formation regardless of the severity of preoperative 
paranasal inflammation. Previous studies also have shown the 
antiadhesion properties of chitosan gel in animal and human 
abdominal and pelvic studies [20-22]. In the area of nasal cavity, 
Athanasiadis et al. [23] evaluated the effect on adhesion forma-
tion of chitosan gel in a sheep model of CRS, using a standard-
ized mucosal injury to the lateral nasal wall and ethmoid region, 
and showed that chitosan significantly reduced the adhesion 
formation. And other study also revealed that chitosan gel is an 
effective agent to prevent adhesion formation in patients who 
underwent ESS [14]. The mode of action has not been fully elu-
cidated. Bleeding and wound healing are closely related. After 
hemostasis, subsequent blood clots and fibrinous exudates se-
creted by injured tissue together induce fibroblast migration 
with subsequent collagen deposition and fibrous adhesion for-
mation over the next 3–5 days [24], and development of fibrous 
adhesions depends on the balance of fibrinolysis to fibroblast 
migration, proliferation, and collagen deposition. In summariz-
ing the results of previous study, chitosan most likely acts by 
providing a physical barrier separating injured mucosal surfaces 
and a rapid hemostasis until re-epithelialization and reciliation 
occurs, as well as potentially inhibiting fibroblast migration, pro-
liferation, and collagen deposition, despite different preparations 
of chitosan [22,23,25]. 

Hemostatic gels and some nasal packing materials have been 
shown to negatively impact the wound healing process with in-
creased granulation tissue and adhesion formation [26-28]. 
However, chitosan gel additionally has been known to have no 
adverse effect on wound healing. No adverse impact on wound 
healing process was also found in this study because the postop-
erative degree of mucosal edema, infection, crusting, and granu-
lation tissue formation in the chitosan gel applied side was com-
parable to that of the control side. Some researchers reported 
that chitosan gel has no adverse effect on the endoscopic or mi-
croscopic features of wound healing [14,23]. Therefore, chitosan 
gel significantly achieved rapid hemostasis immediately and re-
duced postoperative adhesion formation after ESS without an 
adverse effect on wound healing process. In addition, there was 
no adverse event in this patient series. Chitosan is a natural 
polymer obtained from chitin found in many natural sources in-
cluding the cell walls of fungi, the exoskeletons of arthropods 

such as crustaceans (e.g., crabs, lobsters, and shrimps) and in-
sects, the radulae of molluscs, and the beaks and internal shells 
of squid and octopuses. It has a low toxicity and is inert in the 
gastrointestinal tract of mammals. Currently, chitosan is used as 
a preservative to foods, an antimicrobial coating on fruits and 
vegetables for human consumption, a coating for seeds before 
planting, and a hydrating cosmetic product as well as an additive 
to shampoos and toothpaste [29]. Previous researcher evaluated 
the safety of chitosan gel in neurosurgical sheep model, chitosan 
gel was proven to be safe and nontoxic to neural tissue and is 
comparable to Gelfoam, as judged by postoperative magnetic 
resonance imaging scans and histological analysis [30]. 

This study has some limitations. First, this study was to evalu-
ate the short-term clinical effect of Surgi shield containing chito-
san on hemostasis and wound healing after ESS. Second, Mero-
cel was used to prevent the early bleeding after evaluating the 
quality of the surgical field regarding bleeding and visibility. We 
initially planned to evaluate the unilateral effect of Surgi shield 
without using Merocel. However, we have changed our protocol 
according to the recommendation of The Korea Food and Drug 
Administration to use Merocel as a reference.

Surgi shield containing chitosan significantly reduced postop-
erative adhesion formation and achieved rapid hemostasis im-
mediately after ESS without adverse side effects. These findings 
suggest that this agent can be used safely to obtain better out-
comes in patients who underwent ESS.
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