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The eﬃcacy of a novel budesonide chitosan gel on wound healing following
endoscopic sinus surgery
Thanh Ha, MBBS1 , Rowan Valentine, MBBS1 , Stephen Moratti, PhD2 , Lyall Hanton, PhD2 ,
Simon Robinson, FRACS3 and Peter-John Wormald, MD1

Background: Adhesion formation and ostial stenosis are
common causes of surgical failure aer endoscopic sinus
surgery (ESS). Postoperative topical steroid application has
been shown to improve wound healing. Chitosan-dextran
gel (CD gel) is an eﬀective hemostatic nasal dressing. This
study aims to determine the eﬀect of the addition of budesonide to CD gel on postoperative ostial stenosis and adhesion formation following ESS.

eﬀect seen at 12 months: The mean ± standard deviation
(SD) percentage of baseline areas at 12 months were 76% ±
6.2% vs 37% ± 23.5%, 76% ± 6.3% vs 52% ± 4.9%, and 83%
± 6.5% vs 58% ± 5.0% (all p < 0.05), for CD + budesonide
compared to control in the frontal, sphenoid, and maxillary
sinuses, respectively. The incidence of adhesions was 4% in
the CD + budesonide group compared to 15% in the control group.

Methods: This prospective, blinded, randomized controlled trial was conducted between October 2012 and
April 2015. Thirty-six patients over 18 years undergoing ESS
were randomized to receive either: no treatment, CD gel,
CD gel with 1 mg/ 2 mL budesonide, or topical steroid cream
to their le or right sinuses (diﬀerent treatment each side).
Each sinus ostium and endoscopic features of wound healing was measured intraoperation, and 2 weeks, 3 months,
and 12 months postoperation.

Conclusion: This study has shown that CD gel, when combined with topical budesonide solution, improves long-term
sinus ostial patency and prevents ostial stenosis post-ESS.

Results: Data was analyzed using the analysis of variance (ANOVA) and post hoc Tukey honestly signiﬁcant
diﬀerence (HSD) tests. There was a signiﬁcant reduction
in stenosis within all 3 sinuses ostia sites when CD +
budesonide was compared to control, with the greatest

E

ndoscopic sinus surgery (ESS) is the treatment of choice
for chronic rhinosinusitis (CRS) refractory to maximal
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medical therapy.1–3 Ongoing bleeding and adhesion formation remain the 2 most common complications following
surgery.4 Additionally, scaring and adhesion formation is
1 of the main causes of surgical failure, estimated to occur in between 10% and 30% of patients.5 The incidence
of ostial stenosis following ESS has also been estimated to
be approximately 25%.3 The frontal sinus has the highest
rate of stenosis, with rates reported of up to 59.5%.6, 7 The
frontal sinus is particularly prone toward stenosis due to its
narrow size, close adjacent surrounding structures such as
the skull base and orbit, and residual bony septations after
surgery.8–11
Removable nasal packing has been the traditional
method of preventing adhesion formation following ESS.
However, it is rated by patients as the most unpleasant and
painful aspect of the ESS experience,12 and is associated
with significant mucosal trauma as the pack is removed.13
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Novel absorbable nasal packing agents have been developed in recent years but have not shown a significant decrease in adhesion formation.14, 15
In order to reduce the incidence of stenosis and adhesions, a number of intraoperative and postoperative
techniques have been developed to achieve more rapid reepithelialization and reciliation. Intraoperative techniques
include mucosal sparing by the use of through-cutting instruments and microdebriders.16 Other surgeons advocate
an intensive postoperative treatment regime with frequent
endoscopic debridements, topical nasal steroids, and
nasal irrigation. Whether adhesion formation and scaring
ultimately occurs depends on the delicate balance between
fibrinolysis and fibroblast-initiated collagen deposition,
thought to be controlled by clot formation and fibrinous
exudate secreted at the wound site.17, 18
Topical steroid application in the postoperative setting
has been shown to improve wound healing, including reducing edema, fibrin deposition, and granulation tissue
formation.19–21 However, delivery of topical steroids can
be difficult, particularly in applying the steroid to the operative site, and keeping it in contact with the mucosa.
Within the field of otorhinolaryngology chitosan-dextran
gel (CD gel) has been shown to be an effective postoperative
absorbable nasal dressing. It is also an effective hemostat
that improves the microscopic and macroscopic features of
wound healing.22–24 Postoperative ostial stenosis has also
been investigated with the use of CD gel. CD gel significantly improved sinus ostial patency. The largest difference
was seen when ostial areas at 12 weeks were compared with
their corresponding baseline areas (66% vs 31% frontal,
p < 0.001; 85% vs 47% sphenoid, p < 0.001; and 74% vs
54% maxillary ostia, p = 0.002).25
With the success of CD gel in preventing ostial stenosis,
this study aims to determine the effect of the addition of
budesonide to CD gel on the healing of the sinuses and on
postoperative ostial stenosis. Also in this study, the effect of
CD gel with budesonide is compared against topical steroid
alone in order to clarify whether any difference is due to the
steroid in isolation or in combination with CD components.

Patients and methods
Inclusion/exclusion criteria
This prospective, blinded, randomized controlled trial was
granted ethics approval from the tertiary teaching hospital ethics committee. This study was conducted between
October 2012 and April 2015. Patients undergoing bilateral functional ESS for CRS, and who were >18 years of
age were invited to participate in this study. Exclusion criteria were allergy to shellfish, pregnancy or breastfeeding,
or asymmetrical surgery.

each patient. All patients underwent bilateral complete ESS
using meticulous mucosal sparing techniques with powered
instrumentation. All patients underwent complete bilateral
frontal recess clearance, maxillary antrostomy, anterior and
posterior ethmoidectomies, and sphenoidotomies.
Patients were randomized using the letter/envelope
method to receive either: no treatment on 1 side and CD
gel on the other side (groups 1A and 1B), CD gel on
1 side and CD gel with 1 mg/2 mL budesonide (Pulmicort
R
; AstraZeneca AB, Sodertalje, Sweden) on the
Respules
other side (groups 2A and 2B), or CD gel with 1 mg/
2 mL budesonide on 1 side and topical steroid cream (0.1%
betamethasone valerate) on the other side (groups 3A and
3B). The side of treatment was also randomized (Table 1).
After completion of bilateral surgery, each sinus ostia
was measured with a standardized specifically designed
measurement probe, as described.25 As per the randomized group allocation, either 8 mL of CD gel mixed with
2 mL of budesonide solution (total budesonide dose = 1
mg, total volume of CD + budesonide = 10 mL), or 10 mL
of CD gel only, or 10 mL of topical betamethasone, or
nothing was applied to the surgical site including the middle meatus, frontal recess, fovea ethmoidalis, and sphenoid
ostium.
Postoperatively all patients received a course of antibiotics, and were instructed to perform saline douches 4 times
daily on each side starting on the day after surgery. All
patients received postoperative intranasal steroids. Budesonide in saline 240-mL douches (budesonide ampule 1 mg/
2 mL) were commenced on average 16 days after surgery
(95% confidence interval, 1.6 days) and continued daily for
study period.
Patients were reviewed at 2 weeks, 3 months, and
12 months postoperatively. During each postoperative visit,
rigid nasendoscopy was performed and recorded. Patients
underwent routine debridement of both nasal cavities at
these visits as required. Ostial measurements were performed using the standardized, custom designed ostial measurement probe, as described.25 Each postoperative video
was then evaluated by a blinded observer to measure ostial
size and endoscopic features of wound healing (adhesion
presence and severity, mucosal edema, granulation tissue
formation, evidence of pus, and crusting; Table 2). Postoperative ostial sizes were compared against intraoperative
measurements, ensuring that each frame of video demonstrated a full view of the entire perimeters of both the ostia
and the ball probe placed precisely at the adjacent perimeter of the ostium. Features of wound healing were graded
using an ordinal visual analogue scale (VAS). The severity of adhesions were graded based on the percentage of
the vertical height of the middle turbinate taken up by the
adhesion.

Study design

Statistical methods

All eligible patients gave informed consent. Demographic
information and details of the procedure were recorded for

The results of ostial area measurements were compared
between treatment groups at each of 4 time points:
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TABLE 1. Patient distribution for each of groups 1A, 1B, 2A, 2B, 3A, and 3B*

Group

Left sinus

Patients in
subgroup (n)

Right sinus

Patients
undergoing
revision surgery (n)

Patients with nasal
polyps (n)

Group 1a
1A
1B
Group 2

Total patients in
group (n)

13
Control (nothing)

CD gel

6

3

4

CD gel

Control (nothing)

7

3

4

b

12

2A

CD gel

CD gel with
budesonide

5

3

3

2B

CD gel with
budesonide

CD gel

7

4

5

Group 3c

11

3A

CD gel with
budesonide

Steroid only

5

2

3

3B

Steroid only

CD gel with
budesonide

6

3

4

*Total number of patients recruited = 40, excluded = 4. Total remaining in study = 36, each with 2 sets of sinuses (left and right).
a
Group 1: Control on 1 side, CD gel on the other side.
b
Group 2: CD gel on 1 side, CD with budesonide on the other side.
c
Group 3: CD with budesonide on 1 side, steroid only on the other side.
CD = chitosan-dextran.

TABLE 2. Baseline intraoperative areas for frontal, sphenoid, and maxillary ostia*
CD gel with
Area

Frontal

Control

CD gel

pa

budesonide

pa

Steroid only

pa

37.6 ± 7.37

39.3 ± 12.47

0.766

37.4 ± 7.46

0.970

37.9 ± 8.35

0.836

Sphenoid

126.4 ± 9.95

129.7 ± 7.10

0.631

128.8 ± 6.01

0.751

127.1 ± 8.05

0.840

Maxillary

198.1 ± 7.90

201.8 ± 7.56

0.254

200.5 ± 6.36

0.326

203.1 ± 6.19

0.272

*Values are mean ± SD mm2 .
a
Values of p compare each group with control.
CD = chitosan-dextran; SD = standard deviation.

TABLE 3. Percentage of baseline intraoperative areas for frontal ostia at 2 weeks, 3 months, and 12 months postoperation*

CD gel with

CD gel vs control

CD gel vs CD with

CD with
budesonide vs

Control (%)

CD gel (%)

budesonide (%)

Steroid only (%)

(p)

budesonide (p)

steroid only (p)

2 weeks

57 ± 5.3

40 ± 19.3

64 ± 5.9

23 ± 20.4

0.145

0.0001

0.001

3 months

33 ± 18.2

67 ± 6.6

68 ± 7.0

30 ± 18.6

0.001

0.899

0.001

12 months

37 ± 23.5

64 ± 5.9

76 ± 6.2

33 ± 18.6

0.001

0.013

0.001

*Values are mean ± SD.
CD = chitosan-dextran; SD = standard deviation.

intraoperation for baseline measurements (Table 2), and
postoperation at 2 weeks, 3 months, and 12 months
(Tables 3–5). These were collated to produce a mean value
with standard deviations, in mm2 for original intraoperative measurements and as a percentage for each postoperative time point. Data for ostial measurements were analyzed using an analysis of variance (ANOVA) statistical
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model with “treatment” defined as control (“A”), CD only
(“B”), CD with budesonide (“C”), or steroid only (“D”).
Where the p value corresponding to the F-statistic of the
ANOVA analysis was lower than 0.05, suggesting that 1 or
more of the treatments are significantly different, post hoc
Tukey honestly significant difference (HSD) analysis was
applied to determine which of the pairs of treatments were

Ha et al.

TABLE 4. Percentage of baseline intraoperative areas for sphenoid ostia at 2 weeks, 3 months, and 12 months

postoperation*

CD gel with
Control (%)

CD gel (%)

CD gel vs control

CD gel vs CD with

CD with
budesonide vs

budesonide (%)

Steroid only (%)

(p)

budesonide (p)

steroid only (p)

2 weeks

33 ± 6.7

57 ± 5.9

67 ± 5.2

25 ± 24.1

0.001

0.007

0.001

3 months

43 ± 6.4

80 ± 6.1

83 ± 7.7

44 ± 16.8

0.001

0.59

0.001

12 months

52 ± 4.9

0.70 ± 6.1

76 ± 6.3

47 ± 7.2

0.001

0.009

0.001

*Values are mean ± SD.
CD = chitosan-dextran; SD = standard deviation.

TABLE 5. Percentage of baseline intraoperative areas for maxillary ostia at 2 weeks, 3 months, and 12 months postoperation*

CD gel with

CD gel vs control

CD gel vs CD with

CD with
budesonide vs

Control (%)

CD gel (%)

budesonide (%)

Steroid only (%)

(p)

budesonide (p)

steroid only (p)

2 weeks

67 ± 9.2

53 ± 5.9

76 ± 6.0

53 ± 7.6

0.001

0.001

0.001

3 months

52 ± 6.1

75 ± 8.0

78 ± 5.9

46 ± 6.6

0.001

0.49

0.001

12 months

58 ± 5.0

78 ± 7.6

83 ± 6.5

46 ± 6.4

0.001

0.058

0.001

*Values are mean ± SD.
CD = chitosan-dextran; SD = standard deviation.

significantly different from the other, in particular: control vs CD gel (“A”#“B”), CD gel vs CD with budesonide (“B”#”C”), and CD with budesonide vs steroid only
(“C”#”D”), where k = 4, v = 68 degrees of freedom, and
significance level was set at 0.05. Graphical representations
are displayed in Figures 1–3, which plot the means for each
treatment at each time point. The ordinal grading results
for adhesions and wound healing (adhesions, edema, granulation tissue, pus, and crust formation) for each group
were analyzed using chi-squared test for each of the 3 time
points (Tables 6–10), with significance set at 0.05.

Results
A total of 40 patients were enrolled into the study, with
patient ages ranging from 18 to 74 years, with a mean age
of 46.4 years. All patients underwent complete bilateral
functional ESS (FESS) procedures (maxillary antrostomy,
sphenoethmoidectomy, and frontal sinusotomy). A total of
17 were primary operations, and 23 were revision surgeries. Four of the 40 recruited patients did not complete the
full set of postoperative follow-up consultations, and therefore were subsequently excluded from the study. Of the
36 patients who remained in the study, 6 were randomized to group 1A, 7 were randomized to group 1B (total of
13 in group 1A and 1B combined), 5 were randomized to
group 2A, 7 were randomized to group 2B (total of 12
in group 2A and 2B combined), 5 were randomized to
group 3A, and 6 were randomized to group 3B (total of 11
in group 3A and 3B combined). This yielded a total of 72
individual sinus sides (36 patients with left and right sinus

pairs each) that were distributed between control, CD gel
only, CD + budesonide, and steroid only (Table 1).

Effect of CD gel, CD + budesonide, and steroid
alone with regard to ostial stenosis
There was no significant difference in the mean values for
intraoperative (baseline) frontal, maxillary, and sphenoid
sinus ostia between treatment sides (Table 2).
Each sinus ostium was compared to its baseline size for
each time point (as a percentage value, % ± standard deviation [SD]), presented in Table 3 for frontal ostia, Table 4
for sphenoid ostia and Table 5 for maxillary ostia).
Ostial sides that were treated with CD gel were compared
against ostial sides that served as controls (received no treatment). Statistical significance was only demonstrated at
3 months and 12 months postoperation for frontal ostia.
At 3 months, the mean size of “control” frontal ostia was
0.33 ± 0.182 mm2 compared to the mean size of “CD gel”
frontal ostia, which was 0.67 ± 0.066 mm2 (p = 0.001).
And at 12 months, the mean size of “control” frontal ostia was 0.37 ± 0.235 mm2 compared to the mean size of
“CD gel” frontal ostia 0.64 ± 0.059 mm2 (p = 0.001). The
difference between CD gel and control sides was significant at all time points for the sphenoid and maxillary ostia
(Tables 2–5).
Ostial sides that were treated with CD+budesonide were
compared against ostial sides that were treated with CD
gel only (to determine the effect of adding steroid to
the gel composition). Statistical significance was demonstrated at 2 weeks and 12 months postoperation for frontal
and sphenoid ostia, but only significant at 2 weeks for
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Frontal Osa Size PostOperaon
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CD only
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37
33
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CD + Steroid
Steroid only
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2 weeks

3 months

12 months

Time PostOperaon

FIGURE 1. Graph comparing percentage of baseline area of frontal ostia for each group at 2 weeks, 3 months, and 12 months postoperation.

Sphenoid Osa Size PostOperaon
% of intraoperatve baseline area

100
90
80

76
70

70
60

52
47

50
40
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CD only
CD + Steroid

30

Steroid only
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10
0
Original area

2 weeks

3 months

12 months
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FIGURE 2. Graph comparing percentage of baseline area of sphenoid ostia for each group at 2 weeks, 3 months, and 12 months postoperation.

Maxillary Osa Size PostOperaon
% of intraoperatve baseline area

100
90
83
80
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70
60

58

50

46

40

Control
CD only
CD + Steroid

30

Steroid only

20
10
0
Original area

2 weeks

3 months

12 months

Time PostOperaon

FIGURE 3. Graph comparing percentage of baseline area of maxillary ostia for each group at 2 weeks, 3 months, and 12 months postoperation.
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TABLE 6. Incidence and severity of adhesions using an ordinal visual assessment scale (0 to 3) for each treatment at each

time point

Time point

2 weeks

3 months

12 months

Control

CD gel

CD gel with
budesonide

Steroid only

Grade 0, n

10

20

19

7

Grade 1, n

0

0

1

1

Grade 2, n

2

3

1

1

Grade 3, n

1

2

2

2

Incidence of adhesions, %

23

20

17

36

Grade 0, n

10

22

21

8

Grade 1, n

1

1

0

2

Grade 2, n

1

1

1

1

Grade 3, n

1

1

1

1

Incidence of adhesions, %

23

12

9

33

Grade 0, n

11

23

22

9

Grade 1, n

0

1

0

0

Grade 2, n

1

1

1

1

Grade 3, n

1

0

0

1

15

8

4

18

Adhesions

Incidence of adhesions, %
CD = chitosan-dextran.

TABLE 7. Incidence and severity of edema using an ordinal visual assessment scale (0 to 3) for each treatment at each time

point

Time point

2 weeks

3 months

12 months

Control

CD gel

CD gel with
budesonide

Steroid only

Grade 0, n

7

20

20

5

Grade 1, n

1

1

1

1

Grade 2, n

3

2

1

2

Grade 3, n

2

2

1

3

Incidence of edema, %

46

20

13

55

Grade 0, n

10

21

21

6

Grade 1, n

0

1

0

1

Grade 2, n

3

2

2

2

Grade 3, n

2

1

1

2

Incidence of edema, %

33

16

13

45

Grade 0, n

12

24

23

10

Grade 1, n

0

0

1

0

Grade 2, n

1

1

0

0

Grade 3, n

0

0

0

1

Incidence of edema, %

8

4

4

9

Edema

CD = chitosan-dextran.
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TABLE 8. Incidence and severity of granulation tissue formation using an ordinal visual assessment scale (0 to 3) for each

treatment at each time point

Time point

2 weeks

3 months

12 months

Control

CD gel

CD gel with
budesonide

Steroid only

Grade 0, n

10

23

22

8

Grade 1, n

0

0

0

0

Grade 2, n

2

1

1

1

Grade 3, n

1

1

0

2

Incidence of granulations, %

23

8

4

27

Grade 0, n

12

24

22

9

Grade 1, n

0

0

0

0

Grade 2, n

1

1

1

1

Grade 3, n

0

0

0

1

Incidence of granulations, %

8

4

4

18

Grade 0, n

12

24

22

9

Grade 1, n

0

1

1

1

Grade 2, n

1

0

0

0

Grade 3, n

0

0

0

1

Incidence of granulations, %

8

4

4

18

Granulations

CD = chitosan-dextran.

TABLE 9. Evidence and severity of pus formation using an ordinal visual assessment scale (0 to 2) for each treatment at each

time point

Time point

2 weeks

3 months

12 months

Control

CD gel

CD gel with
budesonide

Steroid only

Grade 0, n

8

22

21

7

Grade 1, n

2

1

1

2

Grade 2, n

2

2

1

2

Incidence of pus, %

33

12

9

36

Grade 0, n

11

22

22

8

Grade 1, n

0

1

0

1

Grade 2, n

2

2

1

2

Incidence of pus, %

15

12

4

27

Grade 0, n

10

21

20

8

Grade 1, n

2

3

3

2

Grade 2, n

1

1

0

1

23

16

14

27

Pus

Incidence of pus, %
CD = chitosan-dextran.

maxillary ostia. At 12 months, the mean size of “CD only”
frontal ostia was 0.64 ± 0.059 mm2 compared to the mean
size of “CD+budesonide” frontal ostia, which was 0.76 ±
0.062 mm2 (p = 0.013); and the mean size of “CD only”
sphenoid ostia was 0.70 ± 0.061 mm2 compared to the
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mean size of “CD + budesonide” sphenoid ostia, which
was 0.76 ± 0.063 mm2 (p = 0.009).
Ostial sides that were treated with steroid only were
compared against ostial sides that were treated with
CD + budesonide (to determine whether the effect was

Ha et al.

TABLE 10. Incidence and severity of crust formation using an ordinal visual assessment scale (0 to 2) for each treatment at

each time point

Control

CD gel

CD gel with
budesonide

Steroid only

Grade 0, n

9

18

19

6

Grade 1, n

1

4

2

2

Grade 2, n

3

3

2

3

Incidence of crust formation, %

31

28

17

45

Grade 0, n

11

22

22

8

Grade 1, n

1

1

1

1

Grade 2, n

1

2

0

1

Incidence of crust formation, %

15

12

4

20

Grade 0, n

12

24

23

9

Grade 1, n

0

1

0

0

Grade 2, n

1

0

0

1

Incidence of crust formation, %

8

4

0

10

Time point

2 weeks

3 months

12 months

Crusts

CD = chitosan-dextran.

attributable to the steroid only). Statistical significance was
demonstrated at all time points for all 3 ostia. At 12 months,
the mean size of “CD + budesonide” frontal ostia was 0.76
± 0.062 mm2 compared to the mean size of “steroid only”
frontal ostia, which was 0.33 ± 0.186 mm2 (p = 0.001);
the mean size of “CD + budesonide” sphenoid ostia was
0.76 ± 0.063 mm2 compared to the mean size of “steroid
only” sphenoid ostia, which was 0.47 ± 0.072 mm2 (p =
0.001); and the mean size of “CD + budesonide” maxillary
ostia was 0.83 ± 0.065 mm2 compared to the mean size
of “steroid only” maxillary ostia, which was 0.46 ± 0.064
mm2 (p < 0.01).

Effect of CD gel, CD + budesonide, and steroid
alone with regard to adhesion formation
The incidence and severity of adhesions at 2 weeks,
3 months, and 12 months for each group are shown in
Table 6. At 12 months postoperation, the incidence of adhesions was least in the CD with budesonide group (4%)
compared to control (15%). The steroid-only group exhibited a higher incidence than control (18%). Of these, the
adhesions were equally distributed between grades 2 and
3 for the control and steroid-only groups, compared with
grade 1 and 2 for CD-only group and only 1 grade 2 for
the CD+budesonide group.

Effect of CD gel, CD + budesonide, and steroid
alone with regard to other features of wound
healing
The incidence and severity of edema, granulation tissue,
pus, and crust formation at 2 weeks, 3 months, and

12 months are shown in Tables 7–10 for each treatment
group.

Discussion
Nasal packing materials are commonly used in the hope of
improving wound healing outcomes for patients following
ESS. CD gel alone has been demonstrated to significantly
improve ostial stenosis following surgery compared to no
treatment. This randomized controlled trial in 36 patients
demonstrated that the addition of budesonide to CD gel
when compared to CD gel alone, resulted in a significant reduction in ostial stenosis up to 12 months following surgery
in frontal and sphenoid sinus ostia sites, but not in maxillary sites. When compared to control however, all 3 ostial
sites demonstrated significance in reduction of ostial stenosis. Furthermore, there was a statistical significance for all
3 ostial sites when CD with budesonide was compared to
topical betamethasone alone, indicating that the effect seen
with the CD+budesonide combination is not due to the
steroid effect alone.
Dissolvable dressings have been used primarily for hemostatic purposes immediately post-ESS. However, dressings
that show good hemostatic properties26–31 also increase
postoperative scar formation.14, 26 This is because activation of the clotting cascade also serves to activate the inflammatory pathways that are detrimental to wound healing.
Chandra et al.14 showed that FloSeal significantly increased
granulation formation (p = 0.007) and adhesion formation (p = 0.006), a finding continued to be observed at
21 months following surgery. These findings were also supported by work conducted by Shrime et al.,26 and Maccabee
et al.15
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Chitosan is prepared from chitin, a polymer that is found
naturally in crustaceans.30 Chitosan is currently used ubiquitously as a preservative for foods, and as an antimicrobial
coating on fruits and vegetables for human consumption as
well as an additive to shampoos and toothpaste.31 The specific chitosan derivative used in CD gel has shown positive
results as a postoperative nasal dressing, as both an effective hemostat as well as anti-adhesion and anti-stenotic
agent.22 The mechanism by which CD gel prevents adhesion formation is not completely understood. It is likely that
the chitosan component provides the haemostatic effect
while the dextran component acts to inhibit fibroblast migration and proliferation, which allows re-epithelialization
and reciliation to occur, and this takes place long enough to
prevent collagen deposition and adhesion formation.23 Recent studies32 ,33 on steroid-eluding implants have shown
promise with a significant reduction in adhesion formation postoperatively; however, ostial sinus patency has not
been assessed in those studies. The additional anti-stenotic
effect seen with the CD+budesonide combination in this
study suggests that the steroid component acts in synergy
with the chitosan and dextran components to reduce early
postoperative inflammation, and thereby further reducing
fibroblastic migration and proliferation. The difference between groups with regard to features of wound healing has
not shown statistical significance in this study. This result

is likely due to the low total incidence of each feature. Despite the lack of significance, the clinical significance can be
seen in the lower absolute incidence and lower severity of
adhesions seen in the CD+budesonide group compared to
both control and steroid-only groups.

Conclusion
The ability to potentially reduce inflammation postsurgery
and to thereby improve wound healing by placing steroid
in the operative field has been seen in steroid eluding devices. This study has shown that CD gel, when combined
with budesonide, improves long-term sinus ostial patency
and prevents ostial stenosis within the maxillary and sphenoid sinuses. In addition CD gel has been shown to have
good hemostatic effects in the immediate postoperative
period.
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