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Abstract
Background: Understanding the factors associated with increased rates of restenosis following Draf procedures is crucial for 

developing targeted strategies to mitigate complications such as mucocele formation, reduce the need for revision surgeries, and 

improve long-term patient outcomes.

Methodology: A systematic search was conducted using Embase, Medline, CINAHL, AMED, PubMed, and the Cochrane Database 

on January 17th, 2024. Research articles published in English language were included. Abstracts were independently screened by 

two reviewers, and data were extracted and assessed for quality in adherence to PRISMA guidelines. Meta- and sub-group analy-

ses were conducted using the REML model and random-effects model to address high heterogeneity and I² values.

Results: A total of 96 studies met the inclusion criteria. For the Draf IIB subgroup (15 studies, 239 sinuses), the restenosis rate was 

7%, compared to 20% in the Draf III subgroup (40 studies, 1,910 sinuses). Revision surgery rates were 5% for Draf IIB versus 12% for 

Draf III. Adjuvant interventions, such as steroid-impregnated stents, were associated with improved outcomes, showing an ostium 

patency OR of 2.20. 

Conclusion: Draf IIB had superior outcomes compared to Draf III with respect to restenosis and revision surgery. The use of 

steroid-impregnated stents appears effective in reducing restenosis rates.
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Introduction
The Draf classification system outlines three types of frontal 

sinusotomy procedures based on their invasiveness and objec-

tives (1–5). Draf Type I involves the removal of obstructing tissue 

below the frontal ostium without altering the ostium itself, tar-

geting the anterosuperior ethmoidal cells. Draf Type II expands 

the frontal sinus drainage pathway, with Type IIA involving the 

removal of ethmoidal cells that extend into the frontal sinus, cre-

ating a larger opening between the lamina papyracea and the 

middle turbinate. Type IIB further enlarges the drainage area by 

resecting the frontal sinus floor between the lamina papyracea 

and the nasal septum. Draf Type III, also known as endoscopic 

modified Lothrop procedure (EMLP), is the most extensive, pro-

viding maximal access through bilateral enlargement, involving 

the removal of the frontal sinus floor and parts of the intranasal 

and frontal septum.

Historically, the endoscopic treatment of frontal sinus disease 

has been challenging due to the narrow frontal sinus ostia, its 

anatomical location, and variations that limit visualization (6). 

Despite the recent advancements in endoscopic techniques and 

technology that have markedly improved access to the frontal 

sinus, endoscopic frontal sinus surgery is still at high risk of fai-

lure (7). Neo-osteogenesis and persistent mucosal inflammation 

can cause the frontal neo-ostium to narrow or close entirely. 

This, along with mucocele formation, is a major factor neces-

sitating revision surgery (7,8). A recent meta-analysis on 11 studies 

and 778 patients found that restenosis of the neo-ostium oc-

curred in 17.1% of cases and 9.0% of cases underwent revision 

surgery (7,9).

Previous studies have explored the application of stents, muco-

sal grafts, and pedicle flaps to prevent restenosis of the frontal 

neo-ostium, with promising results in individual studies (6,7,10–15). 

Currently, no meta-analyses are available comparing the success 

rates of additional interventions or directly evaluating outcomes 

between Draf IIB and Draf III procedures. This review aims to fill 

that gap by comparing Draf IIB and Draf III outcomes in terms of 

revision rates, neo-ostium restenosis, and mucocele formation 

and to assess the impact of using steroid-impregnated stents, 

silastic stents, and mucosal flaps or grafts on these outcomes.

Materials and methods
Protocol registration and search strategy

A systematic literature review was conducted on 17th Janu-

ary 2024 in accordance with the preferred reporting items for 

systematic reviews and meta-analyses (PRISMA) guidelines 
(16). The protocol was registered in the PROSPERO database 

(CRD42024496239). In consultation with a librarian trained 

in MeSH terms and literature search, a comprehensive search 

was conducted in Embase and Medline via Ovid, as well as in 

CINAHL, AMED, PubMed and Cochrane database on January 

17th 2024, utilising the terms “endoscopic frontal sinus surgery” 

or “frontal sinus surgery” or “draf III” or “draf II” or “modified 

lothrop” and (“adjuvant intervention” or “steroid” or “stent” or 

“flap” or “mucosal flap” or “mucosal graft” or “frontal sinus stent” 

or “steroid impregnate stent” or “silicon stent” or “free mucosal 

graft”).” All key terms were standardised for each search engine, 

and suitable Boolean operators were employed (Appendix1).

Screening

The study selection was conducted independently by two 

authors (Y.H. and H.F.). They initially screened the titles and 

abstracts, followed by a full-text evaluation of selected articles 

for final inclusion in our study. Additionally, references from the 

selected full-text articles were screened for potential papers for 

inclusion. In case of any disagreement between the two authors, 

the third author (H.I.) was consulted to resolve the concerns. 

Data extraction was performed after the final study selection 

using a pre-formulated data extraction sheet to record study 

parameters and outcome measures.

Population, intervention, comparison, and outcome (PICO) 

Our study included papers evaluating adult patients undergoing 

frontal sinus Draf IIB or Draf III procedures for any indication, 

with interventions including the use of steroid-impregnated 

stents, silicon stents, and mucosal flaps (either rotated flaps 

or free mucosal grafts). Steroids could be administered via 

absorbable stents impregnated with steroids or drug-eluting 

steroid stents. The comparison group received no intervention 

with stents, steroids, or flaps/free mucosal grafts. Outcomes 

measured were frontal sinus restenosis, frontal sinus mucocele 

formation, and the need for revision. The inclusion criteria 

Figure 1. PRISMA flow diagram.
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encompassed all primary research articles relevant to the PICO, 

published in English. Papers that were excluded were as follows: 

conference abstracts, letters to editors, commentaries, non-

English articles, animal studies, and articles not fully accessible 

for analysis.

Assessment of risk of bias

Manuscripts with various study designs were included in our 

review, requiring different quality assessment tools. Risk of bias 

assessment was performed by Y.H. and H.F. using the Cochrane 

Risk of Bias 2 (RoB 2) tool (17) for randomised control trials, the 

Risk of Bias in Non-randomized Studies of Exposure (ROBINS-E) 
(18) for observational studies of exposures, and the JBI critical ap-

praisal tool (19) for case reports.

Data analysis

Meta-analysis and sub-group analysis were performed using 

STATA 18. A meta-analysis for the proportion of restenosis was 

conducted using the restricted maximum likelihood (REML) mo-

del to account for the methodological and clinical heterogeneity 

across the studies. The same was used to perform sub-group 

analysis. The random effect model was used given the high 

heterogeneity amongst the study population and as indicated 

by high I2 values.  

For studies reporting outcomes on two arms, meta-analyses for 

dichotomous outcomes were conducted using Review Manager 

version 5.4. The Mantel-Haenszel method with random-effects 

modelling was applied to account for heterogeneity between 

studies. Odds ratios (OR) for events and non-events were selec-

ted as the effect measures.

 

Results
The database searches and reference screening initially identi-

fied 170 studies (Figure 1). The abstracts were screened based 

on PICO relevance, leading to the selection of 98 papers for full-

text review. Two studies were excluded because their interventi-

ons were not Draf procedures, leaving 96 studies (6–8,10–15,20–105) for 

inclusion in the final systematic review (Table 1). The definitions 

for restenosis and follow-up periods for each study are detailed 

(Table 1).

Proportional meta-analyses 

Draf IIB vs III

Restenosis

A total of 49 studies (6,8,10–13,20,28–30,33,36,40–42,44,45,48,51,53,54,58,60,62,64,71,73,75–

78,80–82,84,86,87,90,91,93–101,103) reporting restenosis outcomes following 

Draf IIB and Draf III procedures were included in this analysis 

(Table 2). Data was reported on 2,149 operated sinuses, with 443 

cases of restenosis observed. The definition for restenosis and 

follow-up periods for each study are detailed in Table 1. Pooling 

all Draf IIB and III populations yielded a weighted restenosis 

proportion of 0.18 (95% CI: 0.12–0.24) with high heterogeneity 

(I² = 96.8%).

To assess outcomes by procedure type, studies were grouped 

by Draf type. The Draf IIB subgroup (15 studies) included 239 

sinuses with 15 restenosis cases, while the Draf III subgroup 

(40 studies) included 1,910 sinuses with 428 restenosis cases 

(Figure 2). The weighted restenosis proportion was 0.07 (95% 

CI: 0.02–0.13) for Draf IIB and 0.20 (95% CI: 0.13–0.27) for Draf III, 

with high heterogeneity (I² > 50%). The significant difference (p 

< 0.01) suggests the Draf type influences restenosis rates.

Revision procedures

A total of 29 studies (6,8,10,12,13,28,34,38,48,50,58,62,67,71,73,75,81,83,84,87,89,91,95–97, 

99,100,102,105) reported data on revision outcomes following Draf IIB 

and Draf III procedures. Data included 1,503 operated sinuses, 

with 227 requiring revision surgery.  Pooling all Draf IIB and III 

populations resulted in a weighted restenosis proportion of 0.12 

(95% CI: 0.08–0.16) with significant heterogeneity (I² = 85.9%).

Data was segregated by Draf procedure type, with revision 

surgery calculated for each. The Draf IIB subgroup (5 studies) 

included 89 sinuses, with 4 requiring revision surgeries. The 

Draf III subgroup (28 studies) included 1,414 sinuses, with 223 

requiring revision surgeries (Figure 3). The weighted revision 

proportion was 0.05 (95% CI: -0.02–0.12; I² = 20.8%) in Draf IIB, 

and 0.12 (95% CI: 0.08–0.17; I² = 85.8%) in Draf III. The significant 

difference (p < 0.01) suggests the Draf procedure type affects 

the revision rate.

Mucocele formation

Three studies reported data on rates of mucocele formation fol-

lowing Draf IIB and Draf III procedures (38,44,98). However, the pro-

portional meta-analysis revealed that none of the intra-group 

or inter-group effect sizes or comparisons reached statistical 

significance (Figure S1).

Additional interventions

Restenosis

Analysis was conducted to evaluate the impact of specific 

interventions on rates of restenosis following Draf procedures 

(Figure 4). 16 studies investigated the impact of mucosal flaps/

grafts on the rate of restenosis (6,11,12,20,35,42,44,45,54,71,72,78,85,86,96,100), 3 

studies investigated the impact of mucosal flaps/grafts used 

in conjunction with stents (10,64,73), 19 studies investigated the 

impact of stents alone (13,21,26,27,30,32,58,59,61,66,68,75,77,79,80,94,97–99), and 2 

studies reported the impact of steroid-impregnated stents on 

the restenosis rate (48,57). The weighted restenosis proportions 

were 0.10 (95% CI: 0.02–0.18; I² = 97.4%) for the mucosal flap/

graft group, 0.03 (95% CI: 0.01–0.05; I² = 0.11%) for the mucosal 

flap/graft with stents group, 0.25 (95% CI: 0.12–0.37; I² = 95.2%) 

for the stents group, and 0.29 (95% CI: 0.21–0.36; I² = 0.00%) 
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Table 1. List of studies included in the systematic review.
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Table 1. List of studies included in the systematic review. continued. for the steroid-impregnated stent group. Draf procedures 

without additional interventions had a restenosis propor-

tion of 0.21 (95% CI: 0.15–0.27; I² = 88.4%), reported in 29 
(8,23,28,29,33,36,40,41,43,47, 49,51,53,55,56,60,62,63,76,81,82,84,87,90,91,93,95,101,103). 

Revision procedures

Further analysis was conducted to evaluate the impact of 

specific interventions on revision case proportions. Twelve 

studies reported the effect of mucosal flaps/grafts on the 

revision rate (6,12,35,37,50,,69,71,72,96,100,105,107), 3 studies reported the ef-

fect of mucosal flaps or grafts used in conjunction with stents 
(10,73,74), 11 studies reported the effect of using stents alone (1

3,26,29,32,58,59,66,68,75,97,99), and 1 study (48) reported the revision rate 

following the use of steroid-impregnated stents (Figure 5). The 

weighted revision proportions were 0.05 (95% CI: 0.02, 0.07; 

I² = 51.6%%) for the mucosal flaps/grafts group, 0.07 (95% 

CI: 0.00, 0.14; I² = 90.4%) for the mucosal flaps/grafts with 

stents group, 0.09 (95% CI: 0.05, 0.12; I² = 0.01%) for the stents 

group, and 0.32 (95% CI: 0.24, 0.40; I² = 0.00%) for the steroid-

impregnated stent group. Draf procedures performed without 

any additional interventions had a revision rate of 0.16 (95% 

CI: 0.12, 0.20; I² = 72.3%), which was reported in 24 studies 
(8,22,28,31,34,38,39,43,46,49,56,62,63,67,70,81–84,87,89,91,95,102).

Mucocele formation

Analysis was conducted to evaluate the impact of specific 

interventions on mucocele formation (Figure S2). The rate of 

mucocele formation was reported in 2 studies following the 

use of mucosal flaps or grafts (38,44) and in 2 studies following 

the use of stents (59,98). The mucocele formation proportions 

were 0.05 (95% CI: 0.00–0.10; I² = 0.00%) for the mucosal flaps/

grafts group and 0.69 (95% CI: 0.11–1.27; I² = 78.7%) for the 

stents group. One study reported a mucocele rate of 0.01 

following the Draf procedure without additional interventions 

(95% CI: -0.01 to 0.04; I² = 0.00%) (63).

Two armed meta-analyses

Restenosis

Stent vs. control

Three studies (24,65,94) compared restenosis outcomes between 

surgery with and without a silastic stent (Table 3, Figure 6). 

The random-effects meta-analysis yielded an OR of 1.14 (95% 

CI: 0.46–2.82), with no significant heterogeneity (I² = 0%). The 

overall effect was not significant (p > 0.05), and the OR confi-

dence interval crossed 1, suggesting no significant impact of 

the silastic stent on restenosis rates.

Steroid stent vs. control

Three studies (14,15,88) compared restenosis outcomes between 

surgery with and without a steroid-releasing stent (Table 3, 

Figure 7). The random-effects meta-analysis yielded a non-
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Figure 2. Proportional meta-analysis of single armed studies – restenosis 

rate of frontal neo-ostium following Draf IIB vs Draf III.

Figure 3. Proportional meta-analysis of single armed studies – revision 

rate following Draf IIB vs Draf III.

event OR of 2.20 (95% CI: 1.54–3.12), with no significant hete-

rogeneity (I² = 0%). The overall effect was significant (p < 0.05), 

suggesting that the steroid-releasing stent significantly reduced 

restenosis rates compared to surgery without a stent.

Mucosal flap/graft vs. control

Three studies (7,25,45) compared restenosis outcomes between 

surgery with a mucosal flap/graft and without additional inter-

vention (Table 3, Figure 8). The random-effects meta-analysis 

yielded an OR of 2.74 (95% CI: 0.69–10.48), with no significant 

heterogeneity (I² = 8%). The effect was not significant (p > 0.05), 

suggesting no impact of the mucosal flap/graft on restenosis 

rates. 

Revision rates

Stents vs steroid stents vs flaps/grafts

Six studies (7,14,15,27,92,94) conducted a two-armed meta-analysis 

with subgroups for each intervention type. Stents had a revision 

OR of 0.79 (95% CI: 0.14–4.55; I² = 73%), steroid stents had a 
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Figure 4. Proportional meta-analysis of single armed studies – resteno-

sis rate of frontal neo-ostium associated with the use of mucosal flaps, 

mucosal grafts, silastic stents, and steroid-impregnated stents during the 

Draf procedure.

revision ratio of 0.21 (95% CI: 0.07–0.69; I² = 0%), and flaps/grafts 

had a revision OR of 0.16 (95% CI: 0.02–1.41; I² = 0%). The overall 

test for subgroup differences was not significant (p = 0.41) 

(Figure S3).

Sensitivity analyses

Draf IIB vs Draf III

The restenosis prevalence for Draf IIB was 7.4% (95% CI: 2.1%–

12.7%) and for Draf III was 20.2% (95% CI: 12.9%–27.4%). The 

difference was significant (Chi-square = 7.77, df = 1, p = 0.005).

Intervention vs no-intervention

The restenosis prevalence for Intervention was 16.2% (95% 

CI: 9.3%–23.1%) and for no-intervention was 23.9% (95% CI: 

17.3%–30.5%). The difference was not statistically significant 

(Chi-square = 2.46, df = 1, p = 0.117).

Risk of bias

Risk of bias of each study is provided in Table S1. 

Discussion
Elucidating the factors associated with increased rates of 

restenosis following Draf procedures is essential to developing 

targeted strategies that mitigate complications such as muco-

cele formation, decrease the likelihood of revision surgeries, and 

enhance long-term patient outcomes. To date, no meta-analyses 

has directly compared the clinical outcomes of Draf IIB and Draf 
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Figure 5. Proportional meta-analysis of single armed studies – revision 

rates associated with the use of mucosal flaps, mucosal grafts, silastic 

stents, and steroid-impregnated stents during the Draf procedure.

III procedures or systematically evaluated the efficacy of adjunc-

tive interventions between them. This review seeked to address 

this gap by assessing revision rates, neo-ostium restenosis, and 

mucocele formation associated with Draf IIB and Draf III, while 

also examining the potential impact of steroid-impregnated 

stents, silastic stents, and mucosal flaps or grafts on these outco-

mes. Our review reports a restenosis rate of 20% for the Draf III 

procedure and 7.4% for the Draf IIB procedure, with the diffe-

rence found to be statistically significant. While there are various 

indications for each procedure, there is no consensus regarding 

the choice between Draf IIB and Draf III for chronic rhinosinusi-

tis, with or without polyps (106). Some advocate for performing a 

Lothrop procedure as the initial surgery, while others suggest 

reserving it for more complex cases (73,106). Tran et al. previously 

demonstrated that the size of the frontal ostia is a crucial factor, 

stressing the importance of creating a sufficiently wide outflow 

tract during surgery (6,93). We found a higher restenosis rate with 

Draf III, a procedure that creates a wider neo-ostium compared 

to Draf IIB. In the absence of other confounding factors, this may 

be attributed to increased heat generation during extensive 

drilling and exposure of bone, which can lead to crusting and 

osteoneogenesis, ultimately resulting in restenosis. Our review 

did not restrict the analysis to any specific condition, thus pro-

viding a comprehensive evaluation of both procedures. Further 

sensitivity analyses on various indications would provide a more 

accurate estimate for each procedure. 

Additionally, it was observed that the use of mucosal grafts/

flaps and stents reduced the restenosis rate. It has been sug-

gested that mucosal grafting may prevent neo-osteogenesis 

from exposed bone, as osteitis caused by this exposure leads to 

inflammation, mucosal oedema and hypertrophy, narrowing of 

the frontal ostia, and ultimately, surgical failure (6). Steroid stents 

possess both drug-eluting and mechanical stenting properties. 

The lack of statistical significance in the ability of silastic stents 

to reduce restenosis, compared to the steroid-impregnated 

stents, may be due to the more significant role of inflammation 

prevention in reducing restenosis of the neo-ostium (60). This 

aligns with the rationale behind the effectiveness of mucosal 

flaps/grafts in preventing restenosis, namely by reducing inflam-



277

Draf IIB vs III outcomes in frontal sinus surgery

Rhinology Vol 63, No 3, June 2025

Table 2. Single arm studies of Draf IIb and Draf III: intervention and frontal sinus restenosis rate, mucocele formation rate, revision rates.

Author Year Type of 
interven-

tion

Type of 
Draf

Total 
number 

of pa-
tients, n

Resteno-
sis rate, n 

(%)

Definition of 
restenosis

Mu-
cocele 
forma-

tion 
rate, 
n(%)

Revision 
rate, 
n(%)

Follow up details Follow up 
duration

Close et 
al.

1994 None Draf III 6 0 (0%) Not defined - - Endoscopic examina-
tion of FSO patency

3 – 8 
months

Gross et 
al.

1997 None Draf III 20 1 (5%) Not defined - - Endoscopic examina-
tion of FSO patency

1 – 21 
months 

Casiano 
et al.

1998 No inter-
vention

Draf III 21 9 (42.9%) <50% of intra-
operative size

- 2 (9.52%) Endoscopic examina-
tion of FSO patency

2 – 24 
months 

Ulualp 
et al. 

2000 No inter-
vention

Draf III 15 0 (0%) Not defined - 2 
(13.33%)

Endoscopic examina-
tion of FSO patency

6 months – 
60 months

Wormald 
et al.

2002 Mucosal 
flap

Draf IIb 64 1 (1.6%) Visualization of 
the nasofrontal 
isthmus or 
probing of the 
frontal ostium

- 1 (1.56%) Review of symptoms 
and endoscopic exami-
nation of FSO patency

11 – 24 
months

Schulze 
et al. 

2002 No inter-
vention

Draf III 13 2 (15.4%) Not defined - 2 (15.4) Endoscopic examina-
tion of FSO patency

12 – 56 
months

Samaha 
et al.

2003 No inter-
vention

Draf III 100 20 (20%) Not defined - 20 (20%) Endoscopic examina-
tion of FSO patency

Mean 4.1 
± SD 1.53 

years

Wormald 
et al.

2003 Stent Draf III 13 0 (0%) Not defined - 0 (0%) Endoscopic examina-
tion of FSO patency

6–20 
months

Wormald 
et al.

2003 Stent Draf III 14 0 (0%) Not defined - 3 (21.4%) Review of symptoms 
and endoscopic exami-
nation of FSO patency

8-38 
months

Wormald 
et al.

2003 Stent Draf III 16 4 (25%) Not defined 15 
(93.8%)

- Review of symptoms 
and endoscopic exami-
nation of FSO patency

10 – 26 
months

Wormald 
et al.

2003 Stent Draf III 83 6 (7.2%) Not defined - 6 (7.22%) Endoscopic examina-
tion of FSO patency

7 – 55 
months

Khong 
et al. 

2004 No inter-
vention

Draf III 21 2 (9.5%) Not defined - 2 (9.52%) Review of symptoms 
and endoscopic exami-
nation of FSO patency

71– 42 
months

Shirazi 
et al.

2007 No inter-
vention

Draf III 97 22 
(22.7%)

Not defined - 22 
(22.7%)

No details 6 months to 
4.5 years

Tran-KN 
et al. 

2007 No inter-
vention

Draf III 22 9 (40.9%) <60% of origi-
nal postopera-
tive of original 
intraoperative 
area

- - Endoscopic examina-
tion of FSO patency

At least 12 
months

Nakaga-
wa et al.

2007 Stent Draf III 6 6 (100%) Not defined - 0 (0%) Review of symptoms 
and endoscopic exami-
nation of FSO patency

8 – 48 
months

Wormald 
et al.

2009 Mucosal 
flap

Draf III 23 5 (21.7 %) Not defined - 1 (4.35%) Review of symptoms 
and endoscopic exami-
nation of FSO patency

Mean 60 
± SD 16.9 

years

Chan et 
al.

2009 Stent Draf III 161 138 
(85.7%)

Not defined - - Review of symptoms 
and endoscopic exami-
nation of FSO patency

Mean 
45.9 ± SD 
33.6years

Eloy et al. 2011 No inter-
vention

Draf III 120 31 
(25.8%)

Not defined - - Endoscopic examina-
tion of FSO patency

5 – 36 
months

Georgalas 
et al.

2011 Stent 
(steroid)

Draf III 122 36 
(29.5%)

Not defined - 39 
(31.96%)

Endoscopic examina-
tion of FSO patency

6 – 90 
months

Chaaban 
et al.

2012 No inter-
vention

Draf IIb 11 1 (9.09%) Not defined - 1 (8.3%) Review of CSF leak, 
patency of FSO

2 – 206 
weeks
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Author Year Type of 
interven-

tion

Type of 
Draf

Total 
number 

of pa-
tients, n

Resteno-
sis rate, n 

(%)

Definition of 
restenosis

Mu-
cocele 
forma-

tion 
rate, 
n(%)

Revision 
rate, 
n(%)

Follow up details Follow up 
duration

Hilden-
brand 
et al.

2012 Mucosal 
flap

Draf III 16 1 (6.3%) Not defined - 1 (6.25%) Endoscopic examina-
tion of FSO patency

Mean 25.6 
months

Crocetta 
et al.

2012 Mucosal 
flap 

Stent

Draf III 27 0 (0%) <50% original 
diameter

- - Endoscopic examina-
tion of FSO patency

3 – 40 
months

Eloy et al. 2012 No inter-
vention

Draf IIb 4 0 (0% Not defined - - Endoscopic examina-
tion of FSO patency

8 weeks

Seyedha-
di et al.

2013 Mucosal 
flap

Draf III 4 0 (0%) <50% original 
diameter

- - Endoscopic examina-
tion of FSO patency

3 months

Ting et al. 2013 No inter-
vention

Draf III 204 61 
(29.9%)

Unable to pass 
3mm suction 
cannula

- 61 
(29.9%)

Endoscopic examina-
tion of FSO patency

10.8 – 204 
months

Al-Kadah 
et al.

2013 Mucosal 
flap

Draf IIb 9 1 (11.1) Not defined - - Endoscopic examina-
tion of FSO patency

24 months

Naidoo 
et al.

2014 Mucosal 
graft 
Stent

Draf III 229 8 (3.5%) Patent if the 
ostium could 
be visualized 
endoscopically, 
and stenosed if 
there was scar-
ring, oedema, 
or polyposis 
occluding the 
frontal ostium

- 12 
(5.24%)

Review of CSF leak, en-
doscopic examination 
of FSO patency

6 – 60 
months

Sama et 
al.

2014 No inter-
vention

Draf IIb 
Draf III

7 
16

0 (0%)  
1 (6.25%)

Not defined - 7 (4.6%) Endoscopic examina-
tion of FSO patency

8 months – 
3 years

Ye et al. 2014 No inter-
vention

Draf III 25 13 (52%) <50% of ori-
ginal posto-
perative cross 
sectional area

- - Endoscopic examina-
tion of FSO patency

>12 months

Janisie-
wicz et al.

2015 No inter-
vention

Draf IIb 1 1 (100%) Complete 
obstruction

- - Review of symptoms 
and endoscopic exami-
nation of FSO patency

2 months

Karligkio-
tis et al.

2015 No inter-
vention 

No inter-
vention

Draf IIb 

Draf III

71 

7

1 (14.3%) 

1 (5.9%)

Not defined - 1 (14.3%) 

1 (5.88%)

Review of symptoms 
and endoscopic exami-
nation of FSO patency

12 – 120 
months

Nishiike 
et al.

2015 Stent Draf III 15 2 (13.3%) Not defined - - Review of symptoms 
and endoscopic exami-
nation of FSO patency

5–60 
months

Fiorini 
et al.

2016 Mucosal 
flap

Draf IIb 46 1 (2.2%) Not defined 2 
(4.35%)

- Review of surgical 
complication

6 – 36 
months

Illing et 
al.

2016 Mucosal 
flap

Draf III 67 2 (3%) AP diameter 
<50% of the 
intraoperative 
measurement

- 0 (0%) Assessment of long-
term success of the 
Draf III mucosal graf-
ting technique. Review 
of symptoms and en-
doscopic examination 
of FSO patency.

12 – 85 
months

Morrissey 
et al.

2016 Mucosal 
graft

Draf III 213 19 (2.3%) Not defined - 24 
(11.26%)

Endoscopic examina-
tion of FSO patency

Mean 36 
months

Hajbeygi 
et al.

2016 No inter-
vention

Draf III 20 5 (25%) <5mm - - Endoscopic examina-
tion of FSO patency

Mean 17.5 
months

Table 2. Single arm studies of Draf IIb and Draf III: intervention and frontal sinus restenosis rate, mucocele formation rate, revision rates. Continued.
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Author Year Type of 
interven-

tion

Type of 
Draf

Total 
number 

of pa-
tients, n

Resteno-
sis rate, n 

(%)

Definition of 
restenosis

Mu-
cocele 
forma-

tion 
rate, 
n(%)

Revision 
rate, 
n(%)

Follow up details Follow up 
duration

Roten-
burg et 
al.

2016 Stent Draf III 30 8 (26.7%) <50% patency 
of original 
ostium size

- - Endoscopic examina-
tion of FSO patency

1 month to 
1 year

Turner 
et al.

2016 Stent Draf IIb 6 1 (16.7%) > 3 mm in 
diameter

- 0 (0%) Endoscopic examina-
tion of FSO patency

1–64 
months

Erdur et 
al.

2018 Mucosal 
flap

Draf III 1 0 (0%) <50% patency 
of ostium size 
at the end of 
procedure

- - Review of osteoma 
recurrence and stenosis

24 months

Khoueir 
et al.

2018 Mucosal 
flap + 
stent

Draf IIb 1 0 (0%) Not defined - - Endoscopic examina-
tion of FSO patency

6 months

Omura 
et al.

2018 Mucosal 
graft

Draf IIb 
Draf III

8 
6

0 (0%) 
0 (0%)

Not defined - - Endoscopic examina-
tion of FSO patency

>6 months

Zhang 
et al.

2018 No inter-
vention

Draf III 24 4 (16.7%) Not defined - - Endoscopic examina-
tion of FSO patency

1 week 
post-op, 
1 month, 
and every 
3 months 
thereafter 
as needed

Nguyen 
et al.

2019 No inter-
vention

Draf III 1 0 (0%) Not defined - - Endoscopic examina-
tion of FSO patency

1–38 
months

Omura 
et al.

2019 Mucosal 
flap

Draf IIb 
Draf III

9 
11

0 (0%) 
0 (0%)

Not defined - - Review of symptoms 
and endoscopic exami-
nation of FSO patency

6 months

Huang 
et al.

2019 Stent Draf III 7 0 (0%) Inability to visu-
alise the frontal 
sinus or pass a 
standard olive-
tipped curved 
suction into the 
frontal sinus

- 0 (0%) Review of symptoms 
and endoscopic exami-
nation of FSO patency

Mean 16.5 
months

Thomp-
son et al.

2021 No inter-
vention

Draf IIb 
Draf III

4 
5

0 (0%) 
0 (0%)

Not defined - - Review of symptoms 
and endoscopic exami-
nation of FSO patency

Mean 24.4 
months

Fischer 
et al.

2022 Mucosal 
flap

Draf III 86 1 (1.2%) Inability to 
pass 5 mm 
curved suction 
tube through 
neo-ostium 
unhindered

- - Endoscopic examina-
tion of FSO patency

At least 3 
months

He et al. 2022 Mucosal 
flap

Draf IIb 49 0 (0%) Inability to 
visualize into 
the frontal sinus 
by endoscopic 
examination

- - Endoscopy, CT scan to 
assess patency, assess-
ment of CRS symptoms

12–100 
months

Cho et al. 2023 No inter-
vention

Draf IIb 
Draf III

13 
13

8 (61.5%) 
11 

(84.6%)

Patent if it was 
more than 50% 
of the size of 
the frontal re-
cess developed 
at the end of 
the previous 
surgery

- - Endoscopic examina-
tion of FSO patency

Every 3 
months 

for the first 
year, every 

6 months in 
the second 

year and 
yearly after-

wards

Table 2. Single arm studies of Draf IIb and Draf III: intervention and frontal sinus restenosis rate, mucocele formation rate, revision rates. Continued.
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Author Year Type of 
interven-

tion

Type of 
Draf

Total 
number 

of pa-
tients, n

Resteno-
sis rate, n 

(%)

Definition of 
restenosis

Mu-
cocele 
forma-

tion 
rate, 
n(%)

Revision 
rate, 
n(%)

Follow up details Follow up 
duration

Choudhu-
ry et al.

2016 No inter-
vention

Draf III 12 - - - 1 (8.33) Endoscopic assess-
ment of frontal ostium 
patency and patient 
reported symptoms

33.3 months 
(range) 
8–102 

months)

Grayson 
et al. 

2017 Mucosal 
flap

Draf IIb 
Draf III

37 
8

- - - 1 (2.7%) 
0 (0%)

Blinding not menti-
oned

26 months 
(range, 

2weeks to 
79 months)

Jones et 
al. 

2012 Mucosal 
flap

Draf IIb 
Draf III

16 
11

- - - 1 (6.25%) 
0 (0%)

Endoscopy was used to 
evaluate the repair and 
to identify evidence 
of CSF leak as well as 
patency of the frontal 
sinus outflow tract

50.8 (range, 
2–164) 
weeks

Loehrl 
et al.

2000 No inter-
vention

Draf III 5 - - - 1 (20%) Endoscopic examina-
tion of FSO patency

Average 
11.9, range 

1 to 23 
months

Schlosser 
et al. 

2002 No inter-
vention

Draf III 44 - - - 14 
(31.8%)

Endoscopic examina-
tion of FSO patency 

40.3 months 
(range, 
10–90 

months)

Yoon et 
al. 

2009 No inter-
vention

Draf III 4 - - - 2 (50%) assessment for per-
sistent or recurrent 
disease was performed 
by serial endoscopic 
exams, ± CT or MRI

Mean 36.6 
months 
(range 
11–114 

months)

Stankie-
wicz et al.

2003 No inter-
vention

Draf III 10 - - - 5 (50%) Review of symptoms 
and complications. All 
patients were followed 
up at least for 1 year

Mean 34 
months 

(range, 18 to 
78 months)

Crocetta 
et al.

2021 Mucosal 
flap

Draf II b 
Draf III 
Mo-
dified 
Draf III

1 
11 
3

- - - 1 (100%) 
0 (9%) 
0 (0%)

Endoscopic examina-
tion of FSO patency

49 months 
(range 
25–133 

months, SD 
29)

Conger 
et al. 

2012 Mucosal 
flap + 
stent

Draf III 27 - - - 0 (0%) Endoscopic examina-
tion of FSO patency

3 months 
of clinical 
follow-up 
(overall 14 
months)

Table 2. Single arm studies of Draf IIb and Draf III: intervention and frontal sinus restenosis rate, mucocele formation rate, revision rates. Continued.
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Figure 6. Meta-analysis of two-armed studies investigating the impact of stents on restenosis rates following Draf procedures.

Figure 7. Meta-analysis of two-armed studies investigating the impact of steroid impregnated stents on restenosis rates following Draf procedures.

Figure 8. Meta-analysis of two-armed studies investigating the impact of mucosal flaps or grafts on restenosis rates following Draf procedures.

bility of the results.

Considerable variability was also observed in the perioperative 

use of antibiotics, including differences in duration, dosing, 

and selection. Furthermore, the use of oral or inhaled cortico-

steroids was inconsistent across studies, further complicating 

the standardisation of treatment protocols. The definitions 

of restenosis and the timing of follow-up assessments varied 

between studies, which may have introduced bias, particularly 

favouring short- to medium-term outcomes over long-term 

results, thereby contributing to unaccounted variance in the 

findings. Some subgroups had small sample sizes, which may 

limit the statistical power and generalisability of the results. It 

is plausible that baseline patient characteristics influenced the 

choice of Draf procedure, with patients presenting with more 

severe conditions or greater stenosis more likely to undergo 

Draf III rather than Draf IIB. This selection bias could impact the 

outcome comparisons between the two procedures.

Moreover, not all two-arm studies included in the analysis were 

mation. The primary aim of the systematic review was to com-

pare Draf IIB vs Draf III; however, in comparing the interventions, 

we included all available data, regardless of the type of Draf, to 

capture a broader picture of the effect of these interventions. 

Future research into the effect of the interventions for each Draf 

type will better elucidate the outcomes.

Limitations

There are several limitations to our review, therefore the results 

should be interpreted with caution. We have highlighted some 

of these limitations as follows. There was significant heterogen-

eity in the definition of frontal sinus ostium restenosis, as well as 

in the duration of follow-up. Additionally, there was variability in 

post-operative concomitant interventions, such as saline dou-

ches, steroid sprays versus drops, antibiotics, splints, and patient 

compliance. The absence of post-operative blinding in some 

studies likely introduced bias in the selection and administration 

of post-operative treatments, potentially affecting the compara-
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Table 3. Two arm studies examining intervention (stent, steroid-stent or mucosal flap/graft) vs restenosis rate.

Author and year Stent No stent Steroid stent No steroid stent Flap/Graft No Flap/Graft

Total Event Total Event Total Event Total Event Total Event Total Event

Kikawada et al. (1999) 4 1 (25%) 21 5 (13.3%)

Banhiran et al. (2006) 25 10 (40%) 39 15 (38.5%

Smith et al. (2016) 76 16 (21.1%) 76 35 (46.1%)

Turner et al. (2016) 6 1 (16.7%) 12 1 (8.3 3%)

Luong et al. (2018) 69 16 (23.2%) 69 28 (40.6%)

Singh et al. (2019) 145 43 (29.7%) 145 63 (43.4%)

Wang et al. (2019) 27 0 (0%) 23 2 (7.40%)

Bastianelli et al. (2022) 12 3 (25%) 12 3 (25%)

Fisher et al. (2022) 86 1 (1.2%) 37 3 (8.1%)

randomised controlled trials, which led to variations in popu-

lation sizes between study arms. These studies standardised 

additional interventions but not the surgical technique itself, 

introducing potential confounding factors. Variations in the 

brands of stents used and the quality of mucosal flaps or grafts 

across studies may also have contributed to differences in clini-

cal outcomes.

Conclusion
Draf IIB had superior outcomes compared to Draf III with respect 

to restenosis and revision surgery. The use of steroid-impregna-

ted stents appears effective in reducing restenosis rates.
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SUPPLEMENTARY MATERIAL

Appendix. List of studies excluded during sensitivity analysis: Draf IIb vs Draf III.

Author Year Reason for exclusion

May et al. 1995 Restenosis data not reported

Hosemann et al. 1997 Intervention was Draf II

Metson et al. 1998 Restenosis data not reported

Friedman et al. 2000 Intervention was Draf I

Loehrl et al. 2000 Restenosis data not reported

Benoit et al. 2001 Unspecified Draf classification

Citardi et al. 2001 Unspecified Draf classification

Schlosser et al. 2002 Restenosis data not reported

Chandra et al. 2003 Unspecified Draf classification

Chiu et al. 2003 Unspecified Draf classification

Hosemann et al. 2003 Composite data for all types of Drafs 

Stankiewicz et al. 2003 Restenosis data not reported 

Anand et al. 2005 Restenosis data not reported

DelGaudio et al. 2006 Unspecified Draf classification

Friedman et al. 2006 Unspecified Draf classification

Lin et al. 2008 Composite data for all types of Drafs

Hahn et al. 2009 Restenosis data not reported

Yoon et al. 2009 Restenosis data not reported

Orlandi et al. 2009 Unspecified Draf classification

Hunter et al. 2010 Unspecified Draf classification

Kang et al. 2010 Unspecified Draf classification

Hong et al. 2012 Intervention was Draf I

Jones et al. 2012 Restenosis data not reported/redo procedure

Al Komser et al. 2013 Intervention was Draf IIC

Mansour et al. 2013 Unspecified Draf classification

Naidoo et al. 2013 Restenosis data not reported

Conger et al. 2014 Restenosis data not reported

Gotlib et al. 2015 Intervention was mini Lothtrop

Choudhury et al. 2016 Restenosis data not reported

Eviatar et al. 2017 Intervention was mini Lothtrop

Grayson et al. 2017 Restenosis data not reported

Khoueir et al. 2018 Composite data for all types of Drafs

Crocetta et al. 2021 Restenosis data not reported

Brar et al. 2023 Unspecified Draf classification

Ting et al. 2023 Restenosis data reported in area not restenosis events
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Figure S1. Proportional meta-analysis of single armed studies – mucocele formation following Draf IIB vs Draf III.

Figure S2.  Proportional meta-analysis of single armed studies – mucocele formation associated with the use of mucosal flaps, 

mucosal grafts, silastic stents, and steroid-impregnated stents during the Draf procedure.
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Figure S3.  Meta-analysis of two-armed studies investigating the impact of additional intervention (stents, steroid impregnated 

stents, mucosal flaps/grafts) on revision rates following Draf procedures.
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Table S1. Cochrane Risk of Bias 2 (RoB 2) assessment (17) for randomised control trials.

Author 
and Year

Selection Bias Performance Bias Detection Bias Attrition Bias Reporting Bias

Sequence 
generation

Allocation 
concealment

Blinding of 
participants and 

personnel.

Blinding of 
outcome 

assessment

Incomplete Data 
Outcome

Selective Outcome 
Reporting

Risk 
(High, 
Low or 

Unclear 
risk)

Justifica-
tion on 
Judge-
ment

Risk Justifica-
tion on 
Judge-
ment

Risk Justifica-
tion on 
Judge-
ment

Risk Justifica-
tion on 
Judge-
ment

Risk Justifica-
tion on 
Judge-
ment

Risk Justifica-
tion on 
Judge-
ment

Singh et 
al. (2019)

Unclear Sequence 
genera-
tion not 
detailed

Unclear allocation 
conceale-
ment not 
detailed

Unclear Blinding 
proce-
dure not 
detailed

Unclear Blinding 
proce-
dure not 
detailed

Low Reason 
for 
dropout 
justified

Low Full repor-
ting

Wang et 
al. (2019)

Low Computer 
generated

Unclear allocation 
conceale-
ment not 
detailed

Unclear Blinding 
proce-
dure not 
detailed

Low Surgeon 
blinded

Unclear Dropout 
recor-
ded but 
reson not 
stated

Unclear Dropout 
recor-
ded but 
reson not 
stated, 
therefore 
unclear 
risk of 
selective 
reporting

Luong et 
al. (2017)

Unclear Sequence 
genera-
tion not 
detailed

N/A Control 
and inter-
vention 
in same 
patient

Unclear Blinding 
proce-
dure not 
detailed

Low Surgeon 
blinded

Low Reason 
for 
dropout 
justified

Low Full repor-
ting
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Table S2. Risk of Bias in Non-randomized Studies of Exposure (ROBINS-E) (18) for observational studies of exposures.
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Table S2. Risk of Bias in Non-randomized Studies of Exposure (ROBINS-E) (18) for observational studies of exposures. Continued.
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Table S3. JBI critical appraisal tool (19) for case series.
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