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Introduction

Advances in imaging and endoscopic techniques 
have facilitated the endoscopic approach in sinus 
surgery, which is now considered the gold standard 
for surgical management of sinus disease. Frontal 
sinus surgery remains challenging due to the 
importance of the surrounding structures and the 
complex anatomy of the drainage pathway.1 The 
Draf III or endoscopic modified Lothrop procedure 
was first described in the 1990s.2 This type of 
endoscopic sinusotomy creates the largest possible 
opening for frontal sinus drainage by removing the 
inferior portion of the interfrontal septum, the 
superior part of the nasal septum, and the frontal 
sinus floor.3 Draf et al. recommend extensive frontal 
sinusotomy in cases of persistent chronic sinusitis 
after failure of medical therapy, unsuccessful 
primary frontal sinus surgery, frontal sinus muco
celes and benign tumors, and, finally, as a last-
resort procedure prior to osteoplastic obliteration.2,3 

The results of endoscopic frontal sinusotomy 
have been studied with both short- and long-term 

follow-up. Several authors have reported a high 
overall success rate that varies from 79% to 98%.4-6 
Earlier studies have identified factors related to 
surgical failure, such as recurrent S. aureus infecti
ons, the presence of eosinophilic fungal rhinosinu
sitis, allergy, and neo-ostia with a intraoperatively 
measured ostium size smaller than 5 mm.5,7-10 

The influences of previous sinus surgery, 
indications for surgery, specific radiological 
findings such as osteoneogenesis, and frontal sinus 
outflow tract anatomy have not been studied to 
date. Our aim was to analyze the experience with 
the Draf III procedure of the ENT department of the 
University Hospitals of Leuven as well as reports 
on preoperative evaluation and subjective and 
objective outcomes.

Materials and methods

Study population

This observational study retrospectively reviewed a 
series of patients who underwent Draf III frontal 
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direction. The same steps were followed to open 
the contralateral axilla until the skull base was 
visible on both sides. The next step was removal of 
the posterior part of the frontal beak and removal of 
the intersinus septum to a level as high as technically 
possible. Using curved drills of different angles 
enabled superior reach into the frontal sinus, 
facilitating accurate removal of superiorly located 
frontal cells, the interfrontal septum, and frontal 
septa. This resulted in the creation of the largest 
possible median drainage pathway for both frontal 
sinuses. The exposed bone was not covered with 
free mucosal grafts. Standard postoperative care 
consisted of daily frontal sinus lavage with saline 
and administration of antibiotics (amoxicillin/
clavulanic acid three times a day for 10 days) and 
corticosteroids. Frequent hospital visits were 
necessary for evaluation of healing and suction 
cleaning. 

Postoperative outcome

At the end of follow-up, subjective and objective 
outcomes were evaluated by assessing postoperative 
symptom control as well as endoscopic results. 
Subjective outcome was based on the patient’s 
history; they were asked if their main symptoms 
were better controlled, the same, or worse compared 
to the preoperative period. Objective outcome was 
evaluated as the frontal neo-ostium being open, 
stenotic, or closed. 

Statistical analysis

We used descriptive statistics with means and 
frequencies. Correlations between objective and 
subjective outcomes were made with Pearson’s 
test. Odds ratios for specific patient characteristics 
were calculated with Fisher’s exact test. 

Results

Patient characteristics 

Patient characteristics are summarized in Table 1. 
The total number of patients was 72, and the male-
to-female ratio was 2:1. The mean age was 47 years 
and varied from 16 to 82 years. In 15 patients 
(21%), allergy to airborne particles was noted. Pre-
existing asthma was observed in 13 patients (18%), 
of whom seven (10%) had AERD. Twelve patients 
(17%) used tobacco actively, while non-active 

sinusotomy between January 2005 and December 
2011. We studied the medical records and noted 
indications, patient characteristics, history of 
frontal sinus surgery, preoperative computed 
tomography (CT) scan, subjective and objective 
outcomes, and the need for revision surgery. 

Diagnostic work-up

All patients underwent a preoperative assessment 
consisting of a detailed health history and clinical 
and endoscopic evaluations, with special attention 
to the frontal recess and sinus and a multiplanar CT 
study with a minimum of axial and coronal planes. 
Data collected included the presence of allergy or 
asthma, active smoking, non-active (i.e., passive 
or  a history of) smoking, aspirin-exacerbated 
respiratory disease (AERD, formerly Samter’s 
triad) and indication for surgery. CT scans were 
retrospectively reviewed for the presence of 
supplementary frontoethmoid cells and for the 
existence of osteoneogenesis. Frontoethmoid cells 
were described according to the Kuhn classification. 
Osteoneogenesis refers to the process of bone 
remodeling and formation due to local inflammation. 
On CT, this process is characterized by thickening 
of the bony sinus walls and often accompanied by 
signs of chronic inflammation such as mucosal 
edema and scarring.11

Surgical technique

Performing surgeons were MJ or PH. The procedure 
was always performed under general anesthesia 
after decongestion of the nasal mucosa and 
infiltration of the lateral nasal wall with 2% 
xylocaine and 1:80,000 adrenaline. In general, the 
procedure was conducted from lateral to medial. 
First, the anterior ethmoid cells were cleared out, 
followed by removal of the anterior part (0.5 cm) of 
the middle turbinate. The first olfactory fiber was 
identified on both sides to achieve the maximal 
possible opening of the frontal sinus. Next, the 
anterosuperior part of the nasal septum was 
removed to create a window at a level anterior to 
the axilla of the middle turbinate. This facilitated 
visualization and introduction of instruments from 
one side to the other. A 40° cutting or 70° diamond 
burr was used to open the frontal sinus floor by 
removing the bone above the axilla. At this point, 
the anterior skull base lay medial to the burr, so 
further drilling continued in the anterosuperior 
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surgeries, and extensive frontal surgery. 

Radiological characteristics 

In 64 out of 72 patients, multiplanar CT scan was 
available for evaluation of the presence of 
frontoethmoid air cells and osteoneogenesis. CT 
scans for the remaining eight patients were of 
poorer quality, not multiplanar, or not available at 
the time of the study. Frontal recess cells (i.e., agger 
nasi cells, Kuhn cells, or other frontoethmoid air 
cells) were seen in 26 patients (40%). Frontal sinus 
cells (i.e., supraorbital ethmoid cells, frontal bullar 
cells, interfrontal septum cells, or type 4 Kuhn 
cells) were observed in nine patients (14%). In 
another ten patients (16%), we found a combination 
of frontoethmoid air cells in both the frontal sinus 
and recess. p values were calculated to determine 
risk for restenosis in the presence of these 
anatomical variants, but none reached the level of 
significance. Osteoneogenesis was present on CT 
examination in 18 patients (28%). Again, this was 
not significantly correlated with a higher risk for 
restenosis of the neo-ostium (Table 4). 

Indications for Draf III frontal sinusotomy

Table 5 summarizes the indications for Draf III 
surgery, as well as subjective and objective 
outcomes. Most patients had chronic frontal 
sinusitis (with and without nasal polyps in 20 and 
32 cases, respectively); in the majority, an open 
neo-ostium was observed at the end of follow-up. 
Symptomatic relief was reported in 95% and 81% 
of cases of CRS without nasal polyps (CRSsNP) 
and CRS with nasal polyps (CRSwNP), respectively. 
Patients with frontal mucoceles showed a 100% 
patency rate and subjective improvement in 90%. 
Other indications were frontal osteoma (three 
cases), inverted papilloma (three cases), acute 
frontal sinusitis (two cases), fibrous dysplasia (one 

smoking was noted in 14 patients (19%). The 
presence of allergy, asthma, AERD, and smoking 
was not significantly associated with a higher risk 
of restenosis (Table 2). 

History of frontal sinus surgery

Patients were divided into subgroups depending on 
the number and type of previous frontal sinus 
surgeries. Only a minority (11 patients) underwent 
a primary Draf III procedure (Table 3); in all of 
these cases, the frontal neo-ostium stayed open at 
the end of follow-up. Indications for surgery in 
these patients were chronic rhinosinusitis (CRS) 
(five patients), mucocele (three patients), and 
osteoma (three patients). Thirty-five patients (49%) 
reported a history of two or less endoscopic sinus 
surgeries, and 16 patients (22%) had undergone 
more than two functional endoscopic sinus surgeries 
(FESS). The mean patency rates in these patient 
groups were 86% and 81%, respectively. Extensive 
previous frontal sinus surgery with a combination 
of endonasal and external procedures was reported 
in 14% of patients. In 90% of patients, the neo-
ostium stayed open. There was no statistically 
significant difference in the patency rate among the 
following subgroups: no surgery, one or two 

Table 1
Patient characteristics

Total number of patients 72
Male-to-female ratio 2:1
Mean age, years 46.9 (16-82)
Allergy, n (%) 15 (21%)
Active smoking, n (%) 12 (17%)
Non-active smoking, n (%) 14 (19%)
AERD, n (%) 7 (10%)
Asthma, n (%) 6 (8%)

AERD: aspirin-exacerbated respiratory disease.

Table 2
Patient characteristics vs. outcome

n Neo-ostium stenotic/closed Odds ratio p value
Active smoking 12 2 (17%) 1.9 0.6
Non-active smoking 14 2 (14%) 0.9 1
Allergic rhinitis 15 1 (7%) 0.5 1
AERD 7 1 (14%) 0.4 1
Asthma 6 1 (17%) 1.5 1

AERD: aspirin-exacerbated respiratory disease.
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Discussion

We reviewed the outcome of Draf III frontal 
sinusotomy. Indications for a Draf III procedure 
comprise all cases where medical failure occurs or 
when standard and/or less extensive frontal 
sinusotomies fail to control sinus disease. In these 
cases, the Draf III procedure serves as a last resort 
prior to osteoplastic obliteration.3,8 Surgical success 
was defined by neo-ostium patency without the 
need for revision surgery at the end of follow-up. 
The patency rate of 89% in our study confirms the 
results of other authors.6,8,10 Regarding subjective 
outcome, 88% of our patients reported improvement 
or the absence of symptoms at the end of follow-up. 
Patency rate (objective outcome) and symptom 
relief (subjective outcome) were significantly 
correlated. Other authors, such as Georgalas et al. 
and Shirazi et al., published a comparable subjective 
outcome after a follow-up of > 1.5 years, but with a 
higher revision rate (32% and 25%, respectively).8,12 
Wormald also reported low symptom recurrence 
(25% of patients) after a mean follow-up of 
22  months. In the Wormald study population, a 
minority had CRS (ten out of 88), which was the 
largest subgroup in our study.13 In this specific 
patient group, we noticed a discrepancy between 
objective and subjective outcome in the short term, 
but the long-term results were more positive. This 
was also reported by Batra et al. in smaller 
population groups.14 Short-term restenosis of the 
frontal ostium occurred in 13% of patients after an 

case), and adenocarcinoma (one case). All of these 
patients showed excellent patency and symptomatic 
relief.

Objective and subjective outcomes

Success of surgery was defined as the presence of 
an open neo-ostium at the end of follow-up, without 
need for revision surgery. The mean follow-up 
was  35 months (minimum 12 months, maximum 
72 months), with a standard deviation of 14 months 
and a median of 35 months. Patency of the neo-
ostium was observed in 89% of patients. Closure or 
stenosis was seen in 11% of patients. At the end of 
follow-up, 88% of patients reported “fewer or 
no  complaints,” which we defined as successful 
symptom control. A correlation between objective 
and subjective outcome was calculated and found 
to be significant (Pearson’s r = 0.66). Revision 
surgery was required in 11 patients (15%) after a 
mean follow-up period of 15 months. In the majority 
of these cases, a revision median drainage approach 
(five patients) was made because of restenosis of 
the neo-ostium. In these patients, the main 
preoperative finding was osteoneogenesis. One 
patient underwent revision external frontal surgery 
because of recurrence of fibrous dysplasia. In five 
patients, the reason for revision surgery was 
persisting symptoms due to ongoing inflammation 
in either the frontal (two patients) or other paranasal 
sinuses (three patients). These patients underwent a 
less extensive type of endoscopic surgery directed 
toward the pathologic sinus.

Table 3
History of (frontal) sinus surgery

N Open ostium
Primary surgery 11 (15%) 11 (100%)
Revision surgery 61 (85%) 52 (85%)
History of FESS ≤ 2 times 35 30 (86%)
History of FESS > 2 times 16 13 (88%)
History of FESS and external surgery 10 9 (90%)

Table 4
Radiological findings

n Neo-ostium stenotic/closed Odds ratio p value
Frontal recess cells 26 3 (12%) 1.1 1
Frontal sinus cells 9 0 — —
Frontal recess and sinus cells 10 2 (20%) 1.5 1
Osteoneogenesis 18 2 (11%) 0.8 1



Outcome of Draf III frontal sinusotomy	 93

on their preoperative obstruction of the frontal 
recess, the frontal sinus, or both, depending on their 
more inferior or superior location. As these cells 
represent variants of anterior ethmoid pneumati
zation, total clearance by means of Draf III drainage 
will result in a wide neo-ostium and less risk of 
postoperative narrowing. We are aware that the 
40% presence of agger nasi cells is rather low, but 
this may have been due to their removal during a 
previous surgery, as most of our patients were 
revision cases. We confirm the importance of 
scrupulous preoperative evaluation of multiplanar 
CT scans to obtain a clear understanding of all the 
anatomical variations. 

CT scans are also helpful in detecting osteo
neogenesis, which was present in 28% of patients. 
Osteoneogenesis has been described as associated 
with poorer objective outcome, as it acts as a local 
inflammatory agent to promote ongoing inflamma
tion after surgery.16 A recent study by Günel et al. 
revealed a correlation between osteoneogenesis 
and tissue eosinophilia and the presence of 
inflammatory cells.17 In our study, we found poorer 
endoscopic results in the short term in these 
patients; however, at the end of follow-up, there 
was no higher risk for restenosis.We assume that 
the process of osteoneogenesis can be controlled by 
creating a large median drainage. In the literature, 
mucosal grafting of the exposed frontal bone has 
been suggested as an assisting technique in the 
prevention of postoperative closure, with good 
results in the short term.18 

The major limitations of this study were the 
retrospective setting and observational set-up. Our 
statistical analysis led to hypotheses and general 
conclusions, but seems for the most part to confirm 
previously reported results. It would be interesting 

average follow-up of 11 months, which is 
comparable to the results of other authors.6,8,15 A 
comparison of the patency rate in different 
subgroups according to the number of previous 
sinus surgeries did not reveal a significant 
difference. We could not confirm the presence of 
allergic rhinitis as a risk factor for restenosis of the 
neo-ostium, which was observed by Shirazi et al.12 
When we divided patients into subgroups according 
to indication, we saw a correlation between 
objective and subjective findings, which was most 
evident in the CRSwNP and CRSsNP subgroups. 
For short-term follow-up, we found a discrepancy 
between objective and subjective results in these 
patients, which could be explained by the fact that 
these patients had chronic mucosal disease and 
often had associated disease in the remaining 
paranasal sinuses. In the long term, we assume that 
ongoing mucosal disease was being controlled by 
the creation of a large frontal outflow tract. In 
patients with isolated frontal disease such as frontal 
mucoceles, the 100% patency of the neo-ostium 
was associated with 90% symptom control. One of 
the three patients who underwent resection of their 
frontal osteoma by Draf III reported headache at the 
end of follow-up, which could not be attributed to 
regrowth of the osteoma or stenosis of the neo-
ostium. Our findings emphasize the importance of 
long-term follow-up and informing patients about a 
possible initial discrepancy between subjective and 
objective outcome. In the long term, we believe that 
mucosal disease can be controlled by the Draf III 
procedure. 

Regarding the presence of different types of 
frontoethmoid air cells as visualized on CT, we did 
not find significant differences in the patency rate 
of the neo-ostium. We used a classification based 

Table 5
Indications for surgery

n Neo-ostium open No or fewer complaints
CRSwNP 20 19 (95%) 19 (95%)
CRSsNP 32 26 (81%) 26 (81%)
Mucocele 10 9 (90%) 9 (90%)
Osteoma 3 3 (100%) 2 (67%)
Acute frontal sinusitis 2 2 (100%) 2 (100%)
Inverted papilloma 3 3 (100%) 3 (100%)
Frontal adenocarcinoma 1 1 (100%) 1 (100%)
Fibrous dysplasia 1 1 (100%) 1 (100%)

CRSwNP: chronic rhinosinusitis with nasal polyps; CRSsNP: chronic rhinosinusitis without nasal polyps.
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to conduct a prospective study that includes specific 
indications and findings on CT examination, reports 
subjective outcome parameters on a standardized 
scale such as the visual analog scale, and performs 
endoscopic and/or CT measurements at well-
defined postoperative time points.

Conclusions

We investigated specific clinical and radiological 
preoperative factors to gain insight into predicting 
the outcome of Draf III frontal sinusotomy. 
Postoperative narrowing or closure of the frontal 
ostium area was found in 11% of patients within the 
first year. Number and type of previous sinus 
surgery; the presence of allergy, AERD, or asthma; 
smoking; and variations in the frontal recess 
anatomy did not affect outcome. There was a 
correlation between objective and subjective 
outcomes at the end of follow-up. Osteoneogenesis 
and chronic inflammatory frontal sinus disease can 
be controlled in the long term by creating a large 
frontal sinus drainage pathway. 
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