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Olfactory outcomes following endoscopic pituitary surgery with or without
septal flap reconstruction: a randomized controlled trial
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Background: Postoperative hyposmia and anosmia is an
o�en overlooked complication of endoscopic pituitary
surgery. Septal flaps have been utilized as a strategy for
repairing and preventing postoperative cerebrospinal fluid
(CSF) leaks. The olfactory impact of raising this flap for sel-
lar reconstruction and CSF repair needs qualitative assess-
ment. This study aims to ascertain the effect of the Hadad-
Bassagasteguy (HB) flap on olfaction in endoscopic pitu-
itary surgery.

Methods: In this randomized controlled trial, patients un-
dergoing pituitary surgery underwent computerized ran-
domization. Those in Group 1 all had HB flaps raised and
placed for sellar floor defects. Those in Group 2 underwent
reconstruction with synthetic or nonautologous materials.
The University of Pennsylvania Smell Identification Test
(UPSIT) was administered preoperatively and 6 months
postoperatively. Results were analyzed using nonparamet-
ric tests.

Results: Twenty subjects were enrolled, 10 in each group.
Eight subjects in Group 1 vs 3 in Group 2 had intraop-
erative CSF leak. All were repaired intraoperatively and
none required additional intervention. Preoperatively, UP-

SIT scores were not significantly different between groups
(p = 0.62). Preoperative vs postoperative comparisons
were significant for a decrease in scores in both groups
postoperatively (Group 1, p < 0.001; Group 2, p < 0.001).
Those undergoing HB flap reconstruction had significantly
worse scores postoperatively (p = 0.001).

Conclusion: Endoscopic pituitary surgery results in de-
creased olfaction with or without deploying a septal flap.
However, use of the HB flap for reconstruction can worsen
hyposmia at least 6 months a�er surgery. Olfaction should
be considered when use of the HB flap is planned. C© 2013

ARS-AAOA, LLC.
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O ver the last century, the surgical approach to pituitary
adenomas has evolved from transcranial approaches

to less invasive transsphenoidal approaches.12 More re-
cently, with the maturation of endoscopic techniques and
instruments, the endoscopic transsphenoidal approach has
become favored among otolaryngologists and neurosur-
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geons alike. Many comparative studies have investigated
differences in outcomes and complications between differ-
ent techniques.1,2 Olfactory dysfunction is an important
postoperative outcome that is often overlooked. Individ-
uals suffering from hyposmia or anosmia universally re-
port a decreased quality of life, decreased enjoyment of
socialization, and increased level of disability.3 Current
studies suggest that endoscopic transsphenoidal approaches
to the pituitary fossa may result in significant olfactory
dysfunction.4,5

The Hadad-Bassagasteguy (HB) flap is a neurovascular-
ized mucoperichondrial and mucoperiosteal axial pattern
flap based on the posterior branch of the sphenopalatine
artery.6 It has evolved to become the most prominent re-
construction method for defects after endoscopic pituitary
surgery to maintain a separation between the nasal cavity
and the cranial cavity, improve the local mucosal microen-
vironment, and to repair cerebrospinal fluid (CSF) leaks if
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present. Elevation of the HB flap may, however, involve
cuts in the superior septal mucosa, which can result in the
disruption of arborized olfactory epithelium. This study
aims to determine the effect of the HB flap on postoperative
olfactory function in the setting of endoscopic transsphe-
noidal pituitary surgery.

Patients and methods
This prospective randomized controlled trial recruited con-
secutive patients from London Health Sciences Centre, a
tertiary care level institution. Ethics approval was obtained
from the University of Western Ontario. Eligible patients
for study inclusion were over the age of 18 years who pre-
sented for endoscopic transsphenoidal pituitary surgery for
pituitary adenoma specifically. Other base of skull lesions
were excluded. Other study exclusion criteria were as fol-
lows: (1) preexisting sinus disease of any sort; (2) nasal al-
lergy of any sort; (3) smokers; (4) intranasal drug abusers;
(5) subjective olfactory disturbance at baseline; (6) revision
cases; and (7) individuals in whom surgical intervention
was contraindicated. Patients were enrolled from October
2010 until August 2011.

Recruited patients were randomized to either un-
dergo HB flap (Group 1), or no flap (Group 2) re-
construction using website computerized randomization
(www.random.org). Allocation was concealed from the
subjects. Both groups underwent transnasal endoscopic ap-
proach to the pituitary fossa with full middle turbinate
preservation on both sides to maintain maximal olfactory
tissue. Posterior ethmoidectomy was performed, but air
cells abutting the skull base were left intact to maximize
olfactory preservation. If the superior turbinate obstructed
access to the sphenoid sinus, only the inferior third was
resected.

Those randomized to Group 1 underwent careful el-
evation of the HB flap prior to resection with cutting
cautery on a low power setting. This was done in the
standard fashion described by Hadad et al.6 Parallel in-
cisions were made in the sagittal plane of the septum ac-
cording to the size of the predicted defect. A ruler was
used to ensure a minimum of 1 cm clearance of the skull
base and cribriform region to minimize effect on olfactory
tissue. A vertical incision completed the flap anteriorly.
Elevation of the flap was performed in the subperichon-
drial and subperiosteal plane. Following elevation, the flap
was placed gently in the nasopharynx until resection was
complete.

Those randomized to Group 2 underwent reconstruc-
tion with Gelfoam R© (Pfizer, New York, NY) and Tisseel R©

(Baxter, Deerfield, IL) only. Squares of Gelfoam R© were
placed in the defect and subsequently covered with a thick
layer of Tisseel R©. If the defect following resection was too
large to repair with Gelfoam R© and Tisseel R© alone, nonau-
tologous fascia graft and Medpor R© (Stryker, Kalamazoo,
MI) were used as an underlay in a gasket seal fashion
to repair the defect. If it was deemed preoperatively that

these reconstructive techniques would still be inadequate
to prevent CSF leak, an HB flap was raised prior to resec-
tion, in the fashion described above. Merocel R© (Medtronic,
Fridley, MN) nasal packs were placed and removed
24 hours postoperatively. Postoperatively, all patients were
asked to rinse their nose regularly with saline. Subjects un-
derwent nasopharyngoscopy at 4 weeks postoperatively to
ensure health of the nasal mucosa, and weekly thereafter if
concerns were raised. Crusts were debrided as required to
maintain a healthy mucosal appearance.

Olfaction, the primary outcome measure, was determined
using the University of Pennsylvania Smell Identification
Test (UPSIT). The UPSIT is a self-administered, validated
tool widely used in North America and is considered the
“gold standard” for olfaction assessment.7,8 It consists of
40 standardized odorants paired with forced choice multi-
ple alternative questions. Patients were considered subcat-
egorized as normosmic (scores 34-40 for males, 35-40 for
females), mildly hyposmic (scores 30-33 for males, 31-34
for females), moderately hyposmic (26-29 for males, 26-30
for females), severely hyposmic (scores 19-25), and anos-
mic (scores ≤ 18). UPSIT scores were measured just prior
to endoscopic pituitary surgery, and then re-administered
6 months postoperatively to ensure adequate healing of the
nasal mucosa.

Based on a prior study, a 10% change in UPSIT scores
was considered a priori to be a significant difference.4 Al-
pha error was set to be 0.05, beta was 0.8, and thus a
20-subject sample size was calculated as necessary for this
study, with 10 subjects per group. Demographic data in-
cluding date of birth, gender, and age at surgery were col-
lected. Presence of intraoperative CSF leak, requirement for
additional intervention to repair CSF leak, and presence of
postoperative CSF leak were recorded. UPSIT scores were
tabulated in a database (Excel 2007; Microsoft, Redmond,
WA) and compared. The Kolmogorov-Smirnov test was
used to rule out normal data distribution. Thus we used
the Mann-Whitney nonparametric test to compare scores
within groups and the Wilcoxon test to compare between
groups. If a subject changed groups following randomiza-
tion, intention-to-treat analysis was utilized to minimize
bias.

Results
Twenty patients were enrolled in the study after informed
consent was obtained. Ten patients were randomized to
each group. Group 1 consisted of 6 females and 4 males;
Group 2 had 4 females and 6 males. The mean age in
Group 1 was 54.1 (standard deviation [SD] = 16.38) years
and 65.8 (SD = 10.86) years in Group 2. Mean age was
insignificantly different between groups (p = 0.153). No
patients were lost to follow-up. No surgical complications
occurred in either group. At the time of 6-month UPSIT
measurement, both groups had a healthy mucosal appear-
ance with no residual crusting or significant scarring seen
on nasopharyngoscopy.
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TABLE 1. Categorization of UPSIT score

Group 1 Group 2

Preoperative

Normosmic 10 10

Mildly hyposmic 0 0

Moderately hyposmic 0 0

Severely hyposmic 0 0

Anosmic 0 0

Postoperative

Normosmic 1 6

Mildly hyposmic 5 4

Moderately hyposmic 4 0

Severely hyposmic 0 0

Anosmic 0 0

Anosmic = scores ≤18; Group 1 = HB flap group; Group 2 = no flap group;
HB = Hadad-Bassagasteguy; Mildly hyposmic = scores 30-33 for males, 31-34
for females; Moderately hyposmic = scores 26-29 for males, 26-30 for females;
Normosmic = scores 34-40 for males, 35-40 for females; Severely hyposmic =
scores 19-25; UPSIT = University of Pennsylvania Smell Identification.

Intraoperative CSF leak was observed in 8 patients in
Group 1 and 3 patients in Group 2. All patients in Group
1 had successful repair of the CSF leak with HB flap. One
patient in Group 2 underwent successful repair with HB
flap, 1 underwent repair with nonautologous fascia and
Medpor R©, and the last underwent repair with Gelfoam R©

and Tisseel R©. Intention to treat analysis was utilized to pre-
serve randomization and therefore the 1 patient in Group
2 requiring repair with HB flap remained in Group 2. No
subjects had CSF leak following surgery. There were no in-
dividuals that required additional intervention for CSF leak
repair, and no patients had CSF leak at 6 months postoper-
atively. Two patients in Group 1 and 1 patient in Group 2
had the inferior one-third of the superior turbinate resected.

Mean preoperative UPSIT score for Group 1 was 38.2
(SD = 1.62). Mean postoperative score for this group was
30.7 (SD = 1.77). All subjects were normosmic preoper-
atively. Postoperative categorization of UPSIT score is de-
scribed in Table 1. Preoperative UPSIT scores were signifi-
cantly greater than postoperative scores (p < 0.001).

Mean preoperative UPSIT score for Group 2 was 37.3
(SD = 1.16). Mean post-operative score was 33.9 (SD =
1.45). Again, all subjects were normosmic pre-operatively.
Postoperative categorization of UPSIT score is described in
Table 1. There were no subjects who were moderately hy-
posmic, severely hyposmic, or totally anosmic. Preoperative
UPSIT scores were significantly greater than postoperative
scores (p < 0.001).

Comparison between groups showed no difference be-
tween preoperative UPSIT scores (p = 0.62). UPSIT scores
were significantly lower postoperatively in Group 1 (p =
0.001). Mean change in Group 1 was 7.5 points or 19.63%
compared to 3.4 points and 9.11% in Group 2.

Discussion
The goal of this study was to determine the olfactory im-
pact of the HB septal flap in patients undergoing endoscopic
pituitary surgery. Using meticulous surgical techniques to
preserve the olfactory epithelium, we hypothesized that the
HB flap would have minimal effect on olfaction. Although
both flap and no flap groups demonstrated a significant
decrease in UPSIT scores at 6 months postoperatively, our
results suggest that the HB flap has a statistically significant
negative impact on postoperative olfactory function. Pa-
tients undergoing HB flap reconstruction had an average of
19.63% reduction in UPSIT scores, which was significantly
different from the 9.11% change in those not undergoing
HB flap reconstruction. All but 1 patient in the HB flap
group were considered either mildly or moderately hypos-
mic. In the no flap group, only 4 patients were considered
mildly hyposmic, and the remaining patients were classified
as normosmic.

Our findings of decreased olfactory function following
endoscopic pituitary surgery are consistent with current lit-
erature. Zada et al.9 reported 27% of subjects undergoing
endonasal transsphenoidal surgery reported some postop-
erative change in the sense of smell, with 9% reporting
moderate to severe changes. Dusick et al.10 reported 22.8%
of patients had subjective change in smell, with 10.4%
considering this change to be moderate to severe. Both of
these studies employed subjective, nonstandardized ques-
tionnaires, making results subject to recall bias and difficult
to compare. Neither study commented on reconstructive
technique. Hart et al.11 describes a transitory decrease in
olfaction measured by UPSIT at 1 month post–endonasal
pituitary surgery, which normalized at 3 months. Middle
turbinate preservation technique was used but it was un-
clear what reconstruction method was utilized.11 A previ-
ous study at our center demonstrated a significant 16%
decrease in UPSIT scores 6 months postoperatively, with
middle turbinate preservation and HB flap reconstruction.4

This prospective randomized controlled trial is, to our best
knowledge, the first study to demonstrate the negative im-
pact of HB flap reconstruction on postoperative olfactory
function.

Sensory receptors for olfaction can be found in the upper
nasal cavities at the cribriform plate, the superior and mid-
dle turbinates, and the superior nasal septum.12 Despite in-
tentional sparing of the superior nasal septum in this study,
elevation of the HB flap was found to result in increased
postoperative hyposmia and anosmia compared to recon-
structions without the HB flap. The HB flap is an excellent
option for reconstruction, resulting in decreased CSF leaks
postoperatively.6,13 Due to its vascularity, few postopera-
tive wound infections or complications arise.6,13 However,
benefits of this reconstructive technique must be weighed
against the risk of postoperative hyposmia and anosmia.
Difficulty arises because the HB flap is raised prior to resec-
tion and the final size of the defect is unknown. Therefore,
the decision must be made preoperatively and is based on
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predicted, rather than actual, presence of CSF leak and size
of the defect. Discussion and counseling should be under-
taken prior to surgery regarding the possibility of post-
operative olfactory loss in patients undergoing endoscopic
pituitary surgery, especially in patients with a planned HB
flap reconstruction.

This study has several limitations. Though the sample
size met the size criteria of the power calculation, rate of in-
traoperative CSF leak was greater in Group 1 compared to
Group 2. A larger sample size may allow for better compar-
ison of this secondary outcome measurement and detection
of other complications with a smaller incidence. A longer
follow-up period will further characterize changes in olfac-
tory outcomes as time from surgery increases. As well, this
study was limited to patients undergoing surgery for pitu-
itary adenomas. Therefore, the applicability of these results
to other parasellar pathology, such as craniopharyngioma
or chordoma, is unknown. Finally, our a priori choice of
10% UPSIT being considered significant may not be re-
flective of the subjective patient experience of olfactory
change—using a different threshold may generate different
results.

Future research may focus on characterization of olfac-
tory outcomes in more extensive endoscopic approaches for

larger parasellar pathologies, such as craniopharyngioma
or chordoma. This may guide the use of the HB flap in
patients at higher risk of larger postresection defects. Stud-
ies investigating development of a novel reconstructive flap
that could be elevated postresection may also allow for
more calculated decisions on postoperative benefits of pre-
venting CSF leak vs the risk of postoperative hyposmia or
anosmia.

Conclusion
This prospective randomized controlled trial demonstrates
that endoscopic pituitary surgery results in decreased ol-
factory loss despite efforts to conserve olfactory epithe-
lium. Utilization of the HB flap for reconstruction re-
sults in significantly greater loss of olfactory function.
Further research is required to characterize postoperative
changes to olfaction in different sellar pathologies and
to improve reconstructive techniques. Discussion with pa-
tients regarding possible postoperative hyposmia or anos-
mia should be undertaken in those undergoing endo-
scopic pituitary surgery, and the further risk of olfactory
loss should be discussed if utilization of the HB flap is
considered.
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