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Nasoseptal Flap Enhancement on Early Postoperative MRI Does Not
Predict 3-Month Enhancement nor Postoperative Cerebrospinal Fluid
Leak Risk
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BACKGROUND AND OBJECTIVES: The nasoseptal flap (NSF) has been a versatile reconstructive option for extended
endonasal skull base surgery, significantly decreasing postoperative cerebrospinal fluid (CSF) leakage rates. One failure
mechanism of concern is NSF necrosis. It has been postulated that immediate postoperative MRI flap enhancement can
predict flap necrosis. This retrospective study analyzes NSF enhancement to assess for flap viability and CSF leakage.
METHODS: Patients from 2012 to 2020 who underwent extended endoscopic endonasal surgery with NSF recon-
struction were assessed. Immediate postoperative MRl and delayed 3-month MRI were compared for NSF enhancement.
Enhancement was graded as no enhancement, partial, or complete enhancement. Patient demographics, tumor type,
intraoperative CSF leak grade, and postoperative CSF leakage were assessed based on flap enhancement patterns.
RESULTS: Of 713 patients who underwent endoscopic endonasal surgery, 64 required NSF reconstruction. On the
immediate postoperative MR, 45 patients (70%) had complete flap enhancement, 9 (14%) had partial, and 10 (16%) no
enhancement. On the 3-month MRI, 59 patients (92%) had complete flap enhancement and 5 (8%) had partial en-
hancement. There was significant improvement of flap enhancement between immediate postoperative and 3-month
MRI (P = .002). All patients with no initial enhancement had complete enhancement at 3 months. Of those with partial
enhancement, 2 remained partial and 7 had complete enhancement at 3 months. Overall, 44 patients (69%) had no
change between MRI scans, 17 (27%) improved, and 3 (5%) had decreased enhancement. There was no correlation
between intraoperative CSF leak rates and flap enhancement. Four patients had postoperative CSF leaks, 2 having
complete immediate enhancement, 1 partial, and 1 without enhancement (P = .85).

CONCLUSION: Overall, immediate postoperative MRI NSF enhancement (or lack thereof) did not predict enhancement
at the 3-month MRI and did not correlate with postoperative CSF leakage. Hence, one should not rely solely on
postoperative flap enhancement to assess the viability of the dural reconstruction.
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the resection of skull base tumors.! Effective reconstruction

techniques of the tissue barriers between the arachnoid space
and the sinonasal cavity has been a major challenge that initially
prevented the popularization of endonasal surgical approach.

T he endoscopic endonasal approach has been widely used for

ABBREVIATION: NSF, nasoseptal flap.
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The vascularized nasoseptal (Hadad-Bassagasteguy) flap has
revolutionized the reconstruction of the skull base defects after
endonasal endoscopic skull base surgeries, and it is used as the
main tool in reconstruction of large dural defects.”? This has
significantly reduced the postoperative complications and cere-
brospinal fluid (CSF) leak rates from 20 % to less than 5%
compared with nonvascularized reconstruction.”

The nasoseptal flap (NSF) is considered a reliable vascularized
flap. Its vascularization is based on the sphenopalatine artery. It is

VOLUME 5 | NUMBER 4 | 2024 | 1


https://orcid.org/0000-0002-6615-7428
mailto:Garni.Barkhoudarian@providence.org
https://doi.org/10.1227/neuprac.0000000000000118
http://creativecommons.org/licenses/by-nc-nd/4.0/

PAHLEVANI ET AL

the preferred flap compared with pericranial and temporoparietal
fascia flaps because the NSF does not require an external incision
and will make it appropriate for the use in keyhole approaches.

One concern with NSFs and other pedicled flaps is the possibility
of flap necrosis because of inadequate blood supply or external
compression.”” Flap necrosis has been associated with postoper-
ative CSF rhinorrhea and other complications.” It has been assumed
that early postoperative MRI flap enhancement can predict its
viability and failure. Some authors advocate reoperation if there is
concern of flap perfusion at the immediate postoperative MRI.

In this study, we present a retrospective study analysis and
literature review regarding NSF enhancement to assess the flap
viability and CSF leakage and determine the variations in MRI
that may suggest potential flap necrosis.

METHODS

After approval by our Institutional Review Board (IRB# JWCI-19-
1101), we retrospectively reviewed the imaging and clinical data of 713
endonasal surgery patients over an 8-year period (2012-2020) at our
institution. Per Institutional Review Board protocol, patient consent was
not necessary as data were retrospective and deidentified. Of these pa-
tents, 64 who underwent extended endoscopic endonasal skull base
surgery with the elevation of a vascularized NSF reconstruction were
assessed. Patient tumor characteristics included parasellar tumors, with or
without suprasellar, cavernous sinus or clival extension (Table 1).

All the patients had a preoperative magnetic resonance imaging ex-
amination followed by an early postoperative MRI (POD 1) and delayed
3 months. In addition to tumor resection, these were assessed for NSF
enhancement. The sequences included on MRI were axial, sagittal, and
coronal T1 and T2; precontrast and postcontrast fat saturation T1
images; and further as needed per patient. All postoperative MRI ex-
aminations were performed on a 3.0 T Philips MRI scanner.

Postoperative magnetic resonance imaging features that were evaluated
included NSF configuration, enhancement patterns, and signal intensity
characteristics. Enhancement was qualitatively graded by a single assessor
(AM) as no enhancement, partial enhancement, or complete enhance-
ment. Patient demographics, tumor type, intraoperative CSF leak grade,
and postoperative CSF leakage rate were assessed for evaluation. Statistical
analysis was performed through % and Fisher exact techniques using the

SPSS (IBM) v23 software.

TABLE 1. Pathology of Patients Who Had Nasoseptal Flap Raised

Pathology N

22/64 (34%)
18/64 (28%)

Craniopharyngioma

Meningioma

Pituitary adenoma 7/64 (11%)

Chordoma 6/64 (9%)

Other® 11 (17%)

“Includes: sinonasal undifferential carcinoma, epidermoid.
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RESULTS

Demographics and Prior Treatments

In total, 713 patients underwent endoscopic endonasal surgery
during the study period (2012-2020), and a total of 64 required
NSF reconstruction. The tumor types in this cohort included
craniopharyngioma, meningioma, pituitary adenoma, chordoma,
and other pathologies (Table 1).

All 64 patients had detectable skull base defects on MRI scans.
A C-shaped configuration of the flap adjacent to the operative
skull base defect on both the coronal and sagittal projections was
demonstrated in all patients. On the early postoperative MRI, 45
patients (70%) had complete flap enhancement, 9 patients (14%)
had partial enhancement, and 10 patients (16%) had no en-
hancement (Figure 1). On the 3-month MRI, 59 patients (92%)
had complete flap enhancement and 5 patients (8%) had partial
enhancement (Table 2).

There was significant improvement of flap enhancement be-
tween eatly postoperative and 3-month MRI (? = .002). Among
the patients with no inital enhancement, all 10 patients had
complete enhancement at 3 months (Figure 2). In the patient
group with partial enhancement, 2 remained partial at 3 months
and 7 had complete enhancement at 3 months (Table 3). Overall,
44 patients (69%) had no change between MRI scans, 17 patients
(27%) improved, and 3 patients (5%) had decreased enhance-
ment at 3 months (Table 3, Figure 3). These 3 patients initially
had complete enhancement on the early postoperative MRI and
decreased to partial enhancement at 3 months.

Regarding the CSF leak rates, 56 patients (88%) had grade 3
intraoperative CSF leaks, 3 patients (4.5%) had grade 2, 2 patients
(3%) had grade 1, and 3 patients (4.5%) had no intraoperative
CSF leak.*® Postoperative CSF leak rate was 6.25 % (4 patients),
all of whom had grade 3 intraoperative leaks (Table 4). Four of 64
patients who underwent endoscopic endonasal surgery with NSF
reconstruction experienced CSF leak postoperatively (6.25%).
The pathologies of these 4 cases were craniopharyngioma,
chordoma, meningioma, and sinonasal adenocarcinoma. All had
an extended endonasal approach, and their time to CSF leak from
the operation was on average 24.5 days.

Of those 4 patients with postoperative CSF rhinorrhea, on the
immediate postoperative MRI, 2 had complete flap enhancement,
1 with partial flap enhancement, and 1 without any flap en-
hancement (Table 5). The postoperative CSF leak cases with
complete immediate enhancement required surgical repair on 6th
and 14th postoperative day; these patients presented a technically
inadequate reconstruction and coughing episode, respectively.
The patient with partial enhancement required surgical repair as
well on the 68th postoperative day, within a context of immu-
nosuppression and neutropenia. The last patient who showed no
enhancement presented a coughing episode and sign of CSF leak
on 10th postoperative day and only required lumbar drain and
resolved. Table 6. There was no correlation between postoperative
CSF leak rates and flap enhancement (P = .85), demonstrated
statistically significant no association of postoperative day 1
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FIGURE 1. Representative image of complete A, partial B, and no enhancement C.

enhancement and CSF leak. There was no statistically significant
correlation between immediate postoperative MRI flap en-
hancement and CSF leak development. This was assessed both
with the trichotomized categories and with dichotomized as-
sessment of any diminished flap enhancement v complete en-
hancement (P = .85 and P = .30, respectively—Tables 6 and 7).

The full description of these 4 patients with CSF leak which
had successful management is as below:

Patient #1 was a 47-year-old man who underwent an endo-
scopic endonasal transclival and trans-right cavernous sinus skull

TABLE 2. Nasoseptal Flap Enhancement on POD 1 and Follow-up
MRI

Date of No Partial Complete
MRI enhancement enhancement enhancement
POD 1 10 (16%) 9 (14%) 45 (70%)
3-mo 0 (0%) 5 (8%) 59 (92%)
follow-up

POD 1, postoperative day 1.
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base approach for near-complete removal of clival chordoma and
repair of intraoperative grade 3 CSF leak with abdominal fat graft,
NSF, collagen sponge, and bioglue. The patient did well until
POD#11 who developed CSF rhinorrhea after bouts of coughing.
His CSF leak was successfully managed with placement of lumbar
drainage for several days and antibiotics for 8 days although he did
not have any signs of infection or meningeal irritation. The final
CSF culture came back negative, and his new brain MRI with and
without contrast showed only mild meningeal enhancement and
no new pneumocephalus or lesion.

Patient #2 was a 27-year-old man who had endoscopic en-
donasal extended approach for gross total resection of cranio-
pharyngioma with stalk preservation and did well initially after
surgery except diabetes insipidus managed with desmopressin. He
was seen in the clinic 1 week after surgery who was noted to have
significant rhinorrhea consistent with a CSF leak. Consequently,
he was returned to surgery at the same day and underwent an
uneventful repositioning of his septal bone graft into the skull base
defect and repositioning of the nasal septal flap. He did well since
his reoperation with no further rhinorrhea.

Patient #3 was a 41-year-old man with an extensive poorly
differentiated sinonasal intestinal type adenocarcinoma with a
large intracranial extension who underwent endoscopic endonasal
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FIGURE 2. A, Early postoperative sagittal T1-weighted image postcontrast with fat suppression shows a
C-shaped flap underlying the operative defect with no enhancement of the flap. B, 3-month follow-up MR
imaging of sagittal T1-weighted postcontrast shows robust and thicker enhancement of the flap. POD 1,

transcribriform and transethmoid debulking of tumor. He did
well from his first surgery and was subsequently started on
chemotherapy, but he developed a delayed CSF leak secondary to
partial necrosis of the NSF postchemotherapy 38 days after his
first surgery. Consequently, redo endoscopic endonasal repair of
CSF leak with abdominal fat graft and other adjunctive recon-
struction material as well as temporary CSF diversion with lumbar
drain for 3 days was performed. He recovered well after his second
surgery, and no further CSF leak had been noted since the repair.

Patient #4 was a 53-year-old man with a large petroclival,
parasellar, and cerebellopontine angle meningioma, which was
first debulked through left retromastoid approach and then after
almost 40 days through an endonasal endoscopic transsellar and
transclival approach with NSF repair of defect. However, he
gradually developed hiccups, nausea, and vomiting after his second
surgery with headache and fever, and after 12 days since his second
surgery, without any obvious rhinorrhea, he was brought to the
emergency department ,where the clinical evaluation and head CT

TABLE 3. Change of Enhancement From Postoperative Day 1 to
Follow-up MRI

Change Frequency (%)
Increase 17/64 (27%)
Decrease 3/64 (5%)
No change 44 (69%)

scan confirmed significant pneumocephalus extending into the
ventricular system and subarachnoid space of sylvian cistern,
parasellar area, and prepontine cistern. So, with the impression of
pneumocephalus related to intermittent CSF leak, he was returned
to the operating room for repair of the skull base which was shown
to have displaced NSF from its desired place over the defect and was
subsequently elevated successfully over the defect again and sealed
and augmented with the abdominal fat graft.

Full
Enhancement

Partial
Enhancement

No
Enhancement

POD 1 3 Months
Follow-up

FIGURE 3. Graph representing change of nasoseptal flap enhancement
between POD 1 and follow-up MRIs. POD 1, postoperative day 1.
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TABLE 4. Intraoperative and Postoperative CSF Leak (n = 61/64)

Intraoperative Postoperative

TABLE 6. Association Between Postoperative Day 1 Enhancement
and CSF Leak

CSF leak grade Frequency CSF leak CSF leak No CSF leak
1 2/61 (3%) 0 No enhancement 1 9
2 3/61 (4.9%) 0 Partial enhancement 1 8
3 56/61 (91%) 4 (7.1%) Complete enhancement 2 43

CSF, cerebrospinal fluid.

DISCUSSION

The vascularized NSF has been a cornerstone in decreasing the
incidence of CSF leakage after endoscopic endonasal approach. It
has been hypothesized that this is secondary to the preserved
vascularity of the flap, which lends itself to a mucosal integration
of the flap. Although this method of repair is widely used in
clinical centers around the world, there has been a corresponding
increase in the incidence of related complications. One failure
mechanism is NSF necrosis. The vascularized NSF is supplied by
the posterior nasoseptal arteries, which arise from the spheno-
palatine artery that is the terminal branches of the internal
maxillary artery. The intact vascular supply of the flap pedicle and
perfusion can be confirmed intraoperative with Doppler ultra-
sound and postoperatively on MRI examination.” It has been
assumed that early postoperative MRI flap enhancement can
predict flap necrosis, and early postoperative enhancement of the
flap would correlate with a lower CSF leak rate.

Kang et al'” in 2009 described the enhancement patterns of
NSFs on MRI in 10 patients at different time points after en-
donasal endoscopic approach, within 48 hours and delayed
postoperative (after 3-7 months of surgery). They reported that 2
of the patients had minimal to no enhancement on early MRI,

CSF, cerebrospinal fluid.
P-value of association of postoperative day 1 enhancement and CSF leak is 0.85.

with enhancement pattern changed in one of the patients on
delayed imaging, showing that the MRI images can vary 3.

A limited number of studies have reported postoperative rates
of NSF necrosis and its correlation with contrast-enhanced MRI
in the early postoperative period”-'"!? with reported rate that
varies between 0% and 1.3%. It is likely that there is under-
reporting because this complication often goes unnoticed when
the patient has a normal postoperative period. Adappa et al.'?
presented a retrospective cohort study of 19 patients who un-
derwent expanded endoscopic resections of skull base lesions, of
which 3 developed postoperative CSF leaks, all 3 with enhancing
vascular pedicles. By contrast, they had 3 patients without evi-
dence of flap enhancement, none of whom developed a post-
operative CSF leak. They did not notice an association between
enhancement of the flap and lower CSF leak rate. Chabot et al’
presented a series of 601 patients with the use of NSF of 1285
endonasal endoscopic approach. A total of 141 returned to the
OR for several causes, 49 of these patients for signs and symptoms
of meningitis with suspicion of CSF leak, of which 8 (1.3%) were
found to have NSF necrosis on re-exploration. The other 41
patients with viable NSF required no re-exploration. All patients
with necrotic flaps had undergone contrast-enhanced MRI in the

TABLE 5. Demographic and Patient Details of Postoperative CSF Leak Group
Early Postoperative
postoperative 3 months CSF leak
enhancement  enhancement Intraoperative presentation CSF leak proposed CSF leak repair
Patient Age Pathology Approach on MRI on MRI CSF leak grade day etiology technique
1 53  Meningioma EE transclival, Complete Complete 3 6 Inadequate Surgical repair
transsellar, and reconstruction
transplanum (technical)
2 47  Chordoma EE transclival No Complete 3 10 Coughing spell Lumbar drainage
trans right
cavernous sinus
3 41 Sinonasal EE transcribriform Partial Complete 3 68 Immunosuppression Surgical Repair
adenocarcinoma including neutropenia
4 27 Craniopharyngioma EE transsellar and Complete Complete 3 14 Coughing spell Surgical Repair
transplanum

CSF, cerebrospinal fluid; EE, extended endomasal.
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TABLE 7. Association of CSF Leak and Postoperative Complete or
Incomplete Enhancement

Enhancement CSF leak No CSF leak
Incomplete enhancement 2 17
Complete enhancement 2 43

CSF, cerebrospinal fluid.
P-value of association of CSF leak and POD 1 complete or incomplete enhancement
is 0.3.

early postoperative period, and flap enhancement was absent in 7
of 8 cases. Only 1 case (12.5%) showed partial enhancement. In
the viable NSF group, 38 patients (97%) showed complete en-
hancement of flap. Although only 2 of 8 patients (25%) with
necrotic NSF presented with a CSF leak, all 8 of them displayed
the signs or symptoms of meningitis. This study related the
findings on MRI, appearance of the NSF on re-exploration, and
CSF leak rates, highlighting the lack of correlation between them.

In our analysis, 4 patients (6.25%) had postoperative CSF
leaks, all with grade 3 intraoperative CSF leak. Two of them had
complete immediate enhancement, 1 partial enhancement, and 1
without enhancement. Like the aforementioned studies, we note
that the lack of enhancement does not correlate with an increased
risk of a postoperative CSF leak, P = .85 (3 category assessment) or
0.30 (2 category assessment).”> 12

In addition, we only noted one case with delayed flap necrosis
due to chemotherapy regimen. This patient had partial flap en-
hancement at the immediate postoperative MRI.

There was a significant improvement of flap enhancement
between immediate postoperative and 3-month MRI (P = .002).
The percent of the patients who had complete flap enhancement
increased from 70% (45 patients) to 92% (59 patients) between
the early postoperative MRI and delayed 3-month MRL

The variations of enhancement are difficult to correlate with
flap failure because there is overlap in the imaging appearance of
an enhancing flap and granulation tissue, particularly on the
delayed scans. In addition, the mechanisms of CSF leakage are
multifactorial and depend on the reconstruction viability as well
as transient or sustained increased intracranial pressure and
general systemic conditions, such as immunosuppression.
Mechanisms of poor enhancement in the immediate phase
include flap compression can be due to packing material, variable
contrast load by technicians, and early flap hypoperfusion.
Theoretically, the early postoperative images would be more
helpful to evaluate the enhancement of the flap because there
would be less time for granulation tissue to form. In our series,
most patients developed complete enhancement at 3 months,
and the lack of early enhancement was not predictive in per-
sistent hypoenhancement at 3 months. There was no correlation
with early or late flap enhancement and postoperative CSF leak
development.
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Limitations

The limitations of our study were the retrospective design of the
study and low number of study samples that could potentially
affect any causal relationship observed. A prospective study as-
sessing postoperative imaging and flap viability would be helpful
to further address the literature gap on this topic.

CONCLUSION

This study demonstrates that early postoperative MRI imaging
of the NSF does not predict delayed flap perfusion or postop-
erative CSF leakage. Hence, the postoperative MRI findings
should not be the sole factor to guide decisions for reoperation for
skull base reconstruction. This decision should be taken in the
context of the patient’s clinical examination, intraoperative CSF
leak grade, and repair construct.
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