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OBJECTIVE Regrowth of the lesion after surgical removal of pituitary adenomas is uncommon unless subtotal resec-
tion was originally achieved in the first surgery. Treatment for recurrent tumor can involve surgery or radiotherapy. Loca-
tions of residual tumor may vary based on the original approach. The authors evaluated the specific sites of residual or
recurrent tumor after different transsphenoidal approaches and describe the surgical outcome of endoscopic endonasal
transsphenoidal reoperation.

METHODS The authors analyzed a prospectively collected database of a consecutive series of patients who had un-
dergone endoscopic endonasal surgeries for residual or recurrent pituitary adenomas after an original transsphenoidal
microscopic or endoscopic surgery. The site of the recurrent tumor and outcome after reoperation were noted and corre-
lated with the primary surgical approach. The chi-square or Fisher exact test was used to compare categorical variables,
and the Mann-Whitney U-test was used to compare continuous variables between surgical groups.

RESULTS Forty-one patients underwent surgery for residual/recurrent pituitary adenoma from 2004 to 2015 at Weill
Cornell Medical College. The previous treatment was a transsphenoidal microscopic (n = 22) and endoscopic endonasal
(n=19) surgery. In 83.3% patients (n = 30/36) there was postoperative residual tumor after the initial surgery. A residual
tumor following endonasal endoscopic surgery was less common in the sphenoid sinus (10.5%; 2/19) than it was after
microscopic transsphenoidal surgery (72.7%; n =16/22; p = 0.004). Gross-total resection (STR) was achieved in 58.5%,
and either GTR or near-total resection was achieved in 92.7%. Across all cases, the average extent of resection was
93.7%. The rate of GTR was lower in patients with Knosp-Steiner Grade 3-4 invasion (p < 0.0005). Postoperative CSF
leak was seen in only one case (2.4%), which stopped with lumbar drainage. Visual fields improved in 52.9% (n = 9/17)
of patients and were stable in 47% (n = 8/17). Endocrine remission was achieved in 77.8% (n = 14/18) of cases, 12 by
surgery alone and 2 by adjuvant medical (n = 1) and radiation (n = 1) therapy. New diabetes insipidus occurred in 4.9% (n
= 2/41) of patients—in one of whom an additional single anterior hormonal axis was compromised—and 9.7% (n = 4/41)
of patients had a new anterior pituitary hormonal insufficiency.

CONCLUSIONS Endonasal endoscopic reoperation is extremely effective at removing recurrent or residual pituitary
adenomas that remain after a prior surgery, and it may be preferable to radiation therapy particularly in symptomatic pa-
tients. Achievement of GTR is less common when lateral cavernous sinus invasion is present. The locations of residual/
recurrent tumor were more likely sphenoidal and parasellar following a prior microscopic transsphenoidal surgery and
sellar following a prior endonasal endoscopic surgery.
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cranial neoplasm, accounting for 14.4% in autopsy
studies and 22.5% in radiological studies, although

only about 10% are symptomatic.'$8

Despite their benign nature and infradiaphragmatic or-
igin, they can extend outside the sella into the suprasellar,
infrasellar, and/or cavernous sinus regions. They present
with autonomous hormone secretion or, more commonly,
as nonfunctioning tumors producing mass effect. Com-
mon presentations are headaches, visual changes if the le-
sion extends toward the optic chiasm, and ophthalmoplegia
with lateral extension into the cavernous sinus.!6-22:36-3947

Resection continues to be the preferred initial treatment
except in cases of prolactin (PRL)-secreting tumors.!-?*:
36.3940485265 The outcomes following transsphenoidal pi-
tuitary surgery have been generally excellent, with high
rates of clinical improvement, endocrinological remission,
and minimal rates of morbidity and mortality.!6-1728:36.394065
The use of the endoscope has recently transformed trans-
sphenoidal surgery by providing a wider and better-illu-
minated field of view.!014.15.16.17.24.2534 For de novo adenoma
presentation, endoscopy results in complete tumor removal
in about 80% of cases, hormone resolution in 80%—85%,
and a low incidence of complications and death (< 2%
CSF leak and 0.24% mortality rate).®> Other potential ad-
vantages include reduced nasal trauma, no need for nasal
packing, shorter, more comfortable postoperative hospital
stay, and higher postoperative quality of life.*¢

Despite the surgical advantages of the endoscope, tu-
mors can recur, although not commonly after complete
resections. Recurrence rates for pituitary adenoma after
complete resection are reported to be between 7% and
33%.% The rate varies depending on the type of adenoma:
10% risk for growth hormone (GH)-secreting tumors,
13% for adrenocorticotropic hormone (ACTH)-secreting
tumors, 20% for prolactinomas, and 26% for nonsecreting
adenomas.!'® Regrowth after incomplete tumor removal
occurs in up to 75% of cases.'’#13 Of these, between 6%
and 37.5% are symptomatic.*®

Unlike primary surgery, revision surgery is usually
more difficult due to septal and intrasellar scarring and
anatomy that has been distorted by the previous dissec-
tion. Harvesting a nasoseptal flap is more challenging and
the rate of invasive adenomas in the cavernous sinus and
other parasellar areas is higher, since these factors led to
incomplete resection in the first place. For these reasons,
reoperative pituitary surgery has been reported to result in
an overall lower cure rate and higher morbidity rate.>>#!
Residual or recurrent tumors are often treated with non-
surgical therapies such as observation, medical therapy,
radiotherapy, radiosurgery, all with low procedure-related
morbidity.>* However, revision surgery is often required
when a tumor is very large, close to the optic apparatus, or
is hormone secreting.’48

Although a few articles have been published on reoper-
ative transsphenoidal surgery, there has been little discus-
sion of the success of the surgery and the tumor location
based on the prior approach. Likewise, there are limited
reports on the endoscopic approach for recurrent or resid-
ual pituitary adenomas. In this article, we analyze a series
of endoscopically resected recurrent and residual pituitary

P ITUITARY adenomas are the third most common intra-
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adenomas previously operated on via a transsphenoidal
approach, either microsurgical or endoscopic. Surgical re-
sults and complications are reported and compared with
the existing literature.

Methods

We reviewed a prospectively collected database of all
patients who underwent reoperative endoscopic endonasal
transsphenoidal surgery, with extended approaches em-
ployed as needed, for recurrent pituitary adenoma at Weill
Cornell Medical College, NewYork-Presbyterian Hospital
between February 2004 and June 2015. All surgeries were
performed by the senior authors (T.H.S. and V.K.A.). This
series is part of Endoscopic Skull Base Surgery Institu-
tional Review Board protocol approved by Weill Cornell
Medical College. Appropriate patient consent was ob-
tained.

Patients included in the study were divided into those
who had prior microscope-based transsphenoidal surgery
and those who had prior endonasal endoscopic surgery.
Indications for surgery included prior subtotal resection
with persistent mass effect on the chiasm, persistent hor-
mone hypersecretion, and significant regrowth of a tumor
not deemed a candidate for radiotherapy based on it prox-
imity to the optic chiasm, the young age of the patient, or
regrowth of tumor after prior radiation therapy.

Demographic data, prior treatments such as surgical in-
terventions and/or medical and/or radiotherapy, duration
of surgery, estimated blood loss, type of exposure, use of
intraoperative fluorescein, lumbar drainage, closure tech-
nique, and complications were retrieved from our elec-
tronic database.

All patients underwent contrast-enhanced volumetric
MRI before surgery and also 1-2 days postoperatively, 3
months postoperatively, and then at yearly intervals there-
after. Tumor volumes were assessed by the ellipsoid model
“(ABC)/2” equation. Cavernous sinus invasion was classi-
fied according to Knosp-Steiner criteria.> The extent of
resection (EOR) was evaluated on MRI studies obtained
3 months following surgery; extent was categorized, ac-
cording to the amount of tumor removed, as 1) partial (<
50% volume removed), 2) subtotal (50%—-80% volume
removed), 3) near-total resection (80%—99% volume re-
moved), and 4) gross-total (100% volume removed) resec-
tion (GTR).

All cases were evaluated routinely by a neuroophthal-
mologist who assessed preoperative and postoperative vi-
sual fields.

Endocrinological Evaluation

All patients underwent pre- and postoperative endocri-
nological evaluation for free cortisol, ACTH, free thyrox-
ine, thyroid-stimulating hormone (TSH), PRL, GH, insu-
lin-like growth factor 1 (IGF-1), testosterone, estradiol, lu-
teinizing hormone (LH), and follicle-stimulating hormone
(FSH) to assess for endocrinological derangements.!

The diagnosis of a prolactinoma was made based on
serum PRL levels of > 150 ng/ml in combination with
typical clinical symptoms. In patients with prolactinoma,
endocrinological remission was defined as a postoperative
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PRL level of < 20 ng/ml in females or < 15 ng/ml in males
without dopaminergic therapy for at least 2 months.’

The diagnosis of Cushing disease was based on either
abnormal 24-hour urinary free cortisol or abnormal results
on low-dose dexamethasone suppression tests, defined as
failure of 1 mg of dexamethasone to reduce plasma corti-
sol levels to < 1.8 mg/ml the next morning. In Cushing dis-
ease, endocrinological remission was defined as an early
morning cortisol level measurement of 1.8 mg/ml obtained
within 48 hours after surgery or a normalization of the 24-
hour urinary free cortisol.>>

The diagnosis of acromegaly was based on abnormal
basal fasting levels of GH and IGF-1. Biochemical remis-
sion was defined as an IGF-1 value within normal range
for age and sex and a GH value < 0.4 ng/mL after a 75-g
oral glucose load or a random GH value < 1.0 ng/ml.*!

A basal cortisol level of < 5 ug/dl was also considered
as evidence of central hypoadrenalism. Central hypothy-
roidism was defined as a free T4 < 0.8 ng/dl with a sub-
normal TSH response. Serum testosterone was measured
in male patients before surgery and at follow-up. Central
hypogonadism was defined as a testosterone level < 200
ng/dl in males and amenorrhea in females with inappro-
priately low FSH and LH levels.!3¢

Postoperatively, diabetes insipidus (DI) was diagnosed
if 1) serum sodium was > 145 mmol/L or 2) the patient
required desmopressin, and permanent DI required des-
mopressin administration for more than 3 months.#-33.60:61

Surgical Technique

The standard surgical techniques for pituitary adeno-
ma have been previously described, and only the portions
unique to our center or specifically related to the recurrent
cases are detailed herein.! Following induction of general
anesthesia, antibiotics, 50 mg of diphenhydramine, and
10 mg of dexamethasone were given. A lumbar puncture
was performed routinely, and 0.25 ml of 10% fluorescein
(Akorn Inc.) was injected in 10 ml of CSF to help visual-
ize CSF leaks.*!1317313557 I cases involving tumors > 2.5
cm in height with a > 1-cm extension above the planum,
a lumbar drain is placed for postoperative drainage (rate
of 5 ml/hour) for 1 day. The patient’s head was placed in
3-point fixation, and intraoperative navigation was used
in all cases. Micro-Doppler was used all cases. In cases
involving a larger tumor > 2.5 cm in vertical height with
a > l-cm extension above the planum, a nasoseptal flap
was harvested, usually the side contralateral to a previous
approach, and even a bilateral “Janus” flap was elevated
in some cases.*35363 If a prior flap existed from the first
surgery, the flap was taken down off the skull base and
reused at the end of the operation.

We believe that the key to successful reoperation is a
wide sphenoidotomy with drilling of all septations and a
wide opening of the sella from the cavernous sinus to the
cavernous sinus in the horizontal dimension and from the
superior intercavernous sinus superiorly to the sellar floor
inferiorly. It was not uncommon for the sphenoid and sella
to have been inadequately opened in the first operation,
which was the cause of the inadequate primary result. If
the tumor extended into the cavernous sinus, then a trans-
cavernous approach was used.!620443667 If there was sig-

Reoperative endonasal endoscopic pituitary surgery

TABLE 1. Preoperative characteristics

Characteristic No. of Patients (%)
Mean age + SD (yrs) 54 £17
Sex
Male 22 (53.7)
Female 19 (46.3)
Mean time from previous op (mos) 73
Clinical presentations
Visual loss 17 (41.5)
Bitemporal field cuts 11(26.8)
Headaches 8(19.5)
Endocrine hyperfunction 17 (41.5)
Diplopia 3(7.3)
Progressive growth 13 (31.7)
Apoplexy 2(4.9)
Prior hormonal deficiency
Overall 9(22)
DI 2(4.9)
Single axis 2 (4.9)
Multiple axes 5(12.2)

Values represent the mean (%) number of patients unless otherwise stated.

nificant suprasellar extension, then the tuberculum sella
was opened and an extracapsular removal of the suprasel-
lar component was performed.!>!737425 Closure was per-
formed according to our previously published algorithm.>*

Statistical Analysis

Continuous variables are presented as the mean values
+ SD and range. Categorical values are shown as percent-
ages. The chi-square or Fisher exact test was used to com-
pare categorical variables, and the Mann-Whitney U-test
was used to compare continuous variables between surgi-
cal groups. A p value < 0.05 was considered significant.

Results

We identified 41 patients who underwent reoperation in
which the endoscopic endonasal transsphenoidal approach
was used for the treatment of recurrent pituitary adenomas
(Table 1). They were grouped according to prior surgery
into one of two groups: transsphenoidal microscopic (22
patients [53.7%]) and endoscopic endonasal (19 patients
[46.3%]). The mean tumor volume for each of the groups
was 9.1 cm? and 4.6 cm?, respectively. Thirty-six patients
(87.8%) had undergone a single prior surgery, 4 (9.8%)
had 2 prior surgeries, and the remaining 2 patients (4.9%)
had 3 or more prior surgeries. The prior surgery was per-
formed by the senior author (T.H.S.) in 4 cases, with the
remainder referred from other institutions.

Seventeen (41.5%) of 41 patients had visual symptoms.
Preoperative visual field testing revealed bitemporal field
cuts in 11 patients (26.8%). Patients with impaired vision
had significantly larger tumors compared with patients who
sought medical attention for other symptoms (13.96 cm? vs
2 cm?, respectively; p < 0.01, Mann-Whitney U-test). Sev-
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TABLE 2. Preoperative characteristics of pituitary tumors
residuals/recurrences classified by prior approaches

Group
Characteristic Total TSM(n=22) EE(n=19)
Mean tumor vol (cm®) 7 91 4.6
Tumor location
Limited to sella 13 5(22.7) 8(42.1)
Suprasellar 18 12 (54.5) 6 (31.6)
Sphenoid sinus 18 16 (72.7) 2(10.5)
Cavernous sinus 16 11 (50) 5(26.3)
Clivus 7 4(18.2) 3(15.8)
Mean time btwn initial & reop (mos) 105 38
EOR after prior surgery
Incomplete prior excision 30 17/19(89.5) 13/17 (76.5)
Recurrence after complete prior 6 2/19(10.5)  4/17 (23.5)
excision
Unknown prior rate of excision 5 3 2

EE = endoscopic endonasal; TSM = transsphenoidal microscopic.
Values represent the mean (%) number of patients unless otherwise stated.

enteen patients (41.5%) had serological evidence of hor-
mone overproduction. Hormone-producing tumors were
significantly smaller than non—hormone-secreting ones (1
cm?® vs 11.75 cm?, respectively; p < 0.01, Mann-Whitney U-
test). Prior surgery in cases of hormone-producing tumors
was microscopic transsphenoidal in 8 (36.4%) of 22 pa-
tients and endonasal endoscopic in 9 (47.4%) of 19 patients.
Nine patients included in the current series presented with
preexisting hypothalamic—pituitary axis impairment (Ta-
ble 1). Hormonal deficiencies included panhypopituitarism
in 5 cases, hypogonadism in 1 case, and hypothyroidism in
1 case, as well as DI in 2 cases. Headaches were present in
8 patients (19.5%).

The mean interval between the previous surgery and
the reoperative endoscopic endonasal surgery was 73
months. This interval was significantly shorter in the en-
donasal endoscopic group than in the transsphenoidal mi-
croscopic group (38 months vs 105 months, respectively;
p < 0.01, Mann-Whitney U-test). The interval from prior
surgery to reoperation was significantly shorter in patients
with hormone-producing than non—hormone-producing
adenomas in the endoscopic group (p < 0.01).

Tumor Recurrence

Owing to the lack of adequate records from the prior
surgery, it was not known if the prior resection was com-
plete in 5 patients. Of the other 36 patients, a postoper-
ative residual tumor was documented in 83.3% (n = 30)
and a GTR in 16.7% (n = 6) of patients. Postoperative re-
sidual tumor was seen in 17 (89.5%) of 19 patients who
underwent transsphenoidal microscopic surgery and in 13
(76.5%) of 17 patients who underwent endoscopic surgery
(Table 2).

The endoscopic and microscopic groups were compa-
rable in terms of the initial tumor locations. All tumors
had an initial sellar component. Initial tumors in the endo-
scopic and microscopic groups were suprasellar (n = 14/18
[78%] and n = 16/22 [73%], respectively), in the cavernous
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FIG. 1. Tumor recurrence in different regions after different prior ap-
proaches. EEA = endoscopic endonasal approach; SB = skull base; TS
= transsphenoidal microscopic approach. Figure is available in color
online only.

sinus (6/18 [33%] and 8/22 [36%]), and invading the sphe-
noid sinus 1/18 [6%] and 4/22 [18%]), respectively (Table
2). In both groups the initial tumor locations were compa-
rable.

In the microscopic transsphenoidal group, the most
common location of recurrent or residual tumor was in the
sphenoid sinus (72.7%) followed by the suprasellar cistern
(50%) and the cavernous sinus (50%) (see Fig. 2). For the
endonasal endoscopic group, the most common site of re-
currence was sellar (42.1%) (see Figs. 3A and 5). Regions
of recurrent pituitary tumors in different groups are pre-
sented in Table 2. Statistical significance was achieved for
the low rate of sphenoid sinus recurrence in patients who
had previously undergone endonasal endoscopic surgery
(10.5%) compared with microscopic transsphenoidal sur-
gery (72.7%; p = 0.004) (Fig. 1). This difference was not
statistically significant before the first surgery (p = 0.2).
A prior microscopic transsphenoidal approach resulted in
regrowth of tumor in the sphenoid sinus (n = 4/4), whereas
a prior endoscopic endonasal approach succeeded in re-
moval of the sphenoidal component (n = 1/1). Fourteen
patients had a newly grown sphenoidal tumor, in 12 of
whom the lesion had developed after microscopic trans-
sphenoidal surgery versus 2 in whom it had developed af-
ter endoscopic endonasal surgery (p =0.003) (Table 2). All
the patients who had an initial sphenoidal component and
who had initially undergone microscopic transsphenoidal
surgery had regrowth of the sphenoid sinus residual mass
(n = 4/4), whereas in the one patient who had initially un-
dergone an endoscopic endonasal procedure, the success
of the initial sphenoidal component excision persisted.

Both the size and rate of invasion of pituitary tumors
were significantly higher in cases of nonfunctioning ad-
enomas, but there was no such difference when examined
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TABLE 3. Pathology subtypes of pituitary adenomas

Reoperative endonasal endoscopic pituitary surgery

Functioning 41% (n = 17) Nonfunctioning 59% (n = 24) p
Characteristic PRL GH ACTH Null ACTH FSH/LH GH Value

No. of tumors 4 9 4 9 2 12 1
Average tumor vol (cm®) 1 1 3 6 6.2 15 6.4 <0.01
Invasion 3 4 2 9/10 2 " 1 0.0035
Recurrence & reop 1 — 2 — — 2 1 NS
EOR 98% 98% 95% 93% 100 89 93% NS
GTR 3/4 719 2/4 5 — 7 — NS

NS = not significant.

by the pathological subgroups. The EOR, rate of GTR,
and incidence of recurrence or regrowth that needed reop-
eration were comparable in functional and nonfunctional
groups (Table 3).

Patients with Ki 67 expression greater than 5% had sig-
nificantly larger tumors and greater invasion of the sur-
rounding structures, and they had multiple reoperations
for repeated recurrence or regrowth. These cases had a
tendency for lower extent of resection and GTR but no sta-
tistical significance could be proved (Table 4).

Outcome

The average postoperative follow-up duration was 39
months (range 3—135 months). Overall GTR was achieved
in 24 cases (58.5%), and either GTR or near-total resection
was achieved in 92.7%. The average preoperative volume
in GTR cases was smaller than those in which GTR was
not achieved (3.7 cm?® vs 11.7 cm?; p < 0.05, Mann-Whitney
U-test). The mean EOR for the entire group was 93.7%.
GTR did not differ significantly based on prior approach.
A GTR was achieved in 14 (63%) of 22 patients with prior
transsphenoidal microscopic approach, and 10 (53%) of 19
with prior endonasal endoscopic approach.

Of the patients with Knosp-Steiner Grade 1 or 2 inva-
sion, 5 (83.3%) of 6 achieved a GTR (Fig. 2A and B). Of
the patients with Knosp-Steiner Grade 3 or 4,4 (36.4%) of
11 achieved a GTR (p = 0.02). Of those with suprasellar
tumor, complete resection of the suprasellar component
was achieved in 17 (94.4%) of 18 patients (Figs. 2A and
B and 3B). Knosp-Steiner Grade 3—4 status was signifi-
cantly associated with a non-GTR (p < 0.0005) (Fig. 3A).

The standard transsphenoidal transsellar approach was
used in 14 cases; the extended transplanum (n = 12), trans-
clival (n = 1), transcavernous (n = 7), combined transpla-
num-transcavernous (n = 5) and transplanum-transclival
(n = 2), in poorly pneumatized sphenoid sinus, approaches
were used in 27 cases. Further bony opening and use of
extended approaches were more significantly required to
comfortably remove tumors in patients in whom residual
tumors were present postoperatively (n = 23/30) (Fig. 4)
than those in whom tumor recurred after GTR (n = 2/6) (p
<0.05) (Fig. 5).

Intraoperative CSF leaks occurred in 25 (61%) of 41
surgeries. The mean tumor volume was higher in cases in-
volving intraoperative CSF leaks than in those not involv-
ing intraoperative leaks (10 cm? vs 2.27 cm?; p = 0.008,
Mann-Whitney U-test). In the 25 patients with an intraop-
erative CSF leak, a nasoseptal flap was used in 12 (48%)

cases. A postoperative CSF leak occurred in only one case
(2.4%), which ceased with lumbar drainage.

Of the 17 patients with visual field impairment pre-
operatively, status improved in 9 patients (53%) and was
stable in 8 (47%). One patient had a postoperative hema-
toma with transient worsening in vision, which improved
following hematoma evacuation. Endocrinological remis-
sion was achieved in 14 cases (77.8%) of 18 cases, 12 with
surgery alone (hyperprolactinemia [n = 3], GH-secreting
[n = 6], and ACTH-secreting [n = 3] tumors) and an ad-
ditional 2 with adjuvant medical (n = 1) and radiation (n =
1) therapy. New endocrine deficits occurred in 6 patients
(14.6%), 2 with DI and 4 with anterior pituitary insuffi-
ciency (ACTH [n=2]), TSH (n=1),and GH (n = 1).

Discussion

In this study we show that endonasal endoscopic sur-
gery can lead to excellent results for recurrent or residual
pituitary adenomas, regardless of whether the prior ap-
proach was transsphenoidal microscopic or endonasal en-
doscopic. In the majority of cases, postoperative residual
tumor was found after the first surgery, rather than having
recurred after a prior adequate resection. The presence of
postoperative residual tumor did not appear to vary based
on prior approach. Although we initially hypothesized
that prior endoscopic surgery would be less likely to lead
to residual tumor, our results show that the use of an en-
doscope, in and of itself, may not lead to fewer postoper-
ative residual tumors. These results indicate that the sur-
geon’s judgment and experience and the use of extended
approaches may have more to do with the EOR than the
use of an endoscope versus a microscope. Our surgical
philosophy of aggressive wide bone opening and the use
of extended approaches with opening of the cavernous si-
nus and planum, where indicated, resulted in a marked in-

TABLE 4. Proliferation index of pituitary adenomas

Ki 67 Expression

Characteristic <3% 3%—5% >5% p Value
Mean vol (cm?) 4 3.65 22 0.008
Invasion " 5 6 <0.05
Recurrence & reop 2 — 4/6 0.0065
EOR 95% 96% 79% 0.053
GTR 1M 57 116 0.083
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FIG. 2. Regrowth after prior microscopic transsphenoidal approach shown on preoperative (upper) and postoperative (lower)
images. A: Regrowth of a giant pituitary adenoma filling the sphenoid sinus and with suprasellar extension. GTR was achieved
through extended endoscopic endonasal approach. B: Characteristic pattern of tumor regrowth filling half of the sphenoid sinus.
A speculum-based microscopic approach failed to fully expose the sellar tumor on the left of a sphenoid septation, which further
continued to grow. An endoscopic endonasal approach was used to have wide corridor and fully expose the tumor, and GTR was

achieved.

crease in EOR compared with prior approaches. Only the
lateral compartment of the cavernous sinus was a barrier to
complete tumor removal, which follows with our general
surgical philosophy to explore the medial cavernous sinus
to remove soft tumor without risking permanent damage
to the cranial nerves.'*S” Tumor in the lateral cavernous si-
nus that cannot be reached through a medial approach can
be more safely addressed with stereotactic radiosurgery,
particularly in non—hormone-producing tumors for which
a complete resection is less critical. More aggressive at-
tempts at resecting tumor in the lateral compartment are
associated with higher rate of morbidity.'*¢’

We have also found that residual tumor after prior en-
doscopic endonasal surgery is more common in sellar
locations, whereas residual is more common in parasel-
lar areas after transsphenoidal microscopic surgery. The
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increased rate of residual tumor in the sphenoid sinus
after microscopic surgery has been a consistent finding.
The most common cause is failure to adequately open all
the sphenoid septations and to adequately open the face of
the sphenoid sinus. Inherent in the endonasal endoscopic
approach is a wider sphenoidotomy since the endoscope
itself must be placed in the sinus, and, hence, there is a re-
quirement to make room for the scope. This aspect of the
approach and technique may lead to more complete expo-
sure of the sphenoid and thus more complete resection of
tumor from the sphenoid. Moreover, the panoramic view
provided by the endoscope may impact tumor removal in
the sinus compared with the more limited view provided
by the microscope, whose lens and light source are outside
the head and whose field of view is restricted by the nar-
row corridor. Such a limitation in the field of view may
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FIG. 3. Regrowth after prior endoscopic transsphenoidal approach shown on preoperative (upper) and postoperative (lower)
images. A: Regrowth of small tumor residue in the cavernous sinus. Using an extended endonasal endoscopic approach, the
tumor was removed from the sella and medial part of cavernous sinus; adjunctive stereotactic radiosurgery was then recom-
mended. B: Regrowth of a giant adenoma with suprasellar extension with deteriorating vision. Near-total resection was achieved
with an extended endonasal endoscopic approach, and the patient’s vision was stabilized.

also lead to increased residual in the suprasellar cistern
after prior microscopic compared with endoscopic ap-
proaches. This finding has been noted previously by Taju-
deen et al., who reported that in 12 (44.5%) of 27 patients
with residual tumor after prior speculum-based micro-
scopic transsphenoidal surgery, the residual tumors were
located in the suprasellar region and cavernous sinus.5*
McLaughlin et al. and Dhandapani et al. also emphasized
the benefit of the endonasal endoscopic approach for re-
moving additional tumor from both suprasellar region and
cavernous sinus, respectively, that could not be retrieved
by the microscopic approach.'®46

Perhaps the more surprising finding is the frequency
of residual tumor in the sella after prior endonasal endo-
scopic surgery. Although one might suppose that this rep-
resents a higher percentage of inadequately resected small
hormone-producing tumors, the rate of such tumors was

the same as that of the microscopic transsphenoidal group.
One possible explanation is that the endoscopic endona-
sal approach is less effective at removing tumor within the
sella, but an anatomical or technical explanation for this
finding is not immediately apparent.

Extent of Resection

The literature on endoscopic endonasal reoperation
demonstrates that GTR rates range from 40% to 63% (Ta-
ble 5). These rates are slightly lower than first-time opera-
tions for which GTR rates average 78%.9> Although there
are few reports on reoperation using the microscopic spec-
ulum-based transsphenoidal approach, GTR rates appear
to be similar, ranging from 55% to 58.5%.%6:10-2943.62.64.66.68
The fact that the endoscope does not appear to markedly
improve rates of GTR is surprising. Although it is possible
that the endoscope offers no advantage in this situation,
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FIG. 4. Growth of a residual nonfunctioning pituitary adenoma in a patient who presented with diminution of vision after prior
endoscopic endonasal surgery, which failed to remove the adenoma. A-C: Early postoperative follow-up MR images revealed
nearly the same tumor mass as preoperatively; the nasal septum was preserved with a small opening of the sphenoid sinus (A
and B). D-I: Images depicting the endoscopic endonasal reoperation. Identification and widening of the sphenoid ostium and
elevation of the nasal septal flap (D); resection of the posterior part of the nasal septum (E); removal of bony sphenoidal septum
that led to bilateral opening of the sphenoid sinus (F). Mucosa of the sphenoid sinus was dissected from the walls of the sphenoid,
adhesions to the sellar dura were cut, and exploration of bony sellar floor revealed a small bony opening that was inadequate

for full tumor exposure (G). Widening the bony opening enabled exposure of the tumor, and GTR was then performed (H and

). J-L: Postoperative MR images showing resected nasal septum, bilaterally widely opened sphenoid sinus, and GTR of the

tumor. Figure is available in color online only.

other explanations include case selection bias and differing
methods of determining GTR. Another possibility is that
the value of a reoperation is that the intervening imaging
shows the location of the residual tumor that was missed in
the first operation. This knowledge is essential for locating
the residual tumor to be treated in the second operation,
regardless of whether a microscope or an endoscope is
used. Another possibility is that cases selected for reop-
eration using the sublabial microscopic approach are those
that can be reached with this approach. There may be a
wider array of tumors in different locations that can now
be treated by endoscope-assisted reoperation via extended
approaches, but the overall rates of GTR are similar. Sup-
porting this explanation are the studies showing that af-
ter microscopic transsphenoidal surgery, additional tumor
can be found and removed with the endoscope that was
not initially visualized with the microscope.*® Similarly
other studies from different centers have emphasized the
value of the endoscopic endonasal approach in reoperation
of recurrent or regrown pituitary adenomas after prior mi-
croscopic transsphenoidal surgery.>19264 Regardless of the
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explanation, lateral cavernous sinus invasion remains the
greatest limiting factor.!16-58

However, using GTR as an end point is perhaps mis-
leading in pituitary adenomas and not the best end point.
Since these are benign, slow-growing tumors that create
symptoms based on mass effect and hormone overproduc-
tion, EOR and hormone and symptom resolution are more
important. In our series the mean EOR rate was 93.7%,
and visual improvement and hormone resolution rates
were 53% and 77.8%, respectively, with no visual deterio-
ration. In an earlier report of our operations for macroad-
enomas, the EOR was 97.8% and visual improvement and
hormone resolution were 80.8% and 45%.* In a series of
purely functional tumors of all sizes, hormone resolution
was 60%.%” These results are fairly comparable to our re-
operation results.

Complications

Reoperations, in general, carry a higher complication
rate than first-time operations for all surgical interventions
based on the body’s natural ability to heal by scar forma-
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FIG. 5. Recurrent GH-secreting adenoma after prior endoscopic endonasal GTR. A-C: Preoperative MR images showing
posterior nasal septum resection and wide sphenoidotomy. D-I: Endoscopic endonasal approach. D: Resected nasal septum
and nasal septal flap on the posterior nasal wall. E: We dissected the nasal flap of the reconstructed opening. F: Removal of

the Medpor implant. G: The wide opening of the sellar floor was noted, and no significant further bony opening was necessary to
expose the tumor. H: The tumor was resected. I: We replaced the preserved nasal flap to reconstruct the sellar floor. J-L: Post-
operative MR images showing the resected nasal septum, bilaterally widely opened sphenoid sinus, and GTR of the tumor. Figure
is available in color online only.

tion. With respect to postoperative CSF leak, our data show
that reoperations do not appear to carry a higher rate of
postoperative CSF leak than first-time operations. Our
rates of intraoperative CSF leak were high, likely because
of breaches in the arachnoid and scarring that occurred as
a result of the first operation. The development of multi-
layer closure techniques and the use of vascularized flaps
have reduced rates of postoperative CSF leaks across the
board and clearly impact the rates of leak for reoperative
pituitary surgery as well.>#254 Nasoseptal flaps could be
harvested or reused in the majority of cases.

New cases of anterior and posterior pituitary insuffi-
ciency were only slightly more common following reop-
erative surgery.?*3%3! In a meta-analysis of endoscopic pitu-
itary surgeries, transient DI was reported in 7%, permanent
DI in 2.5%, and anterior pituitary insufficiency in 1.5% of
cases treated with endoscopic pituitary surgery.> For our
macroadenoma series, the combined rate of anterior and
posterior pituitary insufficiency was almost 10%.2® Howev-
er, since many of the patients undergoing reoperation had
preexisting endocrinopathy from their prior surgery, the
comparison is not a fair one. Rates of complications fol-
lowing reoperative pituitary surgery in the literature range

from 9.4% to 31.3%%6.10294358.64.6668 (Table 5). In a recent
population-based study, Krings et al. reported a similar
complication rate for first-time and reoperative transsphe-
noidal surgery.> However, in this study rates of complica-
tions were higher for reoperation in many subcategories,
but the numbers were not high enough to achieve signifi-
cance. Also, the authors were not allowed to publish the
numbers in their paper, so the data cannot be adequately
analyzed.

Limitations

Several limitations to our study exist. First, this is a ret-
rospective study so most data were acquired by chart re-
view. However this is a consecutive series of cases, and the
database was created prospectively, so no cases were miss-
ing. Also, these cases represent only those recurrences that
were brought to surgery. We cannot make any conclusions
regarding recurrences in patients who were treated in any
other way. Hence, the overall percentage of cases requir-
ing reoperation cannot be determined. Finally, tumor vol-
umes were determined using an ellipsoid approximation
rather than volumetrics. In a prior study we have shown
that using an ellipsoid model overestimates the volume of
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TABLE 5. Literature review of prior reports of reoperation for recurrent pituitary tumors based on operative approach

No. of EOR (no. of cases, %) No. of Cases, % of Cases
Authors & Year Cases  GTR NTR STR PR Complications  Hypopit DI CSF leak Other Complications
Endoscopic reoperation
Current study 41 24,555% 14,341% 2,49% 1,2.4% 8,19.5% 4,97% 2,49% 1,24%  Hematoma: 1(2.4%)
Tajudeenetal, 27  17,63% 3, 1% 7,26% 0 6, 22% 1,37% 2,74% 0 Abducent palsy: 1 (3.7%),
2015 Hypotension & ICU
admission: 2 (7.4%)
Hwang et al., 30  15,50% 2, 7% 7,23% 6,20% 5,16% 1,3.3%* 4(13.3%) 0 Meningitis: 2 (6.7%), PE:
2013 temp 1(3.3%)
Cavallo et al., 59  37,63% 8,135% 9,15% 5,8.5% 8,13.5% 4,67% 3 (5%) 1(1.7%)t Hematoma: 1 (1.7%),
2012 temp 6th nerve palsy: 2 (3.4%)
Alahmadi et 39  18,46% 0 21,54% 0 6, 13% 0 0 1(2.6%)T 1MI, 1HCP, 1 sinusitis, 1
al., 2011 crusting
Rudnik et al., 20 8,40% 4,20% 3, 15% 1,5%
2006
Microscopic reoperation
Wang et al., 29 16, 55% 11,38% 2,7% 517% 1,34% 1,34%  2(6.9%) cases of deterio-
2015 ration of vision due to
hemorrhage in tumor
bed & intracranially;
6th nerve palsy: 1 (3.4%)
Yamada et al., 53  31,58.5% 5,9% 1,2% 1,2% 1,2% Epistaxis: 1 (2%), pituitary
2010 abscess: 1(2%)
Mattozo et al., 30 17,57% 5,17% Hypoth: 1, 1,3.3%  1,3.3%  Sinusitis: 1 (3.3%), hypo-
2006 3.3% natremia: 1 (3.3%)
Benveniste et 96 29, 30% 15,156% 5,52% 1,1% CN palsy: 1, graft site
al., 2005 infection: 1, sinusitis: 5,

epistaxis: 1

CN = cranial nerve; HCP = hydrocephalus; Hypopit = hypopituitarism; Hypoth = hypothyroidism; MI = myocardial infarction; NTR = near-total resection; PE = pulmonary

embolism; PR = partial resection; temp = temporary.
* Represents a case of hypocortisolemia.
T Patient also had meningitis.

the tumor by roughly 16%.!? This error is worse for tumors
> 40 cm?, of which there was only one case in this study.
However, our prior study shows that the ellipsoid model,
while not perfect, provides a good approximation of the
volume of the tumor.

Conclusions

Endonasal endoscopic reoperation offers excellent re-
sults for residual or recurrent tumors and should be consid-
ered before radiation therapy, particularly for symptomatic
patients. The majority of cases are performed for residual
tumors after inadequate first operations. Rates of resec-
tion, hormonal cure, and complications are slightly less
favorable but overall comparable to first-time operations.
The locations of recurrent or residual tumor were more
likely parasellar and sphenoidal following prior micro-
scopic transsphenoidal surgery and sellar following prior
endonasal endoscopic surgery.
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