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Preserve or sacrifice the stalk? Endocrinological
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OBJECTIVE Gross-total resection (GTR) of craniopharyngiomas (CPs) is potentially curative and is often the goal of
surgery, but endocrinopathy generally results if the stalk is sacrificed. In some cases, GTR can be attempted while still
preserving the stalk; however, stalk manipulation or devascularization may cause endocrinopathy and this strategy risks
leaving behind small tumor remnants that can recur.

METHODS A retrospective review of a prospective cohort of patients who underwent initial resection of CP using the
endoscopic endonasal approach over a period of 12 years at Weill Cornell Medical College, NewYork-Presbyterian Hos-
pital, was performed. Postresection integrity of the stalk was retrospectively assessed using operative notes, videos, and
postoperative MRI. Tumors were classified based on location into type | (sellar), type Il (sellar-suprasellar), and type Il
(purely suprasellar). Pre- and postoperative endocrine function, tumor location, body mass index, rate of GTR, radiation
therapy, and complications were reviewed.

RESULTS A total of 54 patients who had undergone endoscopic endonasal procedures for first-time resection of CP
were identified. The stalk was preserved in 33 (61%) and sacrificed in 21 (39%) patients. GTR was achieved in 24 pa-
tients (73%) with stalk preservation and 21 patients (100%) with stalk sacrifice (p = 0.007). Stalk-preservation surgery
achieved GTR and maintained completely normal pituitary function in only 4 (12%) of 33 patients. Permanent postoper-
ative diabetes insipidus was present in 16 patients (49%) with stalk preservation and in 20 patients (95%) following stalk
sacrifice (p = 0.002). In the stalk-preservation group, rates of progression and radiation were higher with intentional sub-
total resection or near-total resection compared to GTR (67% vs 0%, p < 0.001, and 100% vs 12.5%, p < 0.001, respec-
tively). However, for the subgroup of patients in whom GTR was achieved, stalk preservation did not lead to significantly
higher rates of recurrence (12.5%) compared with those in whom it was sacrificed (5%, p = 0.61), and stalk preservation
prevented anterior pituitary insufficiency in 33% and diabetes insipidus in 50%.

CONCLUSIONS While the decision to preserve the stalk reduces the rate of postoperative endocrinopathy by roughly
50%, nevertheless significant dysfunction of the anterior and posterior pituitary often ensues. The decision to preserve
the stalk does not guarantee preserved endocrine function and comes with a higher risk of progression and need for
adjuvant therapy. Nevertheless, to reduce postoperative endocrinopathy attempts should be made to preserve the stalk
if GTR can be achieved.
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mors thought to arise from embryonic remnants
of Rathke’s pouch.2%19445 Gross-total resection
(GTR) remains the gold standard treatment of CPs, al-
though comparable control rates have been reported with
subtotal resection (STR) and adjuvant radiation therapy
(RT).** The development of the endoscopic endonasal ap-
proach (EEA) has helped to improve visualization of the
sellar and suprasellar region, while eliminating the need
for brain retraction and minimizing manipulation of sur-
rounding critical neurovascular structures.*30-3145
There are some cases in which the tumor appears sep-
arable from the stalk and stalk preservation is possible.
Stalk sacrifice is the alternative strategy that presumably
leads to higher rates of endocrinopathy and GTR, but low-
er rates of recurrence. However, the actual rates of GTR,
endocrinopathy, progression, and recurrence after stalk
sacrifice are not well understood and are critical to mak-
ing informed decisions prior to and during surgery. We
present a retrospective analysis of a prospective cohort of
patients who were treated with EEA for resection of mid-
line CPs. We compared the endocrinological outcomes
and the extent of resection (EOR), as well as the progres-
sion and recurrence rates depending on whether the stalk
was preserved or sacrificed.

Methods

Clinical Features

The authors retrospectively reviewed a prospective da-
tabase containing records of all patients with midline CPs
that were treated via a fully endoscopic, endonasal, ex-
tended transsphenoidal approach at the Institute for Mini-
mally Invasive Skull Base and Pituitary Surgery at Weill
Cornell Medical College, NewYork-Presbyterian Hospital,
between January 2005 and July 2017. Institutional review
board approval was obtained for this project. Clinical data
including the EOR, stalk preservation, endocrinological
outcomes, and postoperative complications were also re-
corded. The determination of stalk preservation was made
by review of operative notes, videos, and postoperative
MRI scans. Upon review of the operative note, if the sur-
geon clearly and unambiguously indicated that the stalk
was either sacrificed or preserved, these patients were ac-
cordingly categorized. If the stalk preservation could not
be determined by the operative note, the operative video
was reviewed. If no video was found, then the pre- and
postoperative MRI scans were examined for stalk preser-
vation. The MRI scans were subsequently reviewed by 3
separate reviewers and categorized accordingly, to avoid
the low specific ability of MRI to definitively document
stalk preservation. All patients with prior surgery were ex-
cluded due to possible previous manipulation of the stalk,
the pituitary gland, or the hypothalamus that could affect
the endocrinological outcomes.

C RANIOPHARYNGIOMAS (CPs) are benign rare tu-

Endocrinological Evaluation

Endocrinological assessment consisted of a full preop-
erative workup, as well as the results of the last available
follow-up postoperative studies, which included cortisol,
adrenocorticotropic hormone (ACTH), ACTH-stimulat-
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ing test, thyroid function tests (thyroid-stimulating hor-
mone, total and free thyroxine, and total and free triiodo-
thyronine when available), growth hormone, insulin-like
growth factor—I, and gonadal function, including follicle-
stimulating hormone, luteinizing hormone, estradiol, total
and free testosterone when applicable, and prolactin. Diag-
nosis of diabetes insipidus (DI) was based preoperatively
on preoperative symptoms and postoperatively on the last
follow-up if the patient was on replacement with 1-deam-
ino-8-p-arginine vasopressin (DDAVP). Interpretation of
endocrine results was based on the endocrinologist notes.
Deficiency was diagnosed when the serum levels of en-
docrinological tests were lower than the current reference
values for the axis, and if patients underwent hormone re-
placement therapy. All neuroendocrine values were retro-
spectively reviewed by a neuro-endocrinologist (G.A.D.)
to address an adequate clinical interpretation. Data that
were not available were labeled “unknown.” Complica-
tions were recorded for each surgery based on postoper-
ative and follow-up visit reports. For those patients who
underwent RT the analysis of endocrine outcomes was
based on laboratory results within the first 6 months after
radiation, since RT itself can produce new or worsening
pituitary deficiency with a long interval between treatment
and onset 582937

Surgical Procedure

The surgical nuances of craniopharyngioma resec-
tion at our institution have been previously described
elsewhere 23243845 Al surgeries were performed by the
senior authors (T.H.S., VK.A., and A.K.) and assisted by
pediatric neurosurgeons (M.M.S. and J.P.G.) in childhood
cases. At the beginning of the procedure, a lumbar drain
was placed and 0.25 ml of 10% fluorescein (AK-FLUOR,
Akorn) was injected into 10 ml of CSFE.**#0 Patients were
positioned in skull pin fixation for intraoperative neuro-
navigation. A vascularized nasoseptal flap was raised and
set aside in the nasopharynx for subsequent reconstruc-
tion.?” Wide sphenoidotomy and posterior ethmoidectomy
were performed. The bone removal included the top of the
sella, tuberculum sellae, and parts of the planum sphenoi-
dale as per size of the tumor noted in neuronavigation.’
For tumors above the pituitary gland, the sella was only
opened just below the superior intercavernous sinus to
open the diaphragma sella. For tumors that extended into
the sella, the sella was opened accordingly. Both medial
opticocarotid recesses constituted the lateral extent. The
tumor was internally debulked and meticulously sepa-
rated from adjacent neurovascular structures using sharp
microdissection. All attempts were made to preserve the
stalk if possible, and sacrifice of the stalk was performed
at the end of the operation if necessary to achieve a GTR,
if that was the goal of surgery. The superior hypophyseal
arteries were preserved and the branch to the stalk was
sacrificed if required for GTR. We made every attempt
to preserve the branches to the chiasm and nerve. The
closure was performed with a gasket-seal closure covered
with a nasoseptal flap.>!* An onlay piece of autologous fas-
cia lata larger than the bone defect was countersunk with
a rigid buttress, such as Medpor (Stryker). The nasoseptal
flap was placed over this construct all around and covered
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FIG. 1. lllustrations of the simplified 3-tiered classification system of craniopharyngiomas. Images represent coronal T1 postcon-
trast MRI acquisitions. Type |: sellar tumor without third ventricular invasion or deformation (A). Type Il: combined sellar/suprasel-
lar tumor starting in the sella and deforming or invading the third ventricle (B). Type IIl: purely suprasellar (not shown) or purely
intraventricular tumor (C). Copyright Weil Cornell Medical College, NewYork-Presbyterian Hospital. Published with permission.
Figure is available in color online only.

with either Duraseal (Integra) or Adherus (Hyperbranch
Medical Technology). A lumbar drain was left in place for
approximately 24 hours.

Preservation of the Pituitary Stalk, Goals of Surgery, and
Extent of Resection

GTR was the goal of surgery in most cases and we
made every attempt to preserve the stalk unless it had to
be sacrificed to achieve GTR. STR was the goal of surgery
in children with suprasellar tumor to avoid hypothalamic
damage, in some elderly patients, in frail patients, and in
patients who were young women of childbearing age. In
these patients, postoperative radiation was employed to
prevent tumor regrowth."” Patients with intentional STR
were included in the study since there is no clear dividing
line between patients in whom as much tumor is removed
as possible short of clear damage to the stalk or hypo-
thalamus, regardless of the intention. EOR was divided
into GTR (100%), near-total resection (NTR; = 95%), and
STR (< 95%) after review of the pre- and postoperative
MRI scans by a neuroradiologist (A.J.T.). For cases of
STR or NTR, a quantitative analysis of volume for EOR
was performed using AW software (version 2.0 Ext 11.0;
General Electric). EOR was determined via postoperative
enhancement on postcontrast T1-weighted MR images in
7 patients by using the AW software Quick Paint tool for
residual tumor.*

Classification According to Tumor Topography

Different classifications have been proposed for cranio-
pharyngioma according to tumor topography. The basis of
these classifications was the relation with the diaphragm,*
the relation with the ventricle,'** the tumor extension,¢
the relation with the stalk,?! the growth pattern of the
arachnoid envelope around the stalk,* the anatomical ex-
tension of the tumor,'? the infundibular endoscopic view,'®
and the anatomical association between the tumor, sellar
diaphragm, hypophyseal stalk, and optic nerve.?® The re-

production of these classifications is difficult due to the
variability in the interpretation of the CT and MR images
and the multiple types for each classification system, as
well as the limited surgical visualization of all the neu-
rovascular structures in relation to these tumors through
the different approaches. We used a simplified classifica-
tion that divided the tumors into 3 groups. Type I are all
tumors that arise within the sella, including those with
slight suprasellar extension but with no upward deviation
of the floor of the third ventricle. Type II includes sella
tumors with significant suprasellar extension that deforms
or invades the third ventricle. Finally, type III tumors are
purely suprasellar with no involvement of the sella (Fig.
1). The MRI scans, including preoperative T1 postcontrast
enhanced coronal and sagittal slices, were reviewed by 3
separate reviewers, including 1 neuroradiologist (A.J.T.)
and 2 surgeons who specialize in endoscopic skull base
surgery (T.H.S. and J.A F.). Twenty-two cases (40.7%) had
complete match between reviewers and 32 cases (59.3%)
had partial match (2 of 3 reviewers). If all 3 reviewers
agreed, then the patients were categorized accordingly.
When 2 of 3 reviewers agreed, cases were categorized ac-
cording to the majority vote.

Statistical Analysis

Clinical outcomes, including endocrine and radiologi-
cal parameters, were compared using the 2-tailed Student
t-test or chi-square analysis (Fisher’s exact test where ap-
propriate); p < 0.05 was considered significant.

Results

Between 2005 and 2017, 84 endoscopic endonasal
extended transsphenoidal surgical procedures were per-
formed for midline craniopharyngioma in 78 patients.
Of the 84 procedures, 30 were reoperations for residual/
recurrent tumors and were subsequently excluded. Fifty-
four cases were primary first-time operations and met in-
clusion criteria. Of these cases, there were 5 type I tumors,
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TABLE 1. Clinical and demographic information

TABLE 2. Clinical presentation

Stalk Preserved  Stalk Sacrificed o Stalk Preserved  Stalk Sacrificed
Variable (n=33) (n=21) Value Presenting Symptom (n=33) (n=21)
Sex NS Visual impairment 24 "
Female 18 (54.5) 15(71.4) Headache 13 7
Male 15 (45.5) 6 (28.6) Cognitive/personality changes 6 1
Age in yrs (mean * SD) 43+24.3 45+17.2 NS Seizures 0 1
Age <18 yrs 7 1 NS Vomiting 1 0
BMI in kg/m? Hypothalamic/endocrine
Preop 274 28.6 NS Memory loss 3 1
Postop 29.6 29.9 NS Erectile dysfunction 0 1
Avg increase in BMI 21 1.01 Amenorrhea 6 5
in kg/m2 Balance instability 2 1
Increased BMI postop 22 10 NS Hyperphagia/obesity 4 1
Pathology NS Polyuria/polydipsia 2 2
Adamantinomatous 25 15
Papillary 3 3
Not specified 5 3
Location NS 6 patients (11%), and CP type not specified in 8 patients
Type| 4 1 (15%) (prior to BRAF V600/Beta-catenin staining).
Type I 1 10 Relationship Between Stalk Preservation, Extent of
Type i 18 10 Resection, and Tumor Classification, Progression, and
Tumor vol in Cm3, Recurrence
median (QR) GTR was achieved in 24 patients (73%) with stalk pres-
Gross 53(3-11.2)  51(2.6-76) NS ervation and 21 patients (100%) with stalk sacrifice (p =
Cystic 43(18-6.8) 3.5(21-5.2) NS 0.007). In the stalk-preservation cases, there were 8 STRs
Solid 14(04-4.2)  0.94(0.39-27) NS and 1 NTR with an average preoperative volume of 18.1
Recurrence 3 1 NS cm?, an average postoperative volume of 3.1 cm?, and an
Progression 6 0 0.043 average EOR of 81.9%. Although there were trends for
FU in mos (mean + SD) 70 + 45 58 + 42 NS impact of tumor class.lﬁcatlon, the 11m1'te§1 nun'lbe.rs of pa-
RT 1 0 0.001 tients were not s_ufﬁc1ent to reach statistical significance.
Overall, the ability to achieve GTR and preserve the stalk
EOR 0.017 was slightly higher in type I tumors than with type II or
GTR 24 21 0.007 type III tumors (Table 3).
NTR 1 0 NS RT was given to 12 patients (36%) in the stalk-preser-
STR 8 0 0.013 vation group and O patients with stalk sacrifice (p = 0.001).

Avg = average; FU = follow-up; NS = not significant.
Values are presented as the number of patients (%) unless otherwise indi-
cated.

21 type II tumors, and 28 type III tumors. The status of
the stalk was determined based on operative notes in 51
cases and MRI review in 3 cases. In 33 of these patients
the stalk was preserved and in 21 it was sacrificed. Dem-
ographic features of the 2 groups are presented in Table
1. In the stalk-preserved group, the median age at surgery
was 43 years (range 4—85 years), with 7 children (< 18
years) and 10 elderly patients (= 60 years). In the stalk-
sacrificed group, the median age of patients was 45 years
(range 9—-67 years), with 1 child (= 18 years) and 6 elderly
patients (= 60 years). There were 20 female and 34 male
patients. The most common clinical presenting symptoms
included visual loss and headache for both groups (Table
2). Histopathological examination showed an adamantino-
matous tumor in 40 patients (74%), a papillary tumor in
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RT was performed after surgery when intentional STR or
NTR was achieved, or when progression or recurrence
was noted in follow-up. Tumor progression occurred in
6 patients (18%) in the group with stalk preservation and
in 0% with stalk sacrifice (p = 0.043). Reoperation was
performed in 2 patients after progression and in 1 patient
after recurrence. Prior to recurrence, 3 patients underwent
radiographic GTR in the preserved-stalk group, while in
the stalk-sacrificed group 1 patient underwent radiograph-
ic GTR before recurrence. Additionally, 3 patients who
underwent intentional STR without documented recur-
rence or progression were also treated with RT just after
the surgical procedure as adjuvant therapy (Table 4). No
recurrence was recorded after RT.

Endocrinological Outcome Relative to Tumor
Classification and Stalk Preservation

After surgery, hyperprolactinemia was present in 27.8%
of patients. New or total (new + persistent) cases of hy-
pocortisolemia were present in 48.1% and 64.8%, respec-
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TABLE 3. Stalk preservation and extent of resection according to the 3-tier classification system

Tumor Type Stalk Sacrificed Stalk Preserved p Value GTR NTR STR p Value
Type I (n=5) 1(20%) 4 (80%) NS 5(100%) 0 (0%) 0 (0%) NS
Type Il (n=21) 10 (48%) 11 (52%) NS 17 (81%) 0 (0%) 4 (19%) NS
Type Il (n = 28) 10 (36%) 18 (64%) NS 23 (82%) 1 (4%) 4 (14%) NS

tively. New or total hypothyroidism was present in 50%
and 70.4%, respectively. New or total hypogonadism was
present in 31% and 52%, respectively. New or total growth
hormone insufficiency was present in 22% and 24.1%,
respectively. New or total DI was present in 48.1% and
66.7%, respectively (Table 5). Tumor type did not correlate
with endocrine outcome, except for hypogonadism in the
stalk-preserved group (p = 0.07). There were nonsignifi-
cant trends for higher rates of hyperprolactinemia in type
I (60%) compared with type 11 (18%) or type III (28.5%)
tumors, likely from higher rates of hypopituitarism after
type II and type III surgeries. Hypogonadism was more
common in type I (100%) than in type II (33.3%) and type
III (57%) tumors. Finally, DI was less common after type
I (40%) than after type II (81%) or type III (60.7%) tumor
surgeries (Table 5).

Stalk preservation surgery achieved GTR and main-
tained normal pituitary function in only 4 (12%) of 33
patients. Overall, stalk preservation surgery maintained
normal anterior pituitary function in 8 (24%) of 33 pa-
tients and normal posterior pituitary function in 17 (51%)
of 33 patients. Stalk sacrifice, on the other hand, resulted
in GTR in 100% but also led to 100% anterior and 95%
posterior pituitary deficiencies. Of these, 33% had defi-
ciencies in only 2 axes and 1 patient did not have DI after
stalk sacrifice (Tables 5-7). Hyperprolactinemia was sim-
ilar regardless of whether the stalk was preserved (30%) or
sacrificed (24%). Stalk sacrifice led to statistically signifi-
cant increases in both new (71.4%) and total (90.5%) hy-

pocortisolemia compared with stalk preservation (33.3%
and 48.5%, respectively; p < 0.001). Stalk sacrifice led to
statistically significant increases in both new (71.4%) and
total (90.5%) hypothyroidism compared with stalk preser-
vation (36.4% and 57.6%, respectively; p = 0.001). Finally,
stalk sacrifice led to statistically significant increases in
both new (71.4%) and total (95.2%) DI compared with
stalk preservation (33.3% and 48.5%, respectively; p =
0.002; Tables 5-7).

Since some of the patients in whom stalk preservation
was achieved had intentional STR or NTR, while others
had successful GTR, we separated this group into two cat-
egories. One would imagine that an intentional STR would
have significantly higher rates of normal pituitary function
as well as higher rates of progression and radiation. How-
ever, GTR with the stalk-preserved group presented high-
er rates of normal pituitary function (33%) compared with
the STR and GTR with stalk-sacrificed groups (22% and
0%, respectively; p = 0.005). Rates of DI, however, were
no better following intentional STR (67%) compared with
GTR with stalk preservation (50%). Rates of progression
and radiation were higher with STR compared to GTR
with stalk preservation (67% vs 0%, p < 0.001, and 100%
vs 12.5%, p < 0.0001, respectively; Table 6). These results
indicate that although a strategy of intentional STR results
in similar rates of normal anterior pituitary function and
DI, higher rates of progression and radiation are present
compared with a strategy of GTR plus stalk preservation.

TABLE 4. Subtotal resections, locations of residuals, progressions, and/or recurrences

Age

Pt (ygr}s) Stalk EOR 1st  Location of Residual  EOR 2nd Mos Until Mos Until When Was RT
No. atOp Preserved Procedure 1st Procedure Procedure Recurr Recurr  Progression Progression RT Performed?

1 61 No GTR  NA NA Yes 29 No NA No* NA

2 44 Yes STR  Stalk & hypothalamus NA No NA Yes 2 Yes After progression

3 37 Yes STR  Stalk NA No NA Yes 8 Yes

4 45 Yes STR  Stalk & hypothalamus STR No NA Yes 2 Yes After progression

5 53 Yes NTR  Stalk & pituitary gland NA No NA Yes 18 Yes After progression

6 26 Yes GTR  NA NA Yes 42 No NA Yes After recurr

7 14 Yes STR  Stalk & hypothalamus NA No NA No NA Yes Prior to op

8 7 Yes STR  Hypothalamus NA No NA No NA Yes After intentional STR
9 56 Yes GTR  NA NA Yes 3 No NA Yes After recurr

10 52 Yes GTR  NA STR Yes " No NA Yes After recurr

11 52 Yes STR Optic nerve STR No NA Yes 1 Yes After progression

12 4 Yes STR Hypothalamus NA No NA No NA Yes Afterintentional STR
13 34 Yes STR  Optic nerve NA No NA Yes 1 Yes After progression

NA = not applicable; pt = patient; recurr = recurrence.
* Patient underwent clinical trial with a BRAF inhibitor for recurrence.
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TABLE 5. Endocrine function after tumor resection

Stalk Preserved (n = 33)

Stalk Sacrificed (n = 21)

Type p Type p p
Variable I(n=4) (=11 IlI(n=18) Value Total [(n=1) II(n=10) I (n=10) Value Total Value
Hyperprolactinemia NS NS NS
Yes 3 2 5 10 0 2 3 5
No 0 3 10 13 1 5 4 10
Unknown 1 6 3 10 0 3 3 6
Adrenal insufficiency NS NS <0.001
Persistent 2 1 2 5 1 1 2 4
New 1 5 5 11 0 7 8 15
No 1 4 10 15 0 2 0 2
Unknown 0 1 1 2 0 0 0 0
Hypothyroidism NS NS 0.001
Persistent 3 1 3 7 1 1 2 4
New 0 5 7 12 0 7 8 15
No 1 5 7 13 0 2 0 2
Unknown 0 0 1 1 0 0 0 0
Hypogonadism 0.07 NS 0.085
Persistent 1 0 6 7 0 2 2 4
New 3 3 3 9 1 2 5 8
No 0 4 6 10 0 2 1 3
Unknown 0 4 3 7 0 4 2 6
Growth hormone deficiency NS NS 0.058
Persistent 0 0 1 1 0 0 0 0
New 1 4 1 6 1 2 3 6
No 1 4 6 1" 0 1 1 2
Unknown 2 3 10 15 0 7 6 13
DI NS NS 0.002
Persistent 0 2 3 5 0 2 3 5
New 1 5 5 1" 1 8 6 15
No 3 4 8 15 0 0 2 2
Unknown 0 0 2 2 0 0 0 0

Visual Outcomes, Morbidity, and Mortality

The 90-day surgical mortality rate for all procedures
was 0%. Of the 54 patients, there were 2 with CSF leaks
that required repair (4%) and 1 intracranial infection (2%).
Five patients (9%) had postoperative subjective visual
worsening and underwent revision of gasket seal closure
or hematoma evacuation followed by hypertensive hypo-
volemic therapy. Four of these patients recovered visual
function. One patient (2%) presented severe vasospasm
after the procedure, with consequent bilateral deep infarc-
tions in basal ganglia. Overall visual outcomes were previ-
ously reported for this prospective cohort elsewhere.” On
long-term follow-up, 2 patients died from prior cardiac/
coronary disease, at 22 and 24 months after surgery, re-
spectively.

Discussion
Whether to sacrifice or preserve the stalk and whether
to attempt GTR or settle for STR are crucial questions
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facing surgeons during removal of CPs. Surgeons need to
understand the impact of each option and its ramifications
on endocrine function, ability to achieve GTR, and recur-
rence rates. Data in the literature are limited on this topic,
particularly for the use of the EEA approach. Stalk pres-
ervation can be achieved in two ways. Surgeons can in-
tentionally perform an STR or NTR with high likelihood
of radiation or tumor progression, which in turn will im-
pact anterior pituitary function. Surgeons can also attempt
GTR with stalk preservation. Our main findings are that
both strategies are successful at preserving both anterior
pituitary function (22%—33% of patients) and posterior pi-
tuitary function (but only in 50% of patients). Hence, there
is certainly no guarantee that with stalk preservation the
patient will not need hormone replacement therapy. More-
over, stalk preservation also significantly reduces the rate
of GTR, which in turn increases rates of progression and
need for RT, particularly if only STR or NTR is achieved.
Many of the patients receiving radiation will also develop
a delayed anterior pituitary endocrinopathy, making the
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TABLE 6. Endocrinological outcomes, recurrence, and radiation
according to extent of resection

GTR

Stalk Sacrificed Stalk Preserved STR+NTR p
(n=21) (n=24) (n=9) Value
Any API 21 (100%) 16 (67%) 7 (78%) 0.005
DI 20 (95%) 12 (50%) 6(67%)  <0.001

Recurrence 1 (5%)" 3 (12.5%) 0 NS
Progression 0 0 6(67%)  <0.001
Radiation 0 3 (12.5%)t 9(100%) <0.001

API = anterior pituitary insufficiency.
* Patient underwent clinical trial with a BRAF inhibitor for recurrence.
T Includes 1 patient who had radiation prior to surgery.

merits of stalk preservation without attempting GTR less
clear, unless the patient is a child in whom hypothalamic
damage must be avoided, an elderly patient who is unable
to tolerate a long complex surgery, or a patient with a gi-
ant multicompartmental polycystic tumor in whom GTR is
not achievable by any means.

There are few prior studies that have examined this
question directly and none in which EEA was utilized. In
the original series of Yasargil et al., the authors reported
that the stalk was preserved in 36.5% of patients, but endo-
crine function, EOR, and recurrence rates of this subgroup
were not analyzed.* Other large early transcranial series of
CPs demonstrated similar rates of stalk preservation (ap-
proximately 50%) but did not state explicitly whether stalk
preservation impacted GTR rates, progression, or recur-
rence.'%4 Van Effenterre and Boch in their series were
able to preserve the stalk in 54 patients, of whom only 37%
had normal endocrine function after surgery.* Fahlbusch
et al." and Honegger et al.'® also reported similar rates of
stalk preservation with DI in 62% (91% of transsphenoidal
cases) and anterior pituitary dysfunction in a large frac-
tion depending on the axis and the approach. In these early
studies, stalk preservation permitted maintenance of endo-
crine function in roughly half the patients but the impact
on GTR rates and progression were not documented.

The largest study of stalk preservation by Xiao et al.
examined 203 cases in which the CP was removed trans-
cranially, of which 34 had stalk preservation.*> The au-
thors clearly showed that while preservation of the stalk
may improve endocrine function after surgery, anterior
dysfunction still occurred in 88.3% and posterior dysfunc-
tion in 16%. However, the rates of DI are questionable
because even after complete resection of the stalk, only
37.3% were in patients with DI. The authors also demon-
strated that while GTR led to longer survival and fewer
recurrences, stalk resection or preservation had no impact

Ordoiez-Rubiano et al.

on recurrence. However, most patients had radiation after
STR and the exact number receiving radiation was not
well documented, which likely impacted recurrence rates
in a significant fashion. Jung et al. reported a series of 41
adult patients undergoing mostly transcranial surgery for
CPs." In the 24 patients in whom the stalk was preserved,
only 33% were without endocrinopathy. However, preserv-
ing the stalk did not impact recurrence rates. These data
support our findings that stalk preservation still causes
dysfunction in a large proportion of patients but in con-
trast to their findings, we noted a reduction in GTR and
an increase in progression using this strategy. However, it
should be noted that in Jung et al.’s study, most patients re-
ceived radiation, which clearly impacted recurrence rates.
Also, these authors did not report whether stalk preserva-
tion impacted GTR rates, so it is unclear if stalk preserva-
tion similarly reduced rates of GTR. Curiously, this same
group published their results in children and found not
only that stalk preservation resulted in high rates of endo-
crinopathy but that recurrence rates also increased.?® The
authors recommend complete stalk resection as a prefer-
able strategy to prevent recurrence in children. However,
they do not clearly report how stalk preservation or sacri-
fice impacted rates of GTR nor do they report on rates of
obesity or cognitive issues. In contrast, in another study
in children, Cheng et al. found that in patients with GTR,
stalk preservation reduced rates of anterior and poste-
rior pituitary dysfunction with no impact on recurrence.’
These authors recommend a strategy of GTR with stalk
preservation when this can be achieved. Of note, long-term
DI rates in this subgroup were 12.5%, much lower than
we report, which may be due to either partial regeneration
of the supraoptic pituitary tract or the ability to preserve
more of the stalk in the pediatric age group.®

In a meta-analysis of the literature from 1999 to 2015,
Li et al. found that stalk preservation reduces rates of en-
docrinopathy without increasing recurrence rates, thus
supporting the strategy of stalk preservation.?> These re-
sults are based on the papers previously discussed. How-
ever, this study has several limitations. As with the other
studies, there is no examination of how stalk preservation
impacts GTR. Only recurrence rates are scrutinized and
this assessment does not examine the rate of radiation,
which could cause a low recurrence rate.

Most of the EEA literature describes classification of
tumors based on the relationship between the tumor and
the stalk, but not the impact of stalk preservation on out-
come. 7212224 Considering this prior literature, our data
are novel because they are the first to demonstrate the im-
pact of stalk preservation on rates of GTR, as well as pro-
gression, and endocrinopathy. With respect to the impact
of stalk preservation on endocrinopathy, the data from
most studies concur that endocrinopathy is reduced if the

TABLE 7. Endocrine function before and after tumor resection according to preservation versus sacrifice of the pituitary stalk

DI APl 1 Axis API 2 Axes API 23 Axes
Preop Postop Preop Postop Preop Postop Preop Postop
Stalk preserved (n =33) 5 (15%) 16 (49%) 10 (30%) 6 (18%) 5 (15%) 7 (18%) 4 (12%) 12 (36%)
Stalk sacrificed (n=21) 4 (19%) 20 (95%) 4 (19%) 0 5 (23%) 7 (33%) 3 (14%) 14 (67%)
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stalk is preserved but that the patients still run a high risk
(approximately 50%) of permanent DI as well as anterior
pituitary dysfunction. In fact, only 12% of our patients had
totally normal pituitary function after stalk preservation
surgery. For this reason, patients and treating physicians
must be aware that preserving the stalk only maintains
hormone function in a minority of cases. Whereas stalk
sacrifice in our series resulted in a 100% GTR rate and
only a 5% recurrence rate, stalk preservation led to a GTR
rate of only 73%, with an 18% progression rate and a 9%
recurrence rate. In 5 of the 9 STR patients, the location
of residual tumor was directly involved with the stalk. In
addition, preservation of the stalk can also limit manipula-
tion and visualization of residual tumor in other locations
like the hypothalamus or even the optic nerve. Patients
with STR generally undergo radiation and will likely be-
come hypopituitary, to some degree, from the radiation,
further undermining the concept of stalk preservation to
preserve endocrine function. The exceptions to this princi-
ple are pediatric patients, in whom hypothalamic damage
can lead to morbid obesity and cognitive decline,'>2834 as
well as elderly patients who may not tolerate any morbidity
and patients with multicompartmental, polycystic tumors
that may not be fully resectable but are associated with
reasonably low morbidity by any means of treatment.

Ultimately, stalk preservation is still an intraoperative
judgement call. The goal of surgery should be complete
tumor removal with stalk preservation. However, if the
stalk appears damaged by the tumor, the patient may be
better served by having the stalk sacrificed to ensure GTR.
Moreover, a small percentage of patients with stalk sacri-
fice will avoid DI. If the stalk can be transected inferiorly
with some stalk preserved superiorly, patients may not
have long-term DIL.%

Study Limitations

As a retrospective review, this study has several limita-
tions. For instance, identification of stalk sacrifice relies on
the accuracy of the surgical dictation and the sensitivity of
MRI for visualizing stalk presence or absence. Identifica-
tion of subtle DI can be problematic. If patients increase
their intake of fluids without taking DDAVP, the diagno-
sis of DI could be missed. Moreover, the severity of DI is
not examined. While some patients have DI that is easily
controlled, others have “brittle” DI with varying need for
DDAVP, and this difference may be related to partial stalk
preservation. Finally, stalk samples were not sent for spe-
cific histological analysis of the presence of tumor. The
long-term results of STR with radiation compared with
GTR with respect to other outcome metrics such as quality
of life, return to employment, and fertility are not exam-
ined and need to be factored into the equation.

Conclusions

Our data indicate that while preserving the stalk does
hold promise for maintaining some endocrine function,
there is still a loss of function in at least 50% of cases, and
if GTR is attempted, in at least 85%. Moreover, preserv-
ing the stalk reduces rates of GTR and increases preva-
lence of tumor progression and the need for radiation. If

1170 J Neurosurg Volume 131 * October 2019

a surgeon preserves the stalk and achieves GTR, anterior
pituitary endocrine function may be preserved. A strategy
of intentional STR may work in the pediatric population
where minimizing hypothalamic damage is a primary
goal of surgery. The stalk should be preserved if GTR is
still achievable with its preservation.
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