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Abstract

Purpose We report the efficacy and safety of transsphe-
noidal microsurgery in a large and homogeneous cohort of
patients with pituitary adenomas (PAs) treated at a single
Institute by a single neurosurgeon.

Methods A total of 2145 consecutive patients undergoing
first surgery for a PA were included: 795 (37.1%) had a
nonfunctioning pituitary adenoma (NFPA), 595 (27.7%)
acromegaly, 496 (23.1%) Cushing’s disease, 208 (9.7%) a
PRL-secreting adenoma, and 51 patients (2.4%) a TSH-
secreting adenoma. Remission was achieved when strict
hormonal and radiological criteria were met.

Results Early surgical remission was achieved in 66% of
acromegalic patients, 79.6% of patients with Cushing’s
disease, 64.4% of prolactinomas, 74.5% of patients with a
TSH-secreting adenoma, and 66.9% of NFPAs. The mean
(+SE) follow-up was 60.1 + 1.3 months. The recurrence-
free survival at 10 years was 78.2% in acromegalic patients,
68.1% in prolactinomas, 74.3% in Cushing’s disease, 70.3%
in TSH-secreting adenomas, and 75.3% in NFPAs. Pre-
operative hypoadrenalism recovered in 35.3%, hypogo-
nadism in 43.3% and hypothyroidism in 37.4% of patients
with impaired function before surgery. The mortality rate
was 0.2% and major morbidity 2.1%. New onset hypoa-
drenalism occurred after surgery in 2.5% of patients at risk,
hypogonadism in 4.1%, and hypothyroidism in 1.8%. Per-
manent diabetes insipidus (DI) occurred in 0.9% of patients.
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Conclusions In experienced hands, transsphenoidal micro-
surgery for PAs achieves remission in most patients with a
low complication rate. Pituitary function is preserved in
most cases and can recover in more than one-third of
patients with preoperative hypopituitarism.

Keywords Pituitary adenomas * Transsphenoidal surgery *
Surgical results - Surgical complications.

Introduction

It is generally accepted that most pituitary adenomas (PAs)
require treatment to reverse the endocrine hyper-secretion,
decompress the nervous structures, control the tumor
growth, and preserve the normal pituitary function [1]. At
present, the optimal management of PAs may be multi-
modal, combining surgery, drugs, and radiation therapies
[1]. Surgery is considered the first-choice therapy in the
majority of cases, except for prolactinomas responsive to
dopamine agonists [2]. Other treatments, such as drugs,
stereotactic radiosurgery, and radiotherapy play an impor-
tant role as adjuvant therapy or when surgery is contra-
indicated due to critical health condition.

The transsphenoidal approach to PAs is the preferred
surgical route in most cases and the role of surgeon’s
experience is of critical importance [3]. Over the past 20
years, the endoscopic technique has been introduced into
clinical practice [4—6]. The supposed advantages of endo-
scopy compared with the microscopic technique are a lower
risk of complications and improved efficacy. However, a
systematic review of published result of both microsurgical
and endoscopic series does not confirm a significant
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difference between the two techniques [7—16] and under-
lines the higher incidence of some complications after
endoscopy [7-16].

In this study, we report the results of microscopic
transsphenoidal surgery (TSS) performed by a single
pituitary-dedicated neurosurgeon in more than 2000 con-
secutive patients with PA.

Patients and methods
Patients

Between January 1990 and December 2016, 3040 con-
secutive patients with PA were operated at the Neurosur-
gery Department of San Raffaele Institute. In this study, we
included the 2145 patients operated for the first time by the
senior author (P.M.) only. The sublabial trans-sphenoidal
microsurgical technique adopted in all surgical procedures
has previously been described in detail elsewhere [2]. The
duration of the surgical procedure was in mean 38 min [17].

Seven hundred ninety-five patients had a non-
functioning pituitary adenoma (NFPA) and the remaining
1350 had a hormone-secreting pituitary adenoma (HSPA).

Clinical, radiological and visual examinations

Hormonal evaluation and magnetic resonance imaging
(MRI), or computed tomography when MRI was contra-
indicated (seven cases) were performed in all patients at
diagnosis. The maximum tumor diameter was measured on
MRI and adenomas were further classified according to
tumor size and parasellar invasion [18-20]. Macro-
adenomas accounted for 54.6% of HSPAs and 99.5% of
NFPAs. Invasiveness into the cavernous sinus was evident
in 14.1% of HSPAs and 30.8% of NFPAs (Table 1).

Patients with macroadenoma underwent ophthalmologic
evaluation before surgery, 6 months after and then yearly.
The visual field was assessed by computerized perimetry
and the visual acuity was measured adopting the best cor-
rection for refractive disorder, using standard optotypes.
Postoperative visual outcomes were classified as improved,
worsened or unchanged. After surgery in all patients plas-
matic and urinary electrolytes and osmolality are daily
evaluated until discharge in fifth—seventh day, in addition to
fluid intake and output. Standard histological examination
of paraffin-embedded tissue sections and immunocyto-
chemical studies confirmed the diagnosis of PA in all
patients.

Postoperative and follow-up data were prospectively
collected into an electronic database.

Criteria of remission and recurrence

The commercial assays used for hormone measurements were
subjected to several changes over the very long period of the
study but the hormone criteria to classify the response to
surgery were adjusted, when necessary, to take into account
the different sensitivity of the assays. Patients were considered
in remission of disease when the following criteria were met:

* Acromegaly: basal or oral glucose tolerance test-
suppressed GH below 1 pg/L, as measured by 22K-
specific assays, plus age-adjusted and sex-adjusted
normalization of elevated IGF-1 level.

* Prolactinoma: normalization of basal prolactin (PRL)
level, without dopaminergic therapy for at least
6 months.

* Cushing’s disease: hypocortisolism requiring glucocor-
ticoid substitution therapy or normal serum and urinary
cortisol levels with suppression of serum cortisol level
below 18 ng/mL after an overnight low-dose dexa-
methasone test.

* Thyroid-stimulating hormone (TSH)-secreting adenoma:
normalization of serum TSH, free triiodothyronine, and
free thyroxine levels in hyperthyroid patients plus
absence of residual disease on postoperative MRI.

* NFPA: absence on the first postoperative MRI,
performed 3—-6 months after surgery, of residual
adenomatous tissue.

Additionally, patients with a HSPA were considered in
remission when the above-depicted hormonal criteria were
fulfilled for a minimum of 6 months after surgery.

Recurrence of a HSPA was diagnosed in patients with
biochemical evidence of hormone hypersecretion after
remission, whereas in patients with NFPA recurrence was
diagnosed when a new lesion became evident on MRI in
patients with a postoperative MRI without any residual
tumor.

Surgical complications

The surgical mortality rate included all deaths that occurred
within 2 months from TSS or later as a direct consequence
of postoperative complication. Medical and surgical com-
plications were counted separately. Complications were
grouped into major, minor, hormonal and electrolytes dis-
turbances [21, 22]. Surgical complications included intra-
cranial hemorrhages, cerebrospinal fluid (CSF) rhinorrhea,
meningitis, visual worsening, cranial nerves palsy, and oro-
rhino-sinusal complications, whereas medical complications
were generally linked to anesthesia and/or hospitalization.
The surgical and medical morbidity rates were calculated
considering all patients who experienced at least one of
these complications.
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Table 1 Clinical characteristics of 2145 patients operated for pituitary adenoma

Type of Mean age +SE  Female Macroadenoma Cavernous sinus Maximum tumor Giant adenomas
adenoma (n) years (range) n(%) n(%) invasion n(%)* diameter mm(ra.nge)b n(%)°
GH-secreting 46.1 0.5 314 477 128 17.7+04 12
(595) (12-74) (52.8) (80.2) (21.5) (4-72) )
ACTH-secreting 40.1 +£0.8 390 106 25 82+0.3 1
(496) (6-80) (79.8) (21.4) ) (2-40) 0.2)
PRL-secreting 33+0.8 153 116 26 14.1 £0.7 6
(208) (9-67) (73.6) (53.8) (12.5) (3-50) 2.9)
TSH-secreting ~ 42.8+1.8 25 38 12 19.6 +1.6 4
(628) (14-68) (49) (74.5) (23.5) (3-51) (7.8)
HSPA 41.6 + 0.4 882 737 191 13.7+ 0.3 23
(1350) (6-80) (65.3) (54.6) (14.1) (2-72) 1.7)
NFPA 544+ 0.5 336 790 245 27.6 + 0.3 64
(795) (11-85) (42.3) 99.5) (30.8) (7-80) ®)

SE standard error, GH growth hormone, PRL prolactin, ACTH adrenocorticotropin, 7SH thyrotropin, HSPA hormone secreting pituitary adenoma,

NFPA nonfunctioning pituitary adenoma
Bold values indicate the clinical characteristics of HSPA and NFPA

# Tumors were considered as invasive into the cavernous sinus when classified as grade 3 or 4 of the Knosp’s classification [17]

 Maximum tumor diameter was measured on the preoperative MRI

¢ Giant adenoma was considered as a tumor showing a maximum tumor diameter of 4 cm or more

Water and electrolyte disturbances after TSS included
permanent diabetes insipidus (DI) and isolated hyponatremia
(IHN). Permanent DI was diagnosed when hypotonic poly-
uria (greater than 30 ml/Kg bodyweight in 24 h) ensued after
surgery and lasted for at least 2 months. IHN was defined by
postoperative serum sodium level less than 132 mmol/L.

Statistical analysis

Continuous data were expressed as mean =+ standard error (SE)
and compared with the unpaired Student’s z-test. Categorical
variables were reported as number and/or percentage and were
compared with the Pearson’s X* or Fisher exact test as appro-
priate. Recurrence-free survival was calculated using the
Kaplan—Meier method. Differences of survival between sub-
groups of patients were tested by the log rank method. Data for
patients who were lost at follow-up or died were censored at
the date of the last follow-up. A probability value less than 0.05
was considered significant and all reported probability values
are two-tailed. All calculations were performed using the sta-
tistical package IBM SPSS Statistics, Version 20.

Results

Early and long-term results

Several patients were lost to clinical follow-up or have
contraindication to do MRI, so data on efficacy of TSS were
available for 2081 of the 2145 patients (97.0%). The overall
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surgical remission rate was 71.1% (948 of 1335 patients) in
HSPAs and 66.9% (499 of 746 patients) in NFPAs. Except
for ACTH-secreting adenomas, patients with microadenoma
had a better outcome than patients with macroadenoma (p
< 0.0001; Table 2). The other tumor characteristic that was
negatively associated with early favorable surgical outcome
was invasiveness into the cavernous sinus (p <0.0001;
Table 2). Indeed, invasive tumors had remission rates ran-
ging from 0% in prolactinomas to 36% in Cushing’s disease
whereas not invasive tumors had a higher probability of
remission in all types of PAs.

Most patients noticed improvement of symptoms related to
compression of the optic pathway soon after surgery. A pre-
operative visual defect was present in 477 patients (22.2%) of
whom 216 (45.3%) had impairment of visual acuity and the
remaining 261 patients (54.7%) had visual defects only.
Postoperative improvement was achieved in 425 patients
(89.1%). The chance of visual recovery was similar in patients
who had defects of visual acuity and in those who had visual
field defects (87.1% vs. 90.8%, respectively).

Pituitary function improved after surgery (Table 3).
Indeed, recovery of impaired adrenal, thyroid, and gonadal
function occurred in 77 of 218 (35.5%), 112 of 299
(37.4%), and 523 of 1208 patients (43.3%), respectively.
The chance of recovery of pituitary function was similar in
patients with NFPA and in those with HSPA, except for
hypogonadism that improved more frequently in the latter
group (56.7% in HSPA and 26.7% in NFPAs, p < 0.001).

The mean follow-up after surgery was 60.1 + 1.3 months
(6-252). The overall risk of recurrence was 11.8% (59 of



75

Endocrine (2018) 59:72-81

VAN PUe VJASH INOQe SInsal ay) dJedIpul san[ea plog

rwouape Areymyid Suruonounjuou Y4 N ‘ewoudpe Areymid 3uneioss suoulloq VdSsH ‘Quouuioy urdonolAy) gs 7 ‘ouourioy urdonooniodoudlpe froHy ‘unoefold 7y4 ‘Quowroy yimoi3 go

(L'p) S¥1T/001 (6°0) SviT/IC (8'T) 0291/0€ (I'P) 698/9¢ (§7) €8¢€1/5¢ (F"LE) 66T/CTT (€°ev) 80T1/€CS (€°S€) 8IT/LL oL
(€P) S6LIVE (T'1) S6L/OT (€p) TIS/TT (€°TT) 8€T/LT (L'P) 69S/LT (L0€) 8TT/OL (L'9D) OVS/HPT (9€) L61/IL VddIN
(S) 6621/99 (8°0) 0SET/TT (L°0) 8011/8 W'D T29/6 (6°0) v18/8 (Tr'6S) 1L/TY (L'9S) 899/6LE (8°2p) 17/9 VdSH

0 (69) 15/T - (0) v€/0 (10 8/t - (09 91/8 €/0 Sunomas-HS L,

(L'8) 96/e (T0) 961/1 (L0) yevie 81 612V - (S29) Te/oT (T°€9) Tre/est - SunPDAS-HIIV

(6'0) 80T/9 (6'1) 80T/ (S0) 281/1 /0 (S0 661/1 (€59 L1/9 (0S) 991/€8 (T 6/t SunRDes-TIYd

(6'0) S6S/L1 (9°0) S6S1 (8°0) T0S/ (S1) 8c€/S (I'1) £95/9 (Lo Tt (€59 vrr/sel W) 6/v Sunanes-HO
wsiproiAyodAH wsipeuo3odAHq wsifeuIpeodAHq wsiproIAyodAH wsipeuo3odAH wsieuaIpeodAHq

(%) u
pruavspuod fy

(%) u snprdisur

(%) u KOUQIOYIp JASUO MU
aanerodoisod—uonouny Areymid Jououy

$91oqRIp
JuQURULID]

(%) u yuoworoidur

aanerodoisod—uonouny Areymid Jououy rwiouape jo adA,

ewouape Areymid 10j A198ns Suro3iopun sjuoned G g Ul SAOUBGINISIP SIIA[ONII[O PuUB UONOUNJ [RUOWIOY JO d3UBYD € d[qe],

2INd JO BLIAILID 10J 1X9) 9GS ,

soSejuoorad oy) 9JedIpuUl son[eA plog

ewrouope Areymyid Suruonounjuou Y N ‘ewouape Areymid Suneross suowioy VJSsH ‘urdonoiAy) gsz ‘urdonooniodouarpe fr)y ‘unoeoid 7y ‘ouowroy ymoid go

(eSuer pue ueour)
SYIUOW 9JUALINOAI JO QWL ],

(9) U OUALINIIY

(e8ueI) syyuowr
dn-mof[[oy ueay

(%) u uoISSIWaI [eoI3INg

6 (81D L¥T9 979 (Lze) (1L9) (oo1) (6'99)
Y'TFT09 66¥/6S €TF99L TIS/ETy TEUIL LTLISSY vy 9vLI66Y VdAN
00¢-8 (I'eD w9 (€76 (L9m) (9°L9) (8°26) (S'vL)
TLFETE 8¢/S C8FECEH 6£/9¢€ (474 LE/ST P1/€1 16/8¢ Suneas-HS I,
061-L TrD 112-9 L) ) (0s) (T'18) &'v9)
6'SF8Tr PE1/61 SEF T8y 181/¥€1 92/0 T11/9¢ 96/8L  80T/FET Suneras-Tdd
$0C-8 (Lon W9 (618 (9€) (S'pL) (608 (9°6L)
rTF8TY (133044 ¥TF 08 697/48¢ ST/6 901/6L 88E/VIE  Y6H/E6E SunaRs-HIDV
81C-8 @s) 7579 (T'08) (€D "09) (L88) 99)
TTFIOY €8€/0C PTFSPS 65¥/89¢ 9C1/81 0LY/¥8¢C SI1/T0T  T8S/E8€ SunRIRs-HO
SIOWN) SAISBAUI-UON SIOWnN) SAISBAU] SBWOUIPROIOBIA! SBWOUIPROIIIA [[eIAQ

ewiouape jo adAT,

ewoudpe Areymid 10y pajerado syuoned 80z Ul QWoOINO [BIITINS )] pue ARy T d[qel

pringer

Qs



76

Endocrine (2018) 59:72-81

Non-functioning pituitary

0.4+

Cumulative recurrence free survival

0.0

T T T T T
o 50 100 150 200 250

time (months)

GH secreting adenomas: recurrence

0.5

0.64

0.44

0.24

Cumulative Recurrence Free Survival

0.0 C

T T T T T
[ 50 100 150 200 250
time (months)

Fig. 1 a Cumulative recurrence-free Kaplan-Meier curve in 795
NFPA. At 10 years, the recurrence-free survival is 75.3% (95% con-
fidence interval, 57-79%). b ACTH-secreting adenomas (n =496): at
10 years, the recurrence free survival is 74.3% (95% confidence

499 patients) in NFPA, 10.7% (42 of 392 patients) in
Cushing’s disease, 5.2% (20 of 383 patients) in acromegaly,
14.2% (19 of 134 patients) in prolactinomas, and 13.1% (5
of 38 patients) in patients with TSH-secreting adenoma. The
cumulative recurrence-free survival curves in the various
groups of patients are depicted in Fig. 1. At 10 years, the
recurrence-free survival was 75.3% (95% CI, 57-79%),
74.3% (95% CI, 66-82%), 78.2% (95% CI, 68-88%), 68.1%
(95% CI, 54-82%), and 70.3% (95% CI, 48-100%) in
patients with NFPA, Cushing’s disease, acromegaly, pro-
lactinoma, and TSH-secreting adenoma, respectively.

Complications

Five deaths occurred postoperatively, accounting for an
overall surgical mortality rate of 0.2%. Four deaths occurred
in 795 patients with NFPA (0.5%), while the remaining
death occurred in the 1350 patients with a HSPA (0.07%).
Causes of death were massive pulmonary embolism in a 80-
year-old man with NFPA, hemorrhagic infarction of an
incompletely resected giant NFPA in a 68-year-old woman,
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interval, 66-82%). ¢ GH-secreting adenomas (n =595): at 10 years,
the recurrence-free survival is 78.2% (95% confidence interval, 68-
88%). d PRL-secreting adenomas (n=208): at 10 years, the
recurrence-free survival is 68.1% (95% confidence interval, 54-82%)

subarachnoid hemorrhage without any artery injury or evi-
dence of vascular malformation at angiography in a 72-
year-old man with a giant NFPA, subarachnoid hemorrhage
causing vasospasm and severe neurological sequel leading
to death 1 year after surgery in a 56-year-old man with
NFPA, and multi-organ failure due to a perforated bowel
diverticulum in a 75-year-old woman with Cushing’s
disease.

Table 4 summarizes the complications recorded in our
patients. Major surgical complications occurred in 2.1% of
the 2145 patients. The risk of experiencing an adverse event
was higher in patients with NFPA (3.8%) than in patients
with HSPAs (1.0%; p <0.01). Moreover, patients with a
major surgical complication were also significantly older
than patients without adverse events (52.4 +2.6 years vs.
46 + 0.4 years, respectively; p <0.01) and had a larger
maximum tumor diameter (29.5+2.1 mm vs. 18.5+0.2,
respectively; p < 0.001).

Minor complications occurred in 1,35% of 2145 patients
and had a similar incidence in both HSPAs (1%) and
NFPAs (1.9%). Age did not influence the frequency of
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Table 4 Postoperative complications in 2145 patients operated for

pituitary adenoma o

Pituitary Adenoma Total NFPA  HSPA “

n patients 2145 795 1350 é 17 i 16 w0
Complications n (%) n (%) n (%) = 6 200-500
Mortality 502 405 1007 L, 15 s
Surgical complications Il i Il Z #>2000
CSF rhinorrhea requiring surgery 6(0.27) 304 3.2 - l iiii %

Meningitis 5(0.2) 50.6) 0 E - M E s M

Permanent visual worsening 3(0.1) 1(0.1) 2.1

Transient cranial nerve dysfunction 8 (0.4) 6 (0.7) 2(0.1) Fig. 2 Distribution of published endoscopic (E) and microsurgical (M)
Sellar Hemorrhage requiring surgery 3 (0.1) 304) 0 series from 1975 to 2016 (axial logarithmic scale, base 10)
Intracranial hemorrhage 5(0.2) 304) 2.1

Carotid artery injury 0 0 0 efficacy of pituitary surgery should be ideally evaluated on
Oro-rhino-sinusal complications 10 (0.5) 5(0.6) 5(037)  well-defined criteria of remission, including the outcome
Medical complications 33(15) 20(25) 13(0.9 6 months after surgery and the recurrence rate at follow-up
New onset hypopituitarism® 101 (4.7) 76 (9.5) 25 (1.8) in a homogeneous cohort of patients treated by the same
Water and electrolyte disturbances neurosurgeon at a single institution. The recent literature on
DI > 2 months 79 3.7) 324) 473.5  TSS for PAs is dominated by some bias, such as the dif-
Hyponatremia 100 4.7) 34 (4.3) 66 (5) ferent surgical techniques, surgery performed by different

NFPA nonfunctioning pituitary adenoma, CSF cerebrospinal fliud, DI
diabetes insipidus

Bold values indicate the number of patients

minor complications whereas the maximum tumor diameter
was higher in patients with minor complications than in
patients without complications (25 +2.3 mm vs. 18.5 +0.2
mm, respectively; p = 0.002).

Endocrine, water balance, and electrolyte complications
are reported in Table 3. New onset deficiency of gonadal,
adrenal, and thyroid function after surgery occurred in 11.3%,
2.5%, and 1.8% of patients at risk, respectively (Table 3).

Permanent DI occurred in 21 of 2145 patients (0,9%). It
was diagnosed in 79 of 2145 patients (Table 3) but spon-
taneously normalized after a mean follow-up of 4+
0.4 months after surgery in 58 cases (range 1-32 months).
Postoperative hyponatremia developed in 100 of 2145
patients (4.7%) 6.7 +£0.3 days after surgery (range 3-30
days). It was more frequent in small tumor (15.2 + 1.2 mm
vs. 19.1 +£0.2 mm, p=0.01) and ACTH-secreting adeno-
mas (p <0.001, Table 3). Usually postoperative hypona-
tremia was asymptomatic or associated with nausea,
vomiting and headache; only in two cases epileptic seizures
occurred. The lowest value was on average 124.8 +0.6
mmol/L (range 108-132).

Discussion

It is widely recognized that TSS is an effective and safe
therapeutic option in patients with PA [2, 23, 24]. The

surgeons in the same series, and unclear or inappropriate
criteria of cure. Moreover, the majority of recent series
include less than 200 cases, which is the accepted threshold
to consider a pituitary surgeon as “experienced” [3]. In the
last 16 years, the number of peer reviewed publications
reporting small cohort of patients increased dramatically
due to the diffusion of pure endoscopic techniques and the
extensive collaboration between neurosurgeons and rhino-
logic surgeons (Fig. 2). Moreover, even the largest endo-
scopic series present some weakness in the recurrence rate
[25-31] and/or criteria of cure [27-29]. At present, there is
no evidence in large series and prospective studies that
endoscopic TSS is superior to microsurgery, as already
confirmed by a comparative study and a systematic review
of the literature [9, 10, 12, 17, 32, 33].

One caveat of our study, as well as of any other series
spanning the results of several years, is the changing defi-
nition of surgical remission and the different assays used to
measure hormone concentrations. This problem is particu-
larly evident in the case of acromegaly. To diminish the risk
of surgical results misclassification, diagnostic cut-off
values where adjusted whenever indicated and all hormo-
nal results have been analyzed by a single endocrinologist
(M.L.). Moreover, it has always been our policy to require
normalization of hormone secretion for at least 6 months
from surgery and not only in the early postoperative period
to consider a patient in remission.

In our experience, TSS is an effective treatment for both
HSPAs and NFPAs. These results are consistent with those
of the largest series reported in literature [2, 24, 34-36]. The
remission rates obtained in a recent meta-analysis were:
61.2% in acromegaly, 68.8% in prolactinomas, 71.3% in
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Cushing’s disease and 47.3% in NFPAs; the rate was sig-
nificantly lower in the last group [34]. In our series, the type
of adenoma was not a prognostic factor, whereas the small
size, except in Cushing’s disease, and the absence of
cavernous sinus invasion were positive prognostic factors
for early surgical remission.

Recurrence of disease is one caveat of surgery and may
be an important determinant of the long-term outcome and
quality of life of patients affected by PAs. For this reason, it
is essential that surgical series report not only early but also
late results of surgery. Unfortunately the recurrence rates are
not reported in any of the largest endoscopic series [24—-30].
In our study, the recurrence-free survival rate was slightly
higher in prolactinomas than in other types of PAs. The
mean time of recurrence in NFPAs was similar to that in
HSPAs (60.2 and 56.9 months, respectively; Table 2). In a
meta-analysis, the majority of recurrences were reported
1-5 years after surgery, although patients with acromegaly
and NFPAs displayed a significant number of recurrences
5-10 years after surgery. In keeping with our data, the
highest recurrence rate at follow-up was reported in pro-
lactinomas and NFPAs [34]. The most important predictor
for recurrence in HSPAs was the postoperative basal hor-
mone level while in NFPAs age, tumor size, and invasion
were found significant in some studies only [37, 38].
Analyses of clinical, radiologic, histologic, immunocyto-
chemical, and ultrastructural features have failed to find out
characteristics consistently associated with the risk of
recurrence. The morphologic markers of tumor aggres-
siveness, including pleomorphism, nuclear atypia, increased
cellularity, and mitotic activity, did not correlate with the
prognosis of PAs [24]. While some authors reported the
prognostic significance of Ki-67, others found no significant
association between this marker and tumor recurrence [37,
39-41]. In our series, most recurrences were successfully
managed by multimodality treatments, such as repeat sur-
gery, drugs, and radiation therapy [42].

Symptomatic improvement of preoperative visual defect
is one of the major goals of surgical treatment of PAs.
Confirming our previous results in a smaller series of
patients [43], around 90% of patients experienced a sig-
nificant improvement of visual acuity and visual field
defects. Similarly, recovery of pituitary function is a clini-
cally meaningful but often unrecognized positive effect of
surgical treatment of PAs [43—45]. In particular, Dekkers
and coworkers [43] reported that patients with NFPA had
improvement of pituitary function in a limited number of
cases, which was counterbalanced by worsening of endo-
crine activity in other patients. In our series, improvement
of anterior pituitary insufficiency occurred in more than one
third of patients (Table 3). In particular, hypogonadism
recovered more frequently in HSPAs than in NFPAs,
whereas new onset hormone deficits occurred less
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frequently (see below). The variability of these results might
depend on the different criteria adopted to define hypopi-
tuitarism, the use of postoperative radiation therapy and the
differences of patients’ characteristics in other series.

A critical point of TSS concerns safety. Our series con-
firms that when surgery is performed by a dedicated pitui-
tary neurosurgeon, the risk of adverse events is very low.
The reported mortality and the morbidity rates of TSS for
PAs are low [23-25, 28, 30, 31, 35, 36, 46—48]. In our
series, the mortality rate was 0.2% with almost all deaths
occurring in elderly patients in poor health conditions and/
or with a giant tumor, whereas major morbidity was
detected in 2.1% of our patients. Confirming previous data
from our group, older age, maximum tumor diameter, and
NFPAs were risk factors for major adverse events [49]. The
incidence of overall CSF leak is reported to occur in
3.8-8.3% of patients [23, 25-31, 35, 36, 47], while, in our
series it occurred in 0,5%. Moreover, the reported incidence
of CSF leak requiring reoperation is 0.4—6.4%. In our series,
only 0.27% of patients required a second transsphenoidal
procedure to close the CSF leak. We found a risk of post-
operative meningitis of 0.2%, which is at the lower end of
the data reported in the literature [3, 21]. These data confirm
that our policy to withdraw antibiotic prophylaxis in the
postoperative setting [2] does not increase the infectious
risk of TSS. There was no carotid injury in any of our
patients. In a meta-analysis, the percentage of carotid injury
and hemorrhagic complications reported in endoscopic
series resulted significantly higher compared with micro-
scopic series [16]. The aggressive extended lateral approach
suggested by some authors might explain the higher inci-
dence of this complication in endoscopic series [16]. Con-
sidering the minimal probability of cure in truly invasive
PAs, the idea to attempt total removal in such cases should
be regarded as “naive” and overly aggressive [20, 50-52].

Worsening of vision is an important consideration, as it
may negatively affect the quality of life of the patients. In
large series, the transient postoperative visual impairment
was reported in 0.5 to 2.4% with a permanent defect in up to
1.1% [16, 29, 31, 47]. The overall incidence of any post-
operative visual worsening in our series was 0.8% and was
mainly related to swelling of residual tumor or bleeding into
the pituitary fossa. It was permanent in only 0.1% of cases.
Postoperative visual deterioration was more frequent in
patients with preoperative visual impairment, older than 65
years, and with a giant PA [2, 43, 44]. Oculomotor dys-
function after TSS is reported in the literature up to 2.8% of
PAs [31]. In our study, the incidence of transient post-
operative oculomotor dysfunction was 0.5%. The defect
was evident 2448 h after surgery and disappeared sponta-
neously in all patients in the next 2 months.

Water and electrolyte disturbances are usually considered
as a minor side effect of TSS, even though both
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complications can cause lengthening of hospital stay. Per-
sistent postoperative DI occurred in 0.9% of our patients,
whereas delayed hyponatremia was detected in 4.8% of
cases. In recent studies, the incidence of delayed hypona-
tremia is reported in 0.1-7.6% of patients. However, some
studies may underestimate the incidence of this complica-
tion because of a limited collection of data [2, 23, 25, 36].
The incidence of oro-rhino-sinusal complications in our
series is far lower compared the largest endoscopic series
confirming microsurgical TSS is a true anatomy-sparing
approach [24-30].

Conclusion

At present in the literature there is no scientific evidence
supporting other techniques as superior to microsurgery to
treat PAs. Based on this study, microsurgical TSS is a safe
and effective therapy in experienced hands; furthermore the
improvement of pituitary functions after surgery is frequent
and should be regarded as a positive effect of surgery beside
reversal of hormone hypersecretion in HSPAs.
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