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Abstract Objectives The objective of this study was the analysis of outcomes after endoscopic
endonasal transsphenoidal surgery (EETSS) in acromegaly in terms of surgical compli-
cations, clinical improvement, endocrinological remission, achievement of prognosti-
cally critical growth hormone (GH) level, and requirement of additional treatment.
Materials and Methods The study included 28 acromegaly patients, who underwent
EETSS. 2010 consensus criterion was used for defining remission. Assessment of
prognostically critical GH level (random value less than 2.5 ng/mL), the extent of
resection, and additional treatment was done at postoperative week (POW) 12.
Results All adenomas were macroadenomas, with the mean volume of 16.34 cm3

(range, 0.4–99 cm3). Most adenomas had high-grade extensions. Most common
suprasellar, infrasellar, anterior, and posterior extension grades were 3 (n¼13), 1
(n¼16), 1(n¼14), and 0 (n¼20), respectively. Knosp grade 3 was common on both
sides (right, n¼9 and left, n¼8). One patient had already been operated on with
EETSS, 1.5 years back from current surgery. Sixteen patients were on hormonal
support, preoperatively. Four patients died during follow-up. Postoperative common
complications were diabetes insipidus (n¼18), cerebrospinal fluid rhinorrhea (n¼ 10),
surgical site hematoma (n¼3), meningitis (n¼ 3), hydrocephalus (n¼ 2), and syn-
drome of inappropriate antidiuretic hormone (n¼ 1). Themean hospital stay was 11.62
days, and 12.17 months was the mean follow-up period. At 12 POW, no improvement
was seen in body enlargement and visual complaints, but all other complaints
improved significantly except perspiration. Adenomas were decreased in all extensions
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Introduction

Acromegaly is a persistent progressivemultisystemdisorder,
occurring most commonly due to pituitary adenoma, with
mortality double that of the general population.1,2 Only less
than 5% of cases arise due to other conditions like growth
hormone-releasing hormone-secreting hypothalamic or
neuroendocrine tumor, ectopic growth hormone (GH)-se-
creting tumors, familial acromegaly, multiple endocrine
neoplasia type 1, etc.3–6 As acromegaly is a clinical syn-
drome, a patient may present at any stage of progression.

Early institution of treatment leads to decreased disabili-
ty and mortality risks in acromegaly patients,7 as some
morbidities can become irreversible with disease progres-
sion. Normalization of GH and insulin-like growth factor-1
(IGF-1) levels by reducing tumor volume leading to symptom
regression and management of acromegaly complications
are the primary goals of acromegaly treatment.8 All patients
should be managed at a tertiary care center as acromegaly is
a multisystem disorder requiring a multidisciplinary
approach.9,10

Surgical adenomectomy, medical management, and ste-
reotactic radiosurgery or external beam radiotherapy (EBRT)
can be done to achieve disease remission. Medical treatment
is mainly used to reduce surgical risk from comorbidities, as
primary treatment in patients with cavernous sinus invasion
without chiasmal compression that cannot be resected
completely or in poor surgical candidates.12 Stereotactic
radiosurgery or EBRT is used only when other treatment
options are impossible in an acromegaly patient like
absolute contraindication of surgery or when a patient
refuses surgery with failure or contraindication or intoler-
ance of medical treatment.11 Both medical and stereotactic
radiosurgeries can be used for residual disease.

Surgical adenomectomy has become the first line of
treatment.12–14 Endoscopic transsphenoidal route is the
preferred route as a wide-angled panoramic view is helpful
to reach supra- and parasellar lesions.1,15–19 Though this
route has benefits of better vision and minimal invasion,
many patient-related and procedure-related factors affect

postoperative outcomes. As gel foam and fat used for pack-
aging may mimic adenoma on contrast-enhanced magnetic
resonance imaging (CEMRI), imaging in the postoperative
period to assess for residual adenoma should be done at least
12 weeks after the surgical procedure to permit the disap-
pearance of gel foam and fat packing.20 In certain patients,
the visual field deficits continue to improve as long as 1-year
after surgery.21 IGF-1 levels relate to comorbidities better
than glucose-suppressed GH levels, thus, more predictive
than nadir GH for anticipating insulin sensitivity and symp-
tom scores after surgery.22,23

The data concerning the outcomes of endoscopic endo-
nasal transsphenoidal pituitary surgery (EETSS) among Indi-
an patients for GH-secreting pituitary adenomas are sparse.
We conducted this study to assess postoperative outcomes of
EETSS for pituitary adenoma causing acromegaly consider-
ing clinical improvement, endocrinological remission, and
achievement of prognostically GH level as primary
endpoints.

Materials and Methods

This prospective and retrospective nonrandomized study
was conducted at a tertiary care hospital. Ethical committee
clearance was obtained. The diagnosis was made based on
the following diagnostic criteria: typical physical appearance
or presence of two or more comorbidities including fatigue,
recent-onset diabetes mellitus (DM), arthralgias, carpal tun-
nel syndrome, recent-onset or intractable hypertension,
cardiac morbidity, sleep apnea syndrome, visual disturban-
ces, excessive perspiration, colon polyposis, headache, and
increasing jawmalocclusion; and elevated or equivocal IGF-1
considering age and sex, insufficient GH suppression follow-
ing documented hyperglycemia during oral glucose load (i.e.,
absence of lowest serumGH level<1ng/mL during every 30-
minute assay of GH within 2hours of 75 g of glucose load
after documenting hyperglycemia), and presence of pituitary
adenoma on CEMRI.8 A total of 28 patients operated on
between January 2016 and August 2019 were included: 14

except posterior, and mean adenoma volume was reduced from 16.34 to 2.92 cm3

after surgery. Subtotal resection (STR, n¼10), near-total resection (NTR, n¼7), gross-
total resection (GTR, n¼ 5), and partial resection (PR, n¼2) were achieved. Endo-
crinological remission and prognostically critical GH levels were attained in 29.17%
(n¼7) and 66.67% (n¼ 16), respectively. NTR, GTR, STR, and PR were associated with
57.14, 40, 10, and 0% endocrinological remission, respectively. Additional treatment
was required in a total of 17 patients: 3 GTR, 9 STR, 3 NTR, and 2 PR patients. Ten
patients were treated with gamma knife radiosurgery along with medical treatment
and seven with medical treatment alone.
Conclusion A successful EETSS can reduce adenoma volume to achieve clinical
improvement, endocrinological remission, and prognostically critical GH level with
some complications related to surgery. Preoperative larger volume and higher exten-
sion grades affect these outcomes adversely.
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patients were assessed retrospectively and 14 prospectively.
The inclusion criterion was patients with pituitary adenoma
causing acromegaly who underwent EETSS by a surgical
team consisting of the same neurosurgeon and otorhinolar-
yngologist, in the department of neurosurgery. Exclusion
criteria included patientswho fulfilled the diagnostic criteria
but who underwent some other surgery or medical manage-
ment, refused to give consent, and who was found unfit for
general anesthesia. A well-explained written consent was
obtained from all patients. Datawere collected from hospital
records and outpatient department follow-ups for retrospec-
tively studied patients. Patients were managed routinely as
per the clinical indication.

The samehormonal assaywasmaintained throughout the
study. Endocrinological remission was considered if the
patient had <1-ng/mL random GH and age/sex-adjusted
normalization of IGF-1 level (2010 consensus criteria).24

Patients, who failed to achieve remission, were evaluated
for the prognostically critical GH level, that is, less than
2.5 ng/mL, at 12 weeks; attainment of which is the most
important parameter associated with reduced mortality
rates.25

Preoperative workup included history taking and com-
plete clinical assessment. Routine preoperative investiga-
tions, as per hospital protocols, were done. Hormonal
analysis of the patients considering pituitary functions
was done. Ear, nose, and throat examination for the status
of nasal turbinate, nasal mucosa, size of the adenoid tissue,
and sinonasal polyp was done to assess the feasibility of the
endonasal route. Visual acuity and visual field evaluation
were done. Radiological investigations including magnetic
resonance imaging (MRI) sella and noncontrast computed
tomography (NCCT) sella and paranasal sinuses were done.
Adenomas were defined according to their size (micro-
adenoma: <1-cm maximum dimension, macroadenoma:
�1-cm maximum dimension) and SIPAP (MRI based classi-
fication system for pituitary adenomas) classification26

(including suprasellar: 0–4, infrasellar: 0–2, parasellar:
right and left Knosp’s grades 0–4, anterior: 0–1, and poste-
rior: 0–1).27

Intraoperatively, middle turbinate was preserved and
lateralized, the posterior septum was excised, no vascular-
ized flap was raised, and no neuronavigation was used. The
intraoperative assessment was done for variables including
the extension of the tumor, ease of resection, and arachnoid
violation. Arachnoid was breached in 17 patients, and sellar
floor reconstruction was done with fat and fascia (harvested
from the thigh) and fibrin glue.

In patients in whom arachnoid was violated, the sellar
floor was reconstructed using autologous tissue (fat and
fascia harvested from the thigh) and fibrin glue.

Routine postoperative neurosurgical evaluation andman-
agement of complications were done. The biochemical and
hormonal assessment was done on postoperative day 1 and
postoperative week (POW) 1, 6, 12, and 24. Visual acuity and
visual field assessment was also done at 12 weeks postoper-
atively. CEMRI was done to assess resection at POW 12 and
defined as gross-total resection (GTR), near-total resection

(NTR), sub-total resection (STR), and partial resection (PR), as
per Constantino et al (2016).28

Based upon remission and CEMRI findings, patients were
also assessed at POW 12 for the need for additional treat-
ment. Additional treatment was given as per indication and
the patient’s decision.

The outcomemeasures were clinical improvement, surgi-
cal complications, the extent of resection, achievement of
endocrinological remission and prognostically critical GH
level, and requirement of additional treatment.

Statistical Analysis

The final data were compiled and presented as number (n)
and percentage (%) for categorical variables and “mean with
standard deviation and median with interquartile range
(25th to 75th percentiles)” for quantitative variables. Kol-
mogorov–Smirnov test was used to determine the data
normality. Quantitative variables were assessed using t-
test (independent and paired) and Wilcoxon signed-rank
test. Chi-square test/Fisher’s exact test and McNemar’s test
were used to analyze qualitative data. p-Value �0.05 was
treated as significant. The complete statistical analysis was
done using “Statistical Package for Social Sciences (SPSS)
software, IBM manufacturer, Chicago, United States, version
21.0.”

Results

Preoperative Variables
There were 8 women and 20 men and 41.79 years was the
mean age (range, 19–62 years). Among 28 patients, 5
patients were smokers, 11 patients were hypertensive, 10
patients had DM, and 3 patients were suffering from some
cardiac disease. Mean body mass index (BMI) was 26.82
kg/m2 (range; 20.8–38.1), with 17 patients having high BMI.
The patients presentedwith themean duration of symptoms
of 45.86 months (range, 2 months to 16 years) and common
complaints like body enlargement (n¼24), hoarseness of
voice (n¼22), headache (n¼21), visual complaints (n¼14),
sleep-related problems (n¼12), joint pain (n¼8), perspira-
tion (n¼5), secondary amenorrhea (n¼4), oligomenorrhea
(n¼2), galactorrhea (n¼2), and skin pigmentation (n¼2).
All patients had multiple complaints. One patient was bilat-
erally blind and one patient had unilateral blindness. Visual
field defect was present as bitemporal hemianopia in 12
patients. All patients had nasal mucosa and turbinate hyper-
trophy. The nasal polyp was present in one patient, and
adenoid tissue hypertrophy was present in three patients. In
total, 16 patients were on hormonal support, 13 were on
cortisol, 7 were on thyroxine, and 4 were on insulin support,
and among them, 7 patients were on combined hormonal
support. One patient received prior treatment (EETSS) for
adenoma, around 1.5 years back from the current surgery
(►Table 1).

Mean GH level was 32.83 ng/mL (range, 5.72–89.8 ng/mL),
and IGF-1 levels were raised in all patients compared with
normal values according to age and sex. All adenomas were
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macroadenomas with the mean volume of 16.34 cm3 (range,
0.42–99 cm3). Most adenomas had high-grade extensions.
Most common suprasellar, infrasellar, anterior, and posterior
extension grades were 3 (n¼13), 1 (n¼16), 1 (n¼14), and 0
(n¼20), respectively. Knosp grade 3 was common on both
sides (right, n¼9 and left, n¼8). One patient had obstructive
hydrocephalus. All patients had sellar-type sphenoid sinus,
and there was no calcification of adenoma on preoperative
NCCT.

Outcomes

Mean duration of hospital stay was 11.62 days (6–21 days).
The mean follow-up time was 12.17 months (2–32 months)
(►Table 2).

Mortality
Four patients died during the follow-up period, and their
death was the cause of attrition. The individual case findings
and causes of death are shown in Supplementary file 1. These
four patients were excluded from paired data analysis as
their postoperative data were not available.

Complications and Their Management
The most common complication was diabetes insipidus
(n¼18), transient in 17 and became permanent in 1 patient
requiring long-term Pitressin support. The next common
complication was cerebrospinal fluid (CSF) rhinorrhea
(n¼10) for which diversion (lumbar drain) was required in
one patient. A total of three CSF diversions were done, and the

other two CSF diversions by ventriculo-peritoneal shunt were
performed for the late development of meningitis-induced
hydrocephalus. Another patient who developed meningitis
was managed with antibiotics. Three patients developed op-
erative site hematoma, which required observation only. Only
One patient developed the syndrome of inappropriate anti-
diuretic hormone (SIADH) and was managed (►Table 3).

Clinical Improvement
This was assessed at 3-month follow-up. Visual complaint
and body enlargement remained persistent in all patients,

Table 1 Preoperative variablesa

Age (years)
• Mean
• Range

41.79
(19–62)

Sex (M/F) 8/20

Duration of symptoms (months)
• Mean
• Range

45.86
(2–180)

Smoker (n) 5

Hypertensive (n) 11

DM (n) 10

Cardiac morbidity (n) 3

ENT
examination
(n)

Nasal mucosa hypertrophy 28

Nasal turbinate hypertrophy 28

Adenoid hypertrophy 3

Nasal polyp 1

Prior
treatment
(n)

No treatment 27

Medical treatment 0

Surgery 1

Radiation treatment 0

Abbreviations: DM, diabetes mellitus; ENT, ear, nose, and throat; F,
female; M, male; n, number of patients.
aTotal patients: 28.

Table 2 Outcomesa

Resection
(n)

GTR 5

NTR 7

STR 10

PR 2

Remission (n) 7

Prognostically critical GH (n) 16

Clinical improvement
(in terms of number of patients)

All except body
enlargement, visual
complaints, and
perspiration

Hospital stay (days)
• Mean
• Range

11.62
6–21

Duration of follow-up (months)
• Mean
• Range

12.17
(2–32)

Additional
treatment
(n)

No treatment 7

Medical treatment
only

17

Surgery 0

Gamma knife
radiosurgery

10

Abbreviations: GH, growth hormone; GTR, gross-total resection; n,
number of patients; NTR, near-total resection; PR, partial resection; STR,
subtotal resection.
aTotal patients: 24.

Table 3 Complicationsa

CSF rhinorrhea (n) 10

Operative site hematoma (n) 3

Hydrocephalus (n) 2

Infection (n) 3

DI (n) Transient 17

Permanent 1

SIADH (n) 1

Mortality (n) 4

Abbreviations: CSF, cerebrospinal fluid; DI, diabetes insipidus; n, num-
ber of patients; SIADH, syndrome of inappropriate antidiuretic
hormone.
aTotal patients: 28

Journal of Neurosciences in Rural Practice © 2022. Association for Helping Neurosurgical Sick People. All rights reserved.

Outcomes in Pituitary Adenoma Causing Acromegaly Following EETSS Chhabra et al.



and joint pain improved in all patients. Headache (n¼2),
sleep-related problems (n¼1), perspiration (n¼1), hoarse-
ness ofvoice (n¼1), andothercomplaints includingmenstrual
problems, galactorrhea, and skin pigmentation (n¼4) were
persistent. Improvements in all symptoms except perspiration
were statistically significant. Though all patients had com-
plaints, only three patients were with multiple complaints.
Mean BMIwas decreased to 24.68kg/m2, ranging from 19.5 to
31.1,withonly12patientshavinghighBMI. Thispostoperative
change in mean BMI was statistically significant, but the
number of patientswith high BMI did not change significantly.
Visual field defects did not improve, but an increase in defects
was not seen (►Table 4).

In total, 22 patients were on hormonal support, including
cortisol (n¼22), thyroxine (n¼13), and insulin (n¼4) sup-
port, and out of 22 total, 14 patients were on combined
hormonal support. Hypocortisolism developed in a signifi-
cant number of patients. One patient, whowas taking insulin
preoperatively, did not need insulin after resection, and one
patient, who was not on insulin preoperatively, needed
insulin after resection.

Endocrine and Radiological Evaluation
The evaluation was done at POW 12. Adenoma volume was
reduced to 2.92 cm3 (range, 0–30.9 cm3) and 12weremacro-
adenoma. The mean decrease in volumes was 13.42 cm3

ranging from 0.22 to 68.1 cm3. This reduction in adenoma
volume was statistically significant. All extensions were
decreased significantly except posterior. Most common
suprasellar extensionwas grade 0 (n¼12), followed by grade

1 (n¼10). Twenty-three patients had grade 0 infrasellar
extension postoperatively. No patient had anterior and pos-
terior extension after surgical resection. Grade 0 extension
was the most common type on both right (n¼10) and left
(n¼12) sides. Mean GH level was 3.68 ng/mL (range, 0.1–
11.8 ng/mL) at POW 12, and mean IGF-1 levels were normal
in all patients as per age/sex (►Table 5).

Out of 24 patients in whom we could assess resection
status at 12 weeks by CEMRI, we achieved STR (n¼10) in the
maximum number of patients followed by NTR (n¼7). GTR
was achieved in five patients and PR in two patients. Endo-
crinological remission was achieved in a total of 29.17% of
patients (n¼7). All patients who achieved remission had
IGF-1 levels normal as per their age/sex. In total, 40% of
patients with GTR (n¼2), 57.14% with NTR (n¼4), 10% with
STR (n¼1) and no patient with PR fulfilled the criteria of
endocrinological remission. The highest remission rate was
observedwith NTR. Out of 17 patients who could not achieve
remission, 9 patients achieved prognostically critical GH
levels. (►Table 6)

Additional Treatment
Additional treatment was needed in 17 patients. Three
patients with GTR who could not achieve remission were
givenmedical treatment. In total, two PR, nine STR, and three
NTR patients needed additional treatment. All refused repeat
surgery, but 10 patients who gave consent for gamma knife
radiosurgery were treatedwith the same along withmedical
treatment. The remaining four patients who did not give
consent for both surgery andgammaknife radiosurgerywere

Table 4 Clinical improvementa

Variable Preoperative Postoperative
(12 wk)

Change
(S/NS)

BMI (kg/m2) • Mean
• Range

26.82
20.8–38.1

24.68
19.5–31.1

S

No of patients with high BMI(n) 17 12 NS

Symptoms (n) Headache 21 2 S

Visual complaints 14 14 NS

Joint pain 8 0 S

Sleep-related problems 12 1 S

Body enlargement 24 24 NS

Perspiration 5 1 NS

Hoarseness of voice 22 1 S

Others
(menstrual disturbances, skin
pigmentation, and
galactorrhea)

10 4 S

Visual field (n) Normal 10 10 NS

Bitemporal hemianopia 12 12 NS

Blindness Unilateral 1 1 NS

Bilateral 1 1 NS

Abbreviations: BMI, body mass index; n, number of patients; NS, statistically non-significant; S, statistically significant.
aTotal patients: 24
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given medical treatment only. Out of 17 patients, 10 were
treated with gamma knife radiosurgery along with medical
treatment and 7 were treated with medical treatment alone
(►Table 6).

Discussion

Worldwide literature supports that endoscopic transsphe-
noidal surgery has a good safety profile with less than 2%

morbidity and less than 0.1% mortality which can be attrib-
uted to almost complete resection of the tumor. In this study,
we have attempted to assess outcomes following EETSS in
pituitary adenoma causing acromegaly. The study included
28 patients operated on by a single surgical team. Resection
of the tumor and complete cure with better survival remains
the primary objective of a surgeon while dealing with cases
of pituitary adenoma. For achieving this with minimal
complications, the surgeon’s experience is an important

Table 5 Endocrinological and radiological changesa

Variable Preoperative Postoperative
(12 wk)

Change
(S/NS)

GH (ng/mL)
• Mean
• Range

32.83
5.72–89.8

3.68
0.1–11.8

S

Adenoma volume
• Mean
• Range

16.34
0.42–99

2.92
0–30.9

S

Hydrocephalus (n) 1 1 NS

Extension (n) Suprasellar Total 24 12 S

Grade 0 0 12 S

1 1 10 S

2 9 2 S

3 13 0 S

4 1 0 S

Infrasellar Total 17 1 S

Grade 0 7 23 S

1 16 1 S

2 1 0 S

Anterior Total 14 0 S

Grade 0 10 24 S

1 14 0 S

Posterior Total 4 0 NS

Grade 0 20 24 NS

1 4 0 NS

Knosp
parasellar

Total Rt 23 14 S

Lt 22 12 S

Grade 0 Rt 1 10 S

Lt 2 12 S

1 Rt 5 8 S

Lt 6 4 S

2 Rt 6 3 S

Lt 6 4 S

3 Rt 9 1 S

Lt 8 2 S

4 Rt 3 2 S

Lt 2 2 S

Abbreviations: GH, growth hormone; Lt, left; n, number of patients;NS, statistically non-significant; Rt, right S, statistically significant.
aTotal patients: 24
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Table 6 Types of resectiona

Outcome GTR NTR STR PR

Patients (n) 5 7 10 2

Duration of hospital stay (days)
• Mean
• Range

9.6 11.57 11.4 10.5

Endocrine remission (n) 2 4 1 0

Prognostically critical GH levels achievement (n) 4 6 6 0

Additional treatment (n) No treatment 2 4 1 0

Medical treatment only 3 3 9 2

Surgery 0 0 0 0

Gamma knife radiosurgery 0 2 6 2

Abbreviations: GH, growth hormone; GTR, gross-total resection; n, number of patients; NTR, near-total resection; PR, partial resection; STR, subtotal
resection.
aTotal patients: 24

Table 7 Comparison with available literature

Parameter Yildirim
et al
(2014)32

Taghvaei
et al
(2018)33

Hazer
et al
(2013)29

Babu
et al
(2017)34

Jane
et al
(2011)35

Shin
et al
(2012)36

Anik
et al
(2017)37

Hofstetter
et al
(2010)31

Fathalla
et al
(2014)30

Current
study

Type of study R P R R R R R P P B

Duration of study
(years)

4.3 3.3 6.3 8 5.4 12.3 18 6.3 NA 3.5

Number of patients 56 68 214 58 60 53 401 24 20 28

Follow-up period
(months)

18 20.97 33.3 64 21.84 30 13–182 23 11 12.17

Surgical team M M S S M M M M S S

Male:female ratio 0.44 1.13 0.98 1 1.22 1.3 0.89 1.18 0.82 0.4

Mean age (years) 42.3 39.35 41.9 48.6 48 43.7 42.04 50.7 42 41.79

Adenoma type
(macro/micro)

51/5 52/16 163/51 37/21 46/14 45/6 294/107 4/19 18/2 28/0

Preoperative
Knosp grade

0–2
(%)

67.86 85.29 NA 81.03 75 71.53 78.55 NA 30 32.14

3–4
(%)

32.14 14.70 NA 18.97 25 28.5 21.45 NA 70 67.86

Mean hospital stay
(days)

NA NA NA 2.24 2.32 3.6 NA NA NA 11.62

Remission rate (%) 66.1 63.2 62.6 69 69.7 50.9 68.1 46 35 29.17

Prognostically critical
GH achievement rate
(%)

74.6 67.61 75.7 NA NA 62.3 79.1 NA NA 66.67

Mortality rate (%) 0 0 0 0 0 0 NA 0 0 14.29

Type of
resection (n/%)

GTR NA 61/89.71 NA NA NA 42/79.24 NA 17/70.83 10/50 5/20.83

NTR NA 7/10.3 NA NA NA 11/20.75 NA 0 0 7/29.17

STR NA 0 NA NA NA 0 NA 7/29.17 10/50 10/41.47

PR NA 0 NA NA NA 0 NA 0 0 2/8.33

Additional treatment
(surgery and radiosur-
gery)(n)

19 NA NA 12 11 12 19 5 6 10

Abbreviations: B, both; GH, growth hormone; GTR, gross-total resection; n, number of patients; M, multiple; NA, data unavailable in publication;
NTR, near-total resection; P, prospective; PR, partial resection; , R, retrospective; STR, subtotal resection; S, single.
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factor especially in acromegaly patients as compared with
other pituitary adenomas. This is because acromegaly asso-
ciated pituitary adenoma has a unique feature of tumor
behavior and vascular and bone remodeling.29 Considering
this, we included all patients operated on by a single surgical
team in our institute. Both neurosurgeons and otorhinolar-
yngologist were senior experienced surgeons in this field.
This eliminated the confounding factor of the surgeon’s
experience but constrained the number of patients in our
study. Moreover, in the prospective group, four patients died
postoperatively which led to the limitation of their postop-
erative data for comparison with preoperative variables
leading to further limitation of paired comparison of data.

We compared our study with similar studies, available in
the literature, which used the same criteria to define remis-
sion (►Table 7). All studieswhich included patients operated
by a single surgical team could study fewer patients like our
study except Hazer et al (2013)29 study which included 214
patients as this was a longer duration study of around 6.3
years. The most common resection in our study was STR,
while in others it wasGTR. The remission rate in these studies
ranged from 35 to 69.5%, but the remission rate in our study
was 29.17%,much lower than others. This may be due tomore
percentage of patientswith Knosp grades 3 and 4 as compared
with other studies, as we can see in Fathalla et al (2014)30

study, which had more number of patients (70%) with higher
Knosp grades, also had a lower remission rate of 35%. It means
different characteristics of adenoma inour studywere respon-
sible for the lower remission rate. Prognostically critical GH
achievement rates ranged from 62.35 to 79.1%, while in our
study it was 66.67%, comparable to others. The mortality rate
in our study was 14.29 and in others, no mortality occurred.
Some degree of postoperative hypopituitarism was observed
in all studies including ours. The longest mean duration of
hospital stay of 11.62 days was seen in our study.

Conclusion

A successful EETSS can reduce adenoma volume to achieve
endocrinological remission with some surgery-related com-
plications. Even if remission and GTR are not achieved after
surgery, achievement of prognostically critical GH level leads
to decreased disease-related mortality. The relief from the
mass effects of adenoma and decreased GH from the preop-
erative level also leads to significant clinical improvement
after surgery. Also, as seen in our study, preoperative larger
volume and high-grade tumor extensions affect postopera-
tive remission rates adversely.
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