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The number of people aged 70 years or over in the 
United States is projected to increase from 29.2 
million in 2012 to 63.6 million in 2050.30 In com-

mon surgical procedures, the majority of postsurgical 
deaths occur in patients 70 of age or older,32 with even 
greater risks in those aged 80 years and above.47 Whether 
this arbitrary age cutoff has the same negative prognostic 
correlation in benign intracranial pathology has not been 
clearly demonstrated. Pituitary tumors make up 12.9% of 
the primary intracranial neoplasms in the elderly, with an 

incidence of 18.1/100,000 persons per year20 and an over-
all prevalence of 16.7%.7

The majority of pituitary tumors in the elderly are non-
functional,27 and most of the incidental microadenomas 
are adrenocorticotropic hormone (ACTH) cell adenomas, 
followed by prolactin cell adenomas.22 Although the tumor 
volume doubling time is longer in older patients,44 there 
is increased mortality in patients with pituitary disease.42 
If this pathology can be managed safely with surgical in-
tervention, there is an argument that it should be offered 

ABBREVIATIONS DDAVP = 1-desamino-8d-arginine vasopressin; GTR = gross-total resection; NTR = near-total resection; STR = subtotal resection. 
SUBMITTED August 30, 2016. ACCEPTED November 17, 2016.
INCLUDE WHEN CITING Published online April 7, 2017; DOI: 10.3171/2016.11.JNS162286.

Endonasal endoscopic pituitary surgery in the elderly
Peter J. Wilson, FRACS,1,2 Sacit B. Omay, MD,1 Ashutosh Kacker, MD,3 Vijay K. Anand, MD,3 and 
Theodore H. Schwartz, MD1,3,4

Departments of 1Neurosurgery, 3Otolaryngology, and 4Neuroscience, Weill Cornell Medical College, NewYork-Presbyterian 
Hospital, New York, New York; and 2Department of Neurosurgery, Prince of Wales Hospital, Sydney, New South Wales, Australia

OBJECTIVE Pituitary adenomas are benign, slow-growing tumors that cause symptoms either through mass effect or 
hormone overproduction. The decision to operate on a healthy young person is relatively straightforward. In the elderly 
population, however, the risks of complications may increase, rendering the decision more complex. Few studies have 
documented the risks of surgery using the endonasal endoscopic approach in a large number of elderly patients. The 
purpose of this study was to audit a single center’s data regarding outcomes of purely endoscopic endonasal transsphe-
noidal resection of pituitary adenomas in elderly patients and to compare them to the current literature.
METHODS A retrospective review of a prospectively acquired database of all endonasal endoscopic surgeries done by 
the senior authors was queried for patients aged 60–69 years and for those aged 70 years or older. Demographic and 
radiographic preoperative data were reviewed. Outcomes with respect to extent of resection and complications were 
examined and compared with appropriate statistical tests.
RESULTS A total of 135 patents were identified (81 aged 60–69 years and 54 aged 70 years or older [70+]). The aver-
age tumor diameter was slightly larger for the patients in the 70+ age group (mean [SD] 25.7 ± 9.2 mm) than for patients 
aged 60–69 years (23.1 ± 9.8 mm, p = 0.056). There was no significant difference in intraoperative blood loss (p > 0.99), 
length of stay (p = 0.22), or duration of follow-up (p = 0.21) between the 2 groups. There was a 7.4% complication rate in 
patients aged 60–69 years (3 nasal and 3 medical complications) and an 18.5% complication rate in patients older than 
70 years (4 cranial, 3 nasal, 1 visual, and 2 medical complications; p = 0.05 overall and 0.013 for cranial complications). 
Cranial complications in the 70+ age category included 2 postoperative hematomas, 1 pseudoaneurysm formation, and 
1 case of symptomatic subdural hygromas.
CONCLUSIONS Endonasal endoscopic surgery in elderly patients is safe, but there is a graded increase in complica-
tion rates with increasing age. The decision to operate on an asymptomatic or mildly symptomatic patient in these age 
groups should take this increasing complication rate into account. The use of a lumbar drain or lumbar punctures should 
be weighed against the risk of subdural hematoma in patients with preexisting atrophy.
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to patients as an alternative to the natural history of the 
disease.

Nevertheless, non–hormone producing pituitary tu-
mors are benign slow-growing tumors and cause morbid-
ity primarily from mass effect. In the absence of symp-
toms, the decision to operate rests on a careful weighing 
of the risks and benefits of surgery. Several publications 
have outlined the risks of surgery in the elderly population 
using the operative microscope, but with the advent of the 
endonasal endoscopic approach, the risks of surgery may 
have changed. Few publications have examined the risks 
of endonasal endoscopic pituitary surgery in the elderly. 
Moreover, the age threshold has been variable, and it is 
unclear at what age the risks increase. In this study we 
had adequate numbers of patients to separately examine 
risks of surgery for patients in the 60- to 69-year age range 
and those 70 years of age or older to see if the additional 
decade makes a difference. These data should be useful in 
making decisions regarding offering surgery to patients in 
the age groups.

Methods
A retrospective review of a prospective database of all 

pituitary tumors resected with an endoscopic endonasal 
approach at Weill Cornell Medicine, NewYork-Presbyte-
rian Hospital between January 2005 and April 2016 was 
performed. Institutional review board approval was ob-
tained for this study. Patients were included if their age at 
the time of surgery was 60 years or greater.

The following data were collected: histology, maxi-
mum diameter of the tumor on the preoperative volumet-
ric MRI scan, extent of resection as determined both by 
intraoperative assessment and radiologically on the post-
operative MRI. Gross-total resection (GTR) was defined 
as no evidence of residual tumor; near-total resection 
(NTR) if 90%–99% of the tumor was resected; and subto-
tal resection (STR) if less than 90% of the tumor was re-
sected. Operative blood loss, occurrence of intraoperative 
CSF leak, perioperative complications (subcategorized 
into cranial, nasal, visual, and medical), recurrence during 
follow-up, radiological signs of intracranial hypotension 
(subdural fluid collections, enhancement of meninges, or 
signs of brain sagging,40 such as increased distance of the 
top of the cerebral aqueduct from the incisural line37 and/
or tonsillar herniation), length of follow-up to most recent 
outpatient clinical review since surgery, and identification 
of pre- and postoperative hormone replacement therapy 
(hydrocortisone, thyroxine, and/or 1-desamino-8d-argi-
nine vasopressin [DDAVP]). Prior surgery and/or radia-
tion treatment was also noted.

Statistical analysis was completed using XLSTAT 
(Addinsoft), with the 2-tailed t-test to compare parametric 
data and the Mann-Whitney U-test to compare nonpara-
metric data following the Shapiro-Wilks test for normal-
ity. Binary data were compared using the chi-square test. 
Box plots were created for the purpose of data presenta-
tion using a standard of 1 box plot per data series.

Surgical Technique
All operations were performed by a surgical team that 

included an otolaryngologist (V.K.A. or A.K.) and a neu-
rosurgeon (T.H.S.) at the Institute for Minimally Invasive 
Skull Base and Pituitary Surgery. The details of surgical 
technique have been described previously.16 In addition to 
the routine endoscopic endonasal approach to the sella, a 
lumbar puncture is routinely performed under general an-
esthesia but prior to the endonasal approach to facilitate 
injection of intrathecal fluorescein (0.2 ml diluted with 
10 ml of CSF); steroids and diphenhydramine 50 mg are 
also administered intravenously to decrease a potential in-
flammatory response to the fluorescein.2,19,34,36,43 If a large 
CSF leak was expected (in cases of tumors with a verti-
cal diameter > 20 mm with > 10 mm extension above the 
planum sphenoidale), then a lumbar drain is placed and 
postoperatively allowed to drain 5 ml/hour until the sec-
ond postoperative night, when it is removed. If the spinal 
subarachnoid space is unable to be entered at the time of 
surgery, then the lumbar puncture or drain is abandoned 
and the procedure continued as normal.

A binarial endonasal approach is routinely performed 
by the otolaryngologist, with harvest of a nasoseptal 
flap13,29 for cases in which intraoperative CSF leak is ex-
pected (see above) and lateralization of the middle turbi-
nates. Following broad exposure of the sphenoid sinus, 
including removal of the sphenoid rostrum to the base of 
the clivus, an endoscopic scope holder is used to secure 
the endoscope and allow the neurosurgeon to perform a 
2-handed, single-surgeon opening of the sella turcica and 
resection of the tumor. The tumor is removed in a stan-
dard fashion, and a standard algorithm is used to close the 
sella.19,26,31

Postoperatively, patients are observed in the intensive 
care unit overnight prior to transfer to the neurosurgi-
cal ward the next day. A postoperative MRI scan with 
volumetric protocol, including pre- and postgadolinium 
spoiled gradient echo sequences, is performed on postop-
erative Day 1 or 2. If a lumbar drain is in situ, the MRI is 
performed the day following its removal at the earliest. Pa-
tients are discharged home following satisfactory review 
by the medical team and allied health professionals.

Results
A total of 135 patients were included in this study—81 

patients between 60 and 69 years of age and 54 patients 
aged 70 years or older. Further demographics and de-
tails regarding sex, tumor type, intraoperative blood loss, 
length of stay, length of time until most recent follow-up, 
and tumor diameter are presented in Table 1.

Box plots of maximum tumor diameter in the 2 differ-
ent age groups are presented in Fig. 1.

Perioperative complications were more common in the 
older age group, but the difference did not quite reach sta-
tistical significance. In the 60- to 69-year-old group there 
was a 7.4% complication rate (6 complications in 81 pa-
tients). Three of the complications were nasal (1 intraop-
erative cribriform plate fracture with associated CSF leak 
requiring repair, 1 mucocele requiring debridement, and 
1 significant episode of epistaxis), and 3 were medical (1 
case of postoperative seizures and 2 cases in which pa-
tients required readmission within 30 days of discharge 
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due to headaches that were able to be managed with 
simple analgesia). In the group of patients who were 70 
years or older (the 70+ group) there was an 18.5% compli-
cation rate (10 complications in 54 patients). Four of the 
complications were cranial (2 postoperative hematomas, 
1 pseudoaneurysm formation, and 1 case of intracranial 
hypotension with bilateral subdural hematomas requiring 
evacuation), 3 were nasal (1 mucocele requiring debride-
ment, 1 medpore extrusion requiring removal, and 1 case 
of significant postoperative epistaxis requiring interven-
tion), 1 was visual (1 episode of visual loss without com-
pression of the optic apparatus on postoperative imaging), 
and 2 were medical (1 pulmonary embolism and 1 case of 
pneumonia). Statistical significance was approached but 
not reached for the difference in the overall rate of com-
plications (p = 0.05); the between-groups difference in the 
rate of cranial complications, however, was statistically 
significant (p = 0.013). There were 2 incidental findings 
of radiological but asymptomatic intracranial hypotension 
in the 70+ group (1 patient had small bilateral subdural 
hematomas after lumbar drain insertion and 1 had dural 
enhancement and descent of the top of the cerebral aque-
duct below the incisural line post lumbar puncture), and 1 
similar incidental finding in the 60- to 69-year-old group 
(mild tonsillar herniation post–lumbar drain insertion).

Intraoperative CSF leaks were identified in 25 (46.3%) 
of the 54 patients aged 70 years or older and in 54 (66.7%) 
of the 81 patients aged 60–69 years (significantly more 
likely in the younger age group; p = 0.019). Six patients 
in each category were unable to have fluorescein admin-
istered intraoperatively, and 4 of these in each group were 
identified as having a CSF leak during surgery. However, 
there were no cases of postoperative CSF leak identified in 
either age category, let alone a leak requiring reoperation. 
Overall, the maximum tumor diameter was significantly 
larger in patients undergoing lumbar drainage than in 

those who underwent lumbar puncture alone (p < 0.0001); 
these data were normally distributed for both samples. 
Patients who underwent lumbar drain insertion were sig-
nificantly more likely to have an intraoperative leak (p = 
0.002; 28 [80%] of 35 patients vs 44 [50%] of 88 patients 
with lumbar puncture alone).

Box plots of maximum tumor diameter for all patients 
and subcategorized by age compared with lumbar drain 
placement or lumbar puncture are presented in Figs. 2 and 
3, respectively.

New hormone deficits requiring any form of replace-
ment were present in 10 patients aged 60–69 years and 11 
patients aged 70 years or older (no significant difference, 
p = 0.208). Cortisol was the most commonly deficient hor-
mone requiring replacement (8 patients in each age group), 
followed by thyroxine (5 patients aged 60–69 and 7 pa-
tients aged 70+) and vasopressin (with diabetes insipidus 
requiring DDAVP treatment in 4 patients aged 60–69 and 
2 patients aged 70+).

The rates of radiographically confirmed GTR, NTR, 
and STR were 70.4%, 20.7%, and 8.9% for the whole 
group—64.8%, 29.6%, and 5.6% for the patients 70 years 
or older and 74.1%, 14.8%, and 11.1% for the patients aged 
60–69 years. Recurrence occurred in 4 cases in each age 
category. In the 70+ age group, the intraoperative macro-
scopic assessment was GTR in all 4 patients, with GTR be-
ing confirmed on postoperative MRI in 2 of the 4 patients. 
There were 4 patients in this age group who had STR and 
10 patients who had NTR, and none of these patients had a 
clinically relevant recurrence within the follow-up period. 
Three of the 4 patients who underwent STR and all of 
those who underwent NTR had a preoperative maximum 

TABLE 1. Summary of demographic and clinical characteristics 
of the study groups

Characteristic
Age Group p  

Value60–69 Yrs 70+ Yrs

No. of pts 81 54
Male sex 42 (52%) 33 (61%) 0.29
Pathology —
 Pituitary apoplexy 2 4
 Cushing’s disease 8 3
 GH-secreting adenoma 8 3
 Nonfunctioning adenoma 60 42
 Prolactinoma 2 2
 Other pituitary lesion 1 —
Blood loss (ml), mean 54.5 ± 75.4 45.7 ± 35.1 >0.99
LOS (days), mean 3.1 ± 1.3 4.0 ± 3.3 0.22
Follow-up (mos), mean 30.9 ± 31.7 22.5 ± 24.6 0.21
Tumor diameter (mm), mean 23.1 ± 9.8 25.7 ± 9.2  0.056

GH = growth hormone; LOS = length of stay; pt = patient.
Values are numbers of patients unless otherwise indicated. Means are given 
with standard deviations. FIG. 1. Maximum tumor diameter (mm) for patients aged 70+ years 

versus those aged 60–69 years. The boxes represent the interquartile 
ranges (IQRs), crosses correspond to means, central horizontal bars to 
medians, and the whiskers represent the minimum and maximum values 
excluding outliers. Points above or below the whiskers are considered 
outliers.
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tumor diameter > 10 mm (mean 30.4 mm, range 8–44 
mm). Results were similar in the 60- to 69-year-old group; 
in 3 of the 4 patients with subsequent tumor recurrence, 
the resection was assessed intraoperatively as GTR, and 
in 2 of these 3 cases GTR was confirmed on postoper-
ative MRI. In the fourth case, the intraoperative assess-
ment was NTR, but the radiological assessment was STR. 
An additional 2 patients had NTR and 7 STR based on 
postoperative MRI; however, none of these patients were 
found to have any clinically relevant recurrence on further 
follow-up. All patients in this group who underwent subto-
tal or near-total resection had a maximum tumor diameter 
greater than 10 mm (mean 32.2 mm, range 17–51 mm). 
The time to recurrence was similar in the 2 groups—3.5, 
7.5, 39.2, and 59 months for the 4 patients who had recur-
rence and were older than 70 years at the time of surgery 
and 2.9, 3.8, 63.9, and 82 months for the 4 patients who 
had recurrence and were 60–69 years old at the time of 
surgery.

Ten of the patients in the 60- to 69-year-old group had 
undergone previous surgery for their pituitary lesion, and 
1 of these patients had previously received radiation treat-
ment. Three of the patients in the 70+ group had under-
gone previous pituitary surgery, and 2 of these patients 
had also received prior irradiation of their lesion. This 
difference was not statistically significant (p = 0.19), and 
there was only 1 postoperative complication among the 
patients who were undergoing repeat surgery (a sphenoid 
mucocele requiring debridement in a 72-year-old who had 
also had prior irradiation).

Discussion
A comprehensive understanding of complication rates 

in elderly patients undergoing transsphenoidal surgery for 
pituitary adenomas is essential because these slow-grow-
ing benign tumors can often be managed with observa-
tion. The decision to operate may incur risks in the el-
derly population, and intervention must be justified based 
on a careful calculation of the risk-to-benefit ratio. Our 
data show a modest increase in complications in patients 
older than 70 years compared with those 60–69 years of 
age, but of particular note is the significantly larger risk 
of cranial complications, although still uncommon, in the 
older age group. As this was a retrospective series, it was 
not possible to prospectively power our series in regard 
to patient numbers to potentially identify other discrepan-
cies between the 2 age groups. We are, nonetheless, able 
to reach the following conclusion. For patients aged 60–69 
years, treatment algorithms can be used that are similar to 
those used for younger patients since the risks are quite 
low. However, for patients older than 70 years the decision 
to operate requires a more careful weighing of the risks 
and benefits, and perhaps only symptomatic patients, or 
those with more rapidly growing tumors, should be treated 
surgically.

The published literature on transsphenoidal resections 
of pituitary adenomas in the elderly supports these con-
clusions (Table 2). However, the majority of reported se-
ries are from the era of microscopic surgery, with only 
4 series identified as being purely endoscopic. Moreover, 
many of these papers have only limited numbers of pa-
tients, and the threshold for considering patients as elderly 

FIG. 2. Maximum tumor diameter (mm) for all patients with lumbar drains 
(LD) compared with lumbar puncture (LP). The boxes represent IQRs, 
crosses correspond to means, central horizontal bars to medians, and 
the whiskers represent the minimum and maximum values excluding 
outliers. Points above or below the whiskers are considered outliers.

FIG. 3. Maximum tumor diameter (mm) for patients subcategorized by 
age with lumbar drains (LD) compared with lumbar puncture (LP). The 
boxes represent IQRs, crosses correspond to means, central horizontal 
bars to medians, and the whiskers represent the minimum and maxi-
mum values excluding outliers. Points above or below the whiskers are 
considered outliers.
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is inconsistent. Gondim et al.11 presented a similar study to 
ours with an identical definition of elderly (age at least 70 
years) and compared 55 elderly patients with 30 patients 
aged 60–69 years and 289 patients younger than 60 years, 
all with nonfunctional pituitary adenomas. They found a 
higher rate of complications in the elderly group (32.7%), 
compared with patients aged under 60 years (complica-
tions in 10%). Similar to our findings in the present series, 
they found no difference in extent of resection or duration 
of hospitalization. Zhan et al.49 reviewed 158 cases involv-
ing patients aged 65 years and older, comparing them to 
155 cases involving patients aged 40–55 years. In contrast 
to our results and those of Gondim et al., the analysis of 
Zhan et al. showed equivalent complication rates in both 
groups (6.3% in the elderly group and 5.7% in the younger 
group; both groups had 7 cranial complications each [6 

CSF leaks and 1 postoperative hematoma], and the older 
group had 3 cases of meningitis compared with 2 cases 
in the younger group; p = 0.85). Marenco et al.25 reported 
on 25 patients aged 65 years or older who underwent a 
total of 28 endoscopic procedures for nonfunctioning pi-
tuitary adenomas, but the authors did not provide any data 
for younger patients managed at their center. There was 
one perioperative death in their series (3.6% of 28 pro-
cedures), and complications were identified in 8 (32%) of 
the 25 patients. Hasegawa et al.14 reported a small case 
series of 3 patients who all had presented with apoplexy 
over the age of 80 years, and while the outcome for all 3 
patients was excellent, it is not possible to draw any strong 
conclusions from their study. Yunoue et al.48 assessed 10 
cases involving patients aged at least 80 years old who un-
derwent endoscopically assisted microscopic resection of 

TABLE 2. Previously published series of elderly patients undergoing surgery for pituitary tumors

Authors & Year Approach
Pt Age 
(yrs)*

No. of 
Pts† Pathology

Postop  
HR‡ Complications

LOS 
(days) Mortality

Benbow et al., 1997 Unspecified 65+ 32 4 G, 27 N, 1 P Unspecified 15.6%; 3 cranial, 1 med, 1 visual — 3.1%
Minniti et al., 2001 Unspecified 65+ 22 22 G 13.6% 318.1%; 4 cranial 8.4 ± 2.2 0%
Ferrante et al., 2002 Unspecified 70+ 39 5 G, 31 N, 3 P 20.5% 20.5% 1 cranial, 1 med, 1 visual 11.6 ± 3.1 0%
Del Monte et al., 2007 Unspecified 65+ 23 23 N 48% 0% — 0%
Hong et al., 2008 Unspecified 65+ 103 2 C, 10 G, 75 N, 16 P 10.7% 6.8%; 5 cranial, 2 visual 12.8 ± 3.5 0%
Arita et al., 2008 Unspecified 65+ 7 7 G 0% 0% — 0%
Foppiani et al., 2008 Unspecified 65+ 8 1 G, 7 N 25% DI 0% — 0%
Rogne et al., 2009 Unspecified 70+ 33 Unspecified Unspecified 0% — 0%
Grossman et al., 2010 Unspecified 65+ 8400 Unspecified 3.5% 32.6%; 5.4% cranial, 22.5% med 8.5 3.8%
Danilowicz et al., 2013 Unspecified 65+ 33 3 C, 4 G, 17 N, 5 O, 

3 P, 1 U
87.9% 57.9% 10.4 3%

Robenshtok et al., 2014 Unspecified 65+ 32 3 A, 29 N 3.1% 0% — 0%
Cohen et al., 1989 Microscopic 70+ 12 1 A, 2 G, 8 N, 1 O 0% 16.7%; 2 visual — 0%
Puchner et al., 1995 Microscopic 65+ 15 15 G 0% 6.7%; 1 nasal 10.2 ± 2.3 0%
Turner et al., 1999 Microscopic 65+ 58 6 A, 6 G, 2 C, 38 N, 

4 O, 2 P 
6.9% DI 19%; 2 cranial, 3 med, 5 visual — 0%

Fraioli et al., 1999 Microscopic 70+ 11 1 C, 1 G, 8 N, 1 P  9.1% DI 9.1%; 1 med 17 0%
Kurosaki et al., 2001 Microscopic 70+ 32 32 N 15.6% 9.4%; 3 cranial 16.3 0%
Sheehan et al., 2008 Microscopic 70+ 64 3 G, 61 N 12.5% 1.6%; 1 med 2.6 0%
Locatelli et al., 2013 Microscopic 65+ 43 5 A, 8 C, 4 G, 26 N 9.3% 27.9% 5 ± 2 0%
Liu et al., 2015 Microscopic 65+ 69 2 A, 7 C, 4 G, 56 N 4.3% 4.5%; 1 cranial, 2 med 6.4 ± 1.9 1.5%
Yunoue et al., 2014 Combined¶ 80+ 10 1 G, 9 N 0% 0% 11.5 ± 3.6 0%
Pereira et al., 2014 Both** 70+ 96 12 A, 3 C, 3 G, 70 N, 

7 O, 1 P
20.9% 55.2%; 2 cranial, 29 med, 13 

nasal, 9 visual
4 0%

Hasegawa et al., 2011 Endoscopic 80+ 3 3 A 0% 0% — 0%
Marenco et al., 2015 Endoscopic 65+ 25 25 N 12% 32%; 7 med, 1 nasal 6.7 3.6%
Gondim et al., 2015 Endoscopic 70+ 55 6 A, 49 N 16.4% 27.3%; 8 cranial, 6 med, 1 nasal 8 1.8%
Zhan et al., 2015 Endoscopic 65+ 158 158 N 13.9% 6.3%; 7 cranial, 3 med — 0

A = apoplexy; C = Cushing’s disease; DI = diabetes insipidus; G = growth-hormone-secreting adenoma; med = medical; N = nonfunctioning pituitary adenoma; O = 
other; P = prolactinoma, U = unspecified.
* Age of patients defined as elderly.
† Number of patients reported in the elderly category.
‡ Postoperative rate of new hormone replacement reported.
§ Complications = complications reported excluding hormonal deficiency. 
¶ Endoscopically assisted microscopic.
** Series included microscopic and endoscopic cases.
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their pituitary tumors; the authors did not include a control 
group, but they reported excellent results overall with no 
complications. Pereira et al.33 reviewed 106 consecutive 
procedures in 104 patients aged 70 years or older; they 
included a transition from microscopic surgery to endo-
scopic surgery within their series but did not subcategorize 
their results by approach and also had no control group 
from their own center. None of the other studies identified 
had sufficient numbers to divide the patients into separate 
groups, as we did, in order to examine the progressive in-
crease in complications with increasing age. Our results 
are consistent with previous studies that show that while 
morbidity and mortality remain relatively low, there is a 
trend toward increased risk with increasing age. Our study 
is unique in being one of the largest studies to date and 
also comparing different elderly age groups as opposed 
to comparing single “elderly” group and a younger group. 
The unique study design allows us to differentiate between 
patients in the 60- to 69-year-old category and the 70+ cat-
egory.

Visual Changes
Postoperative visual changes from ischemia seem to 

be a rare but possible complication in the elderly. In our 
series, 1 patient had visual deterioration not attributed to 
postoperative neural compression by a hematoma or an al-
ternative mass lesion; in this case, the deterioration was 
attributed to an ischemic event. Cohen et al.4 reported vi-
sual deterioration in 2 patients following transsphenoidal 
pituitary surgery. A postoperative hematoma was identi-
fied in one of the 2 patients, and the patient’s vision im-
proved after the hematoma was evacuated, but the second 
patient had no hematoma and was presumed to have chias-
mal ischemia. Turner et al.46 reported visual deterioration 
without evidence of hematoma in 3 of 60 elderly patients 
who underwent transsphenoidal pituitary surgery. Thus, it 
is pertinent to consider that elderly patients may be at in-
creased risk of postoperative visual deterioration indepen-
dent of surgical technique, although the reported numbers 
currently remain too small for statistical significance. The 
reason for this increase is likely related to atherosclerosis 
of small vessels feeding the chiasm, which are more sus-
ceptible to mechanical vasospasm.

Intracranial Hypotension
Use of lumbar drainage in the elderly, in the setting of 

cortical atrophy and larger subarachnoid spaces, needs to 
be approached with caution, as the risk of developing a 
subsequent subdural hematoma is higher in these patients. 
There was only 1 symptomatic case of intracranial hypo-
tension that required operative intervention in our series, 
although there were 3 more cases that were incidentally 
noted on postoperative imaging and did not progress or 
require any intervention. This risk of subdural hematoma 
formation and intracranial hypotension has to be weighed 
against the potential benefits in reduction of postoperative 
CSF leaks. A randomized controlled trial performed by 
Zwagerman et al.50 regarding preemptive lumbar drain 
placement compared with no drain placement for ex-
tended endonasal surgery had to be stopped early, as the 
leak rate was overwhelmingly less in the lumbar drainage 

group in cases at higher risk of CSF leakage (extensive 
arachnoid dissection, dissection into a ventricle or cis-
tern, and dural defect greater than 1 cm). The statistically 
significant difference in tumor size for those patients in 
our series who underwent drain placement is expected 
given the indication for drain placement of a minimum 
vertical tumor diameter with extension above the planum 
sphenoidale, but this is also confirmed as an appropriate 
indication given the significant risk of intraoperative CSF 
leak in the lumbar drain category. The absence of cases 
requiring revision for ongoing postoperative CSF leakage 
in our series despite an intraoperative leak rate over 50% 
cannot be retrospectively confirmed to be solely related 
to lumbar drain placement. Nonetheless, it could be hy-
pothesized as a potential contributing factor, in addition 
to meticulous closure. The risks of intracranial hypoten-
sion are increased by using a larger bore needle,18 although 
a larger-bore Tuohy needle is necessary for safe lumbar 
drain placement. Furthermore, cases of life-threatening 
intracranial hypotension following lumbar drain place-
ment have been reported,15 although the condition may be 
managed with an epidural blood patch.45 In short, lumbar 
puncture and lumbar drainage can largely be used as a 
safe adjunct in endoscopic skull base surgery, but there 
are potential risks, particularly in the elderly population 
with increased brain atrophy. For elderly patients with sig-
nificant brain atrophy our threshold for placing a lumbar 
drain is higher, and we place them primarily in cases of gi-
ant macroadenomas in which a high-flow leak is expected 
postoperatively.

Conclusions
Although the risks are slightly increased in patients 

over the age of 70 years, endoscopic endonasal pituitary 
surgery is still a very safe procedure. The use of a lumbar 
drain or lumbar punctures may increase the risk of sub-
dural hematoma and should be considered with caution 
in patients with atrophic brains. In considering whether 
to recommend surgery for elderly patients with pituitary 
adenomas, the benign, slow-growing nature of the lesions 
makes the decision-making process challenging, and the 
risks of surgery should be weighed closely against the ex-
istence of likelihood of developing symptoms.
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