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INTRODUCTION

The incidence of both benign and malignant brain tumors 
increases with age [1-3]; however, advanced patient age can 
result in hesitancy to surgically remove such tumors because 
of the potential comorbidities associated with aging that may 
increase surgical risks [1]. Older age, usually considered 65 
years or older, has been previously associated with greater risk 
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81–85) years, and the most common preoperative comorbidity was hypertension (n=44). Most pa-
tients (n=35) had a preoperative modified Rankin Scale (mRS) score between 0–2. Seventeen (27.9%) 
patients experienced postoperative complications (i.e., urinary tract infection, deep venous thrombosis, 
etc.), and 26.2% (n=16) experienced new-onset neurologic deficits postoperatively (i.e., aphasia, motor 
deficits, etc.). Upon discharge, most patients (n=43) had an mRS score of 3–4. Within 30 days of sur-
gery, 14.8% (n=9) of patients were readmitted to the hospital and 8.2% (n=5) of patients died: 2 with 
meningioma, 1 with glioblastoma, and 2 with metastatic disease. The most common cause of death 
was intracranial hemorrhage (n=3). Three-month mortality was 23.0% (n=14). Mean survival after sur-
gery was 33 months for meningioma patients, 6.9 months for glioblastoma patients, and 15 months 
for patients with metastatic lesions.

Conclusion    Our review found a 30-day mortality rate of 8.2% across all tumor types, and mean 
survival was similar to that previously reported for patients across all age groups. Surgical intervention 
for octogenarian tumor patients is therefore feasible, safe, and likely worthwhile for extending and im-
proving lives. 
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of postoperative complications, prolonged hospital stay, and 
mortality within 30 days of surgery [4-6]. On the other hand, 
many studies have identified frailty, rather than age, as the 
most important predictor of patient outcome following crani-
otomy for tumor resection (CTR) [1,7-9], suggesting the ne-
cessity to evaluate geriatric patients individually before ruling 
out CTR as a treatment option. Furthermore, outcomes for the 
sub-cohort of much older patients, particularly those >80 years 
of age, are not well-characterized, necessitating further exami-
nation of the efficacy and utility of CTR in this population.

To better comprehend the value of surgery in tumor man-
agement for octogenarians, we conducted a retrospective anal-
ysis of CTR patients aged 80–89 years, who were operated at 
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our institution, examining surgical outcomes and mortality. 
Various patient factors were also examined to determine if 
certain comorbidities predict poorer surgical outcomes.

METHODS

This retrospective review was approved by our Institutional 
Review Board (IRB, Study Number: 2021P000600) and was 
deemed exempt from patient consent by the IRB. Billing re-
cords identified all patients aged 80–89 at the time of surgery 
who underwent CTR or open biopsy between 2004 and 2021 
at our academic medical center. 

Patients with less than 3 months of follow-up were exclud-
ed from our analysis unless they died within 3 months of sur-
gery, in which case they were included. Our study included 
only patients diagnosed with meningioma, glioblastoma, or 
metastatic tumors, based on their final pathology report. 

All patient data, including pre-, intra-, and postoperative 
characteristics, were gleaned from the electronic medical re-
cord. Largest tumor diameter was determined from preoper-
ative imaging reports. The degree of pre- and postoperative 
neurologic and functional disability was determined using the 
modified Rankin Scale (mRS) as the Karnofsky Performance 
Scores (KPS) were not available for many patients. Patients were 
grouped as mRS 0–2, 3–4, or 5–6 depending on functional 
status. Postoperative neurologic deficits and complications 
were defined as those that occurred during the inpatient peri-
od following surgery. Patients were grouped by diagnosis (me-
ningioma, glioblastoma, or metastatic) for analysis and the 
primary outcome measure was 30-day mortality. Three-month 
mortality was also considered, and Kaplan-Meier (KM) esti-
mator survival analysis was employed to evaluate overall pa-
tient survival. Comparative KM curves were developed to as-
sess the effect of tumor type on patient survival over time. The 
log-rank test was used for assessing statistically significant dif-
ferences in KM curve distributions. All patients were included 
in the survival analysis, and those who were lost to follow-up 
more than 3 months after surgery were censored at the time 
of last follow-up. A p-value of <0.05 was considered to be sig-
nificant. All statistical analyses were performed using the Stata 
software (StataCorp, College Station, TX, USA).

RESULTS

One hundred six billing records were identified, but 4 pa-
tients had 2 billing records associated with the same surgery 
(because 2 attending neurosurgeons were involved in their 
case), resulting in 102 unique craniotomies/biopsies. After 
excluding those without adequate follow-up (3 months) and 
anyone with a diagnosis other than glioblastoma, meningio-

ma, or metastatic disease, 61 craniotomies (60 for tumor re-
section, 1 for open biopsy), performed on 60 unique patients, 
were included in this study. The median age at the time of sur-
gery was 83 (interquartile range [IQR] 81–85) years. Twenty-
nine patients (30 surgeries) were diagnosed with meningioma, 
15 with glioblastoma, and 16 with metastatic disease (Table 1). 

Meningioma
The median age at the time of surgery for patients diagnosed 

with meningioma was 82.5 (IQR 81–85) years (n=30). Twen-
ty-one patients (70%) had hypertension, and 15 (50%) were 
taking antiplatelet or anticoagulant medications preoperative-
ly. Eighteen patients (60%) had preoperative mRS scores be-
tween 0–2, while 40% (n=12) had mRS scores of 3–4. The most 
common preoperative neurologic symptoms were gait distur-
bance (40%, n=12) and motor deficits (43.3%, n=13) (Table 1).

Eighteen meningiomas (60%) were removed from the left 
hemisphere, and average tumor size (defined as the greatest tu-
mor diameter) was 4.41±1.60 cm. Gross total resection (GTR) 
was achieved for 66.7% (n=20) of patients, while 33.3% (n=10) 
of patients experienced subtotal resection (STR) (Table 2). 
Postoperatively, 30% (n=9) of patients had new-onset neuro-
logic deficits, including motor deficits, confusion, and aphasia. 
Five patients (16.7%) experienced postoperative complications, 
including urinary tract infection (UTI; n=1), intracranial hem-
orrhage (ICH, n=2), deep venous thrombosis (DVT, n=1), and 
seizure (n=1). Postoperative complications and neurologic defi-
cits are summarized in Table 3. Upon discharge, 66.7% (n=20) 
of patients had mRS scores of 3–4, as 10 patients worsened 
from preoperative mRS of 0–2 to postoperative mRS of 3–4, 
and 2 patients worsened from preoperative mRS of 3–4 to 
postoperative mRS of 5–6 (Table 2). 

The 30-day mortality rate for patients with meningioma was 
6.7% (n=2). One patient, who had a preoperative mRS score 
between 0–2, was readmitted within 30 days after surgery for 
hematemesis, and ultimately died of renal failure 11 days af-
ter surgery. The other patient, who had a past medical history 
of hypertension, was regularly taking aspirin preoperatively, 
and who had a preoperative mRS score of 3–4, died of an in-
tracranial hemorrhage 9 days after surgery. One additional 
patient (3.3%) died within 3 months following surgery (Ta-
bles 4 and 5).

Glioblastoma
The median age at surgery for patients with glioblastoma 

was 84 (IQR 82–85) years (n=15). Twelve patients (80%) had 
hypertension, and 9 patients (60%) were using anticoagulant 
and/or antiplatelet medications preoperatively. Preoperative 
neurologic symptoms included gait disturbance (26.7%, n=4), 
motor deficits (40.0%, n=6), sensory deficits (26.7%, n=4), and 
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confusion/dementia (46.7%, n=7). Nine patients (60%) had 
mRS scores between 0–2, and 6 patients (40%) had mRS scores 
of 3–4 (Table 1). 

Twelve tumors (80%) were in the right hemisphere; the aver-
age tumor size was 4.45±0.97 cm. A GTR was achieved in 
53.3% (n=8) of patients, and an STR was achieved in 46.7% 
(n=7) (Table 2). One third (n=5) of patients experienced new-
onset neurologic deficits postoperatively, the most common 
being confusion/disorientation (n=3) and delirium (n=3). Six 
patients (40%) experienced postoperative complications, in-
cluding UTI (n=1), seizure (n=1), pulmonary edema/vascular 
congestion (n=1), metabolic acidosis (n=1), congestive heart 
failure (n=1), and acute renal failure (n=1) (Table 3). Upon 
discharge, 86.7% (n=13) of patients had mRS scores of 3–4, 
as 7 patients worsened from a preoperative mRS of 0–2 to a 
postoperative mRS of 3–4. Eleven patients (73.3%) underwent 
chemotherapy and radiaton following surgery (Table 2). 

Four (26.7%) glioblastoma patients were readmitted within 
30 days of surgery: 1 for ICH, 1 for generalized weakness, 1 for 
a craniotomy wound infection, and 1 for generalized fatigue 

and infection at their port-a-cath site. The 30-day mortality 
rate was 6.7% (n=1), as 1 patient, who was not readmitted, 
died 25 days after surgery for an unknown reason. This patient 
had a preoperative mRS score between 0–2; a past medical 
history of hypertension, diabetes, coronary artery disease, and 
myocardial infarction; and was regularly taking aspirin pre-
operatively. Four additional patients (26.7%) died within 3 
months after surgery (Tables 4 and 5). 

Metastatic disease
The median age at surgery for the 16 patients diagnosed with 

metastatic disease was 83 (IQR 80.5–85) years. Eleven (69%) 
of patients had hypertension, and 10 (62.5%) were using an-
ticoagulation and/or antiplatelet medications before surgery. 
Preoperative neurologic symptoms included gait disturbance 
(31.3%, n=5), motor deficits (50.0%, n=8), sensory deficits 
(37.5%, n=6), and confusion/dementia (37.5%, n=6). Eight 
patients (50.0%) had preoperative mRS scores between 0–2, 
and 43.8% (n=7) of patients had mRS scores of 3–4. One pa-
tient had an mRS score of 5 (Table 1).

Table 1. Patient demographics and preoperative data between the different tumor groups

Total
(n=61)

Group 1: Meningioma
(n=30)

Group 2: Glioblastoma
(n=15)

Group 3: Metastatic
(n=16)

Age (yr) 83.0 [81.0–85.0] 82.5 [81.0–85.0] 84.0 [82.0–85.0] 83.0 [80.5–85.0]
Sex

Female 33 (54.1) 20 (66.7) 7 (46.7) 6 (37.5)
Male 28 (45.9) 10 (33.3) 8 (53.3) 10 (62.5)

Length of stay (days) 8.0 [4.0–12.0] 6.5 [3.0–11.0] 9.0 [6.0–10.0] 12.0 [7.0–13.0]
Days between surgery and discharge 5.0 [3.0–7.0] 4.0 [3.0–5.0] 6.0 [5.0–8.0] 5.0 [3.5–9.5]

Comorbidities
HTN 44 (72.1) 21 (70.0) 12 (80.0) 11 (68.8)
Diabetes 14 (22.9) 6 (20.0) 4 (26.7) 4 (25.0)
COPD 1 (1.6) 0 (0.0) 0 (0.0) 1 (6.3)
Heart failure 4 (6.6) 2 (6.7) 1 (6.7) 1 (6.3)
Arrythmias 10 (16.4) 5 (16.7) 2 (13.3) 3 (18.8)
Anticoagulation/platelet 34 (55.7) 15 (50.0) 9 (60.0) 10 (62.5)

Preoperative mRS
0–2 35 (57.4) 18 (60.0) 9 (60.0) 8 (50.0)
3–4 25 (41.0) 12 (40.0) 6 (40.0) 7 (43.8)
5–6 1 (1.6) 0 (0.0) 0 (0.0) 1 (6.3)

Preoperative neurologic symptoms
Gait disturbance 21 (34.4) 12 (40.0) 4 (26.7) 5 (31.3)
Motor deficit 27 (44.3) 13 (43.3) 6 (40.0) 8 (50.0)
Aphasia 10 (16.4) 5 (16.7) 2 (13.3) 3 (18.8)
Seizure 7 (11.5) 4 (13.3) 1 (6.7) 2 (12.5)
Sensory deficit 18 (29.5) 8 (26.7) 4 (26.7) 6 (37.5)
Confusion/dementia 22 (36.1) 9 (30.0) 7 (46.7) 6 (37.5)
Headaches 10 (16.4) 5 (16.7) 1 (6.7) 4 (25.0)

Data are presented as median [interquartile range] or n (%). HTN, hypertension; COPD, chronic obstructive pulmonary disease; mRS, modi-
fied Rankin Scale
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Nine tumors (56.3%) were in the right hemisphere, and the 
mean tumor size was 2.96±1.01 cm. A GTR was achieved in 
62.5% (n=10), and an STR in 31.3% (n=5). One patient (6.3%) 
underwent an open biopsy instead of full resection (Table 2). 
Two patients (12.5%) experienced new-onset, postoperative 
neurologic deficits: one showed a decreased level of conscious-
ness, and the other had confusion, dysarthria, lethargy, and 
agitation. Six patients (37.5%) experienced postoperative com-
plications, including UTI (n=2), ICH (n=2), pulmonary em-
bolus (PE) (n=1), and seizure (n=1) (Table 3). One patient 
who experienced ICH required an additional operation dur-
ing the same hospital stay as their initial craniotomy. Upon 
discharge, 62.5% (n=10) of patients had an mRS score of 3–4, 
as 4 patients worsened from preoperative mRS of 0–2 to post-
operative mRS of 3–4, 2 patients worsened from preoperative 
mRS of 3–4 to postoperative mRS of 5–6, and 1 patient im-
proved from preoperative mRS of 5–6 to postoperative mRS 
of 3–4 (Table 2). 

Four patients were readmitted within 30 days of surgery: one 
for seizures, one for generalized weakness, one for agitation, 
and one for a UTI. The 30-day mortality rate for patients with 

metastatic disease was 12.5% (n=2), as 2 patients, both of 
whom had a preoperative mRS of 3–4, a history of hyperten-
sion, and were on warfarin (Coumadin) preoperatively, died due 
to ICH. Four additional patients (25%) died within 3 months 
of surgery (Tables 4 and 5). 

Overall 30-day and 3-month mortality
Across all tumor types, the 30-day mortality rate was 8.2% 

(n=5). An additional 14.8% (n=9) of patients died between 
30 days and 3 months of surgery, yielding a 90-day mortality 
rate of 23.0%.

KM survival analysis
KM survival analysis included all patients in the study (30 

meningioma, 15 glioblastoma, and 16 metastatic disease). The 
mean survival was 33 months for the meningioma group, 6.9 
months for the glioblastoma group, and 15 months for the 
metastatic lesion group (Fig. 1). Differences in mean survival 
between tumor types were statistically significant (p<0.001). 
The KM survival curve is shown in Fig. 1. 

Table 2. Surgical details and postoperative outcomes between the different tumor groups

Total
(n=61)

Group 1: Meningioma
(n=30)

Group 2: Glioblastoma
(n=15)

Group 3: Metastatic
(n=16)

Localization
Right 33 (54.1) 12 (40.0) 12 (80.0) 9 (56.3)
Left 28 (45.9) 18 (60.0) 3 (20.0) 7 (43.8)

Tumor diameter (cm) 4.06±1.47 (n=56) 4.41±1.60 (n=29) 4.45±0.97 (n=13) 2.96±1.01 (n=14)
Operative duration (min) 190 [129–242] (n=55) 204 [135–269] (n=28) 175 [128–286] (n=13) 161 [138–226] (n=14)
Estimated blood loss (mL) 175 [75–300] (n=54) 225 [90–300] (n=28) 150 [100–200] (n=13) 125 [50–200] (n=13)
Extubated in OR 54 (88.5) 28 (93.3) 14 (93.3) 12 (75.0)
Extent of resection

GTR 38 (62.3) 20 (66.7) 8 (53.3) 10 (62.5)
STR 22 (36.1) 10 (33.3) 7 (46.7) 5 (31.3)
Biopsy 1 (1.6) 0 (0.0) 0 (0.0) 1 (6.3)

Postoperative neurologic deficits (i.e., 
  motor deficits, aphasia, confusion, etc.)*

16 (26.2) 9 (30.0) 5 (33.3) 2 (12.5)

Postoperative complications (i.e., UTI, 
  DVT, PE, etc.)*

17 (27.9) 5 (16.7) 6 (40.0) 6 (37.5)

Reoperation during hospital stay 1 (1.6) 0 (0.0) 0 (0.0) 1 (6.3)
Postoperative mRS

0–2 14 (23.0) 8 (26.7) 2 (13.3) 4 (25.0)
3–4 43 (70.5) 20 (66.7) 13 (86.7) 10 (62.5)
5–6 4 (6.6) 2 (6.7) 0 (0.0) 2 (12.5)

Postoperative chemotherapy 15 (24.6) 1 (3.3) 11 (73.3) 3 (18.8)
Postoperative radiation 32 (52.5) 9 (30.0) 11 (73.3) 12 (75.0)
Data are presented as n (%), mean±standard deviation, or median [interquartile range]. *Reference Table 3. OR, operating room; GTR, gross 
total resection; STR, subtotal resection; UTI, urinary tract infection; DVT, deep venous thrombosis; PE, pulmonary embolism; mRS, modi-
fied Rankin Scale
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DISCUSSION

Through analyzing surgical outcomes and both 30- and 

90-day mortality of octogenarian CTR patients at our hospi-
tal, this study sought to assess the feasibility and safety of CTR 
for brain tumor patients aged 80 to 89 years. The 30-day mor-

Table 3. Postoperative neurologic deficits and complications

Total
(n=61)

Group 1: Meningioma
(n=30)

Group 2: Glioblastoma
(n=15)

Group 3: Metastatic
(n=16)

Postoperative neurologic deficits*
Decreased LOC 3 (4.9) 1 (3.3) 1 (6.7) 1 (6.3)
Motor deficits 3 (4.9) 2 (6.7) 1 (6.7) -
Confusion/disorientation 6 (9.8) 2 (6.7) 3 (20.0) 1 (6.3)
Decreased comprehension 4 (6.6) 2 (6.7) 2 (13.3) -
Inattention 1 (1.6) - 1 (6.7) -
Lethargy 4 (6.6) 1 (3.3) 2 (13.3) 1 (6.3)
Agitation 4 (6.6) 2 (6.7) 1 (6.7) 1 (6.3)
Delirium 3 (4.9) - 3 (20.0) -
Aphasia 4 (6.6) 4 (13.3) - -
Dysarthria 4 (6.6) 2 (6.7) 1 (6.7) 1 (6.3)
Facial droop/tongue deviation 1 (1.6) - 1 (6.7) -

Postoperative complications*
UTI 4 (6.6) 1 (3.3) 1 (6.7) 2 (12.5)
DVT 1 (1.6) 1 (3.3) - -
ICH 4 (6.6) 2 (6.7) - 2 (12.5)
Pulmonary embolus 1 (1.6) - - 1 (6.3)
Seizure 3 (4.9) 1 (3.3) 1 (6.7) 1 (6.3)
Pulmonary edema/vascular congestion 2 (3.3) 1 (3.3) 1 (6.7) -
Metabolic acidosis 1 (1.6) - 1 (6.7) -
CHF 1 (1.6) - 1 (6.7) -
ARF 1 (1.6) - 1 (6.7) -

Data are presented as n (%). *Patients may experience more than one complication/neurologic deficit and are therefore included for each 
complication experienced. LOC, level of consciousness; UTI, urinary tract infection; DVT, deep venous thrombosis; ICH, intracranial hem-
orrhage; CHF, congestive heart failure; ARF, acute renal failure

Table 4. Readmissions and mortality

Total
(n=61)

Group 1: Meningioma
(n=30)

Group 2: Glioblastoma
(n=15)

Group 3: Metastatic
(n=16)

Readmission within 30 days of surgery 9 (14.8) 1 (3.3) 4 (26.7) 4 (25.0)
Seizures 1 (1.6) 1 (6.3)
ICH 1 (1.6) 1 (6.7)
Weakness 2 (3.3) 1 (6.7) 1 (6.3)
Wound infection 1 (1.6) 1 (6.7)
Agitation 1 (1.6) 1 (6.3)
Hematemesis 1 (1.6) 1 (3.3)
UTI 1 (1.6) 1 (6.3)
Other 1 (1.6) 1 (6.7)

Death within 30 days of surgery 5 (8.2) 2 (6.7) 1 (6.7) 2 (12.5)
ICH 3 (4.9) 1 (3.3) 2 (12.5)
Renal failure 1 (1.6) 1 (3.3)
Unknown 1 (1.6) 1 (6.7)

Death within 3 months of surgery* 14 (23.0) 3 (10.0) 5 (33.3) 6 (37.5)
Death >30 days and ≤3 months after surgery 9 (14.8) 1 (3.3) 4 (26.7) 4 (25.0)

Data are presented as n (%). *Includes patients who died ≤30 days after surgery. ICH, intracranial hemorrhage; UTI, urinary tract infection
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tality rate across all tumor types at our center was 8.2% (n=5), 
and the 90-day mortality rate was 23% (n=14). KM survival 
analysis demonstrated mean survival of 33 months for me-
ningioma patients, 6.9 months for glioblastoma patients, and 
15 months for patients with metastatic lesions in our cohort.

The decision to operate
Presently, there is little consensus regarding whether or not 

patients aged 80 years or older should undergo CTR. In one 
multicenter review of 1,281 meningioma patients who under-
went CTR, elderly age (defined as ≥70 years) (n=258) was as-
sociated with a higher 30-day mortality rate (12.0%) compared 
to younger patients (4.6%), and elderly patients were more 
likely to have one or more complications (29.8%) compared to 
their younger counterparts (13.1%) [5]. In another review of 
meningioma patients who underwent CTR, age greater than 
80 years was an independent risk factor for complications, 
death within 30 days of surgery, and prolonged length of stay 
(>5 days) [6]. 

In contrast, many other studies have found no association 
between elderly age and increased risk for complications or 
mortality following CTR suggesting that CTR is a safe proce-
dure for geriatric patients. For elderly patients who do expe-
rience complications, ICH, seizure, DVT, PE, infection, and 
stroke are most common [1,7,8,10-16]. 

Our study demonstrated a 30-day mortality rate of 8.2% 
(n=5) across all tumor types, and though 27.9% of patients ex-
perienced a postoperative complication (i.e., UTI, DVT, PE, 
etc.), most complications did not lead to death and were re-
solved quickly. An additional 9 patients (4 with glioblastoma, 

4 with metastatic lesions, and 1 with meningioma) died be-
tween 30 days and 3 months following surgery; however, this 
result was not unexpected given the aggressive nature of glio-
blastoma and metastatic tumors. We therefore argue that CTR 
for patients aged 80 to 89 years is overall feasible and relatively 
safe for most patients. 

According to the Central Brain Tumor Registry of the Unit-
ed States (CBTRUS), median survival for patients with glio-
blastoma across all age groups is 8 months from the time of 
diagnosis [3]. KM survival analysis demonstrated that mean 
survival in our glioblastoma cohort was 6.9 months from time 
of surgery. Given that we measured survival as time from sur-
gery instead of time from diagnosis (which may occur before 
CTR through radiographic confirmation), CTR in our octo-
genarian cohort does not appear to reduce overall longevity 
for glioblastoma patients. For meningioma patients, per the 
CBTRUS, 10-year relative survival across all age groups for 
malignant meningioma is 67%; however, for patients 75 years 
or older, 10-year relative survival is reduced to 40%. Ten-year 
relative survival for non-malignant meningioma is 83% across 
all age groups, but it also is reduced as age increases [3]. In our 
cohort, the mean survival for meningioma patients was 33 
months, and at least 7 patients (23.3%) survived or are still 
alive more than 5 years postsurgery. While most meningio-
mas are not malignant, older age increases a patient’s likeli-
hood of dying from other causes, making it difficult to com-
pare overall survival in our meningioma patients to patients of 
younger age. Mean survival for patients with metastatic lesions 
was 15 months in our cohort, and it is likely that many patients 
with metastatic lesions succumb to comorbidities associated 
with their systemic disease rather than issues related to CTR. 
Our survival analysis, therefore, suggests the safety and effica-
cy of CTR in patients aged over 80–89 years. 

Additionally, although mRS score was worse for several pa-
tients upon discharge compared to preoperative status, need 
for additional care immediately following surgery (i.e., reha-
bilitation and home services) is not abnormal for neurosurgi-
cal patients, and it is likely that many patients later improved 
in functional status. CTR for patients of very advanced age may 
therefore still be of value for increasing longevity and improv-
ing patients’ quality of life. 

Risk factors for poor outcomes
Careful patient selection, as is true for most surgical proce-

dures, is important for minimizing negative surgical outcomes. 
In the literature, most research argues that geriatric patients 
with decreased functional or neurologic status preoperatively 
(as measured by mRS, KPS, and/or American Society of Anes-
thesiologists [ASA] score) are at greater risk for postoperative 
complications or mortality [1,7-9]. For example, in one review 
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Fig. 1. Kaplan-Meier survival analysis curve for patients with me-
ningioma, glioblastoma, or metastatic disease. Kaplan-Meier sur-
vival analysis was performed to evaluate overall longevity follow-
ing surgery for octogenarian patients who underwent craniotomy 
for tumor resection. A total of 30 meningioma, 15 glioblastoma, 
and 16 metastatic lesion patients were analyzed. Mean survival 
was 33 months for the meningioma group, 6.9 months for the 
glioblastoma group, and 15 months postsurgery for the metastatic 
lesion group. Red dash lines indicate follow-up at 6, 12, 18, and 
24 months. Log-rank test was significant with p<0.001.
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of 58 patients aged 80 years or older who underwent CTR for 
glioblastoma, a lower KPS (≤60) was associated with lower 
overall survival [9]. In a different review of 58 meningioma 
patients of age 70 or older, mortality was associated with KPS 
≤60 and an ASA score of 3 [1]. 

In our study, 2 of the patients who died within 30 days of 
surgery had preoperative mRS scores between 0–2, suggesting 
strong functional and neurologic status. The other 3 patients 
who died within 30 days had preoperative mRS scores of 3–4. 
Neurologic and functional status were therefore not associated 
with higher risk of mortality in our review. Preoperative symp-
toms also differed between all 5 patients who died within 30 
days of surgery, making us unable to pinpoint any particular 
symptom that predicts worse surgical outcomes.

Besides neurologic and functional status, no other patient 
characteristics have been consistently associated with increased 
risk of mortality after CTR in elderly cohorts. Of the 5 patients 
who died within 30 days of surgery in our review, 4 (3 of whom 
died from hemorrhage) had a history of hypertension and were 
taking anticoagulants and/or antiplatelets preoperatively. Hy-
pertension (present in 72.1% of all patients) and anticoagu-
lants/platelets (used by 55.7% of all patients) were common in 
our cohort, however, while we cannot definitively demonstrate 
a relationship between such factors and mortality following 
CTR, it is possible that hypertension and anticoagulant/plate-
let use contributed to an increased risk of ICH and mortality. 

The maximum tumor diameters of 3 of the 5 patients who 
died were slightly larger than average compared to others in 
the cohort. Additionally, the estimated blood loss of those pa-
tients who died was larger compared to the overall average for 
each tumor type, and 3 of the 5 patients were unable to be 
extubated in the operating room at the conclusion of surgery. 
It is possible that increased blood loss and prolonged intuba-
tion may have contributed to the poor outcomes in these pa-
tients (Table 5). 

While we were unable to pinpoint preoperative factors that 
differentiated the patients in our cohort who died within 30 
days of surgery from their surviving counterparts, postoper-
atively, it is possible that factors such as blood loss and respi-
ratory status may be indicative of patient outcomes. More re-
search is needed to draw firm conclusions regarding these 
postoperative factors. Overall, the results of our study support 
the decision to take octogenarian patients to the operating 
room, though as is true for any age group, patients should be 
evaluated on a case-by-case basis to determine personal sur-
gical risk.

Generalizability and limitations
Given that this review only included patients who underwent 

CTR at our academic institution with our surgeons, general-

izing our results to all neurosurgical departments may not be 
feasible. That said, our review adds to literature from other in-
stitutions that suggests CTR as a safe and worthwhile proce-
dure for octogenarian patients. 

The biggest limitation of this review was possible selection 
bias, as our cohort represents only those patients that our sur-
geons deemed fit enough to undergo surgery. Consequently, 
there are likely many geriatric patients excluded from this study 
who would not be good candidates for CTR for various rea-
sons. Careful patient selection probably has an important im-
pact on surgical outcomes that we were unable to wholly as-
sess in this review. 

Quality of life is also essential to consider when deciding 
whether to operate on patients of advanced age. Although CTR 
may be feasible and safe for such patients, the level of care 
patients will need postoperatively, how much independence 
they will retain, and how surgery is predicted to affect their 
overall survival must play a role in the decision to operate. Our 
review did not assess long-term quality of life, necessitating 
further research. 

Conclusions
CTR in patients aged 80 to 89 years can be controversial be-

cause of concerns that advanced age makes patients less phys-
iologically and neurologically fit, thereby increasing the risks 
of postoperative morbidity and mortality. In line with previous 
research, this review of 61 CTRs for meningioma, glioblastoma, 
and metastatic tumors demonstrated that CTR is feasible and 
a relatively safe procedure for octogenarians. Although patients, 
including those younger than 80 years, should always be eval-
uated on a case-by-case basis for surgical risks, we believe that 
surgical interventions for octogenarian patients harboring brain 
tumors should be considered a realistic treatment option. 
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