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INTRODUCTION

Techniques utilized by neurosurgeons to maximize resection of brain tumors, while minimizing 
morbidity has improved significantly over time.[7,17] e awake craniotomy (AC) procedure is the 
gold standard for safe and maximal resection of intracranial lesions in supratentorial eloquent 
regions, with multiple studies demonstrating superior outcomes.[7,16,23] Geriatric patients are often 
denied AC and/or other aggressive brain tumor treatments due to concerns for poor outcomes 
related to chronological age.[4,13,22,27] However, with modern techniques and proper patient 
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selection, there is evidence that AC for gross total resection or 
maximal safe resection is well-tolerated in elderly patients.[13] 
Frailty, a measure of physiological reserve, is an emerging 
tool in the preoperative risk assessment of patients with 
brain tumors and numerous other conditions.[3,8,19,24,28] ere 
is rapidly accumulating evidence that frailty assessments are 
superior to chronological age alone for risk stratification 
in the preoperative setting.[9,10,29] e growing consensus 
that frailty should inform surgical decision-making 
prompted the design of novel scoring systems, such as the 
Risk Analysis Index (RAI).[14] e RAI was developed to 
measure preoperative frailty in surgical patients and has 
been successfully validated and shown to outperform prior 
indices for postoperative outcomes.[2,21] However, real-world 
examples integrating frailty tools into clinical practice in the 
geriatric brain tumor population are sparse. Here, we present 
a novel case example illustrating how frailty scoring enabled 
a 92-year-old healthy female to undergo and successfully 
recover from AC for resection of intracranial tumor.

CASE REPORT

History and examination

A 92-year-old right-handed female with a history of 
hypertension and basal cell skin cancer presented with 
a 1-month history of progressively worsening speech 
difficulties. e patient was brought to clinic by her daughter 
who first noticed the mild changes in sentence syntax. e 
patient is a retired schoolteacher who at baseline takes no 
medication, exercises daily, and lives independently. e 
progressive speech symptoms prompted medical workup 
including magnetic resonance imaging (MRI) of the brain 
and subsequent referral to our institution for neurosurgical 
evaluation. Symptoms at time of consultation included 
speech difficulties and intermittent right-hand numbness. 
Neurological examination was positive for expressive aphasia 
and otherwise unremarkable.

Preoperating neuroimaging

MRI brain with/without contrast revealed a T1 hypointense, 
rim-enhancing, and intra-axial mass centered in the left 
precentral gyrus concerning for a malignant neoplasm 
involving the eloquent rolandic cortex [Figure 1].

Preoperative assessment and patient counseling

e clinical symptoms and imaging findings were strongly 
suggestive of intermediate to high grade tumor involving the 
eloquent motor cortex responsible for speech expression. 
AC would be offered as a primary treatment option given 
acceptable surgical risk. e risks associated with surgery 
in the patient’s age group were considered. However, frailty 

assessment as measured by the recalibrated RAI-C scoring 
system deemed her a low-risk surgical candidate.[2,14] e 
RAI-C is a 14-question questionnaire assessing 11 variables, 
including age, sex, several medical comorbidities, and ability 
to complete activities of daily living (ADL’s).[2] Answers for 
each question are assigned a score, with a minimum total score 
of 0 and maximum score of 81. Higher scores are associated 
with more severe frailty and associated morbidity/mortality. 
Given her excellent baseline functional status, low frailty score 
(RAI-C of 30), location of tumor, and risk of tumor-related 
progression, the patient was offered AC for resection of tumor. 
e patient and family elected to proceed with the operation 
after extensive discussion of risks/benefits/alternatives.

Operative details

A left-sided frontoparietal temporal AC was performed for 
resection of tumor with the use of the operative microscope 
and Medtronic Stealth neuronavigation. Awake speech 
mapping with intraoperative electrophysiology mapping 
was also performed with assistance from neuropsychology 
colleagues. Gross-total resection with achieved without any 
speech arrest. Speech improved intraoperatively on removal 
of the cystic portion of tumor.

Histopathological findings

Samples taken during tumor resection were sent to pathology, 
where microscopic examination of the tissue sections 
demonstrated a poorly differentiated population of cells with 
multiforme cytologic features and abundant atypical mitotic 
figures with vascular proliferation and necrosis, providing 
a histopathological diagnosis of the WHO Grade  IV 
glioblastoma. Figure  2 depicts the photomicrographs of 
hematoxylin and eosin stained tissue sections.

Postoperative imaging and course

Postoperatively, the patient was admitted to the neurosurgical 
ICU for routine monitoring. e patient was neurologically 
intact with exception of mild expressive aphasia that 
improved compared to preoperative assessment. e 
postoperative MRI with and without contrast was negative 
for acute complications and showed no residual mass 
[Figure 3]. e patient had an uncomplicated postoperative 
course resulting in discharge to acute rehab facility on 
postoperative day 3. At follow-up, the patient was doing well 
with continued improvement in aphasia.

DISCUSSION

With current life expectancy trends, octogenarians are 
expected to triple globally by 2050.[12,20] e incidence 
of neurosurgical pathology, including brain tumors, 
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increases with age, leading to a rapidly growing census of 
geriatric patients presenting for surgical consultation.[25] 
Correspondingly, there is a critical need for the development, 
validation, and adoption of easy-to-use preoperative risk 
assessment tools to select candidates for surgery.[10,25] e 
present case illustrates how the RAI-C was implemented 
during preoperative evaluation to select a 92-year-old patient 
for cranial surgery. To the best of our knowledge, this was the 
oldest reported patient to undergo successful AC for resection 
of malignant tumor with no postoperative complications. 
e eloquent region tumor was safely removed resulting in 
significant improvement of aphasia symptoms.

Based on traditional preoperative evaluations, our patient 
may have been refused elective AC due to advanced 

chronological age alone. Similar to chronological age, older 
comorbidity-based indices[6,11] used to quantify preoperative 
risk fail to directly measure frailty and a patient’s likelihood 
of successfully recovering from surgery (physiological 
reserve).[31] e present case experience emphasizes the 
importance of using high quality, validated frailty tools 
in the preoperative risk assessment process. Frailty and 
outcomes following craniotomy for brain tumor have been 
analyzed extensively. Multiple studies (single-center and 
administrative database) demonstrated that increasing 
frailty, as measured by a variety of assessments, is associated 
with increased risk of postoperative complications, adverse 
discharge disposition, readmission, and mortality in patients 
undergoing resection of brain tumors.[3,5,8,15,18,24] Dicpinigaitis 
et al. found that frailty status (measured by mFI-11), 
compared to chronological age, was a robust predictor 
of postoperative in a population of 13,650  patients who 
underwent metastatic brain tumor resection.[10] Despite the 
popularity of frailty in the literature, implementation in the 
clinical setting lags behind and underscores the importance 
of selecting a frailty tool that seamlessly integrates into 
clinical practice and predicts postoperative outcomes with 
exceptional accuracy.[14]

e RAI is a powerful frailty tool developed and validated 
to improve the selection of patients for surgery.[14] A recent 
quality improvement initiative at a large quaternary center 
demonstrated that the RAI frailty screening tool can be 
effectively implemented in healthcare systems including 
screening within surgical clinics.[30] e RAI is superior to 
other commonly utilized frailty tools, such as the modified 
frailty index-5 (mFI-5), for a number of reasons. e RAI 
accounts for functional dependence (ADL’s) and incorporates 
patient age, which is both not directly measured by the mFI-5. 
is was particularly important in our patient’s case given the 
exceptional degree of functional independence for a 92 years 
old. e RAI was validated for bedside use as a clinical 

Figure 1: Preoperative neuroimaging. (a) Axial magnetic resonance imaging (MRI)-brain T1 image showing hypointense left frontoparietal 
mass centered in the left precentral gyrus with Gadolinium-enhanced T1 MRI axial (b), sagittal (c), and coronal (d) images demonstrating 
rim-enhancement concerning for malignant intracranial neoplasm. Green arrows represent tumor.
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Figure  2: Histopathology of grade  IV glioblastoma multiforme 
tumor. (a-c) Hematoxylin and eosin staining showing a poorly 
differentiated population of cells with multiforme cytologic 
features and some vaguely astrocytic features. ere are abundant, 
often atypical mitotic figures, vascular proliferation, and necrosis. 
(d) Positive for GFAP immunoreactivity.
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survey (RAI-C)[26] and for administrative data (RAI-A), 
which is invaluable for future research efforts and quality 
improvement interventions.[2] However, as a newer frailty 
tool, the patient population specific RAI analyses are sparse. 
e RAI score was recently adopted to predict outcomes 
following spine surgery with superior discriminative 
ability for postoperative morbidity/mortality.[1] However, 
neurosurgery patient populations are heterogeneous and 
thus warrant pathology-specific analyses (e.g., malignant 
glioma, meningioma, and cranial trauma) for validation and, 
if indicated, recalibration of RAI.

Outcomes data in elderly patients undergoing AC are 
scarce. A single study by Grossman et al., in 2013, reported 
outcomes after AC for tumor resection in a series of 334 
young (45.4 ± 13.2  years, mean ± SD) and 90 elderly 
(71.7 ± 5.1  years) patients.[13] ey found that AC was safe 
and effective in elderly patients with no difference in rate of 
short-term complications or mortality compared to younger 
patients. However, “elderly” was defined as age ≥ 65 and 
the study did not specifically describe or discuss outcomes 
for octogenarians or nonagenarians. Schär et al., in 2020, 
conducted a prospective cohort study of 1452 consecutive 
elective craniotomies to assess the safety of the procedure in 
elderly patients (<65 years vs. ≥65–<75 years vs. ≥75 years).[25] 
Mortality rates were low in all age groups, but increasing 
age was associated with discharge to other hospitals and 
postacute care facilities.[25] Future studies are indicated 
to further analyze the safety and efficacy of AC in a larger 
cohort of patients.

CONCLUSION

e present case represents the first successful AC for tumor 
resection in a 92  years old. e case illustrates how robust 
frailty scoring tools can be integrated into the clinical 
workflow to select elderly but otherwise healthy patients for 
surgery. Nonfrail patients over 90 years of age with the proper 
indications may tolerate cranial surgery. Frailty scoring is a 

powerful tool for preoperative risk assessment in the geriatric 
population.
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