
Abstract. Aim: The objective of this study was to assess
which clinical and radiographic findings may be associated
with neurological decline in patients with temporal lobe
mass lesions. Patients and Methods: This represents a
retrospective cohort study. Neurological decline was defined
as a decline in Glasgow Coma Scale of 2 or more or new
anisocoria. Adult patients aged 18 to 89 years with isolated
temporal lobe, intra-axial, contrast-enhancing masses
diagnosed between 1/1/2010 and 12/31/2020 were included.
Clinical and radiographic findings were collected for each
patient. Linear regression analysis was used to identify
findings predictive of neurological decline. Patients with
neurological decline were compared to stable patients to
identify factors that may increase risk for neurological
decline. Results: A total of 71 patients met the inclusion
criteria. Four out of the 71 patients experienced neurological
decline, representing an incidence of 6%. Linear regression
analysis identified only radiographic transtentorial
herniation as a predictor of neurological decline (β=0.26,
p=0.03). A midline shift greater than 5 mm (100% vs. 40%;
odds ratio=1.12, 95% confidence interval=1.00-1.32;
p=0.05) and radiographic transtentorial herniation (75% vs.
18%; odds ratio=32.12, 95% confidence interval=3.91-
264.18; p=0.03) were significantly more prevalent in
patients with neurological decline and were associated with
an increased risk of neurological decline. Conclusion:
Radiographic transtentorial herniation and a midline shift
greater than 5 mm may be useful findings to suggest an

increased risk of neurological decline in patients with masses
of the temporal lobe. This knowledge may be useful to
neurosurgeons and physicians in other specialties to best
care for this patient population. 

Brain masses of the temporal lobe present unique
management challenges (1). While clinical presentation may
be variable, the mass effect from large tumor size, vasogenic
edema, and other factors such as tumor hemorrhage may
increase the risk of rapid neurological decline (2-4). The
temporal lobe resides at the floor of the middle fossa, the
base of the right and left supratentorial compartments.
Lateral displacement of brain contents can lead to
neurological deficits through mass effect on adjacent brain
structures. Displacement of the mesial temporal structures
over the tentorial notch with resulting mass effect on the
brainstem can result in a neurological emergency, namely
transtentorial herniation (3, 5-7). Timely treatment to prevent
neurological deterioration is critically important for patient
outcomes (2, 4-6). 

There is currently a lack of defined, evidence-based risk
factors for neurological decline in patients with masses of
the temporal lobe. Identification of these factors may assist
neurosurgeons in safe operative planning and other
specialties in determining the appropriate urgency of
neurosurgical referral or consultation. The objective of this
study was to assess which clinical and radiographic findings
may be associated with neurological decline in patients with
temporal lobe mass lesions. 

Patients and Methods
Study design. This represents a retrospective cohort observational
study at one tertiary care center. Patients were identified using the
neurosurgery department internal database. Data was collected
through electronic health record review. The study protocol was
approved by the Institutional Review Board (approved 2/6/2021,
approval number 6077, exempt status).

Adult patients (age 18 to 89 years) with an isolated intra-axial
mass of the temporal lobe, diagnosed between January 1, 2010 and
December 31, 2020, were included in this study. Masses with
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extension into adjacent lobes, the diencephalon, or the brainstem
were excluded to minimize heterogeneity. Included masses were
gadolinium contrast-enhancing on T1-weighted magnetic resonance
imaging (MRI). Patients that did not have an available MRI with
and without gadolinium contrast prior to neurological decline or
neurosurgical intervention were excluded. 
Data collection. Clinical findings were collected for the patient
cohort. These included: Patient age, sex, Charlson Comorbidity
Index (CCI), symptom duration, Glasgow Coma Scale (GCS) at
presentation, histopathological diagnosis, corticosteroid therapy, and
patient management. CCI was chosen to serve as a validated
objective measure of patient overall health and medical
comorbidities (8). Histopathology was described according to the
2021 World Health Organization Classification of Tumors of the
Central Nervous System (9). Corticosteroid therapy for all patients
was dexamethasone, administered as a 10 mg loading dose followed
by 4 mg every 6 hours (4). Patients were started on antiepileptic
therapy only if they suffered a seizure event (10). Patient
management included neurosurgical resection, stereotactic biopsy,
or no neurosurgical intervention. 

Radiographic imaging findings were collected for each patient
using T1-weighted MRI with gadolinium contrast. Data collected

included: Tumor laterality, greatest tumor diameter, tumor size, midline
shift (MLS), radiographic transtentorial herniation, ambient cistern
effacement, sulcal effacement, trapped temporal horn, tumor
hemorrhage, vasogenic edema, obstructive hydrocephalus, and
primarily cystic tumor. Greatest tumor diameter and tumor size were
measured using the Response Assessment in Neuro-oncology (RANO)
criteria for high-grade glioma and brain metastases (11, 12).
Radiographic transtentorial herniation was defined as medial
displacement of the mesial temporal lobe structures effacing the
ambient cistern and displacement of the midbrain from supratentorial
mass effect (3). Radiographic findings were identified by a Board-
certified attending neuroradiologist and collected from the final
imaging study report. 

The primary outcome assessed was neurological decline after
clinical presentation. Neurological decline was defined as a decline
in the GCS overall score of 2 or more or new anisocoria (5, 6, 13-
15). A time period of 5 days after clinical presentation was used. 

Additional data were collected for patients that suffered neurological
decline. These included neurological deficits at presentation, GCS at
presentation, time from presentation to decline, clinical details of
decline, neurosurgical interventions, histopathology, postoperative
neurological deficit, postoperative GCS, and patient survival. 

ANTICANCER RESEARCH 43: 663-668 (2023)

664

Table I. Demographics of the patient cohort (n=71).

Variable                                                                               Value

Age, years
   Range                                                                               31-88
   Mean±SD                                                                        60±14
Sex, n (%)
   Female                                                                            42 (58)
   Male                                                                               30 (42)
CCI, n (%)
   Range                                                                                2-12
   Mean±SD                                                                         6 (3)
Symptom duration, n (%)
   <1 Week                                                                        26 (36)
   <1 Month                                                                       21 (29)
   >1 Month                                                                       25 (35)
GCS at presentation, n (%)
   Range                                                                                8-15
   Mean±SD                                                                        15 (1)
Histopathology, n (%)
   Metastatic tumor                                                           18 (25)
   Glioblastoma                                                                 43 (60)
   Diffuse astrocytoma                                                        6 (8)
   Cavernoma                                                                      1 (1)
   CNS lymphoma                                                              2 (3)
   Pilocytic astrocytoma                                                     1 (1)
   Pleomorphic xanthoastrocytoma                                     1 (1)
Corticosteroid therapy, n (%)
   Yes                                                                                  64 (89)
Patient management, n (%)
   No surgical intervention                                              10 (14%)
   Stereotactic biopsy                                                        2 (3%)
   Surgical resection                                                        60 (83%)

CCI: Charlson Comorbidity Index; GCS: Glasgow Coma Scale; SD:
standard deviation.

Table II. Results of linear regression analysis with neurological decline*
as the dependent variable.

Independent variable                                                β                 p-Value

Clinical findings                                                                                 
Age                                                                        −0.02                 0.89
Sex                                                                           0.10                 0.40
CCI                                                                          0.00                 0.10
Symptom duration                                                                              
   <1 Week                                                               0.14                 0.26
   <1 Month                                                             0.07                 0.59
   ≥1 Month                                                           −0.20                 0.09
GCS at presentation                                             −0.10                 0.40
Histopathologic diagnosis                                    −0.70                 0.40
Corticosteroid use                                                   0.10                 0.42
Radiographic imaging findings                                                         
Tumor laterality                                                      0.05                 0.70
Greatest tumor diameter                                         0.13                 0.29
Tumor size                                                              0.12                 0.32
Mean MLS                                                              0.21                 0.07
MLS                                                                                                    
   <5 mm                                                                  0.22                 0.07
   ≥5 mm                                                                                             
Radiographic transtentorial herniation                  0.26                 0.03
Ambient cistern effacement                                   0.06                 0.65
Sulcal effacement                                                   0.02                 0.85
Trapped temporal horn                                           0.00                 0.97
Tumor hemorrhage                                                 0.01                 0.91
Vasogenic edema                                                    0.01                 0.96
Obstructive hydrocephalus                                     0.14                 0.24
Cystic tumor                                                           0.10                 0.43

β: Standardized coefficient; CCI: Charlson Comorbidity Index; GCS:
Glasgow Coma Scale; MLS: midline shift. Statistically significant p-
values are shown in bold. *Decline in overall GCS score of 2 or more
or new anisocoria.



Statistical analysis. Descriptive statistics for clinical and radiographic
findings were calculated. The range, mean, standard deviation (SD),
and percentages were reported as appropriate. Linear regression
analysis was used to identify which clinical or radiographic imaging
findings may predict neurological decline. Patients who experienced
neurological decline were compared to patients who remained
neurologically stable using t-tests of independent samples, chi-squared
analysis, and Fisher exact probability tests as appropriate. Results were
considered statistically significant when the resulting p-value was less
than 0.05. For statistically significant variables in group comparison
analysis, odds ratios (OR) were calculated and reported with their
associated 95% confidence intervals (95% CI). All statistics were
performed using IBM SPSS statistics (Released 2021; IBM SPSS
Statistics for Windows, Version 28.0. IBM Corp., Armonk, NY, USA). 

Results
Cohort demographics. Patient demographics including
patient age, sex, CCI, symptom duration, GCS at
presentation, histopathology results, corticosteroid therapy,
and patient management are reported in Table I.

Linear regression analysis. Linear regression analysis was
completed for each independent clinical and radiographic
variable to identify which may predict neurological decline.
Radiographic transtentorial herniation was the only variable that
predicted neurological decline (β=0.26, p=0.03). CCI (β=0.00,
p=0.10), mean MLS (β=0.21, p=0.07), and MLS greater than
5 mm (β=0.22, p=0.07) tended towards being statistically
significantly associated with neurological decline. Symptom
duration greater than 1 month tended towards predicting against
neurological decline (β=−0.20, p=0.09) (Table II). 

Comparison between neurologically stable patients and
those with neurological decline. Four out of 71 patients
experienced neurological decline representing an incidence
of 6%. Three patients (75%) were treated with emergency
surgical resection and one patient (25%) received best
supportive measures with no surgical interventions based on
advanced directives. The clinical course of patients with
neurological decline can be viewed in Table III. 

MLS greater than 5 mm (100% vs. 40%, p=0.05) and
radiographic transtentorial herniation (75% vs. 18%, p=0.03)
were significantly more prevalent in patients with neurological
decline. Moreover, the mean MLS was significantly greater in
these patients (8.5 mm, SD=5 mm) compared to patients that
remained neurologically stable (3.4 mm, SD=4 mm) (p=0.01).
No significant differences were found between groups for other
clinical and radiographic imaging findings (Table IV). 

Radiographic transtentorial herniation (OR=32.12, 95%
CI=3.91-264.18) and MLS greater than 5 mm (OR=1.12,
95% CI=1.00-1.32) were associated with an increased risk
of neurological decline.

Discussion

Masses of the temporal lobe can present unique management
challenges (1). Mass effect from tumor size, vasogenic
edema, and tumor characteristics can quickly lead to
neurological decompensation (4). Expeditious management
of patients at increased risk for neurological decline is
warranted, however, the objective findings that quantify and
predict a patient’s risk have not yet been described (2, 4-6).
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Table III. Clinical course of patients with neurological decline (n=4).

                            At presentation                                Decline                                                                                               Postoperative           Survival, 
                                                                                                                                                                                                                                       days
Patient          Neurological         GCS        Time from            Details              Neurosurgical      Histopathology       Neurological       GCS            
                          deficit                              presentation,                                     intervention                                              deficit
                                                                          days

1*                    Cognitive              14                  1                    GCS 8,                        -                              -                             -                     -              1
                          decline                                                        unresponsive                                                                                                                        

2                     Expressive             14                  1                    GCS 9,        Emergency surgical    Glioblastoma     Worse expressive      12            93
                         aphasia                                                      global aphasia,           resection                                               aphasia,
                                                                                                 obtunded                                                                          disorientation

3                Left hemiparesis,        14                  4                    GCS 7,               Emergency          Glioblastoma                Left                15           893
                         lethargy                                                       unresponsive              surgical                                             hemiparesis
                                                                                                                                resection

4                          None                  15                  2                    GCS 3,               Emergency              Metastatic                 None                15         Alive
                                                                                                anisocoria                 surgical                   tumor
                                                                                                                                resection

GCS: Glasgow Coma Scale. *Patient did not undergo surgery and received best supportive measures based on advanced directives.



In this study, we attempted to provide evidence for clinical
and radiographic findings that may increase this risk.

The identification of radiographic transtentorial herniation
and MLS greater than 5 mm appears to have the strongest

relationship with impending neurological decline.
Radiographic transtentorial herniation predicted neurological
decline in univariate analysis (β=0.26, p=0.03) and was
significantly more prevalent in patients with decline in
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Table IV. Comparison of patients with neurological decline* and neurologically stable patients.

Variable                                                                                                                 Neurological status

                                                                                                      Decline (n=4)                                   Stable (n=67)                                       p-Value

Clinical findings                                                                                                                                                                                                         
Age, years
  Mean±SD                                                                                        62 (16)                                              60 (14)                                                0.77
Sex 
  Male (%)                                                                                          3 (75)                                               27 (38)                                                0.30
  Female (%)                                                                                       1 (25)                                               40 (56)                                                  
CCI
  Mean±SD                                                                                          7 (2)                                                  6 (3)                                                  0.45
Symptom duration
  <1 Week                                                                                           3 (75)                                               23 (34)                                                0.20
  <1 Month                                                                                          1 (25)                                               19 (28)                                                  
  ≥1 Month                                                                                           0 (0)                                                25 (37)                                                  
GCS at presentation
  Mean±SD                                                                                         14 (1)                                                15 (1)                                                 0.51
Tumor pathology
  Metastatic tumor                                                                              1 (25)                                               17 (25)                                                0.99
  Glioblastoma                                                                                    3 (75)                                               39 (58)                                                  
  Diffuse astrocytoma                                                                          0 (0)                                                  6 (9)                                                    
  Cavernoma                                                                                        0 (0)                                                  1 (1)                                                    
  CNS lymphoma                                                                                 0 (0)                                                  2 (3)                                                    
  Pilocytic astrocytoma                                                                       0 (0)                                                  1 (1)                                                    
  Pleomorphic xanthoastrocytoma                                                      0 (0)                                                  1 (1)                                                    
Corticosteroid therapy, n (%)
  Yes                                                                                                   4 (100)                                              59 (88)                                             >0.99

Radiographic imaging findings                                                                                                                                                                                
Tumor laterality
  Left (%)                                                                                            1 (25)                                               33 (49)                                                0.62
  Right (%)                                                                                          3 (75)                                               34 (51)                                                  
Greatest tumor diameter, mm
  Mean±SD                                                                                        52 (11)                                              39 (18)                                                0.14
Tumor size, mm2
  Mean±SD                                                                                     2,056 (916)                                      1,265 (1010)                                           0.13
MLS, mm
  Mean±SD                                                                                         8.5 (5)                                               3.4 (4)                                                0.01
MLS, n (%)
  <5 mm                                                                                               0 (0)                                                40 (60)                                                0.05
  ≥5 mm                                                                                             4 (100)                                              27 (40)                                                  
Radiographic transtentorial herniation, n (%)                                  3 (75)                                               12 (18)                                                0.03
Ambient cistern effacement, n (%)                                                   3 (75)                                               33 (49)                                                0.61
Sulcal effacement, n (%)                                                                   4 (100)                                              51 (76)                                                0.57
Trapped temporal horn, n (%)                                                           1 (25)                                               13 (19)                                             >0.99
Tumor hemorrhage, n (%)                                                                  1 (25)                                               12 (18)                                                0.56
Vasogenic edema, n (%)                                                                    4 (100)                                              53 (79)                                                0.58
Obstructive hydrocephalus, n (%)                                                     1 (25)                                                 4 (6)                                                  0.26
Cystic tumor, n (%)                                                                            1 (25)                                                 6 (9)                                                  0.35

CCI: Charlson Comorbidity Index; GCS: Glasgow Coma Scale; MLS: midline shift; SD: standard deviation. *Defined as a decline in overall GCS
score of 2 or more or decline in motor score of 1 or more. Statistically significant p-values are shown in bold.



comparison to those that remained stable (75% vs. 18%,
OR=32.12, 95% CI=3.91-264.18, p=0.03). MLS greater than
5 mm was also more prevalent in patients with decline
(100% vs. 40%, OR=1.12, 95% CI=1.00-1.32, p=0.05).
Patients with neurological decline had a higher mean MLS
than those that remained stable (8.5 vs. 3.4 mm, p=0.01). 

Increased risk for neurological decline with radiographic
transtentorial herniation and MLS greater than 5 mm is not
surprising. The presence of these radiographic findings
suggests extensive mass effect and displacement of
neurological structures (3). The objective identification of
these variables, however, may be clinically useful for
neurosurgeons and other specialists to appropriately triage
and manage this patient population. Patients with these
radiographic findings may benefit from timely surgical
treatment or urgent referral by non-neurosurgeons. 

In our cohort, patients who neurologically declined
presented with favorable neurological examinations (mean
GCS=14.3, range=14-15) with an average time from
presentation to decline of 2 days (range=1-4 days). Limited
conclusions can be drawn from such a small cohort; however,
these findings do support the concept of expeditious surgical
management of patients with high-risk imaging findings, even
with favorable neurological examinations at presentation.
Radiographic transtentorial herniation and MLS greater than
5 mm may represent findings that suggest an elevated risk of
neurological decline.

Limitations. Limitations in our study design and findings are
worth discussion. The small sample size limits conclusions
that can be drawn from the study as important findings may
be missed if insufficient power is present. This is especially
important when the outcome of interest is rare. All data was
collected through retrospective electronic health record
review and therefore subject to limitations in documentation
and data retrieval. The retrospective study design limits the
strength of conclusions that can be drawn from the study due
to an inferior level of evidence, the potential for recall bias,
misclassification bias, and confounding, and the inability to
determine causation. Tumor size was measured using the
RANO criteria and not using computerized volumetric
analysis. The strict inclusion criteria of intra-axial, contrast-
enhancing, isolated temporal lobe masses may also have
introduced sampling bias.

Future directions. Pooling patient data from multiple centers
may provide a larger sample for data analysis to draw
stronger conclusions on which factors may increase risk for
neurological decline. Identification of more factors from a
larger patient data set may allow for the creation of a grading
or scoring system that correlates with risk of decompensation
to aid in surgical decision-making. An analysis including
masses of the frontal, parietal, and occipital lobes may be

useful, as temporal lobe masses represent only a proportion
of brain masses. Following-up a cohort of these patients over
a longer period of time may be useful to understand how pre-
operative neurological decline is correlated with patient
outcome. 
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