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Abstract

Objective: Risk factors for mortality in patients with subdural hematoma (SDH) include poor
Glasgow Coma Scale (GCS), pupil non-reactivity, and hemodynamic instability on presentation.
Little is published regarding prognosticators of SDH in the elderly. This study aims to examine
risk factors for hospital mortality and withdrawal of life-sustaining measures in an octogenarian
population presenting with SDH.

Methods: A prospectively collected multi-center database of 3,279 TBI admissions to 45
different U.S. trauma centers between 2017-2019 was queried to identify patients >79 years old
presenting with SDH. Factors collected included baseline demographic data, past medical history,
antiplatelet/anticoagulant use, and clinical presentation (GCS, pupil reactivity, injury severity scale
[ISS]). Primary outcome data included hospital mortality/discharge to hospice care and withdrawal
of life-sustaining measures. Multivariate logistic regression analyses were used to identify factors
independently associated with primary outcome variables.
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Results: A total of 695 patients were isolated for analysis. Of the total cohort, the rate of
hospital mortality or discharge to hospice care was 22% (n=150) and the rate of withdrawal

of life-sustaining measures was 10% (n=66). A multivariate logistic regression model identified
GCS <13, pupil non-reactivity, increasing ISS, intraventricular hemorrhage, and neurosurgical
intervention as factors independently associated with hospital mortality/hospice. Congestive
heart failure (CHF), hypotension, GCS<13, and neurosurgical intervention were independently
associated with withdrawal of life-sustaining measures.

Conclusions: Poor GCS, pupil non-reactivity, ISS, and intraventricular hemorrhage are
independently associated with hospital mortality or discharge to hospice care in patients >80
years with SDH. Pre-existing CHF may further predict withdrawal of life-sustaining measures.
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Introduction:

Traumatic brain injury (TBI) represents a growing public health concern, especially among
the growing older patient population. According to the CDC (Center for Disease Control),
TBI attributed to 10% of all injury-related emergency department visits, hospitalization, and
deaths in the United States in 2013, noting a 53% increase from 2006 to 2014.1 There is

a substantial body of literature detailing outcomes and prognosticating factors following
TBI. For instance, risk factors for mortality include poor Glasgow Coma Scale (GCS),% 3
especially GCS motor response,* loss of pupil reactivity,* > hemodynamic instability,® and
higher injury severity score (ISS).5: 6

Of all demographic sub-groups within the TBI population, subdural hematomas (SDHSs)

in the older patient represent the highest incidence and have the most devastating
outcomes.’~11 Normal physiological processes of aging, such as cerebral atrophy that
creates a larger subdural space and an increased risk of shearing bridging vessels, are
thought to play a role in the poor outcomes seen amongst this population.10: 12. 13 Although
numerous risk factors have been established following TBI in general, little has been
published regarding prognostication in its highest risk population — SDH in older patients

Our study aims to examine predictors of important key metrics such as hospital mortality,
withdrawal of life-sustaining support, and discharge disposition in the octogenarian
population following SDH. Detailed study of the risk factors that govern outcomes in
this population may help to guide surgical and medical management in an area with little
available published guidance.

Material and Methods:

Patient selection

This is a retrospective analysis of prospectively collected data from the Geriatric Traumatic
Brain Injury (“Geri-TBI”) study. The observational Geri-TBI study was approved by the
American Association for the Surgery of Trauma (AAST) Multicenter Trials Committee.
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Data were collected from September 2017 through February 2019 across 45 trauma centers.
Data were abstracted from medical records and entered into an online data collection portal
resource maintained by the AAST. The Geri-TBI study inclusion criteria were CT-verified
TBI, age = 40 years, and presentation at a participating hospital within 24 hours of injury.
To establish a population with TBI as the primary injury and minimize the confounding
influence of polytrauma, we excluded patients with injury to another body region resulting
in an abbreviated injury scale (AlS) score >2. Prisoners and pregnant women were also
excluded. Data of patients >89 years is considered protected health information under the
Health Insurance Portability and Accountability Act, and was permitted for inclusion by
some, but not all, sites.

Data Extraction

Patients were included in this study if they were aged >79 years and if they carried a
diagnosis of SDH on admission. Factors collected included baseline demographic data,

past medical history, antiplatelet/anticoagulant use, and clinical presentation (GCS, pupil
reactivity, ISS). Patients were excluded if no discharge disposition was recorded. GCS
scores were categorized into one of three categories (GCS 3-8, 9-12, or 13-15) based on
previously published benchmarks for TBI severity (i.e. mild, moderate, severe) and was
included in the analysis as a categorical variable. For the purposes of the analysis, pupil
reactivity was categorized as either 1) both reactive or 2) one or both pupils non-reactive.
We included both patients who died in the hospital as well as patients discharged to hospice
in the mortality/hospice endpoint. Discharge disposition was categorized into one of four
categories — 1) home/assisted living, 2) skilled nursing facility (SNF)/long-term acute

care hospital (LTACH), 3) acute rehabilitation facility, and 4) hospital mortality/hospice.
The two primary endpoints of this study were mortality/hospice and withdrawal of life-
sustaining measures. Discharge disposition to one of the four aforementioned categories was
a secondary endpoint.

Statistical Analysis

The data were initially subjected to a bivariate analysis to determine variables significantly
associated with withdrawal of life-sustaining measures and hospital mortality/hospice. All
factors included in our analysis are listed in Table 1. Chi-squared tests were utilized to
evaluate the association of categorical variables (such as gender or CHF) on the outcome
variables. Fisher exact tests were used in cases of counts <5 in any of the constructed
contingency tables. A 2-tailed student’s t-test was utilized to evaluate the effects of
continuous variables on the outcome data. Factors associated with either hospice/mortality
or withdrawal of life-sustaining measures were selected for inclusion in multivariate
analysis. Two multivariate logistic regression models were created for each of the primary
endpoint variables studied. A multinomial logistic regression was utilized to evaluate the
odds ratio (OR) for mortality/hospice in relation to a reference category (home/assisted
living). This produced ORs for the primary endpoint as well as ORs for discharge to
rehabilitation and SNF/LTACH. A binary logistic regression was used for the withdrawal
of life-sustaining measures primary endpoint. To evaluate the accuracy of each model

for predicting the primary outcome, receiver operating characteristic (ROC) curves were
created and the area under the ROC (AUROC) curve was computed. Variables significantly
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associated with either mortality/hospice or withdrawal of life-sustaining measures were
selected for inclusion in both multivariable models.

For the purposes of the bivariate analysis, statistical significance was set at p<0.10. On

the multivariate logistic regression, variables were deemed statistically significant if the
associated p-value was less than 0.05 or if the 95% confidence interval (95% CI) for the
odds ratio did not include ‘1.0°. All ORs are displayed with 95% CI. All statistical analyses
were computed with SPSS version 27 (IBM, Armonk, NY). Secondary analysis of this
de-identified dataset was deemed exempt by our site-specific Institutional Review Board and
thus patient consent was not required.

Baseline patient characteristics

A total of 695 patients (45% male, mean age 86 years) with SDH were included in our
analysis (Table 1). Almost all SDHs in the total cohort were acute (95%), with only a

small proportion of patients presenting with chronic (2%) or subacute (3%) SDH. The

most common comorbidities included coronary artery disease (28%) and dementia (24%).
Sixty-nine percent (69%) of patients were using either an antiplatelet or anticoagulant agent
prior to admission. The most common mechanism of injury was a low-level fall <10 feet
(85%) and the most common associated intracranial injury was subarachnoid hemorrhage
(31%). Most patients presented as GCS 13-15 (81%) with both pupils reactive to light
(92%). The median ISS was 17 (range, 1-38).

Outcome data

Overall, 150 patients (22%) either died while in the hospital or were discharged to hospice
care (Table 2). A total of 101 (15%) patients died within the hospital. The majority of
patients (93%) died of their underlying TBI, but some patients died of other reasons
including cardiac (14%), respiratory (15%), and sepsis/multi-organ dysfunction (2%). Of
note, several patients had multiple causes of death coded, and thus the cause of death
frequency data sums to >100%. Sixty-six patients (10%) died secondary to withdrawal of
life-sustaining therapies. Regarding discharge disposition, 38% of patients were discharged
home or to an assisted living facility, 29% of patients to a SNF or LTACH, and 12% to an
acute rehabilitation facility.

Mortality/hospice

On bivariate analysis, factors significantly associated with death/hospice included ISS,
gender, CHF, COPD, substance abuse, antiplatelets/anticoagulant use, mechanism of injury,
GCS, pupil reactivity and associated traumatic cranial injuries (IVH, SAH, contusion, skull
fracture), and neurosurgical intervention (Table 3). On multivariate analysis, only six of

the original 17 factors included reached statistical significance (Table 3). These included
ISS (p<0.001; OR 1.2 [95% ClI: 1.1-1.2]), GCS 3-8 (p<0.001; OR 66.6 [8.0-500.0]), GCS
9-12 (p<0.001; OR 15.2 [4.5-50.0]), pupil non-reactivity (p=0.005; OR 6.7 [1.6-27.8]),
intraventricular hemorrhage (p=0.019; OR 9.3 [2.0-41.2]), and neurosurgical intervention
(p=0.001; OR 4.3 [1.6-11.1]). A binary logistic regression model and an ROC curve using
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the factors selected from the bivariate analysis were then constructed to predict mortality/
hospice (Figure 1A). The AUROC was calculated to be 0.885.

Withdrawal of Life-Sustaining Measures

On bivariate analysis, factors associated with withdrawal of life-sustaining measures
included ISS, CHF, antiplatelet/anticoagulant use, hypotension, GCS, pupillary non-
reactivity, associated traumatic cranial injuries (IVH, SAH, contusion, skull fracture),

and neurosurgical intervention (Table 4). Several factors (such as COPD and substance
abuse), which reached statistical significance in relation to mortality/hospice did not
reach significance with respect to withdrawal of life-sustaining measures. On multivariate
regression, the only factors independently associated with the outcome were CHF (p=0.011,
OR 3.0 [1.3-6.9]), SBP <90 (p=0.024; OR 11.1 [1.4-89.6]), GCS 3-8 (p<0.001; OR

12.1 [5.0-29.4]), GCS 9-12 (p=0.050; OR 2.8 [1.0-7.6]), and neurosurgical intervention
(p=0.003; OR 3.3 [1.5-7.4]). The AUROC for the multivariate logistic regression model
predicting withdrawal of life-sustaining measures was 0.894 (Figure 1B).

Discussion:

Our study describes predictive factors of mortality, withdrawal of life-sustaining measures,
and discharge disposition in a large population of octogenarians presenting with SDH across
45 trauma centers. Despite a diverse patient cohort with various comorbidities and a wide
range of injury severity, most patients passed away as a result of their underlying TBI, rather
than other medical causes. In addition to known predictors of mortality such as poor GCS
and pupil non-reactivity, our study suggests that other factors such as CHF may further
enhance prognostication of patients with SDH. Furthermore, several factors, such as poor
GCS, although predictive of poor outcome were also associated with favorable outcomes,
such as discharge to an inpatient rehabilitation facility.

Many prior studies have examined and validated various clinical and radiographic predictors
of poor outcome after TBI and SDH such as GCS, loss of pupil reactivity, age, hypotension,
ISS, Rotterdam CT score, and Marshall classification.2-8 The TBI population is diverse and
ranges in baseline patient characteristics, mechanism of injury, and injury severity. Thus,
although many prognostic factors are known and likely generalizable to allcomers with TBI,
our study seeks to investigate if there are unique predictors of outcome in an octogenarian
population which may have its own unique set of governing baseline patient characteristics.
For instance, a recent study by Deeb et al. demonstrated that elderly patients are less

likely to present with motor deficits compared to younger patients, which could lead to
under-triaging of older patients following the initial trauma.1* Other studies showed that the
elderly population has its own unique set of independent risk factors for mortality such as
the clinical frailty and the Geriatric Nutritional Risk Index.1> 16 We further chose to isolate
the SDH population in specific, as this sub-type of TBI is very common and lends itself
readily to surgical evacuation. Furthermore, the decision to offer surgery in the octogenarian
population is often complicated by other factors such as baseline patient functional status,
underlying comorbidity load, antiplatelet/anticoagulant agent use, and prior goals of care
discussions between family members. Thus, a more detailed understanding of the relevant
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factors that influence outcome in this population may further inform medical and surgical
decision-making throughout hospital admission.

Our study redemonstrates several known predictors of mortality following TBI in the
octogenarian population presenting with SDH, establishing internal validity of our study.
Here, we show that GCS 3-8, loss of pupil reactivity, and 1SS are independently predictive
of mortality or discharge to hospice care. Associated intracranial injury (specifically
intraventricular hemorrhage) may further increase the risk of death as this may indicate
a higher injury severity, which is more difficult to surmount. Neurosurgical intervention
was also associated with hospice care and mortality, however the effect of neurosurgical
intervention is difficult to interpret in this context. Although there is some expected
morbidity following neurosurgical intervention that may increase the risk of hospital
mortality, the overall effect on mortality is confounded by the fact that patients offered
surgery generally have more severe injuries than those that are not.

Only a few previously published studies have specifically examined outcomes following
SDH in the older patient. In one study, Kuhn et al. retrospectively reviewed 671 patients
with SDH >65 years and found that age>80, GCS 34, associated contusions >10 cm3,

and increasing SDH volume were independently associated with 30, 60, and 100-day
mortality.? In another study, Lee et al. evaluated 101 patients >90 years presenting with
chronic SDH and demonstrated that surgical evacuation was associated with significantly
improved 30-day and 6-month survival rates compared to conservative management.1’ Chen
et al. demonstrated that liver cirrhosis increased hospital mortality, length of stay, and
hospital costs in allcomers who underwent burr hole evacuation for chronic SDH.18 Little
has been published specifically analyzing the effect of baseline health and functional status
on outcomes following SDH in octogenarians specifically, and no studies have utilized
prospectively collected data as we have in our current study.

Although we examined several comorbidities, we were unable to establish an independent
relationship between mortality and any pre-existing condition in particular. The effect of
pre-existing conditions on mortality following SDH is likely summative in nature rather
than related to any one condition in particular. Our data were not collected to compile such
measures; however the relationship between indices of general health or baseline functional
status such as Charleston Comorbidity Index or the Clinical Frailty Scale on outcomes
following TBI warrant further study. We did show, however, that CHF was independently
associated with withdrawal of life-sustaining measures. This may be indicative that patients
with serious or potentially terminal underlying comorbidities such as CHF have already
established goals of care prior to presenting with a severe TBI, and thus decide to withdraw
care more often than previously healthy patients. Alternatively, surgeons may be less
inclined to offer surgery for SDH evacuation in the face of serious underlying medical
comorbidities, thus influencing a decision to withdraw care rather than pursue aggressive
medical care.

A unique aspect of our study is the inclusion of discharge disposition as a secondary
outcome, which drew several important insights into the data. For instance, several
factors predictive of hospice/mortality were also predictive of discharge to a rehabilitation
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facility. For instance, pupil non-reactivity and intraventricular hemorrhage were strictly
poor prognostic factors that were strongly predictive of hospital mortality or discharge to a
hospice facility. However, other factors such as GCS 3-8, GCS 9-12, ISS, and neurosurgical
intervention were predictors of both hospice/mortality and discharge to a rehabilitation
facility. This could suggest that even patients with poor GCS and high 1SS may still have

a favorable outcome in the absence of pupil non-reactivity and other associated intracranial
injuries. This is an important feature of the data as healthcare providers may be prone to
treatment bias and prematurely deem elderly patients as non-surgical candidates based on
a poor initial neurological exam. For instance Skaansar et al. postulates that the knowledge
that aging leads to worse outcomes following TBI could lead to a self-fulfilling prophecy,
in which healthcare providers are less likely to devote as many resources towards the care
of TBI in the elderly compared to their younger counterparts.1? In that study, they showed
that elderly patients were less likely to undergo neurosurgical interventions or ventilatory
support, which was independently associated with worsening 30-day mortality.19 Another
study showed that the super-geriatric population following TBI was associated with lower
rates of medical resource utilization, higher rates of interhospital transfers, and non-routine
discharges.20

The strengths of our study include the large patient cohort, its multi-center design, the
unique population selected for investigation, and the unique outcome variables designated
for analysis. The AUROC statistic for our regression models was 0.89 indicating excellent
fit of the predictor variables to the outcomes of withdrawal of care and mortality in patients
with traumatic SDH. However, there are several limitations of our study. First, there were
no radiographic data collected as part of the dataset. Several important factors such as SDH
size and degree of midline shift and other derivative information such as the Rotterdam

CT scale have been shown to predict outcomes following SDH and other forms of TBI

and thus would be important to include in a more complete prognostication model. Second,
given the non-randomized observational design of this study, it is impossible to derive causal
relations between the underlying input data and our primary endpoints. Furthermore, our
dataset combines both patients managed conservatively and those managed with surgical
evacuation of their SDH; however, it is impossible to delineate the underlying rationale

for the individual management of each patient, which may further confound our results.
Future studies should examine the effects of compiled comorbidity and frailty indices in
prognostication models for SDH in the older patient. To that effect, new statistical methods
as well as machine learning algorithms show promise in further optimizing prognostic
prediction tools for clinical outcomes following TBI.21: 22 Moreover, further research is
needed to investigate sub-groups of older patients that may benefit from either surgical or
conservative management of SDH. Additional research studying prognostication models
may help to guide surgical decision-making and inform family counseling discussions
regarding end-of-life care in older patients following TBI.

Conclusions:

Poor GCS, pupil non-reactivity, ISS, and intraventricular hemorrhage are independently
associated with hospital mortality or discharge to hospice care in octogenarians with SDH.
Pre-existing CHF may predict withdrawal of life-sustaining measures.
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Figure 1.
ROC (receiver operating characteristic) curves with AUROC (area under ROC) for binary

logistic regression models predicting (A) mortality/hospice and (B) withdrawal of life-
sustaining measures
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Table 1.

Baseline patient characteristics (n=695)

Variable Count (%) or mean (range)
Male 313 (45%)
Age, years 86 (80-99)
Race
White 578 (83%)
Black 45 (7%)
Asian 22 (3%)
Other/Unknown 50 (7%)
PMH
Neuro 328 (47%)
Dementia 165 (24%)
Prior TBI 32 (5%)
CHF 104 (15%)
CAD 196 (28%)
COPD 71 (10%)
ESRD 17 (2%)
Cirrhosis 3(0.4%)
Diabetes 196 (28%)
Substance abuse 14 (2%)
Anticoagulant use 163 (24%)
Antiplatelet use 377 (54%)
Mechanism of injury
Found down 41 (6%)
Fall >10ft 12 (2%)
Fall <10ft 592 (85%)
MVC 23 (3%)
Other/Unknown 27 (4%)
GCS
3-8 76 (11%)
9-12 56 (8%)
13-15 563 (81%)
1SS 17 (1-38)
Pupillary reactivity
Both reactive 636 (92%)
None reactive 38 (6%)
One reactive 21 (3%)

Subdural hematoma

Acute
Subacute

Chronic

660 (95%)
21 (3%)
12 (2%)
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Variable

Count (%) or mean (range)

Epidural hematoma
IVH

SAH

Contusion

DAI

Skull fracture

13 (2%)
38 (6%)
215 (31%)
84 (12%)
1 (0.1%)
48 (7%)

Abbreviations: PMH - past medical history; TBI - traumatic brain injury; CHF - congestive heart failure; CAD - coronary artery disease;

Page 25

COPD - chronic obstructive pulmonary disease; ESRD - end-stage renal disease; GCS - Glasgow coma scale; ISS - injury severity scale; IVH -
intraventricular hemorrhage; SAH - subarachnoid hemorrhage; DAI - diffuse axonal injury
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Table 2.

Outcomes of all octogenarians following hospitalization for SDH

Outcome Count (%) or mean (range)
LOS 5 (0-51)
ICU LOS 4 (1-51)
Disposition
Home 244 (35%)
Assisted Living 22 (3%)
SNF/LTACH 198 (29%)
Rehab 81 (12%)
In-house mortality/hospice 150 (22%)
Withdrawal of life-sustaining measures 66 (10%)

Page 26

LOS - length of stay; ICU - intensive care unit; SNF - skilled nursing facility; LTACH - long term acute care hospital; TBI - traumatic brain injury;

SDH - subdural hematoma
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Table 4.

Predictors of withdrawal of life-sustaining measures for all patients with SDH

Factor p-value (bivariate) p-value (multivariate) ~Odds ratio (95% CI)*
ISS <0.001 0.057

Gender 0.375 0.107

CHF 0.010 0.011 3.0 (1.3-6.9)
COPD 0.164 0.291

Substance abuse 0.215 0.881

Antiplatelet agents 0.009 0.849

Anticoagulants <0.001 0.333

Low level fall 0.126 0.33

SBP <90 0.001 0.024 11.1 (1.4-89.6)
GCS 3-8 <0.001 <0.001 12.1 (5.0-29.4)
GCS 9-12 0.202 0.050 2.8 (1.0-7.6)
Pupil non-reactivity <0.001 0.976

Intraventricular

hemorrhage <0.001 0.418

Subarachnoid hemorrhage 0.007 0.103

Intraparenchymal

contusion 0.046 0.766

Skull fracture 0.023 0.783

Neurosurgical intervention <0.001 0.003 3.3(1.5-7.4)

*
Blank spaces had non-significant odds ratios
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