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Abstract 

Background Healthcare inequities for patients with traumatic brain injury (TBI) represent a major priority area 
for trauma quality improvement. We hypothesized a relationship between health insurance status and timing of with-
drawal of life sustaining treatment (WLST) for adults with severe TBI.

Methods This multicenter retrospective observational cohort study utilized data collected between 2017 and 2020. 
We identified adult (age ≥ 16) patients with isolated severe TBI admitted participating Trauma Quality Improve-
ment Program centers. We determined the relationship between insurance status (public, private, and uninsured) 
and the timing of WLST using a competing risk survival analysis framework adjusting for baseline, clinical, injury 
and trauma center characteristics. Multivariable cause-specific Cox regressions were used to compute adjusted hazard 
ratios (HR) reflecting timing of WLST, accounting for mortality events. We also quantified the between-center residual 
variability in WLST using the median odds ratio (MOR) and measured insurance status association with access to reha-
bilitation at discharge.

Results We identified 42,111 adults with isolated severe TBI treated across 509 trauma centers across North America. 
There were 10,771 (25.6%) WLST events in the cohort and a higher unadjusted incidence of WLST events was evi-
dent in public insurance patients compared to private or uninsured groups. After adjustment, WLST occurred earlier 
for publicly insured (HR 1.07, 95% CI 1.02–1.12) and uninsured patients (HR 1.29, 95% CI 1.18–1.41) compared to pri-
vately insured patients. Access to rehabilitation was lower for both publicly insured and uninsured patients compared 
to patients with private insurance. Accounting for case-mix, the MOR was 1.49 (95% CI 1.43–1.55), reflecting significant 
residual between-center variation in WLST decision-making.
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Background
The acute phase of TBI is fraught with prognostic 
uncertainty owing to highly variable and heterogenous 
outcome trajectories, often ranging from mild resid-
ual deficits to death or vegetative states [1, 2]. Clini-
cal decisions made during the acute care phase of TBI 
patient pathways are critical and carry downstream 
implications. Withdrawal of life sustaining treatment 
(WLST) is one such decision that is highly complex; 
clinicians are often reliant on patient premorbid func-
tional status, injury characteristics and values of fam-
ily members when navigating care-limiting discussions 
[3–5]. WLST decision-making is variable at both the 
provider and facility level [6–8]. An overly nihilistic 
approach with premature WLST eliminates any pros-
pect of neurological recovery and can introduce self-
fulfilling prophecies, while invasive medical treatment 
in the face of a poor neurological prognosis can pro-
long suffering, and strain limited healthcare resources 
[9, 10].

The presence of variable WLST practices reflects 
the complexity of these decisions for brain injured 
patients [8]. Socioeconomic disparities in WLST 
events represent a particularly important domain for 
focused exploration. Health insurance is a measur-
able index of socioeconomic status and a potentially 
modifiable driver of acute care outcomes in a variety 
of conditions [11–13]. Prior work has highlighted an 
increased risk for in-hospital mortality among unin-
sured compared to insured TBI patients, however 
the influence of health insurance on timing of WLST 
events remains poorly studied and may represent an 
important mediator of these discrepancies in observed 
mortality [14, 15]. We therefore aimed to quantify the 
association between insurance status and the timing 
of WLST events in adults with isolated severe TBI. 
We secondarily sought to assess between-center vari-
ability in WLST practices and the association of health 
insurance with discharge to rehabilitation services and 
overall mortality. Discovery of meaningful differences 
in the rate of WLST between insurance groups could 
provide insight into healthcare disparities and lead to 
actionable quality improvement targets.

Methods
Data source
We utilized data obtained from the American Col-
lege of Surgeons (ACS) Trauma Quality Improvement 
Program (TQIP) [16]. This initiative collates trauma-
related data from patients presenting to nearly 900 
state-designated or ACS verified trauma facilities for 
the primary goal of enhancing trauma care delivery. 
TQIP collects data using a standardized methodology 
for each included subject, including clinical, injury, 
treatment, and outcome data. Qualified and trained 
registrars collect the data from the medical records, 
and quality is assured by data quality reports and inter-
nal validation.

Cohort creation
We identified TQIP eligible adult (age ≥ 16) patients 
admitted between 2017 and 2020 to participating 
trauma centers with isolated severe TBI. Notably, 
patients with a pre-existing advanced directive limiting 
care are ineligible for inclusion in TQIP. We identified 
TBI patients using the consensus International Classi-
fication for Diseases, tenth revision (ICD-10) codes as 
recommended by the Center for Disease Control and 
Prevention (Additional file  4) [17]. Individuals with 
ICD-10 codes corresponding to TBI were then filtered 
using the head-region Abbreviated Injury Scale (AIS) 
score threshold ≥ 3 and Glasgow Coma Scale (GCS) 
score ≤ 8, which represents a standard technique to 
classify severe TBI using health administrative data 
sources [18]. We excluded patients with extracranial 
injuries AIS ≥ 3 to capture an isolated TBI population 
and reduce the influence of non-cranial WLST factors. 
We excluded patients missing primary outcome data 
(< 1.5% missing WLST) and exposure data (< 2.5% miss-
ing primary payment data). We additionally excluded 
individuals with primary payment method listed as 
other (5.7%), given this was likely a heterogenous group 
with limited interpretability. Complete case analysis 
was performed given the proportion of missing data 
elements for regression variables was low (< 5%) (Addi-
tional file  1). We adhered to the REporting of studies 
Conducted using Observational Routinely collected 
health Data (RECORD) guidelines [19].

Conclusions Our findings highlight the presence of disparate WLST practices independently associated with health 
insurance status. Additionally, these results emphasize between-center variability in WLST, persisting despite adjust-
ments for measurable patient and trauma center characteristics.

Keywords End of life care, Equity, Insurance status, Critical care, Severe traumatic brain injury, Withdrawal of life 
sustaining treatment



Page 3 of 11Malhotra et al. Critical Care          (2024) 28:251  

Exposure
The main study exposure was patient insurance status, 
which was categorized into private, public, and unin-
sured groups. Private insurance was defined as private or 
commercial insurance. Public insurance was determined 
when the primary payment method was either Medicare, 
Medicaid, or other governmental insurance.

Outcomes
The primary study outcome was time to WLST. WLST 
is reported in TQIP when a decision is made to limit 
the escalation of active therapy and withdraw ongo-
ing treatments; this includes, but is not limited to, inva-
sive ventilation, hemodialysis, inotrope support or 
operative interventions. Time to WLST is a separately 
captured covariate within TQIP. Mortality was defined as 
a composite measure of in-hospital mortality and hospice 
transfer. Two secondary outcomes were overall mortality 
and discharge to a rehabilitation facility. We selected dis-
charge to rehabilitation as a secondary process measure 
given the importance of rehabilitation access to enhance 
long-term outcomes for severe TBI patients and prior 
evidence suggesting variable rehabilitation access in 
other countries [20–22].

Covariates
Clinical, injury and hospital covariates were selected 
based on their clinical relevance. Patient sociodemo-
graphic variables were age, sex, and race (black, white, 
and other). We computed a modified Charlson Comor-
bidity Index (mCCI) according to prior published adap-
tations used in TQIP-based studies [23]. Injury details 
included mechanism of injury, interfacility transfer, GCS 
total score at emergency department presentation, mid-
line shift on imaging (measured during first 24 h), pupil-
lary responses, receipt of craniotomy or intracranial 
pressure monitoring (ICP) and year of injury. ICP moni-
toring and craniotomy were used to understand descrip-
tive unadjusted care intensity across insurance groups, 
but not included in multivariable modeling given their 
relationship to WLST as implicit measures of surgeon 
belief in survival likelihood. Trauma center characteris-
tics were teaching status (non-teaching, academic/uni-
versity affiliated or community) and profit status (private 
versus public). Each patient was linked to a deidentified 
trauma center using unique facility codes.

Statistical analysis
We performed descriptive comparisons between insur-
ance categories and patient baseline, injury, and center-
level characteristics. Standardized differences were used 
to compare covariates across insurance groups, where a 

value greater than 0.1 signified a meaningful difference 
between categories. Data analysis were conducted using 
R Statistical Software Version 4.2.2 (Vienna, Austria) 
[24].

To determine the relationship between insurance status 
and timing of WLST decisions, we applied a competing 
risk framework with three mutually exclusive outcome 
states: discharged alive, WLST, and death prior to with-
drawal (Additional file  2). A decision for WLST led to 
death in > 99.5% of cases, meaning survival after with-
drawal was not a meaningful state to capture through 
modeling. Therefore, the main competing risk was 
mortality without a decision for WLST, which is herein 
referred to as mortality. Using this framework, we gen-
erated risk tables and plotted the non-parametric cause-
specific cumulative incidence functions for occurrence 
of WLST and mortality (competing risk) as functions 
of time from hospital admission stratified by insurance 
status. Gray’s test was used to assess for significant dif-
ferences in the cumulative incidence of WLST and mor-
tality according to insurance status. Surviving patients 
were censored at discharge from the index TQIP trauma 
facility.

We constructed multivariable cause-specific Cox mod-
els for WLST and mortality. These models control for 
baseline characteristics, injury factors and trauma center 
traits to yield cause-specific hazard ratios (HR), which 
reflect the adjusted rates of WLST, and mortality respec-
tively adjusted for other covariates. These cause-specific 
models were used to obtain HR estimates for the asso-
ciation between insurance status on the timing of WLST 
decisions. Robust standard errors were incorporated into 
multivariable Cox models using unique facility keys to 
account for inherent differences between treating trauma 
centers. We visually inspected Schoenfeld residual 
plots to assess for violations of the proportional hazard 
assumption.

Secondary objectives were evaluated using multivaria-
ble hierarchical logistic regression with outcomes WLST, 
early WLST (≤ 72  h from admission), overall mortality 
and discharge to rehabilitation (using the same covari-
ates as cause-specific Cox models). These logistic regres-
sion models yield the adjusted odds ratios (OR) for public 
and uninsured patients compared to patients with private 
insurance. Inclusion of a random intercept correspond-
ing to unique facility keys allowed us to account for clus-
tering of patients treated within similar centers.

We next estimated the unexplained variation in WLST 
decision-making across centers. The median odds ratio 
(MOR) was computed using random intercept variance 
from the hierarchical logistic model. The MOR can be 
conceptualized as the odds of a given patient experienc-
ing the outcome of interest when treated at one randomly 
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selected center, compared to another randomly selected 
center, assuming the patient, injury and center charac-
teristics remain constant [25]. An MOR of one means 
the likelihood of a particular patient having WLST is 
the same, irrespective of which hospital they are admit-
ted for management. We plotted the conditional log odds 
of WLST based on trauma center random intercepts and 
quantified the number of statistical outliers. Bootstrap-
ping (500 iterations) was performed to estimate 95% 
confidence intervals for the MOR. An additional random 
slope model was used to compute the MOR across insur-
ance categories [26].

To explore the association between insurance status 
and rate of WLST decisions adjusting for the contribu-
tion of Medicare beneficiaries, we repeated the pri-
mary cause-specific Cox regression analysis using age 
strata. The cohort was categorized into patients < 65 
and ≥ 65  years, in which the latter group represents a 
higher probability of Medicare coverage.

Results
There were 42,111 adult patients with isolated severe TBI 
from 509 trauma centers during the study period (Addi-
tional file  1). There were 14,733 (35.0%) patients with 
private insurance, 20,781 (49.3%) patients with public 
insurance and 6597 (15.7%) patients that were uninsured 
(Table  1). The mean cohort age was 49.2  years, and the 
majority of patients were white males. The mCCI was 
higher at baseline for public insurance patients com-
pared to private or uninsured insurance groups. Falls 
(45.6%) and motor vehicle collisions (26.8%) comprised 
the majority of injury mechanisms. There were 16,863 
(40.0%) patients with radiographic midline shift on imag-
ing in the first 24  h after presentation and 2970 (7.1%) 
had asymmetry in pupillary responses. The proportion 
of ICP monitors was higher in privately insured patients 
compared to public or uninsured patients, while the cra-
niotomy rate was lower only among uninsured patients. 
Within the cohort 10,771 (25.6%) WLST decisions 
occurred, of which a higher unadjusted proportion took 
place in public insurance patients compared to private 
or uninsured groups. There were 18,170 (43.1%) mortali-
ties and 4155 (9.9%) patients discharged to rehabilitation 
from acute care.

Association between insurance status and WLST
Median time to a WLST decision and mortality were 
2 days (interquartile range 1–6 days) and 3 days respec-
tively (interquartile range 2–7  days). Cumulative inci-
dence plots of WLST and mortality are shown in 
Additional file  3. The unadjusted incidence of WLST 
events was different across insurance groups (p < 0.001). 
At day 2 after injury, 17% of public insurance patients, 

10% of uninsured patients and 8.5% of private insurance 
patients had WLST; by day 5 these proportions were 24, 
15 and 13% respectively (Additional file  5). The unad-
justed mortality incidence was also different between 
insurance groups (p < 0.001) and highest among unin-
sured patients over time. Over the first 10  days after 
injury, the unadjusted mortality incidence among unin-
sured patients was over two-fold the incidence observed 
in public and private insurance patients (Additional 
file 5).

After adjustment for baseline, clinical, injury and hos-
pital characteristics, the cause-specific HR for WLST 
was higher in publicly insured patients (HR 1.07, 95% 
CI 1.02–1.12) and uninsured patients (HR 1.29, 95% CI 
1.18–1.41) compared to patients with private insurance 
(Table 2). Stated another way, there was an independently 
shorter time to WLST decision in publicly insured and 
uninsured patient populations. Adjusted HRs for remain-
ing covariates are summarized in Fig.  1 and Additional 
file 6. Hierarchical logistic regression also demonstrated 
increased adjusted odds for WLST among uninsured 
patients and patients with public insurance compared to 
patients with private insurance (Table 3).

Secondary outcomes
The adjusted mortality rate was lower among publicly 
insured patients and higher among uninsured patients 
compared to private insurance patients (Table  2). Hier-
archical logistic regression models were constructed 
to determine the adjusted odds of early WLST (≤ 72 h), 
overall mortality and discharge to rehabilitation across 
insurance groups. Death and early WLST were more 
likely in uninsured patients compared to patients with 
private insurance; no difference was demonstrated 
between public and private insurance groups for death, 
but early WLST was more likely in public compared to 
private insurance patients. The adjusted odds of dis-
charge to a rehabilitation facility were significantly lower 
for both public insurance and uninsured patients com-
pared to private insurance patients (Table 3).

Inter‑hospital variability
After accounting for patient and hospital fixed effects 
(sociodemographic, clinical, injury and trauma center 
variables), the MOR was 1.49 (95% CI 1.43–1.55). This 
means that on average, an adult with isolated severe TBI 
managed in two randomly selected trauma centers with 
high versus low tendency for WLST has an approxi-
mately 50% increased chance of undergoing withdrawal 
based on trauma center variability alone. Despite adjust-
ment for patient and trauma center characteristics, there 
remains unexplained between-center variability in WLST 
decisions. This relationship was plotted in Fig. 2, in which 
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Table 1 Study cohort characteristics stratified by insurance status. Maximum standardized differences from pairwise comparisons 
were summarized

Characteristic Total (N = 42,111) Private (N = 14,733) Public 
insurance 
(N = 20,781)

Uninsured (N = 6597) Standardized 
mean difference

Baseline and clinical characteristics

Male sex 31,001 (73.6%) 11,113 (75.4%) 14,375 (69.2%) 5513 (83.6%) 0.344

Age (Years) 0.987

 Mean (SD) 49.2 (21.3) 42.4 (18.6) 57.3 (21.5) 38.7 (15.6)

 Median [Min, Max] 49.0 [16.0, 89.0] 40.0 [16.0, 89.0] 63.0 [16.0, 89.0] 35.0 [16.0, 89.0]

Race 0.306

 Caucasian 29,461 (70.0%) 10,912 (74.1%) 14,600 (70.3%) 3949 (59.9%)

 Black 910 (14.0%) 1558 (10.6%) 2990 (14.4%) 1362 (20.6%)

 Other 6740 (16.0%) 2263 (15.3%) 3191 (15.3%) 1286 (19.5%)

Modified charlson comorbidity score 0.864

 0 19,631 (46.6%) 8484 (57.6%) 6575 (31.6%) 4572 (69.3%)

 1 5139 (12.2%) 2274 (15.4%) 1955 (9.4%) 910 (13.8%)

 2 5911 (14.0%) 2137 (14.5%) 3009 (14.5%) 765 (11.6%)

  > 3 11,430 (27.1%) 1838 (12.5%) 9242 (44.5%) 350 (5.3%)

Injury characteristics

Mechanism of injury 0.615

 Fall 19,207 (45.6%) 4985 (33.8%) 12,474 (60.0%) 1748 (26.5%)

 Motor vehicle collision 11,272 (26.8%) 5942 (40.3%) 3396 (16.3%) 1934 (29.3%)

 Struck by object 2234 (5.3%) 1090 (7.4%) 811 (3.9%) 333 (5.0%)

 Pedestrian/Cyclist 2708 (6.4%) 823 (5.6%) 1342 (6.5%) 543 (8.2%)

 Firearm 6690 (15.9%) 1893 (12.8%) 2758 (13.3%) 2039 (30.9%)

Interfacility transfer 14,394 (34.2%) 4306 (29.2%) 8382 (40.3%) 1706 (25.9%) 0.311

Total GCS 0.372

 3 26,559 (63.1%) 9442 (64.1%) 12,485 (60.1%) 4632 (70.2%)

 4 2071 (4.9%) 678 (4.6%) 1090 (5.2%) 303 (4.6%)

 5 1735 (4.1%) 582 (4.0%) 917 (4.4%) 236 (3.6%)

 6 4282 (10.2%) 1442 (9.8%) 2361 (11.4%) 479 (7.3%)

 7 4249 (10.1%) 1539 (10.4%) 2177 (10.5%) 533 (8.1%)

 8 3215 (7.6%) 1050 (7.1%) 1751 (8.4%) 414 (6.3%)

Midline shift 0.672

 Yes 16,863 (40.0%) 5058 (34.3%) 9513 (45.8%) 2292 (34.7%)

 No 24,469 (58.1%) 9433 (64.0%) 10,925 (52.6%) 4111 (62.3%)

 Not imaged or missing 779 (1.8%) 242 (1.6%) 343 (1.7%) 194 (2.9%)

Pupil reactivity 0.789

 Both reactive 23,574 (56.0%) 8815 (59.8%) 11,494 (55.3%) 3265 (49.5%)

 One reactive 2970 (7.1%) 1049 (7.1%) 1527 (7.3%) 394 (6.0%)

 Neither reactive 14,101 (33.5%) 4407 (29.9%) 6966 (33.5%) 2728 (41.4%)

 Missing 1466 (3.5%) 462 (3.1%) 794 (3.8%) 210 (3.2%)

ICP monitoring 9564 (22.7%) 4053 (27.5%) 4228 (20.3%) 1283 (19.4%) 0.191

Craniotomy 6206 (14.7%) 2205 (15.0%) 3242 (15.6%) 759 (11.5%) 0.120

Year of injury 0.045

 2017 10,201 (24.2%) 3586 (24.3%) 5006 (24.1%) 1609 (24.4%)

 2018 10,504 (24.9%) 3701 (25.1%) 5109 (24.6%) 1694 (25.7%)

 2019 10,212 (24.3%) 3619 (24.6%) 5057 (24.3%) 1536 (23.3%)

 2020 11,194 (26.6%) 3827 (26.0%) 5609 (27.0%) 1758 (26.6%)

Center characteristics

Teaching status 0.071



Page 6 of 11Malhotra et al. Critical Care          (2024) 28:251 

71 trauma centers (13.9% of included centers) were either 
high or low outliers with respect to their tendency to 
perform WLST. The MOR for private insurance, public 
insurance, and uninsured groups were 1.33, 1.50 and 1.65 
respectively.

Sensitivity analysis
Age-stratified multivariable Cox regression results are 
summarized in Additional file 7. After adjustment, unin-
sured patients experienced significantly shorter time 
to both decision for WLST and mortality compared to 
privately insured patients in both age strata. Among 
patients < 65  years, there was no difference between the 
rate of WLST decisions across public and private insur-
ance categories; the rate of mortalities was lower in pub-
lic compared private insurance patients. WLST decisions 
occurred significantly faster in Medicare beneficiaries 

compared to privately insured older patients with no dif-
ference in mortality rates.

Discussion
Accounting for competing risks, uninsured patients 
experience earlier WLST compared to privately insured 
counterparts after adjustment for patient, injury, and 
hospital characteristics. The adjusted rate of WLST is 
also higher in publicly insured patients compared to 
privately insured patients; this effect is largely driven by 
differences among older adults covered by Medicare. 
We estimated an MOR of 1.49, suggesting substantial 
between-center variability in WLST decision-making; 
this variability was largest in magnitude for uninsured 
patients. We additionally highlight the presence of dispa-
rate access to rehabilitation services at discharge for pub-
licly insured and uninsured patients compared to their 
privately insured counterparts.

Prior groups have highlighted that uninsured patients 
with moderate and severe TBI experience higher in-hos-
pital mortality, but did not explore WLST decision-mak-
ing differences as a potential mediator of this observed 
effect [14, 15, 27]. The results of our study remain con-
sistent with prior work using TQIP data assessing factors 
associated with WLST, however provide a more robust 
analysis accounting for the competing risk of mortality 
in the absence of a decision for WLST [3, 28]. Our work 
additionally emphasizes that withdrawal decisions occur 
earlier during hospitalization for publicly insured and 
uninsured patient groups compared to privately insured 
groups. Another cross-sectional study of TBI survivors 
treated within the same trauma center highlighted that 
patients with government insurance experienced higher 
levels of disability one year after injury compared to 
patients with private insurance [29]. Their work suggests 

GCS Glasgow coma scale; ICP Intracranial pressure

Table 1 (continued)

Characteristic Total (N = 42,111) Private (N = 14,733) Public 
insurance 
(N = 20,781)

Uninsured (N = 6597) Standardized 
mean difference

 Academic/University 22,285 (52.9%) 7489 (50.8%) 11,106 (53.4%) 3690 (55.9%)

 Community 14,732 (35.0%) 5306 (36.0%) 7378 (35.5%) 2048 (31.0%)

 Non-teaching 5094 (12.1%) 1938 (13.2%) 2297 (11.1%) 859 (13.0%)

Hospital profit status 0.183

 For-profit 5095 (12.1%) 1742 (11.8%) 2229 (10.7%) 1124 (17.0%)

 Public 37,016 (87.9%) 12,991 (88.2%) 18,552 (89.3%) 5473 (83.0%)

 Outcomes

Withdrawal of life sustaining treatment 10,771 (25.6%) 2735 (18.6%) 6755 (32.5%) 1281 (19.4%) 0.324

Overall mortality 18,170 (43.1%) 4915 (33.4%) 10,065 (48.4%) 3190 (48.4%) 0.310

Discharge to rehabilitation 4155 (9.9%) 2006 (13.6%) 1760 (8.5%) 389 (5.9%) 0.165

Table 2 Summary of multivariable cause-specific Cox model 
main results

Regression results shown and cause-specific hazard ratios for withdrawal of 
life sustaining treatment (WLST) and mortality without WLST respectively 
(competing risk)

WLST Withdrawal of life sustaining treatment; CI Confidence interval

Insurance status Cause‑specific Hazard 
ratio

95% CI

WLST

Private – –

Public 1.07 1.02–1.12

Uninsured 1.29 1.18–1.41

Mortality without decision for WLST

Private – –

Public 0.92 0.86–0.98

Uninsured 1.66 1.54–1.79
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Fig. 1 Forest plot depicting multivariable cause-specific Cox model. The model estimates (cause-specific hazard ratios, HR) for withdrawal of life 
sustaining treatment (WLST) and mortality without decision for WLST (panels A and B respectively). GCS, Glasgow Coma Scale
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that care delivery differences may persist after discharge 
from acute care settings in the form of differential reha-
bilitation service access. Our secondary analysis under-
scores this finding and demonstrates differential inpatient 
rehabilitation access according to health insurance status.

The median time to WLST decision was 2 days, which 
is earlier than the recommended 72-h threshold sug-
gested by guidelines and observational evidence for 
neuro-prognostication [30–32]. Additionally, differences 
in the time of WLST decision-making have important 
implications, and might result in self-fulfilling proph-
ecies. The concept of clinical nihilism in neurological 
emergencies is not new; it represents a decision-making 
framework motivated by low confidence in the abil-
ity for medical or surgical interventions to meaningfully 
change an anticipated poor outcome [33, 34]. While the 
potential for unmeasured confounding exists, our find-
ings illustrate that differences in insurance status are 
independently associated with shorter timing of mortal-
ity events associated with WLST decisions. In a recent 
survey conducted at the Seattle International Severe 
Traumatic Brain Injury Consensus Conference of neu-
rotrauma experts, over 60 percent of respondents stated 

Table 3 Summary from multivariable hierarchical logistic 
regression sensitivity analyses

Assessing adjusted odds of withdrawal of life sustaining treatment (WLST), 
overall mortality, and discharge to rehabilitation services across insurance levels

WLST Withdrawal of life sustaining treatment; CI Confidence interval

Insurance status Odds ratio 95% CI

WLST

Private – –
Public 1.11 1.04–1.18

Uninsured 1.12 1.03–1.23

Early WLST (≤ 72 h)

Private – –
Public 1.08 1.00–1.18

Uninsured 1.23 1.11–1.37

Overall mortality

Private – –
Public 1.03 0.97–1.10

Uninsured 1.81 1.66–1.96

Discharge to rehabilitation

Private – –
Public 0.82 0.76–0.90

Uninsured 0.39 0.34–0.44

Fig. 2 Trauma center variability associated with withdrawal of life sustaining treatment for severe traumatic brain injury. Trauma hospitals ranked 
by conditional log odds of withdrawal of life sustaining treatment controlling for patient, injury, and hospital-level characteristics from hierarchical 
logistic regression model. Centers in red are high outlier centers and those in green are low outlier centers
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WLST was justifiable among patients who would go on 
to recover to a lower-severe disability state as measured 
on the Glasgow Outcome Scale Extended scale [10]. 
This relative equipoise among a highly specialized group 
of providers highlights a major challenge in promoting 
equal access to the prospect of neuro-recovery among 
TBI patients [35]. The same study highlighted 66% of 
respondents felt very concerned about therapeutic nihil-
ism related to severe TBI patient management in centers 
around the world [10].

Similarly, surveys of TBI survivors with severe dis-
ability demonstrate roughly half of patients report that 
their health-related quality of life falls within normative 
ranges, emphasizing the disability paradox between acute 
care decision-makers and long-term patient reported 
outcomes [36]. There is an urgent need for focused quali-
tative research to explore patient, provider and family 
beliefs about end of life decision making and future dis-
ability to inform practice recommendations.

There were several limitations with this work. We 
encountered missing data during cohort creation, which 
introduces the potential for biased effect estimates. This 
is mitigated in part by the rigorous data quality stand-
ards employed by ACS TQIP and overall low proportion 
of missing data elements (< 5%). Notably, the proportion 
of missing primary outcome and exposure data were also 
very low, suggesting the influence of this missing data on 
our inferences was minor, if present. Due to the observa-
tional nature of this study, there remains the potential for 
unmeasured confounding, particularly related to social 
marginalization and poverty, which may influence the 
exposure-outcome relationship (especially among unin-
sured patients). Despite this, we were able to adjust for a 
number of meaningful clinical, injury and trauma center 
confounders; additional logistic regression analyses 
added robustness to main inferences by supporting the 
primary analysis. The ACS/state verification process for 
trauma centers implies adherence to high quality stand-
ards and evidence-based practice guidelines to enhance 
care delivery; the disparities in WLST decision-making 
are likely underestimated for non-ACS TQIP facilities.

Conclusions
This work highlights the presence of healthcare inequities 
in trauma provision for adults with severe TBI. We dem-
onstrate insurance status is associated with differences 
in timing of WLST, access to rehabilitation and over-
all mortality. Our findings recapitulate the existence of 
between-center differences in the propensity for WLST 
decision-making, suggesting the urgent need for quali-
tative research to explore this variability at the trauma 
center and provider levels.

Abbreviations
ACS  American college of surgeons
AIS  Abbreviated injury scale
GCS  Glasgow coma scale
HR  Hazard ratios
ICD-10  The consensus international classification for diseases, tenth 

revision
ICP  Intracranial pressure
MOR  Median odds ratio
mCCI  Modified Charlson comorbidity index
OR  Odds ratios
RECORD  The REporting of studies Conducted using Observational Rou-

tinely collected health Data
TBI  Traumatic brain injury
TQIP  Trauma quality improvement program
WLST  Withdrawal of life sustaining treatment

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13054- 024- 05027-6.

Additional file 1.

Additional file 2.

Additional file 3.

Additional file 4.

Additional file 5.

Additional file 6.

Additional file 7.

Acknowledgements
Not applicable.

Author contributions
Conceptualization, CDW and ABN; Methodology, AKM, HS, AE; Software, AKM, 
HS, AE; Formal Analysis, AKM, HS, AE; Data Curation, AKM, HS, AE; Writing—
original draft, AKM, HS, AE; Writing—review and editing, AKM, HS, AE, FM, 
ST, JB, YH, EYY, AVK, JRW, ABN, CDW. All authors read and approved the final 
manuscript.

Funding
The study was not supporting by any funding.

Availability of data and materials
The data described through this study were made available following request 
from the American College of Surgeons (ACS) Trauma Quality Improvement 
Program (TQIP). There are notable restrictions that apply to data availability, 
which were utilized with specific approval for the presented work and are not 
publicly accessible. Qualified investigators may place requests for the data, 
which may be available with permission of the ACS.

Declarations

Ethics approval and consent to participate
The study was approved by the Unity Health Toronto Research Ethics Board. 
Participant informed consent was waived as the study used de-identified 
retrospective patient data.

Consent for publication
Not applicable.

Competing of interests
AKM is supported in part by the American College of Surgeons resident 
research scholarship to perform this research. ABN reported serving as 
the Medical Director of the American College of Surgeons Trauma Quality 
Improvement Program. JRW reported personal fees from Stryker Canada 

https://doi.org/10.1186/s13054-024-05027-6
https://doi.org/10.1186/s13054-024-05027-6


Page 10 of 11Malhotra et al. Critical Care          (2024) 28:251 

outside the submitted work. CDW reported grants from Cerapedics outside 
the submitted work. There are no other relevant conflicts of interest to report, 
including financial interests, activities, relationships, and affiliations, for all 
authors.

Author details
1 Division of Neurosurgery, Unity Health Toronto, St. Michael’s Hospital, 30 
Bond Street, Toronto, ON M5B1W8, Canada. 2 Li Ka Shing Knowledge Institute, 
Toronto, ON, Canada. 3 Institute for Health Policy, Management and Evaluation, 
University of Toronto, Toronto, ON, Canada. 4 Division of Orthopedics, Depart-
ment of Surgery, Shamir Medical Center (Assaf Harofeh), Zerifin, Israel. 5 Faculty 
of Medicine, Tel Aviv University, Tel Aviv, Israel. 6 Interdepartmental Division 
of Critical Care Medicine, University of Toronto, Toronto, ON, Canada. 7 Division 
of Neurosurgery, Sunnybrook Health Sciences Centre, Toronto, ON, Canada. 
8 Division of Neurosurgery, Hospital for Sick Children, Toronto, ON, Canada. 
9 Division of General Surgery, Sunnybrook Health Sciences Centre, Toronto, ON, 
Canada. 

Received: 23 April 2024   Accepted: 6 July 2024

References
 1. McPherson K, Fadyl J, Theadom A, Channon A, Levack W, Starkey N, et al. 

Living life after traumatic brain injury: phase 1 of a longitudinal qualita-
tive study. J Head Trauma Rehabil. 2018;33(1):E44-e52.

 2. Kowalski RG, Hammond FM, Weintraub AH, Nakase-Richardson R, 
Zafonte RD, Whyte J, et al. Recovery of consciousness and functional 
outcome in moderate and severe traumatic brain injury. JAMA Neurol. 
2021;78(5):548–57.

 3. Williamson T, Ryser MD, Ubel PA, Abdelgadir J, Spears CA, Liu B, et al. 
Withdrawal of life-supporting treatment in severe traumatic brain injury. 
JAMA Surg. 2020;155(8):723–31.

 4. Malhotra AK, Shakil H, Smith CW, Sader N, Ladha K, Wijeysundera DN, 
et al. Withdrawal of life-sustaining treatment for pediatric patients with 
severe traumatic brain injury. JAMA Surg. 2023;159(3):287.

 5. Carney N, Totten AM, O’Reilly C, Ullman JS, Hawryluk GW, Bell MJ, et al. 
Guidelines for the management of severe traumatic brain injury. Neuro-
surgery. 2017;80(1):6–15.

 6. Turgeon AF, Lauzier F, Simard JF, Scales DC, Burns KE, Moore L, et al. Mor-
tality associated with withdrawal of life-sustaining therapy for patients 
with severe traumatic brain injury: a Canadian multicentre cohort study. 
CMAJ. 2011;183(14):1581–8.

 7. Leblanc G, Boutin A, Shemilt M, Lauzier F, Moore L, Potvin V, et al. Inci-
dence and impact of withdrawal of life-sustaining therapies in clinical 
trials of severe traumatic brain injury: a systematic review. Clin Trials. 
2018;15(4):398–412.

 8. Malhotra AK, Shakil H, Smith CW, Mathieu F, Merali Z, Jaffe RH, et al. 
Admitting hospital influences on withdrawal of life-sustaining treatment 
decision for patients with severe traumatic brain injury. Neurosurgery. 
2022;17:9900. https:// doi. org/ 10. 1227/ neu. 00000 00000 002840.

 9. Feigin VL, Vos T, Alahdab F, Amit AML, Bärnighausen TW, Beghi E, et al. 
Burden of neurological disorders across the US from 1990–2017: a global 
burden of disease study. JAMA Neurol. 2021;78(2):165–76.

 10. Sarigul B, Bell RS, Chesnut R, Aguilera S, Buki A, Citerio G, et al. Prognosti-
cation and goals of care decisions in severe traumatic brain injury: a sur-
vey of the Seattle international severe traumatic brain injury consensus 
conference working group. J Neurotrauma. 2023;40(15–16):1707–17.

 11. Jarman MP, Jin G, Weissman JS, Ash AS, Tjia J, Salim A, et al. Association 
of trauma center designation with postdischarge survival among older 
adults with injuries. JAMA Netw Open. 2022;5(3):e222448.

 12. Pancholy S, Patel G, Pancholy M, Nanavaty S, Coppola J, Kwan T, et al. 
Association between health insurance status and in-hospital out-
comes after ST-segment elevation myocardial infarction. Am J Cardiol. 
2017;120(7):1049–54.

 13. Corso KA, Joo P, Ruppenkamp J, Holy CE, Coplan PM, Mesfin A. Racial and 
health insurance differences in patient outcomes after surgical treatment 
for cauda equina syndrome: a united states retrospective hospital claims 
database analysis. Spine. 2023;48(19):1373–87.

 14. Alban RF, Berry C, Ley E, Mirocha J, Margulies DR, Tillou A, et al. Does 
health care insurance affect outcomes after traumatic brain injury? Analy-
sis of the national trauma databank. Am Surg. 2010;76(10):1108–11.

 15. Galicia KE, Haider SD, Reidy LE, Anstadt MJ, Kubasiak JC, Gonzalez RP, 
et al. Association between health insurance and outcomes after trau-
matic brain injury: a national ACS-TQP-PUF database study. J Surg Res. 
2023;290:16–27.

 16. Nathens AB, Cryer HG, Fildes J. The American college of surgeons trauma 
quality improvement program. Surg Clin North Am. 2012;92(2):441–54.

 17. Hedegaard H, Johnson RL, Warner M, Chen LH, Annest JL. Proposed 
framework for presenting injury data using the international classification 
of diseases, tenth revision, clinical modification (ICD-10-CM) diagnosis 
codes. Natl Health Stat Rep. 2016;89:1–20.

 18. Malhotra AK, Patel B, Hoeft CJ, Shakil H, Smith CW, Jaffe R, et al. 
Association between trauma center type and mortality for injured 
children with severe traumatic brain injury. J Trauma Acute Care Surg. 
2023;96(5):777–84.

 19. Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, et al. 
The REporting of studies conducted using observational routinely-col-
lected health data (RECORD) statement. PLoS Med. 2015;12(10):e1001885.

 20. Klang A, Molero Y, Lichtenstein P, Larsson H, D’Onofrio BM, Marklund N, 
et al. Access to rehabilitation after hospitalization for traumatic brain 
injury: a national longitudinal cohort study in Sweden. Neurorehabil 
Neural Repair. 2023;37(11–12):763–74.

 21. Jacob L, Cogné M, Tenovuo O, Røe C, Andelic N, Majdan M, et al. Predic-
tors of access to rehabilitation in the year following traumatic brain 
injury: a European prospective and multicenter study. Neurorehabil 
Neural Repair. 2020;34(9):814–30.

 22. Turner-Stokes L, Disler PB, Nair A, Wade DT. Multi-disciplinary rehabilita-
tion for acquired brain injury in adults of working age. Cochrane Data-
base Syst Rev. 2005;3:Cd004170.

 23. Balas M, Guttman MP, Badhiwala JH, Lebovic G, Nathens AB, da Costa L, 
et al. Earlier surgery reduces complications in acute traumatic thora-
columbar spinal cord injury: analysis of a multi-center cohort of 4108 
patients. J Neurotrauma. 2022;39(3–4):277–84.

 24. Team RC. R: a language and environment for statistical computing. 
Vienna: R Foundation for Statistical Computing; 2024.

 25. Merlo J, Chaix B, Ohlsson H, Beckman A, Johnell K, Hjerpe P, et al. A brief 
conceptual tutorial of multilevel analysis in social epidemiology: using 
measures of clustering in multilevel logistic regression to investigate 
contextual phenomena. J Epidemiol Commun Health. 2006;60(4):290–7.

 26. Yarnell C, Pinto R, Fowler R. Measuring variability between clusters 
by subgroup: an extension of the median odds ratio. Stat Med. 
2019;38(22):4253–63.

 27. Moffet EW, Zens TJ, Haines KL, Beems MV, McQuistion KM, Leverson 
GE, et al. Race, insurance status, and traumatic brain injury outcomes 
before and after enactment of the affordable care act. Surgery. 
2018;163(2):251–8.

 28. Johnson LW, Diaz I. Exploring the social determinants of health and 
health disparities in traumatic brain injury: a scoping review. Brain Sci. 
2023;13(5):707.

 29. Gardizi E, Hanks RA, Millis SR, Figueroa MJ. Comorbidity and insurance 
as predictors of disability after traumatic brain injury. Arch Phys Med 
Rehabil. 2014;95(12):2396–401.

 30. Souter MJ, Blissitt PA, Blosser S, Bonomo J, Greer D, Jichici D, et al. Recom-
mendations for the critical care management of devastating brain injury: 
prognostication, psychosocial, and ethical management: a position 
statement for healthcare professionals from the neurocritical care society. 
Neurocrit Care. 2015;23(1):4–13.

 31. Deng H, Nwachuku EL, Wilkins TE, Yue JK, Fetzick A, Chang YF, et al. Time 
to follow commands in severe traumatic brain injury survivors with 
favorable recovery at 2 years. Neurosurgery. 2022;91(4):633–40.

 32. McCrea MA, Giacino JT, Barber J, Temkin NR, Nelson LD, Levin HS, et al. 
Functional outcomes over the first year after moderate to severe trau-
matic brain injury in the prospective, longitudinal TRACK-TBI Study. JAMA 
Neurol. 2021;78(8):982–92.

 33. Hemphill JC 3rd, White DB. Clinical nihilism in neuroemergencies. Emerg 
Med Clin North Am. 2009;27(1):27–37.

 34. Izzy S, Compton R, Carandang R, Hall W, Muehlschlegel S. Self-fulfilling 
prophecies through withdrawal of care: do they exist in traumatic brain 
injury, too? Neurocrit Care. 2013;19(3):347–63.

https://doi.org/10.1227/neu.0000000000002840


Page 11 of 11Malhotra et al. Critical Care          (2024) 28:251  

 35. Bodien YG, Beaulieu CL, Giacino JT, Weintraub A, Whyte J, Williams MW. 
How severe is severe disability after traumatic brain Injury? Response 
to Sarigul et al., prognostication and goals of care decisions in severe 
traumatic brain injury: a survey of the Seattle international severe trau-
matic brain injury consensus conference working group. J Neurotrauma. 
2023;40(21–22):2449–51.

 36. Retel Helmrich IRA, van Klaveren D, Andelic N, Lingsma H, Maas A, Menon 
D, et al. Discrepancy between disability and reported well-being after 
traumatic brain injury. J Neurol Neurosurg Psychiatry. 2022;93(7):785–96.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Influence of health insurance on withdrawal of life sustaining treatment for patients with isolated traumatic brain injury: a retrospective multi-center observational cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Data source
	Cohort creation
	Exposure
	Outcomes
	Covariates
	Statistical analysis

	Results
	Association between insurance status and WLST
	Secondary outcomes
	Inter-hospital variability
	Sensitivity analysis

	Discussion
	Conclusions
	Acknowledgements
	References


