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Abstract

Background—mDiffuse axonal injury (DAI) on MRI has been associated with poor functional
outcome after moderate-severe traumatic brain injury (msTBI). Yet, DAI assessment with highly-
sensitive MRI-techniques is unfeasible in the acute trauma setting, and CT remains the key
diagnostic modality despite its lower sensitivity. We sought to determine whether CT-defined-
hemorrhagic-DAI (hDAI) is associated with discharge and favorable 3-and 12-month functional
outcome (Glasgow Outcome Score =4) after msTBI.

Methods—We analyzed 361 msTBI patients from the single-center longitudinal OPTIMISM-
study collected over six years (11/2009-11/2015) with prospective outcome assessments at 3- and
12-months. Patients with microhemorrhages on CT were designated “CT-hDAI-positive” and
those without as “CT-hDAI-negative”. For secondary analyses “CT-hDAI-positive” was stratified
into two phenotypes according to presence (“associated”) versus absence (“predominant”) of
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concomitant large acute traumatic lesions to determine whether presence vs. absence of additional
focal mass lesions portends a different prognosis.

Results—Seventy patients (19%) were CT-hDAI-positive (n=36 predominant; n=34 associated
hDAL). In univariate analyses, CT-hDAI-positive status was associated with discharge survival
(p=0.004) and favorable outcome at 3-months (p=0.003) and 12-months (p=0.005). After
multivariable adjustment, CT-hDAI-positivity was no longer associated with discharge survival
and functional outcome (all p>0.05). Stratified by hDAI phenotype, predominant hDAI patients
had worse trauma severity, longer ICU stays, and more systemic medical complications.
Predominant hDAI, but not associated hDAI, was an independent predictor of discharge survival
(adjusted OR 24.7; 95% CI 3.2-192.6; p=0.002) and favorable 12-month outcome (adjusted OR
4.7; 95% CI 1.5-15.2; p=0.01). Sensitivity analyses using Cox-regression confirmed this finding
for 1-year survival (adjusted HR 5.6; 95% CI 1.3-23; p=0.048).

Conclusion—CT-defined-hDAI was not an independent predictor of unfavorable short- and
long-term outcomes and should not be used for acute prognostication in msTBI patients.
Predominant hDAI patients had good clinical outcomes when supported to ICU discharge and
beyond.

Level of Evidence—Level Il1; prognostic study.
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BACKGROUND

Moderate-to-severe traumatic brain injury (msTBI) is a leading cause of morbidity and
mortality after trauma (1). Despite its significant public health burden, outcome
prognostication after msTBI remains challenging in part owing to its complex and
heterogeneous pathology. The presence of diffuse axonal injury (DAI), which is considered
the pathological hallmark of many post-traumatic functional deficits, has been described to
be a particularly poor prognostic sign in msTBI in several studies (2-5).

Brain imaging indices of DAI have been shown to correlate with the degree of axonal
degeneration on post-mortem histology (2, 6-8). In particular, experimental brain magnetic
resonance imaging (MRI) techniques are highly promising for the detailed evaluation of DAI
(7, 9). However, although conventional MRI adds prognostic value with superior
discrimination (10) compared to computed tomography (CT), (11, 12) it is frequently
infeasible in the early acute phases of trauma (10, 13). This is due to patient instability for
transport and the requirement to lie flat during the comparably slow image acquisition,
increasing the risk for intracranial pressure elevation or hypoxemia with concurrent lung
injury.

Therefore, given its widespread availability, rapid image acquisition, and absent
contraindications, CT remains the standard diagnostic modality in the early phases of msTBI
to evaluate for TBI-related hemorrhagic and non-hemorrhagic injuries (14). Yet, it is well
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recognized that CT only allows for indirect evaluation of DAI by identifying traumatic
vascular injury associated with hemorrhagic DAI (hDAI), and typically underestimates the
true extent of axonal injury (8). Considering the relatively low sensitivity of CT for the
detection of DAI-related pathology, the presence of any hDAI on CT may be a particularly
poor predictor for outcome based on the assumption that the actual, but invisible degree of
DAL is much worse (so-called “stealth” pathology) (15). However, whether this supposition
holds true in contemporaneous critical trauma care is uncertain. Accordingly, a better
understanding of this issue is important because clinicians may provide premature and
unduly grave prognoses for patients with CT-defined hDAI, particularly when they are
comatose in the first few days after trauma (16-19).

The primary objectives of this study were to describe the prevalence of microhemorrhages
on CT as markers of underlying hDAI and determine their association with the 3- and 12-
month functional outcome in a contemporaneous and prospectively followed msTBI patient
cohort. In secondary analyses we sought to determine whether the presence of traumatic
microhemorrhages in isolation (i.e., in the absence of large focal mass lesions) portends a
different prognosis than when present in conjunction with other traumatic lesions.

METHODS

Patient population

We conducted a prospective observational study at the University of Massachusetts Medical
School (UMASS). It is the only level-1 trauma center in central Massachusetts with a 65-
mile catchment area radius. All eligible adult (age =18 years without upper age limit) msTBI
patients (Glasgow Coma Scale [GCS] <12) admitted between November 2009 and
November 2015 were enrolled in the ongoing Outcome Prognostication in Traumatic Brain
Injury (OPTIMISM) study with inclusion and exclusion criteria previously described in
detail (20). Briefly, patients required a diagnosis of TBI based on the history and mechanism
of injury, absence of a non-traumatic acute brain lesion on admission non-contrast head CT,
and an enrollment GCS <12, recorded as the lowest post-resuscitation GCS in the first 24
hours of hospital admission and after sedation or intoxication subsided. Transfers from
outside hospitals all occurred from emergency department (ED) to ED prior to admission
and were included. There were no transfer requests after patients had already been admitted.
This prospective observational study was approved by the local Institutional Review Board
(IRB) with written informed consent obtained from the patient or surrogate decision-maker
to perform follow-up. For non-survivors as well as those who declined consent for long-term
follow-up after discharge, or in whom no surrogate decision-makers were available, the IRB
granted a waiver for documentation of written consent for recording clinical data from the
index hospitalization. Data were recorded in the Research Electronic Data Capture
(REDCap) platform at UMASS (21).

Clinical management

The clinical patient management was described previously in detail (20). Briefly, after initial
resuscitation in the ED trauma bay, subjects were admitted to a single closed neuro-trauma
intensive care unit staffed by board-certified neuro-intensivists or a trauma-intensivist, and
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managed according to Brain Trauma Foundation guidelines (22). All patients with a GCS <8
and evidence of brain swelling or high-risk lesions received an intracranial pressure (ICP)
monitoring device (intraparenchymal probe or extraventricular drain) as well as emergency
neurosurgery based on clinical indications (22) and at the discretion of the consulting
neurosurgeon. After 2012, additional brain tissue oxygen (PbtO) monitoring with Licox®
(Integra, Plainsboro, NJ) was performed. Both ICP and PbtO, were treated according to an
institutional protocol that mimicked the Brain Tissue Oxygen Monitoring in Traumatic Brain
Injury (BOOST-2) protocol (23). Our standard institutional practice is to avoid early
prognostication to the family in the first 5-7 days, unless the patient has irreversible
brainstem herniation.

Measurements

Baseline demographics, trauma mechanism, pupillary reactivity, and vital signs including
presence of hypoxia (oxygen saturation levels <89%) or hypotension (systolic blood
pressure <89 mmHg) in the field or ED were collected. Out-of-hospital and UMASS ED
data were obtained from written ED trauma attending and nursing reports. Enroliment GCS
was recorded as the lowest post-resuscitation GCS in the first 24 hours of hospital admission
and after sedation or intoxication subsided. The Injury Severity Score (ISS) was calculated
from AIS scores assigned by an AlS-certified trauma registrar after complete medical record
and diagnoses review by three trained AIS trauma registrars using the American College of
Surgeons National Trauma Databank data dictionary criteria. Diagnoses, AlIS and ISS scores
were reviewed and validated weekly during regular group meetings of the trauma attendings
at our institution. Patients were followed throughout the intensive care unit (ICU) stay.
Consistent with the National Institutes of Health Common Data Elements for TBI and thi-
impact.org recommendations we collected information on race and ethnicity (24, 25).
Occurrence of 28 pre-defined medical and neurological complications (20) were adjudicated
weekly by three neurointensivists (R.C., W.H., S.M.). ICU complications are defined in the
supplemental digital content.

Image analysis and DAI classification

In this study, hDAI was defined as the presence of one or more punctate hemorrhages on CT
obtained on admission or the first follow-up CT performed within 24 hours of admission.
All CTs were reviewed and adjudicated weekly by consensus between three
neurointensivists for the presence of hDAI and other traumatic lesions and determination of
the Marshall-CT-classification (11).

To gain a more granular understanding of the association of hDAI with the outcome in the
presence versus absence of additional major pathology we also operationally classified hDAI
according to three phenotypes (Supplemental Figure 1): “predominant hDAI”, defined by the
presence of hDAI on CT as the predominant pathology, without any other major large acute
space-occupying pathologies exhibiting mass effect (i.e. subdural or epidural hematoma,
contusions >10cc volume); “associated hDAI” with presence of other major acute
pathologies as above; “CT-hDAI-negative”, with absence of any hDAI, irrespective of the
presence of other major pathologies. To allow comparison with prior studies, we also
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classified hDAI as grade | (grey-white-matter), grade Il (corpus callosum), and grade 111
(brainstem) (2, 26).

One trained physician (M.W.Q.) retrospectively measured the midline shift (MLS) at the
septum pellucidum (in mm) and the hematoma volume (in ml) of the largest hematoma on
the admission CT using the ABC/2 method (27, 28).

Outcome Assessments

Functional outcomes using the Glasgow Outcome Scale (GOS) were prospectively assessed
at 3 and 12 months after trauma over the telephone by trained members of the study team
using a standardized interview guide for the GOS (29). For quality control, the study Pl
conducted data review on randomly selected subjects and supervised phone interviews in
person at least quarterly. Survival status was recorded for each patient at discharge, 3 and 12
months. If subjects or their families could not be contacted for follow-up at the respective
time points, we searched the publicly available Social Security Death Index to
retrospectively determine subjects’ survival status at the respective time follow-up time
point.

Statistical analysis

We performed a complete case analysis using Xz or Fisher’s Exact Test for categorical and
Wilcoxon’s test for nonparametric continuous variables, as appropriate, comparing baseline
differences between CT-positive-hDAI versus CT-hDAI -negative patients in our primary
analysis. In our secondary analysis we compared CT-hDAI -negative patients to predominant
and associated hDAI patients. The outcomes of interest were discharge and 1-year survival
as well as favorable outcome (GOS 4 and 5) at 3 and 12 months, respectively.

For each outcome of interest we constructed a multivariable logistic regression model to
determine whether CT-positive-hDA\ status was independently associated with the outcome.
For our predefined secondary analysis, we repeated all multivariable analyses stratified by
hDAI phenotype. Multivariable logistic regression models were constructed incrementally
by manually adding and removing variables due to the large number of univariate
associations with the outcomes of interest. First, we included the validated IMPACT
variables on admission (age, motor GCS, pupillary reactivity, hypoxia, hypotension,
Marshall CT-classification, CT presence of traumatic subarachnoid hemorrhage and epidural
mass) (30) and ISS in all multivariable logistic regression models. In order to prevent model
overfitting, variables were only retained in the multivariable model if they remained
significantly associated with the outcome (p<0.05 using Wald statistic). Next, we added
variables to each model, which were significantly associated with the outcome of interest in
the univariate analyses. Again, variables remained if they were independently associated
with the outcome of interest (p<0.05 using Wald statistic) and resulted in the best model fit
assessed by -2Log-likelihood. This resulted in parsimonious multivariable models with
different retained variables without overfitting. The area under receiver-operator curves (c-
statistics) and Hosmer-Lemeshow goodness of fit p-values were calculated as measures of
discrimination and calibration, respectively. We used Kaplan-Meier and log-rank test for
univariate comparisons of the 1 year survival between groups. Subjects that were lost to
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follow up were censored at either at the 90 days (ho 3 month follow up) or 365 days follow
up (3 month follow up completed but no 1-year follow up) time. To determine whether the
CT hDAI status was independently associated with the 1 year survival we constructed Cox
proportional hazards models adjusted for pertinent covariates. Variables were sequentially
removed (likelihood ratio) from the models at a significance level of 0.1. The final models
were adjusted for the ISS, age, sex, degree of midline shift (mm), Marshall CT score,
hypotension, and pupillary reactivity. The proportional hazards assumption was assessed and
satisfied in all models. Variables were examined for collinearity and interaction. Two-sided
significance tests were used throughout and a two-sided p<0.05 was considered statistically
significant unless stated otherwise. To calculate corrected levels of significance in cases of
multiple comparisons in the univariate analyses we calculated an adjusted significance level
after Benjamini and Hochberg (31). Analyses were conducted in SAS 9.4 (SAS Institute
Inc., Cary, NC) and IBM SPSS Statistics Version 22 (IBM, Armonk, NY).

Over the 6-year study period, per the local trauma registry a total of 10,580 adult trauma
patients were seen at our institution, of which 5917 patients had TBI. Of these, 4529 patients
with TBI were admitted to the hospital. A total of 393 msTBI patients met inclusion criteria
and were enrolled consecutively in the OPTIMISM-study. Five patients with hypoxic-
ischemic brain injury after hanging were excluded as the mechanism of injury is considered
different, leaving 388 patients. Twenty-seven patients were further excluded as they were
enrolled very early in the OPTIMISM-study before IRB approval for long-term follow-up
had been obtained. Finally, 361 patients were available for analysis (Figure 1). Overall, 70
patients (19.4%) were CT-hDAI -positive. Predominant hDAI was present in 10% of study
patients (n=36) and associated hDAI in 9% (n=34). Baseline characteristics are summarized
in Table 1.

Compared to CT-hDAI -negative patients, CT-hDAI -positive patients were younger, more
severely injured, and were more likely to be hypotensive in the field or emergency room.
Expectedly, high-velocity trauma represented the most common trauma cause among
patients with hDAI, whereas falls represented the most common trauma cause among CT-
hDAI -negative patients. Rates of hypoxia, pupillary reactivity and motor GCS were not
significantly different between CT-hDAI-positive and CT-hDAI-negative patients.

Imaging findings

In the CT-hDAI-positive group, DAI grade | was the predominant hDAI grade (70%),
followed by DAI grade 111 (27%) and DAI grade 11 (3%). DAI grade | remained the
prevailing type in both the predominant and associated hDAI groups. Subdural hematomas
were significantly less common in the CT-hDAI-positive compared to the CT-hDAI-negative

group.

After stratification, there was no difference in lesion prevalence between the associated
hDAI and CT-hDAI-negative group, while (by definition) subdural hematomas and
contusions were significantly less prevalent in the predominant hDAI vs. CT-hDAI-negative
group. Epidural hematomas were rare in our cohort, and no difference in prevalence was
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found among the groups. MLS and hematoma volumes were greater in CT-hDAI-negative
patients.

Complete data for outcome analysis was available for all 361 patients at hospital discharge,
276 patients at 3-months, and 255 at 12-months. Overall, 212 (58.7%) patients survived the
index hospitalization. 11 (3%) subjects died between hospital discharge and 3 month follow
up and 8 (2%) subjects died between 3-months and 12-months follow up. Discharge survival
rates were significantly higher among CT-hDAI-positive compared to CT-hDAI-negative
patients (74% vs. 55%; p=0.003; Table 2), though this association only approached
significance on multivariable logistic regression (Table 2). However, the 1-year risk of death
was significantly lower among CT-hDAI-positive subjects as compared to CT-hDAI-negative
patients (log rank p=0.002, Figure 2). This association remained significant after adjustment
for potential confounders in Cox-regression analysis (HR 1.6; 95% CI 1.004-2.9; p=0.048;
Supplemental Table I).

Similarly, a favorable functional outcome was significantly more common among CT-hDAII-
positive patients compared CT-hDAI-negative patients at 3-months (35% vs. 20%; p=0.02)
and 12-months (44% vs. 23%; p=0.004; Figure 3). However, hDAI was no longer
significantly associated with a favorable 3- and 12-month outcome after multivariable
adjustment (Table 2). Nevertheless, in these adjusted analyses, lower age, lower ISS, lower
Marshall CT-score and lack of hypotension in the field or ED were all independently
associated with a favorable outcome at 3 months (all p<0.01, except ISS p=0.01 and
Marshall CT-score p=0.02; Supplemental Table I1). At 12 months, hypotension in the field
and ISS were no longer significantly associated with the outcome, but we retained ISS in the
model to adjust for other injuries. Lower age and lower Marshall CT score remained
significantly associated with 12-month favorable outcome (both p<0.01; Supplemental Table

).

To better understand the clinical relevance of CT-defined hDAI in the absence or presence of
any major acute space-occupying lesions, we compared CT-hDAI-negative with CT-hDAI-
positive patients stratified by predominant versus associated hDAI. We found that only
predominant CT-hDAI, but not associated CT-hDAI and CT-hDAI-negative status were
associated with the 1 year survival in both unadjusted (log rank p<0.001, Figure 2) as well as
adjusted analyses (Cox-regression; HR 5.6; 95% CI 1.3-23; p=0.018; Supplemental Table I).
Likewise, favorable outcomes at discharge, 3 and 12 months were all significantly more
common among patients with predominant hDAI compared to CT-hDAI-negative patients
(all p<0.001), while there was no difference in any outcomes in associated hDAI vs. CT-
hDAI-negative patients (Table 1). After multivariable adjustment, predominant hDAI
remained independently associated with discharge survival and a favorable 12-month
outcome (Table 2). Although the direction of association between predominant hDAI and
outcome was similar for the 3-month GOS, the confidence intervals included one (Table 2).
Associated hDAI was not associated with at the 3-month and 12-month outcomes (Table 2).
We were unable to adjust for DAI grading in any of the models, due to the absence of any
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hDAI in CT-hDAI-negative patients by definition, resulting in quasi-complete separation of
data points when including DAI grading in the logistic regression.

ICU course and complications

Next, we sought to determine whether our unexpected observation of a more favorable
outcome among patients with predominant hDAI may have been related to differences in the
incidence of key pre-defined ICU complications as collected in the OPTIMISM study (20).
Table 3 summarizes the ICU length-of-stay and ICU complications stratified by CT-defined
hDAI phenotypes.

Overall, CT-hDAI-positive patients had significantly longer median ICU lengths-of-stay than
CT-hDAI-negative patients (16 vs. 7 days; p<0.001), which was largely related to
particularly long ICU lengths-of-stay of predominant hDAI patients (19 days). We found
that CT-hDAI-positive patients suffered significantly more frequently systemic ICU
complications, including pneumonia, acute respiratory distress syndrome, sepsis, and fever.
Conversely, brain herniation occurred less frequently in CT-hDAI-positive compared to CT-
hDAI-negative patients (29% vs. 47%; p=0.004). Additional stratification revealed that brain
herniation was significantly less common in the predominant hDAI group (p<0.001) and
similar among associated hDAI and CT-hDAI-negative patients (p=0.35). Likewise,
compared to CT-hDAI-negative patients, brain edema requiring osmotherapy occurred more
frequently in the associated hDAI group (71% vs. 43%; p=0.002), but less frequently in the
predominant hDAI group (25% vs. 43%; p=0.04) as compared to CT-hDAI-negative
patients.

DISCUSSION

The most important finding of our study was that in contrast to previous investigations (10,
32, 33) the presence of hDAI on head CT was not associated with a worse functional
outcome. This observation was supported by additional analyses stratified by the hDAI
phenotype. These analyses suggest that neither patients with predominant hDAI nor patients
with associated hDAI had particularly worse outcomes than CT-hDAI-negative patients.
Indeed, predominant hDAI was independently associated with the discharge and 1 year
survival as well as a favorable outcome at 12-months. Our findings were surprising, and if
validated, challenge the notion among clinicians, especially non-TBI specialists, as well as
the portrayal in media content for non-specialists, that the presence of hDAI, at least when
seen on CT in msTBI patients, is a universally poor prognostic sign (34).

The reasons for the lack of an association of hDAI with poor outcome in our study are
probably multifactorial. However, the most likely explanation may be that the presence of
other large intracranial mass lesions superseded the impact of hDAI on outcome as indicated
by more frequent catastrophic neurological complications such as brain herniation in
patients with mass lesions. In our cohort, associated hDAI was most often accompanied by
SDH, a combination that has been correlated with a particularly grim outlook in prior studies
(3, 35). Additional reasons may relate to the fact that the OPTIMISM-study does not include
detailed neuropsychological follow-up assessments, which is necessary to ascertain possible
long-term adverse cognitive effects of hDAI. Another likely explanation relates to
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differences in our definition of hDAI based on CT versus MRI and the inability of CT to
provide sufficient discrimination of DAI lesion burden and location compared to MRI.

However, this last issue directly relates to the original motivation to conduct our study. We
specifically chose CT to classify hDAI in order to mirror clinical practice at trauma centers.
Although MR is clearly superior to CT in identifying DA, it remains unfeasible and
impractical in the early phases of trauma for the commonly poly-traumatized msTBI
patients. Yet, families desire a prognostic estimation from the treating physicians from the
early phase onward. A large degree of variability in the prognostication and mortality of
severe TBI patients between and within trauma centers has been described (16-18). Studies
have shown that physicians form an opinion about the “Gestalt” of the patient’s injury
severity during the early period of neurologically injured and comatose patients. This may
result in forming an early fixed negative opinion and framing of a poor picture by the
treating physician when discussing the presumed prognosis with patients’ families, which
may lead to unwarranted premature decision-making, including withdrawal of care (16, 36).

While it is undisputed that MRI is much more sensitive to determining the presence and
extent of DA, our study closes an important knowledge gap for clinicians because it reflects
the real life practice of using CT as the sole imaging modality to provide insights regarding
expected outcomes in the early post-traumatic phase. In addition, it is important to
remember that MRI-based DAI studies commonly suffer from ascertainment bias, as only
survivors after initial decision-making are included and undergo an MRI; hence the results
from MRI-based studies may not fully translate to all patients in the first days after trauma
(10, 13, 33).

An additional important finding from our study was that patients with predominant hDAI
had a prolonged ICU course and suffered systemic medical complications; yet they had
lower rates of devastating neurologic complications and their outcome was not significantly
worse than that of head-hCT-negative patients. In fact, despite the high injury severity and
prolonged ICU course our data suggests that the presence of a hDAI predominant phenotype
was associated with overall improved survival and more frequent favorable 12-month
outcome among msTBI patients. This reinforces that clinicians should be particularly
cautious in rendering early predictions using CT-based hDAI indices.

Study strengths and limitations

Important study strengths included the analysis of a large, contemporaneous, prospectively
followed cohort of msTBI patients. In addition, we adhered to a rigorous, and pre-specified,
CT- and ICU complications classification method to minimize bias and misclassification.

This study has limitations that deserve comment. First, as stated, it was our goal to
determine the impact of hDAI as defined by CT, which is the clinically most relevant
imaging modality for acute brain injury assessment in msTBI. However, the diagnosis of
DAl can only be made with certainty by histologic examination of brain tissue at post-
mortem(15). Therefore, by design, it is likely that we underestimated the true extent of DAI
and, thus, patients in the CT-hDAI-negative group may have been misclassified.
Conventional MRI, DTI MRI, and post-mortem pathology have previously identified non-

J Trauma Acute Care Surg. Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Henninger et al.

Page 10

hemorrhagic DAI (10, 37-39), which CT does not capture. Nevertheless, even when
discovered on MRI, non-hemorrhagic DAI has not always been found to predict a poor
outcome (32). Nonetheless, further research is warranted to determine whether CT-based
hDAI lesion burden and pattern analysis may afford additional predictive insight. For
example, the majority of the hDAI lesions in our predominant hDAI cohort were DAI grade
1 lesions limited to lobar white matter or cerebellum, rather than deep lesions as mostly seen
in the associated hDAI group, which may explain the association of favorable outcome in the
predominant hDAI group. Based on our simplified definition of the hDAI phenotypes it was
not possible to include the DAI-grade as a marker of hDAI lesion burden and location into
the logistic regression models because it would have resulted in quasi-complete separation
of data points. Irrespective of these imaging based limitations, this study represents one of
only few pragmatic DAI outcome studies based on acute CT. Therefore, until MRI
(including advanced and highly sensitive techniques such as DTI) becomes a widespread
standard modality for acute brain assessment in msTBI patients, our results provide critical
insight given that CT remains the mainstay of imaging evaluation during the acute phases of
trauma when clinicians are first asked to prognosticate. A second limitation includes that
outcome data was incomplete. However, our follow-up rates align with other observational
msTBI studies (40) and are reflective of poor compliance in trauma patients in general.
Further, by employing Kaplan-Meier and Cox-regression analyses we accounted for missing
follow-up data in the survival analyses. Nevertheless, due to the single-center design with
limited racial diversity, our findings may not be generalizable to other msTBI cohorts.
Accordingly, our findings require careful interpretation and validation in other TBI cohorts.

In summary, we found that the presence of hDAI on CT was not associated with worse
short- and long-term outcome compared to CT-hDAI-negative patients. Further, predominant
hDAI was independently associated with increased survival and improved 12-month
outcomes, despite high injury severity and prolonged ICU lengths-of-stay. If validated, our
results highlight the importance of avoiding acute unfavorable prognostication in msTBI
patients based on CT-hDAI-indices. In particular, patients with hDAI and without major
other intracranial pathology may have favorable outcomes that justify continued support
through a prolonged ICU course until rehabilitation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Study flow chart
Five patients were excluded due to “hanging” resulting in hypoxic brain injury, which has a

distinctly different pathophysiology from TBI. We further excluded 27 patients who had
been enrolled in the early part of OPTIMISM prior to IRB approval for post-discharge

assessments.
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Figure 2. Survival analysisfor the one-year risk of death stratified by CT-hDAI status
Shown are the Kaplan-Meier curves for the 1-year cumulative risk of death stratified by (A)

absence vs. presence of CT-hDAI, and (B) CT-hDAI phenotype. Dotted line in panel A
indicates the cumulative absolute risk of death in all included subjects (n=361) for reference

only.
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Figure 3. Outcomes stratified by CT-defined DAI status
Proportion of patients with (A) discharge survival as well as (B) Glasgow Outcome Scale

(GOS) distribution at respective 3- and 12-months stratified by absence versus presence of
CT-defined hDAI in the primary analyses. Secondary analyses of the (C) discharge survival
and (D) GOS distribution at respective 3- and 12-month outcomes further stratified by hDAI
phenotype. Statistical comparisons of in-hospital survival were performed with Xz—test with
post-hoc Bonferroni correction.
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