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Abstract

Objective: Predicting risk of posttraumatic stress disorder (PTSD) in the acute care setting 

is challenging given the pace and acute care demands in the emergency department (ED) and 

the infeasibility of using time-consuming assessments. Currently, no accurate brief screening for 

long-term PTSD risk is routinely used in the ED. One instrument widely used in the ED is the 

27-item Immediate Stress Reaction Checklist (ISRC). The aim of this study was to develop a short 

screener using a machine learning approach and to investigate whether accurate PTSD prediction 

in the ED can be achieved with substantially fewer items than the IRSC.

Method: This prospective longitudinal cohort study examined the development and validation of 

a brief screening instrument in two independent samples, a model development sample (N = 253) 

*Corresponding author at: Department of Psychiatry, NYU Grossman School of Medicine, One Park Avenue, NY, USA. 
ks3796@cumc.columbia.edu (K. Schultebraucks). 

CRediT authorship contribution statement
K. Schultebraucks: Writing – original draft, Formal analysis, Supervision, Methodology, Visualization. J.S. Stevens: Project 
administration, Supervision, Writing – review & editing. V. Michopoulos: Project administration, Supervision, Writing – review 
& editing. J. Maples-Keller: Investigation, Supervision, Writing – review & editing. J. Lyu: Formal analysis. R.N. Smith: Writing 
– review & editing. B.O. Rothbaum: Writing – review & editing. K.J. Ressler: Funding acquisition, Supervision, Writing – 
review & editing. I.R. Galatzer-Levy: Funding acquisition, Project administration. A. Powers: Project administration, Supervision, 
Methodology, Writing – original draft, Writing – review & editing.

HHS Public Access
Author manuscript
Gen Hosp Psychiatry. Author manuscript; available in PMC 2024 March 01.

Published in final edited form as:
Gen Hosp Psychiatry. 2023 ; 81: 46–50. doi:10.1016/j.genhosppsych.2023.01.012.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and an external validation sample (N = 93). We used a feature selection algorithm to identify a 

minimal subset of features of the ISRC and tested this subset in a predictive model to investigate if 

we can accurately predict long-term PTSD outcomes.

Results: We were able to identify a reduced subset of 5 highly predictive features of the ISRC in 

the model development sample (AUC = 0.80), and we were able to validate those findings in the 

external validation sample (AUC = 0.84) to discriminate non-remitting vs. resilient trajectories.

Conclusion: This study developed and validated a brief 5-item screener in the ED setting, which 

may help to improve the diagnostic process of PTSD in the acute care setting and help ED 

clinicians plan follow-up care when patients are still in contact with the healthcare system. This 

could reduce the burden on patients and decrease the risk of chronic PTSD.
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1. Introduction

Traumatic injury resulting in hospitalization leads to a range of adverse physical and mental 

health outcomes, often resulting in costly healthcare utilization and significant functional 

impairment and disability [1,2]. Posttraumatic stress disorder (PTSD) is one common 

reaction to trauma and has a major economic burden on society, with more than $23 billion 

in excess costs due to PTSD in the United States in 2018 alone [3]. Importantly, PTSD 

remains underdiagnosed by healthcare providers, and standard practices to connect patients 

to trauma-specific behavioral health services remain uncommon in medical settings serving 

civilians [4,5]. Given the commonality of patients seeking medical care in emergency 

department (ED) settings following trauma exposure, screening, and identifying individuals 

at risk for developing PTSD in this setting are particularly important.

The development of PTSD following trauma in acute trauma patients is high with 6–29% 

showing rates of PTSD at 12-months post-injury [6,7]. Yet, because not everyone who 

visits the ED following trauma exposure will develop PTSD, there is a clear need for early 

screening to identify those most at risk. The American College of Surgeons Committee on 

Trauma recommends mental health screening in trauma patients to identify those at risk 

[8]. Barriers to a systematic screening of acute stress symptoms could be overcome by 

using a screening tool that is brief and designed for use with acute stress symptoms. Data 

supports that it is feasible to screen trauma patients within 24 h of trauma and individuals 

surveyed for PTSD symptoms are more likely to then utilize services [9]. While numerous 

prospective studies have now created PTSD risk algorithms for patients based on varied 

electronic medical data and psychological symptom measures [10-14], most of these studies 

use varied measures of acute stress symptoms that are often lengthy and would be difficult 

to integrate into a busy ED setting. Early intervention studies conducted in the ED have 

reported decreased PTSD and depression symptoms following early intervention [15] and 

been associated with possibly mitigating a genetic risk for PTSD [16], but the inability to 

predict risk in the ED for the development of PTSD negated the effects of early intervention 

[17]. Thus, the need for an efficient measure to predict the risk for PTSD is huge.
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At present, the only research available on brief (5 items or less) PTSD screening in the acute 

post-trauma period is with measures validated for use following the 4-week requirement for 

PTSD symptoms and has not been developed specifically for use in the acute stress period 

directly following the traumatic event. The most widely used PTSD screening tool is the 

PC-PTSD-5 [18], a validated 5-item measure of PTSD symptoms that can be used in diverse 

trauma-exposed populations and has been used to predict chronic PTSD in acute trauma 

patients [19]. However, given what we know about the differences between acute stress 

response and PTSD, it is not clear that the items identified in a PTSD screening tool would 

be equally effective as a screener for potential PTSD development in the acute aftermath of 

trauma.

The Immediate Stress Response Checklist (ISRC) is a 27-item, validated verbal 

questionnaire designed to evaluate the key features of acute stress responses in the 

immediate post-trauma period [20]. The ISRC is not designed to provide a diagnosis but 

can be used to determine what acute stress symptoms are present and has strong potential 

to serve as a valuable tool to screen for PTSD risk in ED patients. However, a 27-item 

measure is far too lengthy to be used as a screening tool in the ED. Schultebraucks, 

Shalev [10] utilized the ISRC along with data obtained in electronic medical records to 

create a predictive algorithm for who is at greatest risk for the development of chronic 

PTSD following acute trauma exposure. Study findings indicated certain ISRC symptoms 

together with electronic health records data were particularly valuable in the prediction 

model, namely “I felt like I was not there, like I was not part of what was going on” 

(ISRC item 6), “I felt confused” (ISRC item 7), “I get upset when something reminds me 

of what happened” (ISRC item 26) and “I feel hyper or like I can’t stay still” (ISRC item 

27). While this study was helpful in suggesting potential items relevant for a screener, it 

was not conducted to directly develop a screener based on the ISRC questionnaire alone 

and to identify an essential subset of ISRC items that accurately distinguish different PTSD 

trajectories.

1.1. Purpose of the study

Accurate risk identification for the development of PTSD in trauma patients accessing 

acute trauma center or ED services is critical to provide tailored resources and mitigate 

risk through early intervention strategies with at-risk patients. Utilizing data from patients’ 

immediate stress reaction response, the current study 1) created a brief version of the 

ISRC that best predicts later development of PTSD (up to 12 months post-trauma) using a 

prospective cohort of trauma survivors from a level 1 trauma center and 2) examined the 

generalizability of this brief screener using an independently collected prospective cohort of 

trauma survivors from another level 1 trauma center as an external validation sample. Given 

the critical clinical need to treat patients with non-remitting PTSD, accurate assessment of 

an individual’s risk for chronic PTSD is necessary for effective prevention and treatment 

allocation. Early detection is key for reducing long-term disability and distress related to 

PTSD symptoms following acute trauma exposure as it could lead to early diagnosis and 

management of these cases, and therefore could help reduce the occurrence of the disorder.
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2. Methods

2.1. Participants and procedure

The first sample (n = 253) of ED patients was prospectively enrolled from 2012 to 2017 

at the Marcus Trauma Center of the Grady Memorial Hospital and was used for model 

development (discovery sample). A second independent sample (n = 93) of ED patients was 

prospectively enrolled from 2012 to 2016 at Bellevue Hospital Center and was used for 

external validation of the predictive model (validation sample).

The participants were approached based on information of the ED trauma surgery discharge 

rounds or the team’s rounding sheet. Potential eligible patients were contacted by the 

study personnel in the ED and our inclusion and exclusion criteria were assessed. See 

Schultebraucks, Shalev [10] for details on the patient flow for study recruitment.

All participants had experienced a traumatic event (e.g., life-threatening accident, sexual or 

physical assault) satisfying the DSM-5 trauma criterion A of PTSD (American Psychiatric 

Association, 2013). Additional inclusion criteria were the ability to give informed consent, 

age between 18 and 65 years (Grady sample) or 18–70 years of age (Bellevue sample), 

residence in the United States , and fluency in speaking English (Grady sample) or English, 

Spanish, and Mandarin (Bellevue sample). Current intoxication, suicidal ideation or suicide 

attempts in the past 3 months, a history of schizophrenia, psychosis or mania, Glasgow 

Coma Scale score < 15, respiratory distress, or medical instability, were exlusion criteria 

for the Grady sample. For the Bellevue sample, exclusion criteria were risk for ongoing 

traumatic exposure (e.g., domestic violence), evidence of homicidal/suicidal behavior, 

custody of police or Department of Correction, current or past psychotic symptoms, open 

head injury, survivors in coma or evidence of traumatic brain injury indicated by a Glasgow 

Coma Scale score < 13 or no reliable access to email or telephone. All enrolled patients were 

treated and diagnostically examined as usual.

In line with the most recent version of the Declaration of Helsinki, both studies were 

approved by their respective research ethics oversight committee, the Emory Institutional 

Review Board, and the Grady Hospital Research Oversight Committee (Grady study) and 

the ethics committee of New York University (Bellevue study). All participants signed 

informed consent. Participants were compensated $50 for their time and involvement per 

visit.

2.2. Outcome measure

For model development, the outcome measure was the modified PTSD Symptom Scale 

(mPSS) [21] prospectively collected at 1, 3, 6, and 12-months after ED discharge at Grady 

Memorial Hospital. The outcome measure used for the external validation of the predictive 

model was measured with the PTSD Checklist for DSM-5 (PCL -5) [22]. Data were 

prospectively collected at ED admission, within 7 days thereafter (phone screen interview), 

and at 1, 3, 6, and 12-months after ED admission at Bellevue Hospital, NYC. We used 

latent growth mixture modeling (LGMM) to identify heterogeneous trajectories of PTSD as 

described in previous studies [10,23-27]. Distinct LGMMs were calculated for the model 

development sample using the mPSS scores from 4 time points (1 month, 3 month, 6 month 
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and 12 month after ED admission) and the PCL-5 score from 5 time points (7 days, 1 

month, 3 month, 6 month and 12 month after ED admission) for the external validation 

sample. In this current study, we predicted ED patients on a longitudinal symptom trajectory 

of non-remitting PTSD symptoms compared to a resilient trajectory as determined by the 

LGMM to identify patients with the greatest need for preventive interventions.

2.3. Predictor variables

We included all 27 items of the ISRC [20] in our analysis. Participants were asked 15 items 

about what they were thinking/feeling when the potential traumatic event happened and 12 

items about how they are feeling right now. They were asked to rate these on a 3-point Likert 

scale from 1 = “Not true”, to 1 = “Somewhat or sometimes true” to 2 “very or often true”.

2.4. Statistical analysis

2.4.1. Data pre-processing—Continuous variables were scaled and centered, and 

missing values were imputed using k-nearest neighbor estimation using the R package 

recipes.

2.4.2. Features selection—We used recursive features elimination (RFE) via the caret 
R package (rfFuncs) as a feature selection algorithm in the model development sample to 

identify a reduced feature subset of relevant items from the ISRC. RFE applies a backward 

selection process applying random forests to identify the most important features. We used 5 

times 10fold cross-validation to guard against overfitting.

2.4.3. Model development and model evaluation—To examine the predicate 

accuracy of the reduced feature set, we applied extreme Gradient Boosting (XGB) [28] using 

‘xgbTree’ in caret R package to examine the predictive accuracy using the reduced feature 

set. The data collected at the Grady Memorial Hospital in Atlanta was used for model 

development. We used 10-fold cross-validation on the training set to assess the bias-variance 

trade-off and to gauge the extent of potential “over-” or “underfitting” of the model [29]. We 

used sensitivity for hyperparameter tuning to select the model with the largest sensitivity in 

the model development sample.

To examine whether the reduced feature set can be used to identify patients at risk in a 

new, completely unseen sample, we tested the model on the date collected in the Bellevue 

Hospital in New York as an external validation sample. This is an important step to test the 

generalizability of this reduced feature set. All steps of data inspection preprocessing and 

analysis were performed using R version 4.1.1 in RStudio version 1.4.1717.

3. Results

The model development sample consisted of N = 253 trauma survivors (mean age 35.63 

± 12.57; 42.7% female; 3.6% Hispanic) who were resilient or developed non-remitting 

symptoms after ED admission. In the external validation sample we identified N = 93 

trauma-survivors with non-remitting PTSD symptoms or who were resilient (mean age 37 ± 

13.92; 30.1% were female; 28% were Hispanic).
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The five features (item 7, 9, 11, 24 and 27) that were identified as the most important ones 

for predicting our outcome of interest using the RFE algorithm are presented in Table 1. 

We were able to accurately discriminate non-remitting and resilient trajectories with a high 

discriminatory accuracy (Fig. 1) by using the reduced set of features presented in Table 1 in 

the model development sample (AUC = 0.80) as well as in the external validation set (AUC 

= 0.84). The short version of the ISRC based on our study findings are presented in Table 2.

4. Discussion

Our results demonstrate the development and validation of a brief 5-item screening 

instrument for long-term PTSD risk in the acute phase after a traumatic event, 

which demonstrates high discriminatory accuracy related to PTSD symptom trajectories 

prospectively over a 12-month follow-up. We identified a reduced subset of 5 items 

using a machine learning approach. A closer look at the items selected by the feature 

selection algorithm reveals a high consistency with the item set identified in Schultebraucks, 

Shalev [10]. Both peritraumatic dissociation [30] as well as hyperarousal [31,32] have 

been associated with an increased risk for PTSD in previous studies. The majority of the 

symptoms fit with components of peritraumatic dissociation, or the experience of emotional 

numbness, derealization, or depersonalization during or shortly after the trauma occurs [33]. 

Peritraumatic dissociation can disrupt the normal processing of the trauma, lead to more 

fragmented memories of the event, and ultimately increase the risk for the development of 

PTSD symptoms [34]. Furthermore, network analyses have shown that acute hyperarousal 

symptoms have been shown to be central in the occurrence of PTSD symptoms in the 

first days to weeks after trauma [35,36]. This underpins the relative diagnostic significance 

of these items. In addition, our results extend previous studies, as we are the first study 

to develop and validate a brief screener in the acute care setting, rather than 1 month 

after trauma as previous studies have done [19]. One of the greatest benefits of using a 

screener directly in the ED is that patients are still in contact with the healthcare system and 

clinicians can plan more individualized and targeted follow-up care, and screening measure 

could be used to identify and target patients at high risk for early intervention resources 

[15,17]).

4.1. Strength and limitation

Despite the relatively small sample size, this sample offers many advantages, such as the fact 

that it is a prospectively collected cohort, with data collected completely independently at 

two different sites to evaluate risk factors for PTSD. Having an external validation sample 

increases the generalizability of our findings, although it is recommended to further evaluate 

the brief 5-item screening instrument on a larger scale with a diverse population to further 

evaluate its predictive value.

4.2. Clinical implications

The development of a short screener for PTSD risk in the acute aftermath of a traumatic 

event is of high clinical relevance. It has been shown that existing early interventions 

are more likely to be successful if they are targeted to those who are at high risk for 

PTSD [37-40]. PTSD diagnosis 1 month after ED admission provides an accurate estimate 
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of chronic PTSD [39], however, the ED is often the only contact of patients with the 

healthcare system and therefore provides a unique opportunity for risk assessment to 

prognosticate which patient need to be followed after the traumatic event for implementing 

early intervention strategies.

In the ED setting, time-consuming clinical interviews and psychometric assessments are 

often unfeasible, given the pace and acute care demands [41]. This is also evident from the 

fact that despite the significant psychological morbidity associated with potentially traumatic 

events, only 7% of EDs regularly screen for PTSD symptoms [42]. Our brief validated 

5-item screening instrument has the potential to be used in EDs, even when EDs perennially 

face high patient volumes and overcrowding [43]. This provides a unique opportunity for 

our brief 5-item screening instrument to provide additional capacity to prevent downstream 

mental health consequences, even when ED clinicians are tasked with providing high-quality 

care for the most acute medical priorities. Additionally, our measure would be administered 

as a self-report scale and would not require specialist administration or staffing resources. 

Further examination is certainly needed to further evaluate the brief screener and its ability 

to discriminate different trajectories of PTSD symptomatology. Future research could also 

investigate if this brief measure generalizes to other acute trauma settings, such as in combat 

zones with military samples. Nonetheless, these findings support the claim that an accurate 

prognosis can be performed in a trauma center using a small subset of items, thereby 

potentially allowing to reduce the complexity of the diagnostic procedure and therefore 

increase the ecological validity.

5. Conclusion

The current study is the first to use a machine learning algorithm to identify a reduced subset 

of only 5 items of the ISRC for accurately predicting long-term PTSD in the ED, i.e., in 

the acute aftermath of the traumatic event. Those results are a crucial step toward improving 

PTSD prognostication, which could reduce the burden on patients and decrease the risk of 

chronic PTSD.
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Fig. 1. 
Receiver operating characteristic (ROC curves) evaluating the predictive power in (a) the 

model development sample and (b) the external validation sample for distinguishing the 

non-remitting vs. resilient trajectory.
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Table 1

Reduced set of features identified with the RFE algorithm.

Outcome 5 features selected with the RFE algorithm

Non-remitting vs. resilient trajectory ISRC item 7: “I felt confused”
ISRC item 9: “People like my family or friends seemed like strangers to me”
ISRC item 11: “At times I was not sure where I was or what time it was”
ISRC item 24: “I feel spacey or out of touch with the world around me”
ISRC item 27: “I feel hyper or like I can’t stay still”
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Table 2

Immediate stress reaction checklist - short version based on study findings.

Directions: When something bad or scary happens, people can have different thoughts or feelings. 
You’ve told us a little about what happened to you today/tonight. These items are about what you 
were thinking and feeling while this was happening. Tell me how true each one is for you.

WHILE IT WAS HAPPENING: NOT
TRUE

SOMEWHAT
or

SOMETIMES
TRUE

VERY
or

OFTEN
TRUE

1. I felt confused. 0 1 2

2. People like my family or friends seemed like strangers. 0 1 2

3. At times I was not sure where I was or what time it was. 0 1 3

Directions: These next items are about how you are doing right now. Tell me how true each one is 
for you.

NOW NOT
TRUE

SOMEWHAT
or

SOMETIMES
TRUE

VERY
or

OFTEN
TRUE

4. I feel spacey or out of touch with the world around me. 0 1 2

5. I feel “hyper” or like I can’t stay still. 0 1 2
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