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Study objective: The NEXUS chest decision instrument identifies a very-low-risk population of patients 
with blunt trauma for whom chest imaging can be avoided. However, it requires that all 7 National 
Emergency X-Ray Utilization Study (NEXUS) chest criteria be absent. To inform patient and physician 
shared decision making about imaging, we describe the test characteristics of individual criteria of the 
NEXUS chest decision instrument and provide the prevalence of injuries when 1, 2, or 3 of the 7 criteria 
are present. 
 
Methods: We conducted this secondary analysis of 2 prospectively collected cohorts of patients with 
blunt trauma who were older than 14 years and enrolled in NEXUS chest studies between December 2009 
and January 2012. Physicians at 9 US Level I trauma centers recorded the presence or absence of the 7 
NEXUS chest criteria. We calculated test characteristics of each criterion and combinations of criteria for 
the outcome measures of major clinical injuries and thoracic injury observed on chest imaging. 
 
Results: We enrolled 21,382 patients, of whom 992 (4.6%) had major clinical injuries and 3,135 (14.7%) 
had thoracic injuries observed on chest imaging. Sensitivities of individual test characteristics ranged 
from15%to 56%formajor clinical injury and 14% to 53% for thoracic injury observed on chest imaging, 
with specificities varying from 71% to 84% for major clinical injury and 67% to 84% for thoracic injury 
observed on chest imaging. Individual criteria were associated with a prevalence of major clinical injury 
between 1.9% and 3.8% and of thoracic injury observed on chest imaging between 5.3% and 11.5%. 
 
Conclusion: Patients with isolated NEXUS chest criteria have low rates of major clinical injury. The risk 
of major clinical injury for patients with 2 or 3 factors range from 1.7% to 16.6%, depending on the 
combination of criteria. Criteria specific risks could be used to inform shared decision making about the 
need for imaging by patients and their physicians. [Ann Emerg Med. 2016; 68:222-226.] 
 

INTRODUCTION 
 
Editor’s Capsule Summary 
What is already known on this topic 
The NEXUS blunt chest trauma tool is validated but currently requires absence of all 7 risk variables to 
omit imaging. 
 
What question this study addressed 
How do the individual variables of the NEXUS blunt trauma chest imaging tool perform in assessing 
injury? 
 
What this study adds to our knowledge 
In a retrospective review of 21,382 injured patients from 2 trials, the sensitivities for major injuries of each 
criterion varied between 14% and 56%. The risk of major clinical injury for patients with 2 or 3 factors 
ranged from 1.7% to 16.6%. 
 



 
How this is relevant to clinical practice 
Grouped but incomplete NEXUS blunt chest trauma prediction data can inform the likelihood of injury 
but retain risk of missed injury. 
 
Background 
An estimated 22.4million visits are made to US emergency departments (EDs) each year for injury-related 
conditions, and the use of computed tomography (CT) or magnetic resonance imaging during these visits 
has increased from6%in 1998 to 15%in 2007.1 This increase in imaging has not been accompanied by a 
proportional increase in the diagnosis of life threatening conditions,1 but has led to longer ED stays, 
higher costs, and increased ionizing radiation exposure.2-6 
 
Patient preference for CT imaging varies and depends on the potential for serious injury.7 However, these 
potential risks are either poorly quantified or completely unknown, limiting the extent to which outcome 
data can inform patient and physician shared decision making about imaging. Physicians and patients need 
tools and data that provide accurate assessments of individual risks for significant clinical injury.7 
 
Importance 
The National Emergency X-Ray Utilization Study (NEXUS) chest decision instrument was derived and 
validated to decrease unnecessary thoracic imaging in patients with blunt trauma and has 99.7% sensitivity 
and 99.9% negative predictive value for excluding major thoracic injury observed on chest imaging.8 The 
absence of all 7 of the NEXUS chest clinical criteria (aged >60 years, rapid deceleration mechanism, chest 
pain, intoxication, abnormal alertness/mental status, distracting painful injury, and tenderness to chest wall 
palpation) defines a patient population that is at very low risk for major thoracic injury. However, the 
specificity of the NEXUS chest decision instrument was 13.3%; thus, the majority of patients will not 
meet all 7 criteria and therefore cannot be ruled out for injury. 
 
MATERIALS AND METHODS 
 
Study Design and Setting 
This study was a planned secondary analysis of 2 prospectively collected multicenter data sets of patients 
with blunt trauma who presented to 9 US Level I trauma centers between December 2009 and January 
2012. These studies had identical enrollment criteria, in which patients with blunt trauma who were older 
than 14 years and received chest imaging (chest radiograph or CT) were enrolled with a systematic 
sampling method between 7 AM and 11 PM daily. Physicians caring for enrolled subjects received no 
guidance or recommendations by the study team for imaging decisions. Detailed descriptions of the study 
methodology are available elsewhere.8-10 
 
Methods of Measurement and Outcome Measures 
 
Before viewing radiographic results, physicians recorded the presence or absence of the 7NEXUSchest 
clinical criteria (aged >60 years, rapid deceleration mechanism, chest pain, intoxication, abnormal 
alertness/mental status, distracting painful injury, and tenderness to chest wall palpation). All 7 of the 
clinical criteria had interrater reliability (k) values greater than 0.6. We determined the presence of 
thoracic injury observed on chest imaging (pneumothorax, hemothorax, aortic or great vessel injury, 2 or 
more rib fractures, ruptured diaphragm, sternal fracture, and pulmonary contusion or laceration) by 
radiologic reports, and of major clinical injury by following enrolled subjects to determine whether they 
were admitted to the hospital and had clinical interventions (as defined a priori by an expert panel). 
Investigators categorizing outcomes were not blinded to the presence or absence of clinical criteria. We 
calculated screening performance characteristics of NEXUS chest decision instrument criteria and the 
prevalence of injury when 1, 2, or 3 criteria were present. 
 



 
RESULTS 
 
Of the 9,905 patients enrolled in the first NEXUS chest validation study cohort, 363 (3.7%) had major 
clinical injury and 1,478 (14.9%) had thoracic injury observed on chest imaging. Of the 11,477 patients 
enrolled in the second NEXUS chest study cohort, 629 (5.5%) had major clinical injury and 1,657 (14.4%) 
had thoracic injury observed on chest imaging. For this analysis, we combined the data sets for a total of 
21,382 patients, of whom 992 (4.6%) had major clinical injuries and 3,135 (14.7%) had thoracic injuries 
observed on chest imaging. 
 

Table 1 provides the screening performance characteristics of the individual criteria. Overall, 
distracting injury, chest wall tenderness, chest pain, and rapid deceleration were most sensitive in 
detecting major clinical injury (56%, 53%, 52%, and 49%, respectively). These criteria had similar test 
characteristics for thoracic injury observed on chest imaging. Chest wall tenderness and chest pain had 
positive likelihood ratios greater than 2.0. 
 

Table 2 provides the prevalence of major clinical injury and thoracic injury observed on chest 
imaging for all single criteria, as well as all pairs and trios of criteria exhibited by least 100 patients. 
Single-criteria prevalences of major clinical injury ranged from 1.9% to 3.8%, and prevalences of thoracic 
injury observed on chest imaging ranged from 5.3% to 11.5%. Similarly, criteria pairs had ranges of major 
clinical injury prevalence from 1.7% to 9.5% and of thoracic injury observed on chest imaging prevalence 
from 4.5% to 29.1%, and trios had ranges of major clinical injury prevalence from 1.7% to 16.6% and of 
thoracic injury observed on chest imaging from 8.4% to 40%. 
 

 
LIMITATIONS 
 
As a secondary analysis of 2 previously collected databases, data acquisition and other limitations of the 
original studies carry over to this work and our definitions of thoracic injury observed on chest imaging 
versus major clinical injury. Our results may not apply outside of the large academic Level I trauma 
centers engaged in the study. Readers may also disagree with our definitions of thoracic injury observed 
on chest imaging and major clinical injury. These were developed by an expert panel and may not be 
generalizable to other physicians or patients. 
 
Given that the numbers of patients with certain combinations of criteria in our study were low and the 
number of patients with injury even lower, the point estimates of injury prevalence for particular factors 
may be imprecise and exhibit substantial potential for variability. 
 
DISCUSSION 
 
A recent study found that patients’ preferences for CT imaging after blunt trauma decrease with the risk of 
injury; where as 91% of patients preferred to have a CT if the risk of life-threatening imaging was 25%, 
this decreased to 79% at a risk of 10%, 69% at a risk of 5%, and 54% with a risk less than 2%. At a risk of 
2% (and with a $1,000 out-of-pocket cost), preference for CT decreased even further, to 35%.7 Given that 



 
the risks of injury found in this current study varied from 1.7% to 40%, the results from the earlier study 
support our belief that data in regard to prevalence of injury may affect patient and physician imaging 
decisions. 
 
When none of the 7 criteria are present, the NEXUS chest decision instrument effectively rules out 
thoracic injury observed on chest imaging.8 However, its specificity is low—13.3% in the validation 
study—and consequently many uninjured patients will exhibit at least 1 of the 7 criteria. Aggressive 
adherence to the rule would subject these patients to imaging despite low probabilities of injury. Our 
findings in this analysis provide information on the injury risk associated with individual patient 
presentations and can help inform both patients and their physicians on the benefits and risks related to 
imaging decisions. This information may enhance shared decision making and allow choices to be based 
on an individual patient’s preferences and specific risk tolerance. 
 

 
Our data demonstrated that the lowest prevalences of major clinical injury and thoracic injury observed on 
chest imaging for patients with single criteria were in those who were intoxicated or had altered mental 
status. Conversely, patients who met the criteria of distracting injury, chest pain, or chest wall tenderness 
were more likely to have injury. We anticipate physicians would reference Table 2—perhaps made more 
easily available in a computerized decision support system—before having conversations about imaging 
with their patients with blunt trauma. 
 
We envision these data being used in physicians’ discussions with patients who have sustained blunt 
trauma and who have 1, 2, or 3 of the NEXUS chest criteria present, allowing data-informed, 
individualized, and shared decision making about thoracic imaging to become the norm. For example, a 
patient with blunt trauma who has a rapid deceleration mechanism might opt, once he or she learns from a 
physician that the risk of major clinical injury is 2.7%, to forgo chest imaging. Another patient, older than 



 
60 years and with a rapid deceleration mechanism and a distracting injury, may more readily consent to 
chest imaging on learning that the risk of major clinical injury is 16.6%. These imaging decisions could 
then be informed joint decisions between patients and providers, taking into account the risk tolerances 
and imaging preferences of both. Some of the NEXUS chest risk factors (altered mental status, 
intoxication, and perhaps distracting injury, depending on its severity) may preclude shared decision 
making when present. 
 
Patients with isolated NEXUS chest criteria have low rates of major clinical injury. The risk for patients 
with 2 or 
3 factors ranges from 1.7% to 16.6%, depending on the combination of criteria. Criteria-specific risks 
could be used to inform shared decision making in regard to the need for imaging by patients and their 
physicians. 
 
Author affiliations: From the Department of Emergency Medicine, Massachusetts General 
Hospital/Harvard Medical School, Boston, MA (Raja); the Department of Emergency Medicine, 
University of California, San Francisco, CA (Lanning, Rodriguez); the Chicago Medical School at 
Rosalind Franklin University of Medicine and Science, North Chicago, IL (Gower); the Department of 
Emergency Medicine, University of California, Irvine, CA (Langdorf); the Department of Emergency 
Medicine, University of California, Davis, CA (Nishijima); the Department of Emergency Medicine, 
Cooper Medical School of Rowan University, Camden, NJ (Baumann); the Department of Emergency 
Medicine, University of California, San Francisco Fresno Medical Education Program, San Francisco, CA 
(Hendey); the Department of Emergency Medicine, University of California, San Diego School of 
Medicine, San Diego, CA (Medak); and the Department of Emergency Medicine, University of California, 
Los Angeles, CA (Mower). 
 
Author contributions: ASR and RMR conceived the study, designed the trial, and obtained research 
funding. RMR supervised the conduct of the trial and data collection. RMR undertook recruitment of 
participating centers and patients and managed the data, including quality control. ASR, JL, AG, and 
RMR provided statistical advice on study design and analyzed the data; ASR, JL, and RMR drafted the 
manuscript, and all authors contributed substantially to its revision. ASR and RMR takes responsibility for 
the paper as a whole. 
 
Funding and support: By Annals policy, all authors are required to disclose any and all commercial, 
financial, and other relationships in any way related to the subject of this article as per ICMJE conflict of 
interest guidelines (see www.icmje.org). The authors have stated that no such relationships exist and 
provided the following details: Funded by University of California Center for Health Quality and 
Innovation. 
 

REFERENCES 
1. Korley FK, Pham JC, Kirsch TD. Use of advanced radiology during visits to US emergency 
departments for injury-related conditions, 1998-2007. JAMA. 2010;304:1465-1471. 
2. Kocher KE, Meurer WJ, Desmond JS, et al. Effect of testing and treatment on emergency department 
length of stay using a national database. Acad Emerg Med. 2012;19:525-534. 
3. Mirvis SE, Shanmuganathan K, Miller BH, et al. Traumatic aortic injury: diagnosis with contrast-
enhanced thoracic CT—five-year experience at a major trauma center. Radiology. 1996;200:413-422. 
4. Kim SH, Jung SE, Oh SH, et al. Effects of a radiation dose reduction strategy for computed tomography 
in severely injured trauma patients in the emergency department: an observational study. Scand J 
Trauma Resusc Emerg Med. 2011;19:67. 
5. HusseinW, Mullins PM, Alghamdi K, et al. Trends in advanced computed tomography use for injured 
patients in United States emergency departments: 2007-2010. Acad Emerg Med. 2015;22:663-669. 



 
6. Committee to Assess Health Risks From Exposure to Low Levels of Ionizing Radiation; National 
Research Council. Health Risks From Exposure to Low Levels of Ionizing Radiation: BEIR VII Phase 2. 
Washington, DC: National Academies Press; 2006. 
7. Rodriguez RM, Henderson TM, Ritchie AM, et al. Patient preferences and acceptable risk for computed 
tomography in trauma. Injury.2014;45:1345-1349. 
8. Rodriguez RM, Anglin D, Langdorf MI, et al. NEXUS chest: validation of a decision instrument for 
selective chest imaging in blunt trauma. JAMA Surg. 2013;148:940-946. 
9. Rodriguez RM, Hendey GW, Marek G, et al. A pilot study to derive clinical variables for selective 
chest radiography in blunt trauma patients. Ann Emerg Med. 2006;47:415-418. 
10. Rodriguez RM, Hendey GW, Mower W, et al. Derivation of a decision instrument for selective chest 
radiography in blunt trauma. J Trauma. 2011;71:549-553.
 
 




