PEDIATRIC THORACIC TRAUMA

While trauma is the leading cause of death in children, pediatric thoracic injuries are found in less than ten percent.  Blunt trauma accounts for the majority of cases and the most common mechanisms of injury are motor vehicle collision, pedestrian struck, and armed assault.  Common injuries include pneumothorax, hemothorax, pulmonary contusions and rib fractures.  Eighty-two percent include multisystem injuries.  Mortality rates can reach 26% and be greater than 50% if major vessel or cardiac injuries are included.

1. Thoracic trauma in children: an indicator of increased mortality Peclet MH, wt. al, J Pediatr Surg, 25(9):961-5, September 1990

This study was undertaken to assess the significance of thoracic trauma as a marker of morbidity and mortality in children. During a 34-month period, 2,086 children younger than 15 years old were consecutively admitted to a Level I pediatric trauma center with blunt or penetrating trauma. For each child we prospectively recorded Trauma Score (TS), Injury Severity Score, (ISS), medical, and etiologic data. One hundred four children (4,4%) presented with thoracic trauma. The most common mechanisms of injury were pedestrian injury (36%), motor vehicle crashes (32%), and armed assault (12%). The most common injuries were pulmonary contusion (48%), pneumothorax, hemothorax, or pneumohemothorax (39%), and rib fractures (32%). Multisystem injury was present in 82% of the children. The mean TS and ISS were 11 and 27, respectively, significantly worse than scores for children without thoracic injury (15 and 7; P < .0001). Seventy-one percent of the children were admitted to the intensive care unit, where they stayed an average of 6 days; 20% required surgery. The mortality rate was 26%. Injuries to the heart or great vessels had the highest mortality rate (75%), followed by hemothorax (53%), lung laceration (43%), and rib fracture (42%). Mortality for children with isolated chest injury was 5%, compared with rates of 20% for abdominal and chest trauma, 35% for head and chest trauma, and 39% for trauma to the head, chest, and abdomen. Less than 5% of the admissions to a pediatric trauma center incurred thoracic injury. However, children with thoracic trauma are more severely injured than children without thoracic involvement and tend to be multiply injured. The overall mortality rate for children with thoracic injury is 26%; for children with hemothorax or injury to the heart or great vessels, the mortality rate is over 50%. 

QUESTION: SHOULD WE BE TRANSFERRING OUT PEDIATRIC TRAUMA?

Given the high associated mortality, identifying thoracic injuries in children is of utmost importance.  This next article explores whether treating them at pediatric facilities is beneficial.  The authors found that mortality rates were highest at adult trauma centers and lowest at pediatric trauma centers.  Children treated at adult and mixed centers had a higher risk of death, with younger children being the most vulnerable.

2. MORTALITY AMONG INJURED CHILDREN TREATED AT DIFFERENT TRAUMA CENTER TYPES Sathya, C., et al, JAMA Surg 150(9):874, September 2015 

BACKGROUND: Trauma is the leading cause of pediatric mortality. It is uncertain if management in a pediatric facility or adult trauma center is associated with improved survival in this population. METHODS: In a retrospective cohort study coordinated at the University of Toronto, these North American authors evaluated mortality rates according to hospital type in pediatric trauma patients with Abbreviated Injury Scores of 2 or higher who were managed in 252 US trauma centers in 2010-2013. The study included 62,119 children treated in 161 adult trauma centers, 61,766 treated in 61 mixed trauma centers, and 51,700 treated in 30 pediatric trauma centers. Mean age in the three groups ranged from 8 to 12. The primary outcome was in-hospital mortality by institution type and age group (up to 5 years, 6-11 years, and 12-18 years). RESULTS: Crude mortality rates were 2.3%, 1.8%, and 0.6% for adult, mixed, and pediatric trauma centers, respectively. In adjusted models, children treated at adult centers and mixed centers had a higher risk of death than at pediatric trauma centers (adult: odds ratio [OR] 1.57; 95% CI, 1.15-2.14; mixed: OR 1.45; 95% CI, 1.05-2.01). In age-stratified analyses, the youngest children (five years or younger) had higher mortality at adult centers (OR 1.78; 95% CI, 1.05-3.40) compared with pediatric centers, but no other age-by-hospital comparisons were significant. Among severely injured children (ISS 25 or higher), mortality risk was significantly elevated at adult centers and mixed centers compared with pediatric centers, due entirely to elevated risk in the youngest age group. CONCLUSIONS: Although pediatric trauma centers offer better survival, most injured children are treated in adult and mixed trauma centers, suggesting a need for enhanced quality improvement efforts in adult and mixed centers. 32 references - #30

QUESTION: ARE THERE OTHER BENEFITS TO TRANSFER?

Pediatric facilities tend to implement radiation dose reduction strategies to help limit exposure.  This paper reviewed 487 children with traumatic injuries undergoing CT scans that were transferred to pediatric trauma centers and compared the effective radiation dose received.  They found that the total radiation received at non-pediatric hospitals was twice that of pediatric trauma centers.  This was true despite mode of transportation, ED disposition or severity of injury.  

3. INJURED CHILDREN RECEIVE TWICE THE RADIATION DOSE AT NONPEDIATRIC TRAUMA CENTERS COMPARED WITH PEDIATRIC TRAUMA CENTERS Navaweesi, R., et al, J Am Coll Radiol 15(1, Pt A):58, January 2018

BACKGROUND: The long-term risk of cancer due to exposure to medical radiation in children is two to three times greater than in adults, largely due to exposure to CT scanning. Despite this increased risk, the use of CT scanning in children is on the rise. Pediatric hospitals and trauma centers are more likely to adopt dose reduction imaging protocols for children than other hospital types. However, most pediatric trauma patients are managed at non-pediatric centers. METHODS: This cross-sectional study from the University of Arkansas for Medical Sciences included 487 children (median age 7.2 years) with traumatic injuries undergoing CT imaging (1,029 scans) who were transferred to a single pediatric trauma center from outlying non-pediatric hospitals. Patient- and hospital-level factors were evaluated in the context of the primary outcome of interest, i.e., effective radiation dose (ERD). Institution-specific optimal scanning protocols were in use at the pediatric trauma center. Radiation exposure at the non-pediatric hospitals was compared to exposure at the pediatric trauma center. RESULTS: Overall, the median effective radiation dose received by children at non-pediatric hospitals was 3.8mSv vs. 1.6mSv at the pediatric trauma center (p<0.001). Similarly, CT scans performed at non-pediatric hospitals involved a median effective radiation dose at least two times higher than that occurring with optimal scanning protocols. Findings persisted when considering mode of transportation, ED disposition and injury severity. Similarly, findings persisted in the subset of patients (n=88) who had a repeat scan at the pediatric trauma center, for whom radiation exposure at the referring hospitals was two times greater than exposure at the pediatric trauma center. CONCLUSIONS: Adoption of optimal CT scanning protocols at non-pediatric hospitals can substantially reduce medical radiation exposure in injured children. 20 references - #29

The next article compared CT usage for children treated at adult, mixed, and pediatric trauma centers.  The authors reviewed over 59,000 kids and found that CT scan usage was lowest at pediatric trauma centers.  Based on their calculations they estimated that for every 100,000 injured children seen at adult trauma hospitals, there would be 17 new lifetime cancers.  In this study, adolescents and those with falls and low injury severity scores were at greatest risk for variation in practice.  

4. Computed tomography rates and estimated radiation-associated cancer risk among injured children treated at different trauma center types. Sathya C, et. Al, Injury, S0020-1383(18)30541-2m September 2018

BACKGROUND: Trauma is a common indication for computed tomography (CT) in children. However, children are particularly vulnerable to CT radiation and its associated cancer risk. Identifying differences in CT usage across trauma centers and among specific populations of injured children is needed to identify where quality improvement initiatives could be implemented in order to reduce excess radiation exposure to children. We evaluated computed tomography (CT) rates among injured children treated at pediatric (PTC), mixed (MTC), or adult trauma centers (ATC) and estimated the resulting differential in potential cancer risk. METHODS: We identified children age ≤18 years with blunt injury AIS ≥2 treated from 2010 to 2013 at 130 U.S trauma centers participating in the Trauma Quality Improvement Program. CT rates were compared across center types using Chi-square analysis. Stratified analyses in children with varying injury severity, mechanism, and age were performed. We estimated the impact of differential rates of CT scans on cancer risk using published attributable risks. RESULTS: Among 59,010 children identified, CT rates were higher among injured children treated at ATC and MTC versus PTC. Findings were consistent after stratified analyses and were most striking in children with chest and abdomen/pelvis CT, adolescent age, low injury severity and fall injury mechanism. We estimated that for every 100,000 injured children, imaging practices in ATC and MTC would lead to an additional 17 and 16 lifetime cancers, respectively, when compared to PTC. CONCLUSION: CT use among injured children is higher at ATC and MTC compared to PTC. Children with low injury severity, fall injury mechanism, and adolescent age are most vulnerable to differential imaging practices across centers. Quality improvement initiatives aimed at reducing heterogeneity in CT usage across trauma centers are required to mitigate pediatric radiation exposure and cancer risk. 

QUESTION: HOW SHOULD WE BE TRANSFERRING OUT THESE PATIENTS?

After the decision to transfer the patient has been made, the mode of transport must be decided.  In order to expedite care, the physician may arrange for helicopter transportation with the assumption that this will be faster and improve patient outcomes.  This paper looked at over 14,000 children transferred to a level 1 pediatric trauma center.  Fewer than half transported by air were considered to have major injuries, and about one-fourth were hospitalized for less than a day.  There was no difference in survival, ICU length of stay, or discharge disposition between groups.

5. HELICOPTER VERSUS GROUND EMERGENCY MEDICAL SERVICES FOR THE TRANSPORTATION OF TRAUMATICALLY INJURED CHILDREN Stewart, C.L., et al, J Ped Surg 50(2):347, February 2015 
BACKGROUND: Injured children are often transported by helicopter rather than by ground EMS based on the presumption that helicopter services are more rapid and that care is provided by more advanced personnel. However, the cost of helicopter services is substantial. METHODS: This study, from the University of Colorado, compared selected outcomes in 14,405 injured children aged 0-17 transported to two level 1 pediatric trauma centers from 2003 to 2013 by helicopter EMS (3,870) or ground EMS (10,535). RESULTS: Only about 20% of the children were considered to have major or severe injuries (12% of those transported by ground EMS and 44% of those transported by helicopter). Of note, 22.3% of the children transported by helicopter had an Injury Severity Score (ISS) below 10 and were hospitalized for less than one day. The distance from the site of injury to the referring facility was less than 30 miles for 58% of the patients (69% of ground transports vs. 30% of helicopter transports). On multivariate analysis that adjusted for variables including travel distance and time, there was no significant difference in discharge disposition, ICU length-of stay (LOS) or survival between children transported by helicopter or ground services; total hospital LOS was significantly shorter in children transported by ground. Similar observations were made in both propensity score matched cohorts and severely injured children. CONCLUSIONS: Helicopter EMS transport does not appear to improve outcomes in injured children. In this series, nearly one fourth of such transports did not involve children with significant injuries. 29 references - #24

QUESTION: SHOULD WE OBTAIN IMAGING PRIOR TO TRANSFER?

The ALARA principle stands for “As Low as Reasonably Achievable” and is a radiology concept that assumes there is no “safe” dose of radiation.  Along with the Image Gently initiative, they seek to improve the safe and effective imaging of children.  Pediatric facilities are attuned to this and try to minimize and limit radiation exposure.  Regional, state and ATLS guidelines recommend against imaging at referring institutions if the intention is to transfer to a pediatric trauma center, but that is not always followed.  This next article shows that over a ten-year period, 70% of the kids were imaged prior to transfer.  Most were head and abdominal CT scans and about 18% of the imaging had to be repeated.  This study noted the importance of coordinating with the receiving institution to hold off on imaging when possible, as well as implementing radiation minimizing protocols.

6. COMPUTED TOMOGRAPHY SCANNING IN PEDIATRIC TRAUMA: OPPORTUNITIES FOR PERFORMANCE IMPROVEMENT AND RADIATION SAFETY Hartin, C.W, et al, J Surg Res 180(2):226, April 2013

BACKGROUND: Initiatives to reduce radiation exposure from medical imaging in children include the ALARA concept and the Image Gently initiative. It might be anticipated that specialized pediatric trauma centers are more adept than referring hospitals at implementing strategies to minimize such exposure. METHODS: The authors reviewed the use of CT scanning in a retrospective cohort of 1,562 injured children aged 0-17 who were transferred to the Women & Children’s Hospital of Buffalo, a pediatric trauma center, from 41 referring hospitals from 2000 through 2010. RESULTS: A total of 1,335 CT scans were performed in 874 children (56%). Most of the scans (70%) were performed at the referring hospitals. CT scanning most often involved the head and the abdomen/pelvis. Duplicate scans were required for 17.9% of the CT scans that were performed. Twenty percent of the repeat head CT scans were performed due to unavailability of scans performed at referring hospitals for review. Half of the repeat abdomen-pelvis scans were performed due to concerns about solid organ injury involving initial scans done without IV contrast; one-fourth of the repeat scans involved poor quality images or severe motion artifact on the initial scans, and the remaining 25% were not available for review at the trauma center. Radiation dosage information was available for fewer than 1% of the scans performed at the referring hospitals that were duplicated at the pediatric trauma center. CONCLUSIONS: Most CT scans performed in these injured children were done at the referring hospital prior to transfer to a pediatric trauma center. The study highlights the importance of coordination with a pediatric trauma center to ensure adherence to indications for scanning, availability of CT results at transfer, and implementation of protocols to minimize radiation exposure. 23 references - #40

Massachusetts triage guidelines also recommend stabilization and rapid transfer without CT imaging if an injured child is to be sent to a pediatric trauma facility.  Yet, in this 2014 study the authors found that 65% of children received scans prior to transfer.  Half of the scans performed in children under ten were negative.  A quarter of the scans had to be repeated at the receiving institution due to images not being available or lack of appropriate contrast used.  Half of the initial scans obtained were head CTs and one-third of them were repeated after transfer.

7. ARE CT SCANS OBTAINED AT REFERRING INSTITUTIONS JUSTIFIED PRIOR TO TRANSFER TO A PEDIATRIC TRAUMA CENTER? Benedict, L.A., et al, J Ped Surg 49(1):184, January 2014

BACKGROUND: Although state, regional and ATLS recommendations advise against performance of diagnostic studies, including CT scanning, for pediatric trauma patients for whom transfer to a designated pediatric trauma center is warranted, CT is often performed at referring hospitals prior to transfer. This practice increases costs as well as the interval to provision of definitive care and often increases exposure to ionizing radiation if scanning is repeated at the trauma center. METHODS: The authors, from Tufts Medical Center, evaluated the use of pre-transfer CT scanning at referral hospitals in 262 injured children transferred to a pediatric trauma center from referral hospitals in 2008 through 2011. RESULTS: CT scanning was performed at referring institutions prior to transfer in 172 patients (65.5%). The total number of scans performed prior to transfer was 413, 50% of which were performed in children aged ten years or younger. Nearly half (45%) of the pre-transfer scans performed in this age group were negative for injury. More than one-fourth of the scans performed prior to transfer (27%) had to be repeated at the pediatric trauma center within four hours of arrival due to unavailability of the pre-transfer scan, lack of appropriate utilization of contrast or poor quality. Of note, head CT imaging accounted for 53% of the pre-transfer scans that were performed, 35% of which were repeated within four hours after trauma center arrival. CONCLUSIONS: These findings quantitate the frequency of unindicated CT scanning of injured children at referring hospitals prior to transfer to a pediatric trauma center and the need for repeat scanning upon trauma center arrival. 21 references - #29

QUESTION: WHAT IS THE ROLE OF CHEST X-RAY IN THE INITIAL EVALUATION OF TRAUMA?

This study suggests that chest x-ray (CXR) can be useful as a screening tool prior to obtaining a chest CT.  Ninety-three percent of the patients seen at these level 1 pediatric trauma centers were found to have thoracic injuries on CXR, 40% of which were significant and 41% went on to have CT scans.  Of the patients with “significant” findings on CT not initially seen on CXR, none required intervention.

8. CHEST X-RAY AS A SCREENING TOOL FOR BLUNT THORACIC TRAUMA IN CHILDREN Yanchar, N.L., et al, J Trauma Acute Care Surg 75(4):613, October 2013

METHODS: The authors, coordinated at IWK Health Centre in Halifax, Nova Scotia, performed an implicit chart and registry review in a cohort of 425 children (average age, 12 years) presenting with blunt thoracic trauma to one of two Canadian or one Australian level 1 pediatric trauma centers in 1999-2008. This was done in order to examine the association between chest x-ray (CXR) and early clinical findings and “significant” thoracic injuries that might warrant chest CT scanning. RESULTS: Overall 40.0% of the patients were diagnosed with a “significant” thoracic injury (hemo- and/or pneumothorax, flail chest, mediastinal or vascular injuries) and 49.4% had a non-significant thoracic injury. Initial chest x-ray findings were documented for 93% of the children, and thoracic CT scan was performed in 41%. On multivariate analysis, variables associated with a significant thoracic injury included an off-road vehicle accident (OR 2.1) and a chest x-ray showing hydro- and/or pneumothorax (OR 10.8) and/or isolated subcutaneous emphysema (OR 19.8). There were nine “significant” injuries seen on CT but not CXR, but eight of these consisted of a small occult pneumothorax not requiring chest tube placement, and none of the nine received any specific treatment. CONCLUSIONS: These findings require confirmation but suggest that the chest x-ray may be a useful tool to screen for intrathoracic injury and promote selective use of CT scanning in pediatric blunt thoracic trauma. 26 references - #29

This next paper further supports that CXR should be the initial study and that necessary interventions could be predicated based on these findings.  The authors recommend that thoracic chest CT be reserved for patients with severe vehicle-related trauma and abnormal chest X-ray findings.

9. Limiting thoracic CT: a rule for use during initial pediatric trauma evaluation Stephens CQ, et. al, J Pediatr Surg, 52(12):2031-2037, December 2017

BACKGROUND: Despite increases in imaging guidelines for other body-regions during initial trauma assessment and the demonstrated utility of chest radiographs (CXR), guidelines for use of thoracic computed-tomography (TCT) are lacking. We hypothesized that TCT utilization had not decreased relative to other protocolized CTs, and mechanism and CXR could together predict significant injury independent of TCT. METHODS: We performed a retrospective review of blunt trauma patients ≤18 y.o. (2007-2015) at two level-1 trauma centers who received chest imaging. Baseline characteristics and incidences of body region-specific CT were compared. Injury mechanism, intrathoracic pathology, and interventions among other data were examined (significance: p<0.05). RESULTS: Although other body-region CT incidence decreased (p<0.05), TCT incidence did not change (p=0.65). Of the 2951 patients, 567 had both CXR and TCT, 933 received TCT-only, and 1451 had CXR-only. TCT altered management in 17 patients: 2 operations, 1 stent-placement, 1 medical management, 9 thoracostomy tube placements, and 4 negative diagnostic workups. All clinically significant changes were predicted by vehicle-related mechanism and abnormal CXR findings. CONCLUSIONS: TCT utilization has not decreased over time. All meaningful interventions were predicted by CXR and mechanism of injury. We propose a rule, for prospective validation, reserving TCT for patients with abnormal CXR findings and severe vehicle-related trauma.

QUESTION: WHEN SHOULD A CHEST CT SCAN BE OBTAINED?

One of the indications for obtaining a chest CT is to identify a thoracic aortic injury.  This study compared this occurrence against the risk of radiation-related malignancy.  The authors reviewed over 300,000 children admitted after trauma and while 40% had a chest CT, less than 0.02% were found to have an aortic injury.  The authors suggest that for every 10,000 chest CT scans, the estimated cancer risk was 25 for girls and 7.5 for boys, while only 1.8 aortic injuries were identified.  Given these calculations, they suggest that screening chest CT scan not be routinely performed.

10. Does the incidence of thoracic aortic injury warrant the routine use of chest computed tomography in children? Arbuthnot, M., et al, J Trauma Acute Care Surg, October 2018

BACKGROUND: Thoracic aortic injury is a potentially life-threatening injury associated with rapid deceleration mechanisms. Diagnosis is made by chest computed tomography (CT), which is associated with a risk of radiation-induced malignancy. We sought to determine the incidence of aortic injuries in the pediatric population to weigh against the risk of CT imaging. METHODS: The Pediatric Health Information Systems (PHIS) was queried for children ≤18 years with discharge diagnosis code of thoracic aortic injury (901.0) between December 2004 and 2014. Data abstracted included patient age, gender, diagnosis and procedure codes, and discharge disposition, where available. We also queried for imaging codes to determine what type of chest imaging the child received. RESULTS: Between December 2004 and 2014, 311,850 children were admitted to PHIS hospitals with traumatic injury. Of these patients, 46 (0.015%) were coded with a thoracic aortic injury and an accompanying E-code. Twenty-seven patients (58.7%) were male and the median age was 13 years. The most common mechanism of injury was motor vehicle collision (63%, n=29). Eighteen hospitals (41.9%) had no patients with a thoracic aortic injury in the 10-year period. In children with a thoracic aortic injury the mortality rate was 11% (n=5) and 22 (47.8%) underwent a chest CT during their hospitalization. Forty percent (124,909) of all trauma patients underwent chest CT, with a positive rate for aortic injury of 1.8/10,000. The reported estimated cancer risk from a chest CT scan is 25/10,000 for girls and 7.5/10, 000 in boys, greater than the positive CT rate. 3 CONCLUSION: Thoracic aortic injuries are rare in children in the United States. The risk of cancer associated with screening chest CT is greater than the likelihood of identifying an aortic injury. Therefore, screening chest CT scans are unwarranted in injured children. 

QUESTION: IS THERE A ROLE FOR ULTRASOUND?

Studies on the use of point-of-care ultrasound in pediatric thoracic trauma are limited.  This 2017 review article suggests it as a useful first-line tool for the diagnosis and treatment of pleural and pericardial effusions.  Much of the data has been extrapolated from adult literature, so there is certainly room for additional evaluation.

11. Diagnostic Imaging in pediatric thoracic trauma.  Piccolo, C.L., et al, Radiol Med, 122(11):850-865, November 2017

Thoracic trauma accounts for approximately 14% of blunt force traumatic deaths, second only to head injuries. Chest trauma can be blunt (90% of cases) or penetrating. In young patients, between 60 and 80% of chest injuries result from blunt trauma, with over half as a consequence of impact with motor vehicles, whereas in adolescents and adults, penetrating trauma has a statistically more prominent role. Pulmonary contusions and rib fractures are the most frequent injuries occurring. Chest X-ray is the first imaging modality of choice to identify patients presenting with life-threatening conditions (i.e., tension pneumothorax, huge hemothorax, and mediastinal hematoma) and those who require a CT examination. Multi-Slice Computed Tomography is the gold standard to evaluate chest injuries. In fact, the high spatial resolution, along with multiplanar reformation and three-dimensional (3D) reconstructions, makes MDCT the ideal imaging method to recognize several chest injuries such as rib fractures, pneumothorax, hemothorax, lung contusions and lacerations, diaphragmatic rupture, and aortic injuries. Nevertheless, when imaging a young patient, one should always keep into account the ALARA concept, to balance an appropriate and low-dose technique with imaging quality and to reduce the amount of ionizing radiation exposure. According to this concept, in the recent years, the current trends in pediatric imaging support the rising use of alternative imaging modalities, such as US and MRI, to decrease radiation exposure and to answer specific clinical questions and during the observation period also. As an example, ultrasound is the first technique of choice for the diagnosis and treatment of pleural and pericardial effusion; its emerging indications include the evaluation of pneumothoraces, costocondral and rib fractures, and even pulmonary contusions.

The next two studies looked at the use of the abdominal FAST exam in the setting of children with blunt torso trauma.  The first study notes that there was a reduction in the use of abdominal CT in lower-risk patients.  However, variability in the use of the exam is also mentioned, which may have been confounded by indication as well as by level of expertise of the provider.  
12. USE OF THE FOCUSED ASSESSMENT WITH SONOGRAPHY FOR TRAUMA (FAST) EXAMINATION AND ITS IMPACT ON ABDOMINAL COMPUTED TOMOGRAPHY USE IN HEMODYNAMICALLY STABLE CHILDREN WITH BLUNT TORSO TRAUMA Menaker, J., et al, J Trauma Acute Care Surg 77(3):427, September 2014

BACKGROUND: The FAST exam is widely used in adult trauma patients but its use in children is much less frequent. METHODS: The authors, coordinated at the University of Maryland, conducted a prospective observational study of the use of the FAST examination in hemodynamically stable children with blunt torso trauma, and the impact of the FAST on abdominal CT scanning. The analysis focused on 6,468 children managed at twelve Pediatric Emergency Care Applied Research Network (PECARN) centers in which FAST was performed on more than 5% of eligible patients. RESULTS: FAST exams were performed on 5.8% of the children (with rates ranging from 5.5% to 58% at individual institutions) and abdominal CT scanning in 46.6%. Intraabdominal injuries were identified in 5.8% of the children. Performance was partially dependent on the managing physicians’ suspicion for intraabdominal injury, increasing from 11% in those with a suspicion of less than 1% to 30.7% when the suspicion of such injury was greater than 50%. If a FAST exam was performed, the use of abdominal CT scanning in children with a 1-10% suspicion of intraabdominal injury (55% at a 1-5% suspicion and 79% at a suspicion of 6-10%) was significantly lower than use in children with a suspicion of greater than 10% (about 95%). There were no cases of a missed intraabdominal injury on FAST examination. CONCLUSIONS: The use of the FAST exam in children with blunt torso trauma managed at twelve participating PECARN centers was highly variable but was associated with a reduction in abdominal CT scanning when the clinical suspicion for intraabdominal injury was low to moderate. 34 references - #30

The following study was a randomized trial.  While physicians who performed the FAST exam had a lower suspicion for intra-abdominal injury, it did not change outcomes.  No significant difference was found between the groups in rates of abdominal CT scanning, missed intra-abdominal injuries, ED length of stay, or hospital charges.

13. EFFECT OF ABDOMINAL ULTRASOUND ON CLINICAL CARE, OUTCOMES, AND RESOURCE USE AMONG CHILDREN WITH BLUNT TORSO TRAUMA: A RANDOMIZED CLINICAL TRIAL Holmes, J.F., et al, JAMA 317(22):2290, June 13, 2017

BACKGROUND: The focused assessment with sonography for trauma (FAST) examination has impacted care and decreased computed tomography (CT) use in adult trauma patients. However, its utility in pediatric patients has not been adequately explored. METHODS: This randomized, non-blinded clinical trial from the University of California included 925 hemodynamically stable children and adolescents (mean age 9.7 years) who presented to the ED of a large urban, level I pediatric trauma center with acute blunt torso trauma, had a significant mechanism of injury or a decreased level of consciousness, and were suspected to have an approximately 5% risk of intra-abdominal injury. Of these, 460 underwent a FAST exam and 465 received standard care only. Primary outcome measures included the rate of abdominal CT use, missed intra-abdominal injuries, ED length of stay and hospital charges. RESULTS: There was no significant difference between the FAST exam and standard care groups with regard to rates of abdominal CT scanning (52.4% vs. 54.6%), missed intra-abdominal injuries (0.2% vs. 0%), ED length of stay (6.03 vs. 6.07 hours), or hospital charges ($46,400 vs. $47,8000). In addition, both groups were comparable with regard to rates of hospitalization and laparotomy, and time to CT. Performance of a FAST exam was associated with a subsequent decrease in physician suspicion of intra-abdominal injury. CONCLUSIONS: This study does not support the routine use of FAST examination in children with blunt torso trauma as it did not improve clinical care outcomes, such as resource utilization, ED throughput, missed intraabdominal injuries or hospital charges when compared with standard care alone. 15 references - #26

QUESTION: ARE THERE ANY CLINICAL DECISION TOOLS THAT CAN HELP?

Decision tools can be helpful in the right clinical context.  This next paper attempted to generate one based on findings recorded by physicians in patients with thoracic injuries.  The authors found that predictors included hypotension, tachypnea, abnormal findings on chest auscultation or exam, GCS less than 15, and femur fractures.  Ninety-eight percent of patients with thoracic injuries had at least one of these factors.

14. A clinical decision rule for identifying children with thoracic injuries after blunt torso trauma Holmes, J.F., et al, Ann Emerg Med, 39(5):492-9, May 2002

STUDY OBJECTIVE: We sought to determine the prevalence of thoracic injuries in children sustaining blunt torso trauma and to develop a clinical prediction rule to identify children with these injuries. METHODS: We prospectively enrolled pediatric patients (<16 years) who presented to the emergency department of a Level I trauma center with blunt torso trauma and underwent chest radiography. Clinical findings were recorded in a standardized fashion by the ED faculty physician. Thoracic injuries included the following: pulmonary contusion, hemothorax, pneumothorax, pneumomediastinum, tracheal-bronchial disruption, aortic injury, hemopericardium, pneumopericardium, cardiac contusion, rib fracture, sternal fracture, or any injury to the diaphragm. Multiple logistic regression and recursive partitioning analyses were performed to generate a clinical prediction rule for identifying children with these injuries. RESULTS: Nine hundred eighty-six patients with a mean age of 8.3+/-4.8 years were enrolled. Eighty (8.1%; 95% confidence interval [CI] 6.5% to 10.0%) patients sustained thoracic injuries. Multiple logistic regression and recursive partitioning analyses identified the following predictors of thoracic injuries: low systolic blood pressure (14% with injury versus 2% without injury; adjusted odds ratio [OR] 4.6), elevated age-adjusted respiratory rate (51% versus 16%; adjusted OR 2.9), abnormal results on examination of the thorax (68% versus 36%; adjusted OR 3.6), abnormal chest auscultation findings (14% versus 1%; adjusted OR 8.6), femur fracture (13% versus 5%; adjusted OR 2.2), and a Glasgow Coma Scale (GCS) score of less than 15 (61% versus 26%; adjusted OR 3.3). Seventy-eight (98%; 95% CI 91% to 100%) of the 80 patients with thoracic injuries had at least 1 of these predictive factors. Three hundred thirty-six (37%) children had none of these predictive factors, including 2 (0.6%; 95% CI 0.1% to 2.1%) with thoracic injuries. These 2 injuries, however, did not require any intervention. CONCLUSION: Predictors of thoracic injury in children sustaining blunt torso trauma include low systolic blood pressure, elevated respiratory rate, abnormal results on thoracic examination, abnormal chest auscultation findings, femur fracture, and a GCS score of less than 15. These predictors can be used to create a sensible clinical decision rule for the identification of children with thoracic injuries. 

QUESTION: WHAT ABOUT IDENTIFICATION OF ASSOCIATED INJURIES?

Patients presenting with thoracic trauma are also at risk for multisystem injury.  This can lead to pan-scanning and increased radiation exposure to children.  This prospective study published in the Annals of Emergency Medicine derived a prediction tool to identify children at low risk for intra-abdominal injury requiring intervention.  They looked at over 12,000 children with blunt thoracic trauma.  If a patient had no evidence of a seatbelt sign or other abdominal trauma, as well as no tenderness, pain, vomiting or decreased breath sounds, the rule had a negative predictive value of 99.9%.

15. IDENTIFYING CHILDREN AT VERY LOW RISK OF CLINICALLY IMPORTANT BLUNT ABDOMINAL INJURIES Holmes, J.F., et al, Ann Emerg Med 62(2):107, August 2013

METHODS: This prospective study, coordinated at UC Davis, examined findings in 12,044 children (median age 11.1 years) with blunt torso trauma presenting to 20 EDs participating in the Pediatric Emergency Care Applied Research Network (PECARN) in order to develop a prediction rule for identifying a very low risk for intraabdominal injury requiring acute intervention. RESULTS: Abdominal CT was performed in 46% of the patients. Intraabdominal injuries were ultimately diagnosed in 6.3%, and injuries requiring acute intervention in 1.7%. The diagnosis of intraabdominal injury was delayed in 16 of 6,032 children (0.3%) discharged from the ED, including two patients (0.03%) with injuries requiring intervention. A seven-item prediction rule for intraabdominal injury requiring intervention included evidence of abdominal wall trauma or seatbelt sign, a GCS score below 14, abdominal tenderness, evidence of thoracic wall trauma, abdominal pain, decreased breath sounds and vomiting. Absence of any of these variables was documented for 42% of the patients; six of these 5,034 patients had intraabdominal injuries requiring acute intervention. If CT scanning had been performed in all patients with at least one variable and in none of those without any of the predictors, such imaging would have been utilized in 58% of the children in the series. An increasing number of predictors was associated with an increasing likelihood of intraabdominal injury requiring intervention. CONCLUSIONS: This prediction rule requires validation, but might prove to be a useful tool for the identification of children with blunt torso trauma who are at low risk for intraabdominal injury requiring intervention and for whom abdominal CT scanning might be avoided. 34 references - #1

The following study looked at the prediction tool and compared it to clinical judgement.  The tool was found to have 15% higher sensitivity than clinician gestalt whereas specificity was 35% lower.

16. COMPARISON OF CLINICIAN SUSPICION VERSUS A CLINICAL PREDICTION RULE IN IDENTIFYING CHILDREN AT RISK FOR INTRA-ABDOMINAL INJURIES AFTER BLUNT TORSO TRAUMA Mahajan, P., et al, Acad Emerg Med 22(9):1034, September 2015

METHODS: The authors, coordinated at Wayne State University, performed a secondary analysis of 11,919 children (median age, 11) included in a prospective observational cohort of pediatric patients with blunt torso trauma presenting to 20 PECARN EDs. Managing clinicians documented their clinical suspicion of intraabdominal injury requiring acute intervention as less than 1%, 1-5%, 6-10%, 11-50% or greater than 50% prior to CT scanning (if performed at the discretion of managing clinicians). RESULTS: The clinical suspicion for intraabdominal injuries requiring intervention was 5% or lower in 92.7% of the patients. Such injuries occurred in 1.7% of the patients overall, progressively increasing from 0.4% of the children with a clinical suspicion of less than 1% to 21.0% and 41.4% in the two groups with the highest clinical suspicion. Clinicians ordered CT scans for 32.6% of the children whom they felt to be at lowest risk. The performance of clinician suspicion was compared to that of a prediction rule for identifying children at very low risk. Variables in the prediction rule included absence of evidence of abdominal wall trauma or seat belt sign, a GCS above 13, and absence of abdominal tenderness, evidence of thoracic wall trauma, abdominal pain, decreased breath sounds or history of vomiting after the injury. The prediction rule was more sensitive than clinician suspicion (97.0% vs 82.8%) but less specific (42.5% vs. 78.7%). CONCLUSIONS: The clinical prediction rule was more sensitive than unstructured clinician suspicion in identifying children at very low risk for blunt abdominal injuries requiring acute intervention, but was less specific. If validated, this rule could reduce unnecessary abdominal CT scanning in children with blunt torso trauma. 28 references - #3

QUESTION: SHOULD WE INCLUDE FAMILY MEMBERS IN TRAUMA RESUSCITATIONS?

Allowing parents to be present during trauma resuscitations can affect family members as well as children involved.  The American College of Emergency Physicians and the American Academy of Pediatrics recommend allowing parents to remain during all aspects of care.  The following paper interviewed family members who were present during traumatic resuscitations and all of them felt it was important to be there.  Ninety percent felt that it also helped them understand their child’s condition better.  For the family members that were not present, 70% wished they could have been, and half of them thought it could have decreased their child’s anxiety as well as their own.
17. FAMILY PRESENCE DURING TRAUMA RESUSCITATION: FAMILY MEMBERS' ATTITUDES, BEHAVIORS, AND EXPERIENCES O'Connell, K., et al, Am J Crit Care 26(3):229, May 2017

BACKGROUND: A joint statement from ACEP and the American Academy of Pediatrics recommends incorporation of family presence into all phases of emergency care. METHODS: The authors, coordinated at George Washington University, conducted interviews with 126 family members of children undergoing trauma resuscitation at one of three pediatric trauma centers. The individual perceptions of 99 family members who were present during the pediatric trauma evaluation and 27 family members who were not present were evaluated and combined with the results of focus group sessions that included 25 family members. RESULTS: Of family members who were present during the evaluation, at least 90% felt that their presence helped them to understand the child's condition, and decreased their own and the child's anxiety, while 100% felt that it was important to be there with the child and would want to do so again if the situation arose in the future. Of family members who were not present, at least 70% felt that it would have been important to be in attendance with the child and that they had a right to be present, and stated that they would want to be in the room with the child if the situation were to occur again. Just over half felt that their presence would have decreased their own and their child's anxiety, and that it would have helped them to understand their child's condition. Only 30% of family members who were present and 11% of those not present felt that their presence made a difference (or would have made a difference) in the way that the trauma team cared for the child. Several general themes were identified: family members feel that it is a right to be present during their child's care; there are limitations to family presence if it interferes with care; it allows the family member to better advocate for the child; and it provides comfort to the child and the family member. 44 references - #29

KEY POINTS AND RECOMMENDATIONS
1. While pediatric thoracic injuries are rare, mortality rates can reach 50% if there is major vessel or cardiac involvement.

2. Mortality rates for pediatric trauma are highest at adult centers and lowest at pediatric trauma centers.

3. Transferring patients to pediatric trauma centers can help decrease mortality, particularly in younger age groups.

4. Pediatric centers typically employ radiation reduction strategies to align with national guidelines to help limit exposure in childhood.

5. Transferring injured children to pediatric trauma centers can potentially reduce the total amount of radiation they receive and decrease CT scan usage.

6. Arranging for air transportation of injured children does not appear to improve outcomes, including survival.

7. To help decrease overall radiation exposure, pediatric trauma patients should be stabilized and CT scan imaging should be deferred to the receiving institution.

8. Chest x-ray is a reasonable screening tool for pediatric thoracic trauma and CT scans can be reserved for cases in which there are significant findings.

9. Ultrasound may be a useful tool to evaluate for pulmonary or cardiac injuries in torso trauma; however, there is limited utility of the FAST exam in children to assess for associated intraabdominal injuries.

10. Clinical decision tools may have some utility in identifying low-risk children with thoracic trauma to help limit imaging.

11. Including family members during pediatric trauma resuscitation can help ease anxieties as well as help parents understand their child's condition better.
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