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MOBILE FORWARD LOOKING INFRARED TECHNOLOGY ALLOWS RAPID ASSESSMENT OF 
RESUSCITATIVE ENDOVASCULAR BALLOON OCCLUSION OF THE AORTA IN HEMORRHAGE AND 

BLACKOUT CONDITIONS 
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Objectives: Objective assessment of final REBOA position and adequate distal occlusion is clinically limited. We 
propose that mobile forward looking infrared (FLIR) thermal imaging is a fast, reliable, and non-invasive method to 
assess REBOA position and efficacy in scenarios applicable to battlefield care. 

Methods: Ten swine were randomized to a 40% hemorrhage group (H, n=5) or non-hemorrhage group (NH, 
n=5).  Three experiments were completed after zone one placement of a REBOA catheter. REBOA was deployed 
for 30 minutes in all animals followed by randomized continued deployment vs sham in both light and blackout 
conditions. FLIR images and hemodynamic data were obtained. Images were presented to 62 blinded observers 
for assessment of REBOA inflation status. 

Results: There was no difference in hemodynamic or laboratory values at baseline. The H group was significantly 
more hypotensive (MAP 44 vs 60, p<0.01), vasodilated (SVR 634 vs 938, p=0.02), and anemic (HCT 12 vs 23.2, 
p<0.01). H animals remained more hypotensive, anemic, and acidotic throughout all 3 experiments. There was a 

significant difference in the temperature change (ΔTemp) measured by FLIR between animals with REBOA inflated 

vs not inflated (5.7°C vs 0.7°C, p<0.01). There was no significant difference in FLIR ΔTemp between NH and H 

when balloon was inflated or deflated. Blinded observer analysis of FLIR images correctly identified adequate 
REBOA inflation and aortic occlusion 95.4% at 5 minutes and 98.8% at 10 minutes (PPV5min = 99% and PPV10min = 
100%). 

Conclusions: Mobile thermal imaging is an easy, rapid, and reliable method for assessing distal perfusion after 
occlusion by REBOA. Smart phone based FLIR technology allows for confirmation of adequate REBOA 
placement at the point of care, and performance was not degraded in the setting of major hemorrhage or blackout 
conditions. 



 

 

 

 

Blinded Evaluator Analysis 
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EXTERNAL VALIDATION OF A 5-VARIABLE CLINICAL PREDICTION RULE FOR IDENTIFYING CHILDREN 
AT VERY LOW RISK FOR INTRA-ABDOMINAL INJURY FOLLOWING BLUNT ABDOMINAL TRAUMA 
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Objectives: A clinical prediction rule was developed by the Pediatric Surgery Research Collaborative (PedSRC) 
to identify patients at very low risk for intra-abdominal injury (IAI) and IAI receiving acute intervention (IAI-I) who 
could avoid abdominal computed tomography (CT). Our objective was to test the validity of this rule in an external 
dataset. 

Methods: A public use pediatric blunt trauma dataset was obtained from the Pediatric Emergency Care Applied 
Research Network (PECARN). Patients 16 years of age and younger with all five elements of the clinical 
prediction model: chest x-ray (CXR), abdominal history and physical exam, aspartate aminotransferase (AST), 
and amylase or lipase collected within 6 hours of arrival were included in the study. We excluded patients 
presenting greater than 6 hours after injury. The primary outcome was IAI and secondary outcome was IAI-I. 

Results: We included 2,435 patients from the PECARN dataset, with a median age of 10 [5,14] years. There 
were 235 patients with IAI (9.7%) and 60 patients with IAI-I (2.5%). Test characteristics for the clinical prediction 
rule can be found in Table 1. In patients with no abnormality in any of the five prediction rule variables (complaint 
of abdominal pain; tenderness, distension, or contusion on abdominal exam; abnormal CXR; AST>200; elevated 
pancreatic enzymes), the rule had a negative predictive value (NPV) of 99.3% for IAI and 100.0% for IAI-I. In 
patients identified as very low risk by the clinical prediction rule, 46.8% underwent CT scanning. 

Conclusions: A highly-sensitive clinical prediction rule using history, physical exam, labs and x-ray was 
successfully validated using a large public access dataset of pediatric patients. Following blunt trauma, abdominal 
CT scans are commonly performed in the very low risk population identified by the prediction rule with little 
benefit. 



 

Figure Legend: IAI = intra-abdominal injury, IAI-I = intra-abdominal injury requiring intervention 
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CONTINUOUS REMOTE ISCHEMIC CONDITIONING ATTENUATES COGNITIVE AND MOTOR DEFICITS 
AFTER MODERATE TRAUMATIC BRAIN INJURY 
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Objectives: Remote Ischemic Conditioning (RIC) has shown to improve outcomes in different clinical settings. 
However, the role of continuous (daily) RIC has not been studied. Aim of our study is to assess impact of 
continuous RIC on cognitive and motor function following traumatic brain injury (TBI). 

Methods: We subjected 24 male C57BL mice to a cortical-controlled TBI. 2-hrs after TBI, animals were randomly 
allocated to either continuous RIC group (n=12) or Sham group (n=12). RIC was induced by non-invasive external 
compression of the femoral artery using tourniquet (six 4-min cycles) every 24 hour for 5 days. A baseline rotarod 
test (measured by latency to fall) and novel object recognition (NOR) was done before induction of TBI. Post-TBI 
rotarod and NOR tests were performed on day 1 through 5, 7, 14 & 21. Animals were sacrificed on day 21 and 
brain sections were analyzed using Hematoxylin & Eosin (H&E) staining to evaluate hippocampal CA1 area for 
neuronal injury. 

Results: Post TBI, both groups had lower latency to fall compared to baseline at all-time points. RIC group had 
higher latency to fall compared to Sham at all-time points and statistically significant after day 4, till day 21 
(Figure 1). Similary, Both groups had lower recognition index compared to baseline post TBI at all-time points. 
RIC animals had significantly higher recognition index than the Sham after day 2 till day 21 post TBI (Figure 2). 
H&E sectioning of brain samples of sham group revealed that more neurons in the hippocampal CA1 area 
appeared shrunken with eosinophilic cytoplasm and pyknotic nuclei compared to RIC group. 

Conclusions: This is the first study to report the impact of continuous RIC on outcomes post TBI. Continuous 
RIC post-injury results in improved cognitive functions and motor coordination in a mouse model of moderate TBI. 
In addition, RIC also preserves the neuronal viability post TBI. Further studies are required to determine optimum 
dosage and frequency to maximize its beneficial effects following TBI. 



 

Figure 1. Rotarod test time in the RIC and the Sham group 

 

 

Figure 2. Novel object recognition test time in the RIC and the Sham group 
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FVC <1: A MARK FOR HIGH RISK PATIENTS 
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Objectives: Rib fractures (RFx) continue to be a source of morbidity and mortality. A RFx care pathway has been 
used based on Forced Vital Capacity (FVC). Previous studies have validated FVC in triaging pts to admission 
level of care (FVC: <1, 1-1.5, > 1.5). The objective of this study was to test the hypothesis that deterioration of 
FVC to < 1 after admission is a marker for high risk patients and impacts outcomes. 

Methods: A retrospective study of pts enrolled in a RFx Care pathway at a level 1 trauma center from 2009-2014. 
All pts had an admission FVC (aFVC) > 1. Two groups were analyzed: pts with a lowest inpt FVC < 1 (grpA) 
compared to pts with lowest inpt FVC > 1 (grpB). Complications [pneumonia (PNA), upgrade to the ICU, re-
admission (ReAdm) and intubation (Int)] and demographics were examined. Pts without documented FVCs and 
those with aFVC < 1 were excluded. P-value < 0.05 was considered significant. 

Results: 1106 pts were analyzed (GrpA 187, GrpB 919). Pts whose FVC dropped < 1 during admission (GrpA) 
had a higher complication rate [15% (GrpA) vs 3.2% (GrpB); P<0.001]. Rates of PNA, ReAdm, unplanned 
upgrade and Int were all significantly higher in GrpA [PNA: 9% (GrpA) vs 1.4% (GrpB), p<0.001; ReAdm: 4% 
(GrpA) vs 1.7% (GrpB), p=0.04; Upgrade 3.7% (GrpA) vs 0.2% (GrpB), p<0.001; Int: 1.6% (GrpA) vs 0.1% 
(GrpB), p=0.02]. Hospital length of stay was longer in pts whose FVC dropped <1 during admission [10 days 
(GrpA) vs 4 days (GrpB) p<0.001].  

Conclusions: FVC predicts complications in pts with Rfx. Pts whose FVC falls <1 during admission are at high 
risk for pulmonary complications. Daily FVC testing for pts admitted with Rfx can predict outcomes. FVC <1 
should be implemented as a marker for complications. Once FVC drops <1 pts should be considered for 
increased interventions. Even if the pt has not yet clinically deteriorated, consideration for higher level of care is 
warranted. Limitations include retrospective analysis and not excluding concomitant injuries. 

  



 

Table 1. Complication Rates of Pts with any FVC <1 during admission vs Pts with FVC >1 

 

 

Table 2. Characteristics of Pts with FVC <1 during admission vs Pts with FVCs >1 during admission 
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BEDSIDE DYSPHAGIA SCREENS IN PATIENTS WITH TRAUMATIC CERVICAL INJURIES: AN IDEAL TOOL 
FOR AN UNDER-RECOGNIZED PROBLEM 
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Objectives: We initiated a prospective interventional study utilizing a nurse-driven bedside dysphagia screen 
(BDS) in patients with cervical spine injury (CI) to address three objectives: 1) determine the incidence of 
dysphagia; 2) determine the utility of the new BDS as a screening tool; and 3) compare patient outcomes, 
specifically dysphagia-related complications, in the study period to a retrospective cohort. 

Methods: All patients with CI admitted to a Level I Trauma Center were enrolled in a prospective 12-month study 
(June 2016-June 2017) and then compared to a prior 14-month cohort of like patients. Our new protocol directed 
that every patient underwent a BDS prior to oral intake. If the patient failed the BDS, a modified barium swallow 
(MBS) was obtained. Exclusion criteria were Emergency Department discharge, inability to participate in a BDS, 
leaving against medical advice, or death prior to BDS. A failed MBS was defined as a change in diet and a need 
for a repeat MBS. Dysphagia was defined as a failed MBS or the presence of a dysphagia-related complication. 

Results: Of 221 consecutive prospective patients identified, 114 met inclusion criteria without BDS protocol 
violations (Table 1). The incidence of dysphagia was 16.7% in all prospective study patients, 14.9% in patients 
with isolated CI, and 30.8% in patients with spinal cord injury. The BDS demonstrated 84.2% sensitivity, 95.8% 
specificity, 80.0% positive predictive value, and 96.8% negative predictive value. There were no dysphagia-
related complications. The prospective study patients demonstrated less dysphagia-related complications 
(p=0.037) when compared to the retrospective cohort of 214 patients (Table 2). 

Conclusions: The introduction of the BDS resulted in increased dysphagia diagnoses, with a significant reduction 
in dysphagia-related complications. We recommend incorporating BDS into care pathways for patients with CI. 



 

Table 1. Demographic data of 114 prospective patients with cervical injuries that underwent  
complete screens without violations. 

 

 

Table 2. Comparison of demographic and outcomes data for retrospective and prospective* patient cohorts. 
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Objectives: Surgical reimbursement and resident case entry for Laparoscopic Cholecystectomy (LC) is largely 
uniform regardless of case complexity. A grading scale for cholecystitis was previously developed to stratify the 
severity of gallbladder (GB) disease in response to these pitfalls. This five-tiered grading system based on 
anatomy and inflammatory changes has been demonstrated to be highly reproducible with an Intraclass 
Correlation Coefficient of 0.804. We aimed to prospectively validate this scale as a measure of LC difficulty. 

Methods: Eleven Acute Care Surgeons were asked to grade the initial view of GBs during LC between 9/2016 
and 3/2017. These raters then filled out a post-operative questionnaire regarding the difficulty of the surgery. 
Primary outcome was difficulty of surgery, rated between 1(least difficult) and 5(most difficult). The Jonckheere-
Terpstra test, Mantel-Haenzel Chi-Square test, or ANOVA was used to test for association between peri-operative 
data and gallbladder grade. Multinomial logistic regression was used to analyze the odds of increasing difficulty 
and length of surgery for each grade. All tests were performed at the two-sided 0.05 significance level with 
Bonferonni-adjusted p-values. 

Results: A total of 667 LC were performed, with a survey response rate of 48%(317). There were 60 grade 1 
GBs(19%), 90 Grade 2(28%), 102 Grade 3(32%), 28 Grade 4(9%), and 37 Grade 5(12%). Diagnosis of acute 
cholecystitis, surgical difficulty, partial cholecystectomy and open conversion rates, pre-op WBC, and length of 
operation all significantly increased with increasing grade (Table 1). Increased odds of greater difficulty and length 
of surgery were found between each grade on multinomial logistic regression (Table 2). 

Conclusions: This study successfully validates this grading scale for cholecystitis as an accurate measure of LC 
difficulty. Further studies are required to integrate this scale into reimbursement and case entry practices. 



 

 

 

 

 

  


