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                    Abstract
Background
Organized trauma systems are designed to improve the quality and efficiency of trauma care. Several studies have reported mortality reductions during or immediately after implementation of a trauma system but little data are available on long-term trends. The aim of this study was to evaluate the long-term trend in risk-adjusted mortality in a mature inclusive trauma system.
Methods
The trauma system of the province of Quebec, Canada, was implemented in 1992 and completed in 1996. Data were drawn from the Quebec Trauma Registry with mandatory participation of all 59 centres, uniform inclusion criteria, and standardized data collection and validation procedures. Temporal trends from 1999 to 2006 were evaluated using adjusted estimates of hospital mortality generated with a random-intercept hierarchical logistic regression model. Estimates were adjusted using the Trauma Risk Adjustment Model (TRAM) score.
Results
The study population comprised 88,235 patients, including 4731 hospital deaths (5.4%). Crude mortality risk varied between 5.2% in 1999 and 4.6% in 2006. Adjusted mortality risk remained stable between 1999 and 2002, but a statistically significant decrease of 4.6% per year (95% CI = 0.9–8.5) was observed between 2002 and 2006.
Conclusions
The risk of hospital mortality in the Quebec trauma system decreased by 24% between 2002 and 2006. Results suggest that as inclusive and regionalized trauma systems mature, they may provide better care to trauma victims. Further research should attempt to identify determinants of the observed decrease within the system and evaluate quality of life among survivors.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Evolution of Patient Outcomes Over 14 Years in a Mature, Inclusive Canadian Trauma System
                                        
                                    

                                    
                                        Article
                                        
                                         05 February 2015
                                    

                                

                                Lynne Moore, Alexis F. Turgeon, … Jean Lapointe

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Concepts, utilization, and perspectives on the Dutch Nationwide Trauma registry: a position paper
                                        
                                    

                                    
                                        Article
                                         Open access
                                         09 January 2023
                                    

                                

                                R. J. Hoepelman, M. L. S. Driessen, … L. P. H. Leenen

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The effectiveness of trauma care systems at different stages of development in reducing mortality: a systematic review and meta-analysis
                                        
                                    

                                    
                                        Article
                                         Open access
                                         13 July 2021
                                    

                                

                                Rayan Jafnan Alharbi, Sumina Shrestha, … Charne Miller

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	American College of Surgeons Committee on Trauma (2009) Statement on managed care and the trauma system. Available at: http://www.facs.org/fellows_info/statements/st-21.html [accessed on December 10, 2009]

	Evans DC (2007) From trauma care to injury control: a people’s history of the evolution of trauma systems in Canada. Can J Surg 50:364–369
PubMed 
    
                    Google Scholar 
                

	Champion HR, Mabee MS, Meredith JW (2006) The state of US trauma systems: public perceptions versus reality—implications for US response to terrorism and mass casualty events. J Am Coll Surg 203:951–961
Article 
    PubMed 
    
                    Google Scholar 
                

	Black A (2004) Reconfiguration of surgical, emergency, and trauma services in the United Kingdom. BMJ 328:178–179
Article 
    PubMed 
    
                    Google Scholar 
                

	Mullins RJ, Veum-Stone J, Hedges JR et al (1996) Influence of a statewide trauma system on location of hospitalization and outcome of injured patients. J Trauma 40:536–545 discussion 545–536
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Mann NC, Cahn RM, Mullins RJ et al (2001) Survival among injured geriatric patients during construction of a statewide trauma system. J Trauma 50:1111–1116
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Liberman M, Mulder DS, Lavoie A et al (2004) Implementation of a trauma care system: evolution through evaluation. J Trauma 56:1330–1335
Article 
    PubMed 
    
                    Google Scholar 
                

	Cameron PA, Gabbe BJ, Cooper DJ et al (2008) A statewide system of trauma care in Victoria: effect on patient survival. Med J Aust 189:546–550
PubMed 
    
                    Google Scholar 
                

	Nathens AB, Jurkovich GJ, Cummings P et al (2000) The effect of organized systems of trauma care on motor vehicle crash mortality. JAMA 283:1990–1994
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	American College of Surgeons Committee on Trauma (2006) Resources for optimal care of the injured patient. American College of Surgeons, Chicago, IL

                    Google Scholar 
                

	Lavoie A, Gagne M, Belcaid A et al (2008) Trauma registry inclusion criteria and severe injury representativeness. J Trauma 64:551

                    Google Scholar 
                

	Ringburg AN, Spanjersberg WR, Frankema SP et al (2007) Helicopter emergency medical services (HEMS): impact on on-scene times. J Trauma 63:258–262
Article 
    PubMed 
    
                    Google Scholar 
                

	Association for the Advancement of Automotive Medicine (1990) Abbreviated Injury Scale (AIS). AAAM Publications, Barrington, IL

                    Google Scholar 
                

	Jennett B, Teasdale G (1977) Aspects of coma after severe head injury. Lancet 1:878–881
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Moore L, Lavoie A, LeSage N et al (2006) Statistical validation of the Revised Trauma Score. J Trauma 60:305–311
Article 
    PubMed 
    
                    Google Scholar 
                

	Moore L, Lavoie A, LeSage N et al (2005) Multiple imputation of the Glasgow Coma Score. J Trauma 59:698–704
Article 
    PubMed 
    
                    Google Scholar 
                

	Charlson ME, Pompei P, Ales KL et al (1987) A new method of classifying prognostic comorbidity in longitudinal studies: development and validation. J Chronic Dis 40:373–383
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Romano PS, Roos LL, Jollis JG (1993) Adapting a clinical comorbidity index for use with ICD-9-CM administrative data: differing perspectives. J Clin Epidemiol 46:1075–1079 discussion 1081-1090
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Moore L, Lavoie A, Le Sage N et al (2008) Using information on pre-existing conditions to predict mortality from trauma. Ann Emerg Med 52:356–364
Article 
    PubMed 
    
                    Google Scholar 
                

	Little RJA, Rubin DB (2002) Statistical analysis with missing data, 2nd edn. Wiley, New York

                    Google Scholar 
                

	Moore L, Lavoie A, Turgeon AF et al (2009) The trauma risk adjustment model: a new model for evaluating trauma care. Ann Surg 249:1040–1046
Article 
    PubMed 
    
                    Google Scholar 
                

	Arbogast PG, Kaltenbach L, Ding H et al (2008) Adjustment for multiple cardiovascular risk factors using a summary risk score. Epidemiology 19:30–37
Article 
    PubMed 
    
                    Google Scholar 
                

	MacKenzie EJ, Steinwachs DM, Shankar B (1989) Classifying trauma severity based on hospital discharge diagnoses. Validation of an ICD-9CM to AIS-85 conversion table. Med Care 27:412–422
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Iezzoni L (2003) Risk adjustment for measuring health care outcomes, 3rd edn. Health Administration Press, Chicago, IL

                    Google Scholar 
                

	Mullins RJ, Mann NC, Hedges JR et al (1998) Preferential benefit of implementation of a statewide trauma system in one of two adjacent states. J Trauma 44:609–616 discussion 617
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Bazzoli GJ, Madura KJ, Cooper GF et al (1995) Progress in the development of trauma systems in the United States. Results of a national survey. JAMA 273:395–401
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Brain Trauma Foundation Inc (2000) Guidelines for the management of severe traumatic brain injury. American Association of Neurological Surgeons, New York

                    Google Scholar 
                

	Mullins RJ, Mann NC, Hedges JR (1998) Adequacy of hospital discharge status as a measure of outcome among injured patients. JAMA 279:1727–1731
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sterne JA, White IR, Carlin JB (2009) Multiple imputation for missing data in epidemiological and clinical research: potential and pitfalls. BMJ 338:b2393
Article 
    PubMed 
    
                    Google Scholar 
                

	Bernaards CA, Belin TR, Schafer JL (2007) Robustness of a multivariate normal approximation for imputation of incomplete binary data. Stat Med 26:1368–1382
Article 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgment
This work received financial support from the Canadian Institutes of Health Research (postdoctoral research award for Dr. Moore), Fonds de la Recherche en Santé du Québec (research career award for Dr. Turgeon), and the Canadian Health Services Research Foundation (grant No. RC2-1460-05).


Author information
Authors and Affiliations
	Department of Epidemiology and Biostatistics, McGill University, Montreal, QC, Canada
Lynne Moore & James A. Hanley

	Unité de traumatologie-urgence-soins intensifs, Centre de Recherche du CHA (Hôpital de l’Enfant-Jésus), Université Laval, Quebec City, QC, Canada
Lynne Moore, Alexis F. Turgeon & André Lavoie

	Département d’anesthésiologie, Division de soins intensifs, Hôpital de l’Enfant-Jésus, Université Laval, Quebec City, QC, Canada
Alexis F. Turgeon

	Département de médecine sociale et préventive, Université Laval, Quebec City, QC, Canada
André Lavoie


Authors	Lynne MooreView author publications
You can also search for this author in
                        PubMed Google Scholar



	James A. HanleyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Alexis F. TurgeonView author publications
You can also search for this author in
                        PubMed Google Scholar



	André LavoieView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Lynne Moore.


Appendix: Treatment of missing data
Appendix: Treatment of missing data
The Glasgow Coma Scale, respiratory rate, and systolic blood pressure were missing for 43,999 (49.9%), 29,544 (33.5%), and 9530 (10.8%) patients, respectively, while information on comorbidity was missing for 4412 (5%) patients. Missing data on physiological reaction to injury is mainly due to lack of evaluation in patients with minor extracranial trauma rather than prehospital interventions, which are generally limited to basic life support in the province of Quebec. The proportion of missing data on the GCS was related to mortality (50% for survivors versus 26% for fatalities) but showed no trend over time (50% in 2002 to 50% in 2006). The proportion of missing data on respiratory rate was related to mortality (34% in survivors versus 37% in fatalities) but showed no time trend (33.9% in 2002 to 33.1% in 2006). The proportion of missing data on systolic blood pressure was not related to mortality (11% in survivors versus 11% in fatalities) but did vary systematically over time (10.4% in 2002 to 12.5% in 2006).
Multiple imputation was used to simulate a series of possible data values for each missing data point using the MI procedure in SAS version 9.2 (SAS Institute, Cary, NC). The imputation model included any variables to be used in the analysis as well as any other variables in the Quebec Trauma Registry thought to provide information for the imputation process: age (< 17, 17–54, 55–64, 75–84, ≥ 85), gender, year of admission, Abbreviated Injury Scale severity score of the two worst injuries, body region of the worst injury (head, thorax, abdomen, spine, extremities), transfer status (direct transport or transferred from another facility), prehospital intubation (yes/no), intubation in the ED (yes/no), tested positive for alcohol (yes/no), tested positive for drugs (yes/no), destination from the emergency room (death, intensive care, surgery, ward), and discharge destination (death, rehabilitation, long-term care, home). The Markov chain Monte Carlo method was used with a noninformative prior and a single chain to generate five imputes for each missing data value [30]. Autocorrelation and time series plots generated during the multiple imputation process indicated rapid convergence to a stable distribution and rapid dissipation of autocorrelation for all variables. Five imputes were sufficient given the fraction of missing information; relative efficiency estimates were over 90% for the mean and variance estimates of all variables.
As multiple imputation led to the production of five data sets, each data set was analyzed separately and results were combined according to the rules described by Little and Rubin [20] using the MIANALYZE procedure in SAS.
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